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Record of Key EPA Decisions Regarding the BERA  

Issue 
EPA 

Directive? Decision Source 

 SLERA and Refined Screen Process   
EPA Problem Formulation (EPA 2008f)SLERA and refined screen steps Yes The SLERA and refined screen was conducted using the 

steps outlined in the Problem Formulation.  

Refined screening process for 
ecological COIs 

Yes In the refined screen, further evaluate COIs (for possible 
elimination as a COI) with detection frequency of < 5% and 
with maximum DLs > screening levels based on: 1) 
medium, 2) magnitude of exceedance, and 3) 
bioaccumulation potential (i.e., evaluation of the log KOW) 

EPA Problem Formulation (EPA 2008f) 

Selected screening level TRVs: 
sediment screening thresholds 

Yes Generic SQGs provided by EPA were used in the SLERA 
and refined screen. 

EPA TRV for Portland Harbor BERA 
Memorandum (EPA 2008d) 

Selected screening level TRVs: 
water TRVs 

Yes Water TRVs used in the SLERA and refined screen were 
selected based on the TRVs provided by EPA following the 
hierarchy provided by EPA. EPA also provided TRVs for 
five of the chemical groups that are blended to form 
gasoline (EPA 2008a). Average fractions of these 
components in gasoline were used to convert the total 
gasoline-range hydrocarbon concentration into gasoline 
fraction TRVs.  

EPA TRV for Portland Harbor BERA 
Memoranda (EPA 2008a, d) 

Selected screening level TRVs: 
tissue TRVs 

Yes The approach for developing aquatic tissue-residue 
screening-level benchmarks was developed by EPA and its 
partners for data evaluation in the Ecological PRE. TRVs 
were based on fifth percentile LOAELs or benchmarks 
were calculated as the product of EPA ambient water 
quality criteria (AWQC) and a bioconcentration factor 
(BCF).  

EPA comments to the Provisional TRV 
Selection Memorandum (EPA 2005b);  

Selected screening level TRVs: fish 
and wildlife diet TRVs 

Yes Ecological Soil Screening values (Eco SSLs) or literature-
based NOAELs presented by EPA were used in the SLERA 
and refined screen.  

EPA TRV for Portland Harbor BERA 
Memorandum (EPA 2008d) 

Screening of background sediment 
and surface water data 

Yes The SLERA and refined screen included a comparison of 
background concentrations (in sediment and surface water) 
to screening level thresholds.  

EPA Problem Formulation (EPA 2008f) 
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Issue 
EPA 

Directive? Decision Source 

Data Rules    
The use of N-qualified data Yes N-qualified data were included in the BERA dataset.  EPA comments on ecological risk 

assessment interpretive report (EPA 
2006b) 

Exposure Assumptions    
Exposure assumptions – ingestion 
rates, body weights, site use factor, 
prey portions 

Yes Body weights, ingestion rates, and site use factors were 
based on EPA comments to multiple ERA documents prior 
to the production of the BERA and based on EPA’s 
Problem Formulation 

EPA comments to the Preliminary Risk 
Evaluation Approach (EPA 2004b, 2005a); 
EPA comments to the Comprehensive 
Approach Technical Memorandum (EPA 
2004a); EPA comments to the PRE (EPA 
2006a); EPA comments to the 
Comprehensive Round 2 report (EPA 
2008e); EPA Problem Formulation (EPA 
2008f) 

Exposure assumptions – prey 
portions 

Yes Selected dietary prey portions were based on EPA 
comments to multiple ERA documents prior to the 
production of the BERA and based on EPA’s Problem 
Formulation 

EPA comments to the Preliminary Risk 
Evaluation Approach (EPA 2005a); EPA 
comments to the Comprehensive Approach 
Technical Memorandum (EPA 2004a); 
EPA Problem Formulation (EPA 2008f) 

Exposure assumptions – scale 
assumptions 

Yes HQs were calculated on a sample-by-sample basis for all 
receptors for all LOEs. Risks were also calculated based on 
receptor-specific exposure scales. Dietary exposure scales 
were provided by EPA’s Problem Formulation. 

EPA Problem Formulation (EPA 2008f) 

Predicted bird egg tissues  Yes An additional LOE was evaluated for piscivorous birds 
using fish tissue concentrations and BMFs. BMFs were 
based on osprey and bald eagle field data. 

EPA comments to the Preliminary Risk 
Evaluation Approach (EPA 2005a); EPA 
comments to the PRE (EPA 2006a); EPA 
Problem Formulation (EPA 2008f) 

2 
 



Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
August 19, 2009 

DRAFT 

LWG 
Lower Willamette Group 

 

Record of Key EPA Decisions Regarding the BERA  

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 

Issue 
EPA 

Directive? Decision Source 

Adjustment of laboratory-exposed 
tissue concentrations to estimate 
steady-state conditions 

Yes Neutral organic tissue concentrations of laboratory-exposed 
worms and clams used in the BERA were adjusted to 
estimate steady-state concentrations using the process in the 
US Army Corps of Engineers (USACE) inland testing 
manual (EPA and USACE 1998) based on based on 
McFarland (1995). 

EPA comments to the Comprehensive 
Round 2 report (EPA 2008e); EPA 
Problem Formulation (EPA 2008f) 

Selection of BERA TRVs    
Tissue TRV methodology Yes Tissue TRVs were developed by LWG using EPA’s 

methodology. LWG submitted the tissue TRVs based on 
the EPA process and EPA approved LWG-derived TRVs 
with some exceptions (see additional tissue TRV issues 
below).  

EPA Tissue TRVs for the BERA 
Memorandum (EPA 2009d)  

Inclusion of individual PCB 
congener studies in tissue TRV 
derivation 

Yes Benthic invertebrate toxicity studies measuring individual 
PCB congener exposure were included in the total PCB 
SSD for tissue TRV derivation.  

EPA directed letter to LWG on February 
18, 2009 and LWG response on March 9, 
2009 (EPA 2009c; LWG 2009b) 

Inclusion of sac-fry studies in tissue 
TRV derivation 

Yes Great Lakes studies from the 1970s that measured tissue 
residues in sac-fry or larval stages of fish were included in 
the SSD tissue TRV derivation.  

EPA directed letter to LWG on January 23, 
2009 (EPA 2009d) and LWG response on 
February 6, 2009 (LWG 2009a) 

Inclusion of behavioral studies in 
tissue TRV derivation 

Yes Behavioral studies for both fish and invertebrates were 
included in SSDs for tissue TRV derivation. Specific 
studies were identified by EPA for inclusion in the SSD. 

EPA directed letter to LWG on January 23, 
2009 (EPA 2009d) and LWG response on 
February 6, 2009; EPA directed letter to 
LWG on February 18, 2009 (EPA 2009c)  

Derivation and application of acute-
to-chronic ratio (ACR)  

Yes An ACR of 8.3 was used for the development of water 
TRVs as well as aquatic biota tissue TRVs. An ACR was 
applied to any mortality study ≤ 21 days for benthic 
invertebrates ≤ 30 days for fish.  

E-mail communication (EPA 2008b) and 
per November 7, 2008 TRV meeting 
between EPA and LWG, documented in e-
mail communication (Toll 2009) 

Establishing nutritional thresholds 
for tissue TRVs 

Yes TRVs that were less than nutritional thresholds provided by 
EPA were excluded in the tissue TRV SSD derivation 

E-mail communication (EPA 2008c) 

EPA TRVs for the BERA Memorandum 
(EPA 2008d) 

Selected water TRVs Yes Water TRVs presented by EPA were used in the BERA. 

EPA TRVs for the BERA Memorandum Selected generic sediment TRVs Yes Generic SQGs provided by EPA were used in the BERA. 
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Issue 
EPA 

Directive? Decision Source 
(EPA 2008d) 

Selected fish and wildlife dietary 
TRVs 

Yes Ecological Soil Screening values (Eco SSLs) or literature-
based LOAELs and NOAELs presented by EPA were used 
in the BERA. 

EPA TRVs for the BERA Memorandum 
(EPA 2008d) 

Selected Bird Egg Tissue TRVs Yes Bird egg TRVs were based on field studies where egg 
tissues of selected BERA receptors (i.e., bald eagle and 
osprey) were measured.  

EPA comments to the Preliminary Risk 
Evaluation (EPA 2006a) 

Benthic Invertebrate Models    
Use of negative control  -- The biological effects levels were based on statistically 

significant differences from the negative control in addition 
to minimum difference thresholds.  

The decision to use the negative control in 
the comparison was made in cooperation 
with EPA and its partners (Windward et al. 
2006).  

Use of biomass endpoint Yes The biomass endpoint (total mass of survivors in test 
sample vs. control) was used in the BERA.  

EPA Problem Formulation (EPA 2008f) 

Criteria for interpreting bioassay 
data 

Yes The approach for interpreting bioassay data provided by 
MacDonald and Landrum in their September 2008 
"Evaluation of the Approach for Assessing Risks to the 
Benthic Invertebrate Community at the Portland Harbor 
Superfund Site" (i.e., interpret each of the four bioassay 
endpoints separately, use the reference envelope and 
narrative intent to define high and low level hit thresholds) 
was used in the benthic invertebrate ERA. 

RI/FS Agreement Summary table 
submitted to EPA February 6, 2009 

Use of the Logistic Regression 
Model (LRM) 

Yes The LRM was evaluated in the benthic risk assessment. EPA Problem Formulation (EPA 2008f) 

Risk Characterization    
Evaluation of the special-status 
species at the individual level 

Yes Special-status species (i.e., juvenile Chinook salmon, 
Pacific lamprey ammocoetes, and bald eagles) were 
evaluated at the organism level in the BERA by comparing 
exposure concentrations to NOAELs. 

EPA directed letter to LWG on May 15, 
2008; EPA Problem Formulation (EPA 
2008f) 

“Backward” exposure calculations 
for evaluating dietary risks 

Yes The BERA presented dietary risk calculation using the 
“backward” exposure calculation and threshold tissue 

EPA Problem Formulation (EPA 2008f) 
and per agreement between LWG and EPA 
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Issue 
EPA 

Directive? Decision Source 
concentration/ threshold sediment concentration 
(TTC/TSC) approach for all wildlife receptors.  

meeting on May 14, 2008 as documented 
on the May 21, 2008, LWG written 
summary of the “backward" ATC approach 
would be used. 

Non-Study Area Data    
Evaluation of upriver data -- Fish tissue data collected from the Upriver Reach portion 

were presented for informational purposes in the BERA. 
Data were not used for purposes of: 1) describing site risks, 
2) to define background ecological risks to fish, or 3) to 
subtract out background risks from risks associated with 
bioaccumulated chemicals in site fish.  

EPA e-mails confirming data use, June 10, 
2009 (EPA 2009a) 

Evaluation of data outside the 
Study Area 

Yes Data collected from the downtown reach (RM 0 to RM 1.9), 
downtown reach (RM 11.8 to 15.4), and Multnomah 
Channel were evaluated in the BERA. 

EPA Problem Formulation (EPA 2008f) 

Uncertainty Assessment    
Presentation of uncertainty 
evaluation 

Yes Uncertainty and assumptions used will be discussed in a 
factual manner throughout the BERA and HHRA consistent 
with EPA RAGS A guidance. The reports will be organized 
to address uncertainties at the end of a report section rather 
than in an uncertainty section at the end of the report. For 
example, the uncertainty in the effects assessment will be 
presented at the end of effects assessment section. 
Judgmental and qualifying language will not be used in the 
uncertainty discussion. 

EPA comments to the Comprehensive 
Round 2 report (EPA 2008e); RI/FS 
Agreement Summary table submitted to 
EPA February 6, 2009 

Evaluation of non-ecological 
receptor species: belted kingfisher 

Yes The kingfisher was evaluated in the uncertainty section of 
the wildlife BERA to confirm that the evaluations 
performed on bald eagle, osprey and merganser are 
protective of the kingfisher. 

EPA comments to the Comprehensive 
Round 2 report (EPA 2008e); EPA 
Problem Formulation (EPA 2008f) 

5 
 



Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
August 19, 2009 

DRAFT 
 

6 
 

LWG 
Lower Willamette Group 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 

Issue 
EPA 

Directive? Decision 

Record of Key EPA Decisions Regarding the BERA  

Source 

Evaluation of non-ecological 
receptor species: carp, brown 
bullhead, and black crappie 

Yes Carp was selected as a surrogate ecological receptor only 
for the evaluation of dioxins and dioxin-like PCB congeners 
and fish species not identified as ecological receptors of 
concern (i.e., brown bullhead and black crappie) were 
evaluated as part of the fish tissue uncertainty assessment to 
ensure that the selected receptors were protective of fish in 
the study area. 

EPA Problem Formulation (EPA 2008f) 

Transition Zone evaluation Yes TZW concentrations were compared to water TRVs in the 
BERA as a LOE in the risk assessment for calculation of 
HQs and the porewater ventilation fraction was addressed 
in the uncertainty section.  

RI/FS Agreement Summary table 
submitted to EPA February 6, 2009 

Evaluation of a future erosion 
scenario in the BERA 

Yes An erosion event scenario was included in the BERA, 
looking only at short-term duration exposures, especially 
direct toxicity risk to benthic invertebrates. On April 30, 
EPA and LWG agreed that if modeled post-erosion surface 
sediment concentrations are not significantly different from 
current concentrations then evaluation of the future erosion 
scenario may not be required for the BERA.  

RI/FS Agreement Summary table 
submitted to EPA February 6, 2009 

WOE application -- Per agreement with EPA, the WOE application will need to 
be addressed through the early RI and BRA review and FS. 
scoping steps. EPA recognized that the WOE framework, as 
proposed in the Problem Formulation would not account for 
allow differences in relative strength of different LOEs 
(e.g., the proposed WOE framework does not allow 
differences in the quality of TRVs to lead to different 
weights on the TRV LOE for different COPCs).  

RI/FS Agreement Summary table 
submitted to EPA February 6, 2009; e-mail 
communication regarding the LWG RI/FS 
Agreement Summary table (EPA 2009b) 



Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
LWG 
Lower Willamette Group 

August 19, 2009 
DRAFT 

 

REFERENCES  
EPA. 2004a. EPA comments on ecological risk assessment technical memorandum: 
comprehensive synopsis of approaches and methods, and accompanying cover letter to Lower 
Willamette Group from C. Humphrey and E. Blischke dated October 1, 2004. US 
Environmental Protection Agency Region 10, Oregon Operations Office, Portland, OR. 

EPA. 2004b. Personal communication EPA comments on PRE approach technical 
memorandum and accompanying cover letter (to Lower Willamette Group from C. Humphrey 
and E. Blischke) dated November 29, 2004.  

EPA. 2005a. EPA comments on technical memorandum: approach for the Preliminary Risk 
Evaluation for ecological receptors, and accompanying cover letter to Lower Willamette Group 
from C. Humphrey and E. Blischke dated March 4, 2005. US Environmental Protection 
Agency Region 10, Oregon Operations Office, Portland, OR. 

EPA. 2005b. EPA comments on technical memorandum: Provisional toxicity reference value 
selection for the Portland Harbor Preliminary Risk Assessment, March 18, 2005. Oregon 
Operations Office, US Environmental Protection Agency Region 10, Portland, OR. 

EPA. 2006a. EPA comments on ecological preliminary risk evaluation, and accompanying 
cover letter to Lower Willamette Group from C. Humphrey and E. Blischke dated April 28, 
2006. US Environmental Protection Agency Region 10, Oregon Operations Office, Portland, 
OR. 

EPA. 2006b. EPA comments on ecological risk assessment interpretive report: estimating risks 
to benthic organisms using predictive models based on sediment toxicity tests, and 
accompanying cover letter to Lower Willamette Group from C. Humphrey and E. Blischke 
dated July 6, 2006. US Environmental Protection Agency Region 10, Oregon Operations 
Office, Portland, OR. 

EPA. 2008a. Calculation of aquatic biota toxicity reference values (TRVs) for petroleum 
alkanes, alkenes, cycloalkenes, BTEX and PAH compounds. US Environmental Protection 
Agency Region 10, Oregon Operations Office, Portland, OR. 

EPA. 2008b. EPA e-mail dated June 27, 2008 (Burt Shephard to John Toll, Windward 
Environmental) regarding change of default ACR for use in water column TRV development. 
Risk Evaluation Unit, US Environmental Protection Agency Region 10, Oregon Operations 
Office, Portland, OR. 

EPA. 2008c. EPA e-mail dated November 3, 2008 (Burt Shephard to Helle Andersen, 
Windward Environmental) regarding nutritional deficiency levels of zinc and copper in aquatic 
invertebrates. Risk Evaluation Unit, US Environmental Protection Agency Region 10, Oregon 
Operations Office, Portland, OR. 

7 
 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 



Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
LWG 
Lower Willamette Group 

August 19, 2009 
DRAFT 

 
EPA. 2008d. EPA letter and attachment dated April 11, 2008 to Lower Willamette Group (from 
E. Blischke and C. Humphrey to J. McKenna and R. Wyatt) regarding Portland Harbor RI/FS: 
Toxicity reference values for the baseline ecological risk assessment. US Environmental 
Protection Agency Region 10, Oregon Operations Office, Portland, OR. 

EPA. 2008e. EPA letter and attachments dated January 15, 2008 to Lower Willamette Group 
(from E. Blischke and C. Humphrey to J. McKenna and R. Wyatt) regarding Portland Harbor 
RI/FS: comments on Comprehensive Round 2 Site Characterization and Data Gaps Analysis 
Report. US Environmental Protection Agency Region 10, Oregon Operations Office, Portland, 
OR. 

EPA. 2008f. Problem formulation for the Baseline Ecological Risk Assessment at the Portland 
Harbor Site. Report and letter dated February 15, 2008 to Lower Willamette Group (from E. 
Blischke and C. Humphrey to J. McKenna and R. Wyatt). US Environmental Protection 
Agency Region 10, Oregon Operations Office, Portland, OR. 

EPA. 2009a. EPA e-mail dated June 10, 2009 (Eric Blischke and Burt Shephard to John Toll, 
Windward Environmental) regarding confirmation of agreed use of upstream fish tissue data. 
Risk Evaluation Unit, US Environmental Protection Agency Region 10, Oregon Operations 
Office, Portland, OR. 

EPA. 2009b. EPA e-mail dated March 17, 2009 (Eric Blischke to Bob Wyatt, Lower 
Willamette Group) regarding RI/FS agreement summary. Remedial Project Manager, US 
Environmental Protection Agency Region 10, Oregon Operations Office, Portland, OR. 

EPA. 2009c. EPA letter dated February 18, 2009 to Lower Willamette Group (from E. Blischke 
and C. Humphrey to R. Wyatt) regarding Portland Harbor RI/FS: inclusion of two studies 
(Dillon et al. 1990 and Fowler et al. 1978) in invertebrate tissue-residue toxicity reference 
values for the Baseline Ecological Risk Assessment. US Environmental Protection Agency 
Region 10, Oregon Operations Office, Portland, OR. 

EPA. 2009d. EPA letter dated January 23, 2009 to Lower Willamette Group (from E. Blischke 
and C. Humphrey to J. McKenna and R. Wyatt) regarding Portland Harbor RI/FS: Fish tissue-
residue toxicity reference values for the baseline ecological risk assessment, with attachment 
titled "EPA evaluation of fish tissue-residue TRVs - behavioral endpoints". US Environmental 
Protection Agency Region 10, Oregon Operations Office, Portland, OR. 

EPA, USACE. 1998. Evaluation of dredged material proposed for discharge in waters of the 
U.S.- testing manual: Inland Testing Manual. EPA-823-B-98-004. US Environmental 
Protection Agency and US Army Corps of Engineers, Washington, DC. 

LWG. 2009a. LWG letter dated February 6, 2009 to EPA (from R. Wyatt to C. Humphrey and 
E. Blischke) in response to letter dated January 23, 2009 regarding use of behavioral endpoints 
for fish tissue-residue toxicity reference values for the Baseline Ecological Risk Assessment. 
Lower Willamette Group, Portland, OR. 

8 
 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 



Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
August 19, 2009 

DRAFT 
 

9 
 

LWG 
Lower Willamette Group 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 

LWG. 2009b. LWG letter dated March 5, 2009 to EPA (from R. Wyatt to C. Humphrey and E. 
Blischke) in response to letter dated February 18, 2009 regarding inclusion of two studies 
(Dillon et al. 1990 and Fowler et al. 1978) in invertebrate tissue-residue toxicity reference 
values for the Baseline Ecological Risk Assessment. Lower Willamette Group, Portland, OR. 

McFarland VA. 1995. Evaluation of field-generated accumulation factors for predicting the 
bioaccumulation potential of sediment-associated PAH compounds. Long-term effects of 
dredging operations program technical report D-95-2. Waterways Experiment Station, US 
Army Corps of Engineers, Vicksburg, MS. 

Toll J. 2009. E-mail dated November 7, 2008 to LWG (Jim McKenna, Bob Wyatt) regarding 
TRVs and benthic evaluation. Windward Environmental, Seattle, WA. 

Windward, Avocet, TerraStat. 2006. Portland Harbor Superfund Site ecological risk 
assessment. Interpretive report: estimating risks to benthic organisms using predictive models 
based on sediment toxicity tests. Draft. WE-06-0002. Prepared for Lower Willamette Group. 
Windward Environmental LLC, Seattle, WA; Avocet Consulting, Kenmore, WA; TerraStat 
Consulting Group, Snohomish, WA. 
 
 





Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
August 19, 2009 

DRAFT 

LWG 
Lower Willamette Group 

 

CONTENTS FOR COMMUNICATIONS LOG 
US Environmental Protection Agency (EPA). 2005. Letter from EPA to the Lower 
Willamette Group (from C. Humphrey and E. Blischke to J. McKenna and R. Wyatt) 
regarding comments on the Technical Memorandum: Provisional Toxicity Reference Value 
Selection for the Portland Harbor Preliminary Risk Assessment. March 18, 2005. 

US Environmental Protection Agency (EPA). 2006. Letter from EPA to the Lower 
Willamette Group (from C. Humphrey and E. Blischke to J. McKenna and R. Wyatt) 
regarding the revised draft of Table 1, Selected Acute and Chronic Ecological Screening 
Levels (Eco SLs) for Chemicals in Water. September 15, 2006. 

US Environmental Protection Agency (EPA). 2006. Letter from EPA to the Lower 
Willamette Group (from C. Humphrey and E. Blischke to J. McKenna and R. Wyatt) 
regarding comments on the Round 3 Lamprey Ammocoete Toxicity Testing Field Sampling 
Plan. October 31, 2006. 

US Environmental Protection Agency (EPA). 2007. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding lamprey toxicity relative to 
other species. December 27, 2007. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to M. Tritt et al.) regarding Round 3B biota and clam 
sample weights and analyses. February 1, 2008. 

US Environmental Protection Agency (EPA). 2008. Letter from EPA to the Lower 
Willamette Group (from C. Humphrey and E. Blischke to J. McKenna and R. Wyatt) 
regarding toxicity reference values for the BERA. April 11, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding effects spreadsheet for 
ecological risk assessment discussions. April 14, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to B. Shephard) regarding the status of 
BERA issues. April 29, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to b. Shephard) regarding the SLERA and 
refined screen flow chart. May 12, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to EPA (from J. 
Toll to E. Blischke and B. Shephard) regarding bioassay interpretation and benthic toxicity 
modeling. May 23, 2008. 

11 
 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 



Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
August 19, 2009 

DRAFT 

LWG 
Lower Willamette Group 

 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding naphthalene LC50s. May 30, 
2008. 

Windward Environmental LLC (Windward ). 2008. E-mail from Windward to US 
Environmental Protection Agency (from J. Toll to B. Shephard) regarding lamprey risk 
assessment approach and sediment toxicity test interpretation. June 9, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from E. Blischke to J. Toll) regarding Hyalella growth maps. June 11, 
2008. 

US Environmental Protection Agency (EPA). 2008. Letter from EPA to the Lower 
Willamette Group (from C. Humphrey and E. Blischke to J. McKenna and R. Wyatt) 
regarding aquatic biota tissue TRV methodology. June 13, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding potential agreement on 
bioassay interpretation and benthic modeling. June 13, 2008. 

US Environmental Protection Agency. 2008. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding the data reduction question on 
summing fillets and remainders. June 18, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding clarification on the amphibian 
and reptile question. June 25, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding a change of the default ACR 
for use in water column TRV development. June 27, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from b. Shephard to J. Toll) regarding Table 1, draft BERA problem 
formulation. July 2, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from E. Blischke to J. Toll) regarding sediment toxicity test pooling 
question. July 2, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to E. Blischke) regarding the bioassay 
evaluation. July 11, 2008. 

12 
 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 



Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
August 19, 2009 

DRAFT 

LWG 
Lower Willamette Group 

 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to E. Blischke) regarding the bioassay 
evaluation. July 11, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to B. Shephard) regarding an initial cut at a 
cadmium tissue TRV. July 14, 2008.  

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the Lower 
Willamette Group (from J. Toll to B. Wyatt) regarding the bioassay evaluation. July 14, 
2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to B. Wyatt et al.) regarding the final bioassay 
evaluation proposal. July 24, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to J. McKenna and R. Wyatt et al.) regarding EPA's 
response to June 30, 2008 questions regarding tissue TRV methodology. August 5, 2008.  

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to E. Blischke), regarding Round 3B 
bioassay results. August 7, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to R. Wyatt et al.) regarding the first batch of tissue 
residue TRVs. August 8, 2008.  

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to R. Wyatt, R. Applegate, and J. McKenna) regarding 
tissue residue TRVs for PCBs and lead. August 15, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the Lower 
Willamette Group (from J. Toll to K. Pine, B Wyatt, R Applegate, and J. McKenna) 
regarding tissue residue TRVs for PCBs and lead. August 20, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding tissue and water quality TRVs. 
August 20, 2008. 

National Oceanic and Atmospheric Administration (NOAA). 2008. E-mail from NOAA to 
Windward Environmental LLC (from J. Field to J. Toll et al.) regarding bioassay statistics. 
August 27, 2008. 

13 
 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 



Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
August 19, 2009 

DRAFT 

LWG 
Lower Willamette Group 

 

US Environmental Protection Agency (EPA). 2008. E-mail from EPS to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding olfactory inhibition. August 
29, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding the arsenic TRV. September 3, 
2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to R. Wyatt, R. Applegate, and J. McKenna) regarding 
tissue residue TRVs. September 5, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to E. Blischke, B. Shephard et al.) 
regarding revised Round 3B bioassay data. September 9, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to R. Wyatt, R. Applegate, and J. McKenna) regarding 
tissue residue TRVs for HCH and DDX. September 12, 2008 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to E. Blischke, B. Shephard et al.) 
regarding tissue TRVs. October 9, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to R. Wyatt, R. Applegate, and J. McKenna) regarding 
fish tissue TRVs for cadmium and copper. October 9, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to E. Blischke) regarding tissue TRVs. 
October 10, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from E. Blischke to J. Toll) regarding tissue TRVs. October 10, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to B. Shephard) regarding benthic 
invertebrate tissue TRVs. October 14, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to R. Wyatt) regarding the benthic evaluation. October 
14, 2008. 

Parametrix. 2008. E-mail from Parametrix to Windward Environmental LLC (from D. 
DeForest to J. Toll and H. Andersen) regarding ambient water quality criteria acute-chronic 
ratios. October 20, 2008. 

14 
 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 



Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
August 19, 2009 

DRAFT 

LWG 
Lower Willamette Group 

 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to H. Andersen) regarding nutritional deficiency 
levels of zinc and copper in aquatic invertebrates. November 3, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to E. Blischke and B. Shephard) regarding 
revised benthic tissue TRVs. November 5, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to Lower 
Willamette Group (from J. Toll to J McKenna and R. Wyatt) regarding TRVs and benthic 
evaluation. November 7, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to US 
Environmental Protection Agency (from J. Toll to E. Blischke) regarding the Tier II 
interpretation for toxicity tests from the EPA National Sediment Inventory. November 7, 
2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from E. Blischke to J. Toll) regarding the Tier II interpretation for 
toxicity tests from the EPA National Sediment Inventory. November 10, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding the benthic ACR. November 
10, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from H. Andersen to E. Blischke) regarding the 
reference envelope stations. November 20, 2008. 

Anchor Environmental LLC (Anchor). 2008. E-mail from Anchor to the US Environmental 
Protection Agency (from J. Woronets to C. Humphrey and E. Blischke) regarding fish 
tissue TRVs. November 20, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to B. Wyatt) regarding the benthic evaluation 
reference envelope and stormwater loading methods. November 21, 2008. 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the Lower 
Willamette Group (from J. Toll to B. Wyatt) regarding a conference call to discuss 
invertebrate TRVs. November 26, 2008. 

Parametrix. 2008. E-mail from Parametrix to Windward Environmental LLC (from D. 
DeForest to H. Andersen) regarding items submitted to EPA. November 26, 2008. 

15 
 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 



Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
August 19, 2009 

DRAFT 

LWG 
Lower Willamette Group 

 

Windward Environmental LLC (Windward). 2008. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to B. Shephard) regarding the paper that 
gives PCB congener composition of commercial Aroclor mixtures. December 3, 2008. 

US Environmental Protection Agency (EPA). 2008. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to R. Wyatt, R. Applegate, and J. McKenna) regarding 
EPA response to fish tissue TRV reconciliation tables. December 22, 2008. 

Windward Environmental LLC (Windward). 2009. E-mail from Windward to the US 
Geological Survey, Biological Resources Division (from B. Bergquist to C. Henny) 
regarding osprey data. January 7, 2009. 

US Environmental Protection Agency (EPA). 2009. Letter from EPA to the Lower 
Willamette Group (from E. Blischke and C. Humphrey to R. Wyatt) regarding fish tissue-
residue toxicity reference values for the BERA. January 23, 2009. 

Lower Willamette Group (LWG). 2009. Letter from LWG to the US Environmental 
Protection Agency (from R. Wyatt to C. Humphrey and E. Blischke) regarding fish tissue-
residue TRVs. February 6, 2009. 

US Environmental Protection Agency (EPA). 2009. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to R. Wyatt) regarding EPA’s determination of 
invertebrate tissue TRVs. February 18, 2009. 

US Environmental Protection Agency (EPA). 2009. E-mail from EPA to Windward 
Environmental LLC (from B. Shephard to J. Toll) regarding a confirmation of Dillon et al. 
1990. March 2, 2009. 

Windward Environmental LLC (Windward). 2009. E-mail from Windward to the US 
Environmental Protection Agency (from J. Toll to E. Blischke) regarding the development 
of the reference envelope for the evaluation of benthic risk. March 3, 2009. 

Lower Willamette Group (LWG). 2009. Letter from LWG to the US Environmental 
Protection Agency (from R. Wyatt to C. Humphrey and E. Blischke) regarding invertebrate 
tissue-residue toxicity reference values for the BERA. March 5, 2009. 

US Environmental Protection Agency (EPA). 2009. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to R. Wyatt) regarding the RI/FS agreement summary. 
March 17, 2009. 

US Environmental Protection Agency (EPA). 2009. E-mail from EPA to Windward 
Environmental LLC (to J. Toll from E. Blischke) regarding written confirmation of the use 
of upstream fish tissue data. June 10, 2009. 

16 
 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 



Portland Harbor RI/FS 
Draft Remedial Investigation Report 

Baseline Ecological Risk Assessment 
August 19, 2009 

DRAFT 
 

17 
 

LWG 
Lower Willamette Group 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA and its federal, state, and 

tribal partners, and is subject to change in whole or in part. 

US Environmental Protection Agency (EPA). 2009. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to J. McKenna et al.) regarding the benthic 
interpretation. July 31, 2009. 

US Environmental Protection Agency (EPA). 2009. E-mail from EPA to the Lower 
Willamette Group (from E. Blischke to B Wyatt et al.) regarding the BERA submittal letter. 
August 19, 2009. 

 

 



 

    

 

 

      
 

    
         

 

 

  
   

 
   

 
 

       
 

 
 
 
 

  
  

March 18, 2005 

Mr. Jim McKenna 
Port of Portland & Co-Chairman, Lower Willamette Group 
121 NW Everett 
Portland, Oregon 97209 

Mr. Robert Wyatt 
Northwest Natural & Co-Chairman, Lower Willamette Group 
220 Northwest Second Avenue 
Portland, Oregon 97209 

Re: 	 Portland Harbor Superfund Site; Administrative Order on Consent for Remedial     
Investigation and Feasibility Study; Docket No. CERCLA-10-2001-0240 
Technical Memorandum:  Provisional Toxicity Reference Value Selection for the 
Portland Harbor Preliminary Risk Assessment  

Dear Messrs. Wyatt and McKenna: 

EPA and its partners have reviewed the revised draft Technical Memorandum: 
Provisional Toxicity Reference Value Selection for the Portland Harbor Preliminary Risk 
Assessment (TRV TM).  This document was prepared on behalf of the Lower Willamette Group 
by Windward Environmental LLC as a revised draft on October 22, 2004.  EPA and partner 
comments are attached. 

EPA and the LWG have scheduled a meeting for April 4, 2005 to discuss agency 
comments on the TRV TM as well as the EPA comments on the PRE Approach TM. Each of 
these documents are critical to preparation of the PRE.  The purpose of April 4, 2005 meeting is 
to resolve comments on the TRV and PRE Approach TMs and develop a schedule for 
preparation of the PRE. If you have any questions, please call Chip Humphrey at (503) 326-
2678 or Eric Blischke (503) 326-4006.  All legal inquiries should be directed to Lori Cora at 
(206) 553-1115. 

      Sincerely,

      Chip  Humphrey
      Eric  Blischke
      Remedial Project Managers 



 

 
 
 

 
 
 

           
  
 
 
 
 
  
 
 
 
 
  
  

cc: 	Jill Dyken, ATSDR 
Helen Hillman, NOAA 
Ted Buerger, US Fish and Wildlife Service 
Preston Sleeger, Department of Interior 

 Jim  Anderson,  DEQ  
Kurt Burkholder, Oregon DOJ 
Rick Keppler, Oregon Department of Fish and Wildlife 
Amanda Guay, Oregon Public Health Branch 
Lisa Estensen, Confederated Tribes of Grand Ronde  
Tom Downey, Confederated Tribes of Siletz  
Audie Huber, Confederated Tribes of  Umatilla 
Brian Cunninghame, Confederated Tribes of Warm Springs 
Rick Eichstaedt, Nez Perce Tribe 
Paul Ward, Confederated Tribes of Yakama Nation 
Valerie Lee, Environment International 
Keith Pine, Integral Consulting 



 

 

 
 

 

 

 

 

 

EPA Comments on Technical Memorandum:  Provisional Toxicity Reference Value Selection 
for the Portland Harbor Preliminary Risk Assessment 
March 18, 2005 

General Comments: 

Use of Conservative TRVs: The introduction of the TRV TM states “these TRVs protective 
(conservative) concentrations below which adverse effects are not expected”.  As described in 
the specific comments outlined below, EPA believes that some of the values presented (e.g. 
PCBs) may not meet this definition.  It is critical that the provisional TRVs proposed for use in 
the PRE are appropriately conservative to avoid prematurely eliminating chemicals from further 
consideration. One method that can be used to ensure that the TRVs are sufficiently 
conservative is through the application of appropriate safety or uncertainty factors to the 
proposed TRVs.  This approach is particularly warranted where the TRV is based solely on 
residue-effects data associated with short-term lethality effects. 

Application of Safety Factors: The response to comments states that safety factors will not be 
applied to all acute and lethal studies measuring mortality and that best professional judgment 
will be used to determine when to apply safety factors.  EPA Region 10 Supplemental Ecological 
Risk Assessment Guidance for Superfund (1997) specifies the use of uncertainty factors to go 
from an LD50 to a NOAEL, from a chronic LOAEL to a NOAEL, etc.  A more detailed 
discussion of uncertainty factors, including factors that can be used to address inter- and 
intraspecies uncertainty, can be found in the following:  Calabrese, E.J. and L.A. Baldwin. 1993. 
Performing Ecological Risk Assessments.  Lewis Publishers, Boca Raton, FL. 257 pp.; and U.S. 
Army Center for Health Promotion and Preventive Medicine.  2000. Standard Practice for 
Wildlife Toxicity Reference Values.  Technical Guide No. 254, Aberdeen Proving Ground, MD.  
These or other guidance documents should be utilized in the development and application of 
safety factors. In addition, the individual chemical sections do not explain why a safety factor 
was used or not used, so the application of safety factors appears to be inconsistent.  EPA 
requests the following two corrections: 1) The introduction includes a section that addresses 
uncertainty and explains, using examples, how uncertainty factors are applied; and 2) the 
uncertainty sections in the document should explain how uncertainty factors were applied.  If 
none were applied, the text should state that no uncertainty factors were needed because the 
selected study measured a sublethal effect in a chronic study on a relevant species.   

Reproductive Endpoints: The response to comments states that studies measuring reproductive 
endpoints should not be used to assess risk to juvenile salmon.  Although EPA agrees that 
salmon are not reproducing at the site, EPA believes that reproductive endpoints, because they 
measure a sublethal effect, can be used to determine reasonably conservative TRVs in some 
cases. Reproductive effects may be considered a surrogate for other sublethal effects such as 
growth where whole body growth studies are not available.  Adverse reproductive effects on 
salmonids may represent tissue residues associated with adverse reproductive effects on other, 
non-salmonid fish species.  EPA’s concern is that if reproductive studies are dismissed, all that is 
left (at least for several contaminants) are mortality studies.  Since salmon are at risk of 
extinction, mortality, growth and behavior studies alone are not appropriate. 
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EPA has reviewed a number of studies that considered reproductive endpoints to determine 
whether reproductive effects on salmonids should be used to develop TRVs.  Based on this 
review, EPA has determined that four alternative TRVs developed based on reproductive 
endpoints should be utilized to assess risk to salmonid receptors within Portland Harbor.  
Specifically, for 2,3,7,8-TCDD, PCBs, arsenic and zinc, the following TRVs developed from 
studies that assess reproductive endpoints should be applied to salmonids and other receptors 
within Portland Harbor: 

1.	 2,3,7,8-TCDD: A study by Giesy et al., (2002) on rainbow trout results in a NOEC of 0.195 
pg/g and a LOEC of 1.95 pg/g. 

2.	 PCBs: A study by Fisher et al., (1994) on Atlantic salmon results in a NOEC of 0.72 mg/g 
and LOEC of 7.2 mg/kg. 

3.	 Arsenic: A study by Gilderhus, P.A., (1966) on Bluegill results in a NOEC of 0.53 mg/kg 
and LOEC of 1.72 mg/kg. 

4.	 Zinc: A study by Pierson (1981) on guppies results in a NOEC of 41.4 mg/kg and a LOEC 
of 88.8 mg/kg. 

Giesy, J.P., P.D. Jones, K. Kannan, J.L. Newsted, D.E. Tillitt, L.L. Williams. 2002. Effects of 
chronic dietary exposure to environmentally relevant concentrations if 2,3,7,8-
tetrachlorodibenzo-pdioxin on survival, growth, reproduction and biochemical responses 
of female rainbow trout (Oncorhynchus mykiss). Aquatic Toxicology, 59:35-53. 

Fisher, J.P., J.M. Spitsbergen, B. Bush, B. Jahan-Parwar. 1994. Effect of embryonic PCB 
exposure on hatching success, survival, growth and developmental behavior in 
landlocked Atlantic salmon, Salmo salar. In: Gorsuch JW, Dwyer FJ, Ingersoll CG, La 
Point TW, eds, Environmental toxicology and risk assessment. Vol 2. ASTM STP 1216. 
American Society for Testing and Materials, Philadelphia PA, pp 298-314. 

Gilderhus, P.A. 1966. Some effects of sublethal concentrations of sodium arsenite on bluegills 
and the aquatic environment. Transaction of the American Fisheries Society 95:289-296. 

Pierson, K.B. 1981. Effects of chronic zinc exposure on the growth, sexual maturity, 
reproduction, and bioaccumulation of the guppy, Poecilia reticulata. Canadian Journal 
Fisheries Aquatic Sciences, 38:23-31. 

Other Studies:  EPA has identified a number of other studies that may be used to develop TRVs 
for Portland Harbor. These studies are summarized in the attached Table 1.  Full literature 
citations for these additional studies are included as Attachment A.   

Organ Specific Conversion Factors: EPA agrees that papers that measure contaminant 
concentrations in specific organs instead of whole body concentrations result in numbers that are 
highly uncertain and that such papers will be used only where there are no whole body data 
available. One reason for this uncertainty is that the organ or tissue analyzed, such as fillet data, 
is often not the site of toxic action in the fish, thus the chemical concentration in fillet may have 
little relationship to toxic effects on the fish itself (although fillets are quite important from a 
human health risk assessment standpoint).  However, EPA reserves the right to use organ-
specific papers when the whole body literature available is of poor quality, used only short-term 
exposures, looked only at an insensitive life stage, or measured only mortality.  
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Derivation of TRVs for protection of zooplankton: There is an increasing amount of information 
indicating that primary prey items for a number of fish species in Portland Harbor are 
zooplankton species. To date, EPA has not asked the LWG to derive tissue-based TRVs for 
protection of zooplankton. A substantial amount of residue-effects data are available for 
Daphnia spp. and other zooplankters. If future collections of zooplankton for chemicals analyses 
are required (zooplankton collections have not been required as of the date of these comments), 
EPA believes that zooplankton tissue TRVs should be developed, and used in conjunction with 
measured tissue residues in zooplankton to evaluate potential risks to zooplankton from 
bioaccumulated chemicals.  Reductions in zooplankton abundance or shifts in species 
composition due to bioaccumulation of toxic chemical residues may have a substantial indirect 
effect on fish populations at the Portland Harbor site, particularly for those fish species where 
zooplankton comprise a substantial portion of the diet. 

Specific Comments: 

Page 1, Section 1.0, Introduction: The TRV TM should note that a technical memorandum on 
determining background concentrations is scheduled for submittal in June 2005.  This document 
will serve as the basis for determining which chemicals will be carried forward into the baseline 
risk assessment based on a comparison to background concentrations.   

Section 2.1, Page 4: Fish COIs should not be limited to contaminants that were detected in 
Round 1 tissue composites.  Fish COIs should also include contaminants that were detected in 
Round 1 sediment samples where appropriate.  There are a number of chemicals detected in 
sediment but were not detected in fish tissue that may still need to be evaluated through the 
dietary pathway. 

For chemicals that would be expected to be present in fish tissue based on their physiochemical 
properties and presence in Portland Harbor sediments, EPA has performed a comparison of 
TRVs with fish tissue detection limits for the following chemicals: 1,2,4-trichlorobenzene, 1,4-
dichlorobenzene, 2,4-dimethylphenol, mirex, pentachlorophenol, phenol, butyl benzyl phthalate, 
dibutylphthalate and benzoic acid.  Based on this review, EPA has determined that the detection 
limits used by the LWG were adequately sensitive and that elimination of fish tissue-based COIs 
based on non-detection in tissue was appropriate.  None of the above chemicals were 
recommended for evaluation as dietary COIs by the LWG.  However, moderate levels of 
pentachlorophenol, butyl benzyl phthalate, dibutyl phthalate have been detected in Portland 
Harbor sediment.  As a result, these chemicals should be evaluated through a dietary pathway 
evaluation to ensure that localized areas of elevated sediment contamination are not overlooked 
that could contribute residues of these COIs to fish forage and fish receptors themselves. 

Section 2.2, Endpoints Evaluated: As stated in EPA’s general comment above, reproduction 
endpoints for salmon and lamprey must be considered.  Salmon and lamprey migrate through the 
Portland Harbor site and are exposed to contamination on their journey to spawning sites.  
Because exposure to elevated levels of contaminants may directly impact reproductive success, 
EPA has developed reproductive TRVs for 2,3,7,8-TCDD, PCBs, arsenic and zinc.  
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Section 2.3.1, Literature Search Review: The TRV TM states “In the PRE, concentrations in 
media measured in Round 1 (i.e., sediment and tissue) of COIs with no provisional TRVs will be 
compared to available upstream and/or state or region-wide background concentrations, where 
data are available.” As stated in the previous comment regarding comparison to background 
concentrations, the background technical memorandum scheduled for submittal in June 2005 
should serve as the basis for determining which chemicals will be carried forward into the 
baseline risk assessment based on a comparison to background concentrations.   

Section 2.3.1, Page 5: EPA has stated previously that endpoints such as immunoresponse, 
biochemical and histopathological changes (biomarkers) and the incidence of lesions should be 
included in the development of TRVs if the observed effects can be linked to survival, growth or 
reproduction. In fact, Table 2-9 of the Ecological Risk Assessment Work Plan includes 
biomarker analysis as a potential measure of effects on survival growth and reproduction.  EPA 
generally agrees that most biomarker assays can not yet be considered valid indicators of 
ecological effect and linked to survival, growth, or reproduction, at least at the population level.  
However, EPA reserves the right to consider biomarkers as a measure of effect if additional 
information becomes available.  Adverse effects on biochemical, physiological, histopathological 
or other such sublethal endpoints should be considered during TRV development for chemicals 
where no toxicological information on survival, reproduction, growth or behavior is available. In 
addition, EPA believes that histopathologic lesions can be strongly linked (statistically and 
mechanistically) to chemical exposure (particularly for sediment PAHs), and is a direct 
indication of impairment to individual organism health.  For example, a water quality effects 
assessment conducted for King County, WA considered tumors and vitellogenesis as valid 
biomarkers of effects at the individual level (KCDNR 2001).  As a result, histopathologies 
should be considered valid measures of effect.  Although TRVs for neoplasm incidence are 
available for comparison to sediment PAH concentrations (Horness et al. 1998, Johnson and 
Collier 2002, Johnson et al. 2002), EPA acknowledges that the high degree of uncertainty in 
sediment thresholds may make it difficult to derive reliable TRVs for neoplasm incidence in fish 
at this time. 

Section 2.3.1, Page 7, Second Bullet Item: The evaluation of egg tissues should be performed as 
described in the PRE Approach TM. 

Section 2.3.1, Page 8, First Bullet Item: Bioaccumulation studies may be relevant.  In some 
cases, bioaccumulation studies state whether an effect was observed.  Although these studies 
may not be useful for developing lowest observed adverse effect levels (LOAELs) they are often  
good sources of no observed adverse effect levels (NOAELs), particularly the numerous studies 
that explicitly state that no increases in mortality were observed during the study.  Studies by 
Leonards et al., discussed in more detail in EPA comments below, would fall into this category 
and should be reviewed to determine whether valid NOAELs could be derived. 

Section 2.3.2, Page 9, Last Bullet: EPA agrees effects must be linked to adverse effects on 
survival, growth and reproduction in order to develop TRVs.  However, the TRV TM should 
include additional detail about the behaviors relevant to survival, growth or reproduction.  For 
example, EPA believes that behavior such as the inability to capture prey, loss of equilibrium, 
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inability to swim, and inability to sense or avoid predators are all ecologically relevant endpoints 
because they directly affect survival, reproduction and growth.   

Page 9, NOEC Selection (and Section 2.4.3, Page 16): The sentence here “a NOEC was selected 
from a different study if no NOEC was reported in the study reporting the selected provisional 
LOEC or is a higher NOEC than was less than the selected LOEC was reported in a similar study 
that measured the same endpoint as the selected LOEC”.  This sentence is confusing and the 
meaning is very limiting.  The result is that the selection of the NOEC is dependent on the LOEC 
selection process initiated here (must be from the same study, etc.).  It also suggests that the 
acceptability of a study was only evaluated if the NOEC was selected from another study. The 
NOEC process should be independent, if appropriate, and acceptability should always be 
evaluated. If no LOEC was reported, it is inappropriate to always select the highest NOEC 
without evaluating the quality of the study. 

Section 2.3.3, Page 10, Use of Reproductive Endpoints: Reproductive TRVs were not 
considered for salmon because it was determined that they do not spawn in the ISA.  However, 
where growth data is limited for these species, reproductive studies should be considered as a 
surrogate for growth. Using only acute toxicity data only with sensitive species is not 
appropriate. See general comment on reproductive studies. 

Section 2.4.2, Page 14 – Percent Moisture: It is critical that all wet-weight/dry weight 
comparisons are performed correctly.  As a result, all wet-weight/dry weight comparisons should 
be reviewed to ensure accuracy 

Section 2.4.3, Page 15, First Bullet: EPA agrees that there are uncertainties associated with co-
occurring chemicals in the mink feeding studies (Tillitt et al. 1996; Heaton et al. 1995) rejected 
by the LWG. However, the Tillett et al. (1996) study should be used to develop TRVs in the 
Preliminary Risk Evaluation because (1) it represents the most conservative TRV for the dioxin-
like effects of 2,3,7,8-TCDD in mink (which are more closely related to the receptors of concern 
in Portland Harbor than are rats or guinea pigs) and is therefore appropriate for the PRE 
screening exercise; and (2) the study evaluated dietary exposure for a fish consumption pathway. 
EPA understands the uncertainties associated with this study (and the Heaton et al. 1995) and 
supports a re-assessment of the use of this study at the time the Baseline Risk Assessment is 
conducted. 

Other studies that should be reviewed by the LWG and included in the documentation of 
mammalian TRVs for PCBs and dioxins for the PRE are: 

Aulerich, R.J., S.J. Bursian, and A.C. Napolitano. 1988. Biological effects of epidermal growth 
factor and 2,3,7,8-Tetrachlorodibenzo-p-dioxin on developmental parameters of neonatal 
mink. Archives of Environmental Contamination and Toxicology 17(1):27-31. 

Leonards, P.E.G., T.H. Devries, W. Minnaard, S. Stuijfzand, P. Devoogt, W.P. Cofino, N.M. 
Vanstraalen, and B. Vanhattum. 1995. Assessment of experimental data on PCB-induced 
reproduction inhibition in mink, based on an isomer-specific and congener-specific 
approach using 2,3,7,8-tetrachlorodibenzo-p-dioxin toxic equivalency. Environmental 
Toxicology and Chemistry 14(4):639-652.  
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Leonards, P.E.G., S. Broekhuizen, P. de Voogt, N.M. Van Straalen, U.A.T. Brinkman, W.P. 
Cofino, and B. van Hattum. 1998. Studies of bioaccumulation and biotransformation of 
PCBs in mustelids based on concentration and congener patterns in predators and preys. 
Archives of Environmental Contamination and Toxicology 35(4):654-665.  

Leonards, P.E.G., Y. Zierikzee, U.A.T. Brinkman, W.P. Cofino, N.M. vanStraalen, and B. 
vanHattum. 1997. The selective dietary accumulation of planar polychlorinated biphenyls 
in the otter (Lutra lutra). Environmental Toxicology and Chemistry 16(9):1807-1815.  

Though some of the Leonards studies represent bioaccumulation studies, the LWG should 
carefully review these studies to ensure that defensible dietary NOAELs cannot be established.  
EPA expects that a clear rationale will be provided for the rejection of these studies in the TRV 
Memorandum. If these studies provide no useful NOAEL or LOAEL values, or values that are 
less conservative then the Tillett et al (1996) study, then the Tillett et al. (1996) study should 
represent the basis for the mammalian TRVs (NOAELs, LOAELs) to be used in the PRE.  The 
uncertainty section of the PRE should discuss the uncertainties associated with using these 
values relative to screening risk estimates. 

EPA believes it is more appropriate to bring in the uncertainties associated with the mink field 
studies during the Baseline Risk Assessment (Effects Characterization) and supports the use of a 
less uncertain TRV during this stage of the risk assessment process.  Further, EPA believes that 
the reasons cited for rejecting the DeCaprio et al. (1986) study are not entirely defensible.  
Though the study is a subchronic study, the endpoint (growth effects) was clearly more sensitive 
in this species than the reproduction endpoint in the chronic study with rats.  The guinea pig is 
recognized as a more sensitive mammalian species than the rat (see EPA 2003:  Exposure and 
Human Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) and Related 
Compounds.  Part II: Health Assessment of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) and 
Related Compounds.  EPA/600/P-00/001Cb. December 2003). Accordingly, EPA requests that 
the LWG revisit the DeCaprio et al. (1986) study as a basis for the 2,3,7,8-TCDD TRV in the 
Baseline Risk Assessment.   

Section 2.4.3, TRV Selection Process, Page 15, First Bullet: There are important field studies 
with mink referenced in previous comments  that are relevant to this evaluation because they are 
more realistic in representing field conditions (e.g. mink studies exposed to field collected fish).  
Please refer to EPA’s earlier detailed comment regarding the use of mink field studies in 
establishing mammalian TRVs for 2,3,7,8-TCDD and PCBs, and the documentation of 
uncertainties associated with the use of these values in the PRE. 

Page 15, Section 2.4.3, 3rd Bullet: Routes of exposure other than just dietary food exposure 
should be considered. These are toxicity reference values – the exposure piece, which would 
relate the environmental exposure in the ISA, is another part of the risk assessment.  These are 
all relevant ways to evaluate toxicity of a contaminant on a receptor of concern in a preliminary 
risk evaluation. Multiple routes of chemical exposure were considered by the LWG during the 
derivation of other TRVs (e.g. water column exposure, dietary exposure, some injection studies 
used during the development of fish TRVs), and should also be considered during the 
development of the wildlife TRVs. 

EPA Comments on Technical Memorandum:  Provisional Toxicity Reference Value Selection 
for the Portland Harbor Preliminary Risk Assessment 
Page 6 



 

 

 

 
 
 

 

 

 

 

 

 

Section 2.4.3, Page 16, Second Bullet: This process doesn't make sense for some studies. If the 
test species selected produces unnaturally high egg laying rates in order to show reproductive 
deformities or other reproductive endpoints, then the study should be considered.  Fast laying 
species are used in order to assess reproductive ability given the time and budget constraints of 
an experiment. EPA generally views egg laying studies to be good studies for the identification 
of reproductive effects and the endpoints should be considered unless there is scientific reason to 
believe that the reproductive physiology of fast laying species makes them more or less sensitive 
to contaminants. This comparison data should be available.  

Section 2.4.4, Page 17, Second Paragraph: The last sentence states that “No bird egg provisional 
NOAEL was selected due to the varying sensitivities of bird species.”  NOAELs must be 
developed to ensure that special status species (e.g., threatened or endangered species) are 
protected. 

Section 3.1, Pages 30-32, DDT / fish tissue residue: The concentration selected for DDT is not 
conservative enough. Three lab studies with single contaminant exposures to DDT reported 
lower tissue residue effect concentrations than the value proposed in the TRV TM.  For example:  

•	 Butler 1969 observed 44% mortality in pinfish with tissue residues of 0.55 ppm.   
•	 Crawford and Guarino 1976 observed 88% mortality in Fundulus with tissue residues in 

carcass of about 1.4 ppm. 
•	 Davy et al. 1972 observed behavioral effects in goldfish in fish with a mean tissue residue of 

approximately 1.67 ppm. 

Butler, P. A. (1969). The significance of DDT residues in estuarine fauna. Chemical Fallout: 
Current Research on Persistent Pesticides. M. W. Miller and G. G. Berg. Springfield, IL, 
C.C. Thomas: pp 205-220. 

Crawford, R. B. and A. M. Guarino (1976). "Effects of DDT in Fundulus: studies on toxicity, 
fate, and reproduction." Archives of Environmental Contamination and Toxicology 4: 
334-348. 

Davy, F. B., H. Kleerekoper and P. Gensler (1972). "Effects of exposure to sublethal DDT on the 
locomotor behavior of the goldfish (Carassius auratus)." J. Fish. Res. Board Can 29(9): 
1333-1336. 

The selected value of 3.0 ppm was taken from Allison et al. 1964 with a corresponding mortality 
of 75% in cutthroat trout. The Allison study presents a range of tissue residue numbers and 
LWG selected one that was taken after the mortality was observed.  High mortality also was 
measured with corresponding lower tissue residue concentrations. The three field studies 
(Hopkins et al 1969, Cuerrier et al. 1967, and Berlin et al. 1981), dismissed by LWG, report 
values that are consistent with the above lab studies.  Based on these studies collectively, we 
think the LOEC should be less than 1.0 ppm.  If an acute to chronic safety factor of 10 were 
applied to the Allison paper, as we think it should be, the number would be 0.3 ppm, which is 
consistent with the 0.55 ppm level presented in Butler 1969.   

Section 3.1, Pages 30-32, DDT / fish tissue residue:  Continuing the comments on the lack of 
conservatism of the proposed DDT TRVs, one reason we believe the proposed DDT TRVs are 
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not protective that we have not previously discussed with the LWG is the possibility that DDT 
transformation products such as DDE and DDD also contribute to the toxicity of total DDT.  
While DDD is believed to be of lower toxicity to fish than either DDT or DDE, the DDE isomers 
are known to be more toxic to some aquatic species than are the parent DDT isomers.  DDE is 
also known to elicit some toxic effects, such as androgen antagonism, that are not elicited by 
DDT. The attached Table 1 and its references provide some literature that can be used to 
develop more protective TRVs for DDT and its transformation products.  EPA is open to 
suggestions from the LWG regarding the best approach to incorporate the effects of 
transformation products into the DDT TRVs.  Two methods we can identify are development of 
separate TRVs for DDT, DDD and DDE, or development of a total DDT TRV that is the sum of 
the concentrations of both parent DDT and its transformation products.  We are well aware that 
much of the DDT toxicity literature, particularly for aquatic species, is older literature where the 
analytical chemistry ability to separately quantify DDT and the various transformation products 
was not as well developed as it is today.  EPA believes that sufficient laboratory studies are 
available to document adverse effects on aquatic species on fish at total DDT concentrations 
below 1 mg/kg whole body wet weight.  Field surveys, which were not included in the attached 
Table 1, but which were used by LWG to develop the DDT LOEC for decapods (Table 11 of the 
TRV TM), provide additional support for a DDT fish tissue TRV lower than 1 mg/kg. 

Endosulfan, Page 33: The selected LOEC caused 35% mortality in a 96 hour exposure.  This is 
not a sublethal effect, nor was it a chronic exposure.  A safety factor should be applied to this 
study. Since the observed mortality was less than 50%, we suggest an uncertainty factor of 5, 
which would result in a LOEC of 0.0062 ppm. 

Endrin, Page 34: The LOEC was based on 40% mortality, so a safety factor should be applied 
(see our comment on endosulfan). 

Lindane Page 35: The citations for Schimmel and Macek are reversed in three locations, e.g. the 
LOEC for lindane came from Schimmel not Macek.   

Section 3.1.6, Metabolically Regulated Metals: EPA has identified two studies that may be used 
to develop TRVs for metals: 

•	 Hansen, et al., (2002) – Growth effects on Bull trout.  Results in a NOEC for cadmium of 
0.071 mg/kg and a LOEC of 0.091 mg/kg wet weight. 

•	 Lemly, (1993) – This study is the basis for the new draft ambient water quality criterion for 
selenium and may be used to develop a LOEC of 7.91 mg/kg dry weight (1.58 mg/kg wet 
weight assuming 80% water content).  

Hansen, J.A., P.G. Welsh, J. Lipton and M.J. Suedkamp.  2002. The effects of long-term cadmium 
exposure on the growth and survival of juvenile bull trout (Salvelinus confluentus). Aquatic 
Toxicology 58:165-174. 

Lemly, D.A. 1993. Metabolic stress during winter increases the toxicity of selenium to fish. 
Aquatic Toxicology 27: 133-158. 
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Section 3.2.2, Page 54, Total and Individual PAHs: A TRV for fish lesions resulting from 
dermal exposure to PAHs was not selected.  As stated in our comment on Section 2.3.1, it is 
clear that PAHs can cause tumors and lesions in fish.  The paper by Horness and two papers by 
Pinkney can be used to derive approximate effect levels for contact with PAH contaminated 
sediment.  Pinkney et al. (2004) cited in the ET&C journal provides data on the link between the 
tumors and sediment PAHs, but does not provide sediment concentrations.  Pinkney et al. (2004) 
available in the journal Archives of Environmental Contamination and Toxicology presents 
sediment, tissue, and effects for brown bullhead located elsewhere.  These papers also provide 
support for the no-effect concentrations calculated in Horness et al. 1998.  From the regression 
equations from the Horness paper, lesions appear at sediment PAH concentrations above 230 
ppb. From the Pinkney 2004 (AECT) paper, the no effect reference location had sediment PAH 
concentrations of 187 ppb. The studies present data from different species living in different 
systems, however the no effect sediment concentrations were similar.  The sediment NOEL from 
these papers gives an approximate value of 200 ppb.  The sediment LOEC from the Pinkney et 
al. (AECT) paper was 6.5 ppm for total PAHs or 2.4 ppm for carcinogenic PAHs.  The actual 
LOEL may be lower than 6.5 ppm total PAHs because no intermediate sediment values are 
provided to evaluate. 

As further stated in Pickney, 2004:  "The strongest evidence for chemical etiology exists for 
polynuclear aromatic hydrocarbons (PAHs) in sediments, which were implicated in the 
development of liver tumors (Baumann et al. 1996; Malins et al. 1987; Vogelbein et al. 1990). A 
cause-and-effect relationship between PAHs and liver tumors or preneoplastic lesions in fish was 
established in laboratory studies (Hawkins et al. 1990). Further evidence linking PAHs in 
sediments with liver tumors was developed by Baumann and Harshbarger (1998). They reported 
that liver tumor prevalence in bottom-feeding brown bullhead (Ameiurus nebulosus) from the 
Black River in Ohio increased and decreased according to changes in sediment PAH 
concentrations." 

Pinkney, A. E., J. C. Harshbarger, E. B. May and M. J. Melancon (2004). "Tumor prevalence 
and biomarkers of exposure in brown bullhead (Ameiurus nebulosus) from Back River, 
Furnace Creek, and Tuckahoe River, Maryland." Archives of Environmental 
Contamination and Toxicology 46(4): 492-501. 

Pinkney, A. E., J. C. Harshbarger, E. B. May and W. L. Reichert (2004). "Tumor prevalence and 
biomarkers of exposure and response in brown bullhead (Ameiurus nebulosus) from the 
Anacostia River, Washington, DC and Tuckahoe River, Maryland, USA." Environmental 
Toxicology and Chemistry 23(3): 638-647. 

Section 3.2.3, Page 55, PCBs: Many of the references for PCBs are based on egg concentrations 
or other tissue types.  Additional tissue specific samples from resident fish may be required if 
PCBs turn out to be a significant risk driver at the site.   

In addition, EPA believes that the whole body NOEC for PCBs should be on the order of  0.1 – 
0.2 ppm wet weight.  This value is based on the lethal body burdens of PCBs to several fish 
species presented in the attached Table 1, adjusted downward with a factor of ten safety factor.  
Specifically, lethal body burdens LOECs of 1.86 mg/kg in fathead minnows (van Wezel et al. 
1995) and of 2.1 mg/kg in lake trout (Broyles and Noveck 1979) appear to support a TRV in the 
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0.1 – 0.2 mg/kg range, which also appears to provide a level of protection from several other 
adverse effects elicited by PCBs in the range of 0.1 – 1.0 mg/kg. 

A TRV of 0.1 – 0.2 mg/kg is further supported by Mac and Seelye 1981, which reports a LOEC 
of 1.8 for growth in lake trout (use of a safety factor of 10 with this LOEC yields a TRV of 0.18 
mg/kg) and Meador 2002 which reports a median effect concentration from multiple studies of 
1.1 ppm and a 10th percentile value of 0.14 ppm.  We also believe the Berlin et al 1981 paper, 
which reports a LOEC of 1.53 ppm, can be used despite the fact that the study used field 
collected fish.  No effects were seen in the control fish, and the PCB concentrations in the 
control fish were below NOEC values from other studies.  Berlin et al. 1981 was reviewed and 
rejected by the LWG (for reasons consistent with the selection guidelines given in the TRV TM), 
but has previously been used in the development of PCB guidelines for tissues at the Historic 
Area Remediation Site (HARS), a dredged material disposal area offshore of the entry to New 
York Harbor. 

Mac, M. J. and J. G. Seelye (1981). “Potential influence of acetone in aquatic bioassays testing 
the dynamics and effects of PCBs.  Bulletin of Environmental Contamination and 
Toxicology. 27:359-367. 

Meador et al. (2002). “Use of tissue and sediment-based threshold concentrations of 
polychlorinated biphenyls (PCBs) to protect juvenile salmonids listed under the U.S. 
Endangered Species Act.” Aquatic Conserv: Mar. Freshw Ecosyst. 

Section 3.2.3 Mercury, page 57: For the mercury dietary LOEC, the paper by Hammerschmidt 
et al. 2002 has a lower value than the paper by Matta and should be considered.  The attached 
Table 1 presents a number of studies with mercury in fish that, with the exception of the Birge et 
al. 1979 study, show adverse effects beginning at around 0.2 mg/kg, not the 0.47 mg/kg selected 
as the LOEC TRV in Table 4 of the TRV TM.  The 0.47 mg/kg TRV, based on lethality, is too 
high in any event without adjustment by a safety factor. 

Hammerschmidt, C. R., M. B. Sandheinrich, J. G. Wiener and R. G. Rada (2002). "Effects of 
dietary methylmercury on reproduction of fathead minnows." Environmental Science & 
Technology 36(5): 877-883. 

Section 3.2.3, DDT, Page 58: Macek 1968 paper used dosing of 2 mg/kg/week, twice a week.  
It’s not clear how the LOEC of 6.5 ppm was selected from this paper.  If conversions are used 
they should be specified. 

Section 4.1.2, Page 67, First Paragraph: The last sentence of this paragraph states:  “Nearly all 
field studies reviewed reported levels of both PCBs and DDE associated with adverse effects on 
bird populations.” This statement further supports the need for reviewing numerous papers to 
come up with a NOAEL and LOAEL that gives us the best estimate for bald eagles and ospreys 
and other birds (or a sensitivity distribution). These values are associated with uncertainty, but 
have been used in prior risk assessments and are estimated for the species in question, rather than 
for a lab species that may exhibit much greater or lower sensitivity to the chemicals. Again, the 
field studies, expert witness panels, and review studies should be the deciding factors for 
establishing NOAELs or LOAELs for bird receptors. The egg values selected here match or are 
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lower than the values reported from field studies, but these field studies should be retained for 
potential applications later in the TRV risk assessment process.  

Section 4.1.2, Page 68, First Paragraph: The last sentence states that “No bird egg provisional 
NOAEL was selected due to the varying sensitivities of bird species.”  NOAELs are necessary to 
ensure that special status species (e.g., threatened or endangered species) are protected (see 
previous comment, Section 2.4.4). 

Section 4.1.2, Page 75, First Full Paragraph: No provisional NOAEL for mercury was 
recommended.  EPA recommends using the value of 0.5 ug/g (described as a LOAEL) as a 
NOAEL. 

Section 4.1.5, Page 87, Endosulfan: The following study (as well as other studies by the lead 
author) should be included for the TRV development for endosulfan:  Bargar, T.A., G.I. Scott, 
and G.P. Cobb. 2001. Uptake and distribution of three PCB congeners and endosulfan by 
developing white leghorn chicken embryos (Gallus domesticus). Archives of Environmental 
Contamination and Toxicology 41(4):508-514.  

Section 4.1.5, Page 89, Heptachlor: The following studies should be included for the TRV 
development for heptachlor:   

Blus, L.J., C.J. Henny, and A.J. Krynitsky. 1985. The effects of heptachlor and lindane on birds, 

Columbia Basin, Oregon and Washington, 1976-1981. Sci Total Environ 46:73-81.  


Henny, C.J., L.J. Blus, and C.J. Stafford. 1983. Effects of heptachlor on American kestrels in the 

Columbia Basin, Oregon. Journal of Wildlife Management 47(4):1080-1087.  

Section 4.2 – Mammal TRV Selection: 

See EPA’s earlier detailed comments on using the mink field study (Tillitt et al. 1996) as a basis 
for the mammalian TRV in the PRE, including concomitant documentation of the uncertainties 
with this study in the PRE Uncertainty Evaluation.  Additionally, EPA also recommends the 
DeCaprio et al. (1986) study be considered as the 2,3,7,8-TCDD TRV in the Baseline Risk 
Assessment given the greater sensitivity of this mammalian species to growth effects at lower 
doses than the doses identified in the chronic rat reproduction study.   

Section 4.2, Page 94, End of Second Paragraph: The table reference appears incorrect.  The 
statement should reference Table 8, not Table 7. 

Page 94: Section 4.2.1: See again EPA earlier detailed comments on mammalian TRV 
development for dioxin-like compounds in the PRE.    

Section 4.2.1, Page 94: The following study should be included for review: 

Aulerich, R.J., S.J. Bursian, and A.C. Napolitano. 1988. Biological effects of epidermal growth 
factor and 2,3,7,8-Tetrachlorodibenzo-p-dioxin on developmental parameters of neonatal 
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mink. Archives of Environmental Contamination and Toxicology 17(1):27-31. 

Section 4.2.1, Page: 95, End of First Paragraph: Though EPA recognizes the uncertainties with 
co-occurring chemicals in field-based studies, in the PRE these studies should be considered to 
ensure that the most protective TRVs are developed for the initial risk screening.  Studies with 
animals exposed to both total PCBs and DDE should be accepted, as this is how animals are 
exposed in the wild and the effect levels of these chemicals tends to be similar. The uncertainties 
associated with using field-based studies should be clearly documented in the Uncertainty 
Evaluation of the PRE. The use of TRVs based on field-based studies should be re-visited 
during the (Effects Characterization) Baseline Risk Assessment. 

Section 4.2.1, Page: 95, End of Second Paragraph: Feeding trial studies on mink using Saginaw 
Bay carp or wild fish should not be excluded as discussed in previous comments on mammalian 
TRVs. These studies 1) are widely used in risk assessment and on NRDAs in the Great Lakes 
and elsewhere; 2) are based on sensitive endpoints for mink; 3) are based on the TEQ approach 
which incorporates some PCB congeners (so it is somewhat irrelevant that total PCBs are also in 
carp); and 4) have values very comparable to other lab and field studies for PCBs when plotted 
on scatter plot or species sensitivity distribution.  The LWG should use the most appropriate 
studies conducted on mink and/or river otter (of which there are many) including field and lab 
studies and feeding trials using wild carp which investigate sensitive endpoints (reproduction) 
and use the TEQ approach. LWG may calculate TEQs from these studies based on the more 
current WHO-based TEF values before deriving the TRV TEQ. A number of review studies are 
available and should be included in the TRV review and calculation.  The following studies 
should be consulted: 

Leonards, P.E.G., T.H. Devries, W. Minnaard, S. Stuijfzand, P. Devoogt, W.P. Cofino, N.M. 
Vanstraalen, and B. Vanhattum. 1995. Assessment of experimental data on PCB-induced 
reproduction inhibition in mink, based on an isomer-specific and congener-specific 
approach using 2,3,7,8-tetrachlorodibenzo-p-dioxin toxic equivalency. Environmental 
Toxicology and Chemistry 14(4):639-652.  

Leonards, P.E.G., S. Broekhuizen, P. de Voogt, N.M. Van Straalen, U.A.T. Brinkman, W.P. 
Cofino, and B. van Hattum. 1998. Studies of bioaccumulation and biotransformation of 
PCBs in mustelids based on concentration and congener patterns in predators and preys. 
Archives of Environmental Contamination and Toxicology 35(4):654-665.  

Leonards, P.E.G., Y. Zierikzee, U.A.T. Brinkman, W.P. Cofino, N.M. vanStraalen, and B. 
vanHattum. 1997. The selective dietary accumulation of planar polychlorinated biphenyls 
in the otter (Lutra lutra). Environmental Toxicology and Chemistry 16(9):1807-1815.  

Page: 95, end of 2nd to last paragraph: The TRV should be based on mink and/or otter, not on 
rats, which are likely much less sensitive to PCBs.  

Section 4.2 – Mammal TRV Selection: 

For the mammal TRV selection, EPA has reviewed risk assessments have been performed in the 
Great Lakes area. Many of these toxicology studies have evaluated the effects of dioxin and 
dioxin-like chemicals on mink and otter. 
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Section 4.2, Page 94, End of Second Paragraph: The table reference appears incorrect.  The 
statement should reference Table 8, not Table 7. 

Section 4.2.1, Page 94: Further explanation of the TEQ approach for dioxin should be provided.  
The selected dioxin TRV is based on  2,3,7,8-TCDD fed to rats from Murray et al. (1979).  This 
is not a TEQ approach. A true TEQ TRV value needs to be selected. The TEQ approach 
incorporates all dioxin-like toxicity, which incorporates effects from all dioxin-like compounds 
including PCBs. EPA believes that the uncertainties surrounding rat TRVs favor the 
development of TRVs from mink studies.   

Section 4.2.1, Page 94: The following study should be included for review: 

Aulerich, R.J., S.J. Bursian, and A.C. Napolitano. 1988. Biological effects of epidermal growth 
factor and 2,3,7,8-Tetrachlorodibenzo-p-dioxin on developmental parameters of neonatal 
mink. Archives of Environmental Contamination and Toxicology 17(1):27-31. 

Section 4.2.1, Page: 95, End of First Paragraph: Studies with animals exposed to both total 
PCBs and DDE should be accepted, as this is how animals are exposed in the wild and the effect 
levels of these chemicals tends to be similar.  

Section 4.2.1, Page: 95, End of Second Paragraph: Feeding trial studies on mink using Saginaw 
Bay carp or wild fish should not be excluded. These studies 1) are widely used in risk assessment 
and on NRDAs in the Great Lakes and elsewhere; 2) are based sensitive endpoints for mink, not 
insensitive endpoints for rats (which the current TRV has been selected); 3) are based on the 
TEQ approach which incorporates some PCB congeners (so it is somewhat irrelevant that total 
PCBs are also in carp); and 4) have values very comparable to other lab and field studies for 
PCBs when plotted on scatter plot or species sensitivity distribution. The LWG should use the 
most appropriate studies conducted on mink and/or river otter (of which there are many) 
including field and lab studies and feeding trials using wild carp which investigate sensitive 
endpoints (reproduction) and use the TEQ approach. LWG may calculate TEQs from these 
studies based on the more current WHO-based TEF values before deriving the TRV TEQ. A 
number of review studies are available and should be included in the TRV review and 
calculation. The following studies should be consulted:   

Leonards, P.E.G., T.H. Devries, W. Minnaard, S. Stuijfzand, P. Devoogt, W.P. Cofino, N.M. 
Vanstraalen, and B. Vanhattum. 1995. Assessment of experimental data on PCB-induced 
reproduction inhibition in mink, based on an isomer-specific and congener-specific 
approach using 2,3,7,8-tetrachlorodibenzo-p-dioxin toxic equivalency. Environmental 
Toxicology and Chemistry 14(4):639-652.  

Leonards, P.E.G., S. Broekhuizen, P. de Voogt, N.M. Van Straalen, U.A.T. Brinkman, W.P. 
Cofino, and B. van Hattum. 1998. Studies of bioaccumulation and biotransformation of 
PCBs in mustelids based on concentration and congener patterns in predators and preys. 
Archives of Environmental Contamination and Toxicology 35(4):654-665.  
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Leonards, P.E.G., Y. Zierikzee, U.A.T. Brinkman, W.P. Cofino, N.M. vanStraalen, and B. 
vanHattum. 1997. The selective dietary accumulation of planar polychlorinated biphenyls 
in the otter (Lutra lutra). Environmental Toxicology and Chemistry 16(9):1807-1815.  

Page: 95, end of 2nd to last paragraph: The TRV should be based on mink and/or otter, not on 
rats, which are likely much less sensitive to PCBs.  

Page 130, Section 5.0, Selection of Benthic Invertebrates: Footnote 10 states here “all chemicals 
detected in invertebrate tissue were identified as COIs, with the exception of the following 
metals, which can be metabolized or otherwise regulated by the organism: aluminum, antimony, 
arsenic, cadmium, chromium, copper, lead, manganese, nickel, selenium, silver, thallium, and 
zinc.” There are some in this list that I don’t think should be evaluated, but there is data 
available for others. I will defer to Burt on this one, but one of my questions is whether or not a 
10 or 28-day exposure is long enough to evaluate the effects of metals (accumulate residue and 
show an effect).  The use of tissue residue data as one line of evidence along with the toxicity 
data may shed more light in regard to potential effects. 

Page 130, Section 5.0, TRV Selection for Benthos: Clams and crayfish tissue were collected to 
help represent concentrations that may be found in other invertebrate species as well.  Additional 
benthic tissue sampling is also proposed for later this year.  Therefore, the TRV endpoints 
selected should include those for other benthic species such as amphipods, oligochaetes and 
insect larvae. Literature retrieved in this process was limited to studies reporting whole-body 
tissue concentrations in decapods and mollusks.  This limited the 200 identified references in 
ERED to only 29 studies that addressed decapods and mollusks.  This process may also identify 
COIs for which no TRVs were selected (Table 11).  Two examples of this process that would 
result in changes to the proposed benthic tissue TRVs are studies by Naimo et al. 2000, who 
found that a body burden of 0.131 mg/kg mercury resulted in a 25% growth reduction in a 
burrowing mayfly (Hexagenia bilineata), while a 0.5 mg/kg mercury residue in the red swamp 
crayfish (Procambarus clarkii) inhibited ovarian maturation, and thus reproduction (Reddy et al. 
1997). The literature review of residue-effects studies on benthic invertebrates should be 
expanded to evaluate effects on species representative of all benthic invertebrate taxa present in 
Portland Harbor, not just crayfish and clams. 

Naimo, T.J., J.G. Wiener, W.G. Cope and N.S. Bloom.  2000. Bioavailability of sediment-
associated mercury to Hexagenia mayflies in a contaminated floodplain river.  Can. J. Fish. 
Aquat. Sci. 57:1092-1102. 

Reddy, P.S., S.R. Tuberty and M. Fingerman.  1997. Effects of cadmium and mercury on 
ovarian maturation in the red swamp crayfish, Procambarus clarkii. Ecotoxicol. Environ. Saf. 
37:62-65. 

Page 130, Section 5.2.2, Endpoints Evaluated for Benthic Invertebrates: This section states that 
“The relevant assessment endpoints for all benthic invertebrates are effects on growth, 
reproduction, and survival for all species.” However, the literature review was heavily focused 
on the limited available residue-effects data for clams and crayfish.  Substantially more benthic 
invertebrate residue-effects data are available for species such as amphipods, oligochaetes and 
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insect larvae such as chironomids than are available for clams and crayfish.  As the assessment 
endpoints are for protection of all benthic invertebrates, EPA believes the residue-effects 
literature on these other benthic invertebrates should be reviewed and the findings used to 
develop benthic invertebrate TRVs.  As just one example of a citation for a chemical where no 
data was available for clams and crayfish, the following citation reports that 0.2 mg/kg wet 
weight aldrin in the tissues of the ostracod Chlamydotheca arcuata is associated with increased 
mortality and immobility.   

Kawatski, J.A. and J.C. Schmulbach.  1971. Toxicities of aldrin and dieldrin to the freshwater 
ostracod Chlamydotheca arcuata. J. Econ. Entomol. 64:1082-1085. 

Page 132, Section 5.2.3.2, Uncertainty Factors: It is unclear what was done if there was no 
available LOEC.  It is stated that no uncertainty factors were used to derive a LOEC from other 
data (e.g. LC50). Was the LC50 used, or was no value selected?  If there is a LC50 available, 
the use of an uncertainty factor is better than having no value at all to address potential risk.   

Section 5.4.1, PCBs page 137: The Chu et al 2003 paper should be used in the bivalve / PCB 
TRV development. 

DDT, page 140: Use the paper by Binelli et al. 2001 for bivalve TRV. 

Binelli, A., R. Bacchetta, G. Vailati, S. Galassi and A. Provini (2001). "DDT contamination in 
Lake Maggiore (N. Italy) and effects on zebra mussel spawning." Chemosphere 45(4-5): 
409-415. 
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September 15, 2006 

Mr. Jim McKenna 
Port of Portland & Co-Chairman, Lower Willamette Group 
121 NW Everett 
Portland, Oregon 97209 

Mr. Robert Wyatt 
Northwest Natural & Co-Chairman, Lower Willamette Group 
220 Northwest Second Avenue 
Portland, Oregon 97209 

Re: 	 Portland Harbor Superfund Site; Administrative Order on Consent for Remedial     
Investigation and Feasibility Study; Docket No. CERCLA-10-2001-0240.  Revised Draft, 
Table 1, Selected Acute and Chronic Ecological Screening Levels (Eco SLs) for 
Chemicals in Water.  

Dear Messrs. Wyatt and McKenna: 

EPA has reviewed the Revised Draft, Table 1, Selected Acute and Chronic Ecological 
Screening Levels (Eco SLs) for Chemicals in Water.  This table was prepared on behalf of the 
Lower Willamette Group (LWG) by Windward Environmental and was received by EPA on 
May 25, 2006. EPA comments are attached.   

EPA believes that the specific changes to the table included in the attached comments are 
straight forward and should be incorporated into the Round 2 Comprehensive Site Summary and 
Data Gaps Analysis Report. Please acknowledge the acceptance of the these comments in 
writing within 30 days following the date of these comments.  If there are specific changes to the 
table that the LWG disagrees with please contact Chip Humphrey at (503) 326-2678 or Eric 
Blischke (503) 326-4006 to schedule a meeting to resolve these proposed changes.  All legal 
inquiries should be directed to Lori Cora at (206) 553-1115. 

      Sincerely,

      Chip  Humphrey
      Eric  Blischke
      Remedial Project Managers 



 

 

 

 
 
 

           
  
 
 
 
 
  
 
 
 
 
  

cc: 	 Greg Ulirsch, ATSDR 
Rob Neely, NOAA 
Ted Buerger, US Fish and Wildlife Service 
Preston Sleeger, Department of Interior 

 Jim  Anderson,  DEQ  
Kurt Burkholder, Oregon DOJ 
Rick Keppler, Oregon Department of Fish and Wildlife 
Kathryn Toepel, Oregon Public Health Branch 
Jeff Baker, Confederated Tribes of Grand Ronde 
Tom Downey, Confederated Tribes of Siletz  
Audie Huber, Confederated Tribes of Umatilla 
Brian Cunninghame, Confederated Tribes of Warm Springs 
Erin Madden, Nez Perce Tribe 
Rose Longoria, Confederated Tribes of Yakama Nation 
Valerie Lee, Environment International 
Keith Pine, Integral Consulting 



 

 
 

 

 

 

 
 

 
 

 
 

 
 

 
 

  

 
 

EPA comments on May 25, 2006 Revised Draft, Table 1, Selected Acute and Chronic 
Ecological Screening Levels (Eco SLs) for Chemicals in Water.  
September 15, 2006 

General Comments: 

Changes to Table 1: EPA has recommended a number of changes to the values presented in the 
table. Specific changes are provided in the specific comments portion of this review.  These 
changes should be incorporated into the Round 2 Comprehensive Site Summary and Data Gaps 
Analysis Report. 

Hierarchy for Value Selection: Comments were made on the hierarchy for selecting values in 
the companion TM for this table (Process for Selecting Acute and Chronic Water Screening 
Levels for Portland Harbor Surface Water, Groundwater, and Transition Zone Water, DRAFT, 
April 29, 2005). The hierarchy for selection of sources for water screening levels (SLs) does not 
appear to have been fully followed during selection of the values in the revised Table 1 (i.e., 
hierarchy as recommended in EPA comments dated March 24, 2006 on an earlier draft of the 
protocols for selecting acute and chronic water screening levels).  Specifically, several available 
national recommended chronic water quality criteria have not been incorporated into the table. 

For the readers benefit, it should be clear in this table or elsewhere the hierarchy that was used to 
selected water screening values. 

1.	 Level 1: The lowest of the national recommended water quality criteria and the proposed 
State of Oregon water quality criteria as specified in OAR 340-41Table 33. 

2.	 Level 2: The Tier II values from Suter and Tsao (1996).    
3.	 Level 3: The USEPA (2004) proposed PAH specific final chronic values for individual 

PAH compounds found in Table 3-4 of USEPA (2004).  Use of the individual PAH 
guidelines from USEPA (2004) as screening levels would eliminate the need to use a 
screening level for benzo(a)pyrene as a surrogate for other PAH compounds.   

4.	 Level 4: Canadian Water Quality Guidelines.  
5.	 Level 5: more protective of acute ODEQ guidance values (ODEQ 2004) or Tier II acute 

values for Suter and Tsao divided by a safety factor of 50.  In general, if there is a 
reasonable surrogate for the chemical in regard to chronic effects, this should be 
consulted before going to acute effects. 

6.	 Literature derived values. 

Bioaccumulative Potential: Only effects based criteria are provided here, but it should be noted 
in a table footnote that bioaccumulative chemicals detected in water will not be screened per 
EPA guidance and previous EPA comments, but will be carried forward for further analysis 
using other methods or pathways (e.g., dietary or tissue).   

Amphibian Specific Water SLs: Table 2 (dated September 6, 2005) which contained the 
amphibian specific toxicity SLs were not included.  In general, EPA believes that the SLs 
presented in the May 25, 2006 Ecological Screening Level table should be protective of all 
aquatic receptors. However, EPA reserves the right to re-evaluate the Table 1 SLs to ensure they 



 

 
 

 

 

 
 

 
 

 

 
 

 

are protective of amphibians or develop amphibian-specific values as part of the baseline 
ecological risk assessment.   

Application of Criteria: The proposed screening criteria should be applied to both total and 
dissolved contaminant concentrations in accordance with the procedures outlined in the National 
Recommended Water Quality Criteria.  In addition, these values should be applied to both 
surface water and transition zone water. 

National Recommended Water Quality Criteria: The selection hierarchy employed to generate 
Table 1 should cite the most recent EPA National Recommended Water Quality Guidance, dated 
2006. Instead, it cites an earlier 2002 version of the guidance.  The up-to-date 2006 guidance 
should be used, which may change several chronic values (see also specific comments below). 

Acute vs. Chronic Screening Levels: EPA has noted a number of instances where the proposed 
chronic SLs in Table 1 are higher than the proposed acute SLs.  While this is unavoidable in 
some instances (e.g. zinc, where mortality is a more sensitive endpoint than either reproduction 
or growth, thus resulting in the national acute zinc criterion being marginally higher than the 
national chronic zinc criterion), other instances are due to the hierarchical selection process used 
to obtain the various SLs. In instances where the acute and chronic SLs were derived using 
different methodologies (e.g., certain PAHs as described in next comment below), EPA 
recommends not including an acute value.  For chemicals without an acute SL, EPA 
recommends that a notation such as NA (none available) be placed in cells of the table without 
screening levels, rather than just leaving the cell blank.  Such a notation should also be placed in 
the cells that give the reference or source for acute SLs without a numeric value. 

Screening Levels for PAHs: EPA notes that while many of the selected PAH chronic SLs are 
derived from narcotic toxicity of the individual PAH compounds, many of the acute SLs are 
derived from studies of photo-induced PAH toxicity.  Photo-induced PAH toxicity is a specific 
mode of toxic action, different from non-specific toxicity elicited by narcosis.  Chemicals 
eliciting toxicity via specific modes of action generally require lower concentrations to elicit 
toxicity relative to concentrations required to elicit toxicity via narcosis, which is the likely 
reason that a number of the individual PAH photo-induced acute toxicity SLs are lower than the 
corresponding narcosis based chronic SLs. EPA recommends eliminating the acute value in 
these instances. 

References: A number of references cited in the body of Table 1 are not presented in the 
reference section appended to the table.  The missing references must be added to the reference 
section of the document. 

Specific Comments: 

All specific comments are on the May 25, 2006 version of Table 1, Selected acute and chronic 
ecological screening levels (Eco SLs) for chemicals in water. 

1.	 Dioxin (2,3,7,8-TCDD) – The chronic SL should be taken from EPA (1984) and so should be 
changed to 0.00001 µg/L (10 ng/l), not the 0.0001 (100 ng/l) µg/L given in Table 1. 
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2.	 Aluminum – A note should be added that these criteria only apply to waters within a pH 
range of 6.5 – 9.0 as given in the national AWQC. 

3.	 Arsenic – It should be noted that the derivation is from As(III), not As(V).  The value should 
be applied to total arsenic. 

4.	 Beryllium – The Tier II chronic and acute values from Suter and Tsao should be used instead 
of the DEQ Guidance Values (Table 33C).  The acute and chronic values are 35 µg/l and 
0.66 µg/l respectively. 

5.	 Iron – The acute SL is based on multiplying the chronic AWQC x 10.  This yields an acute 
SL of 10,000 µg/L. However, there are a number of literature citations available that 
demonstrate acute toxicity of iron at concentrations less than 10,000 µg/L, implying that an 
acute iron SL of 10,000 µg/L is too high, and not protective of aquatic resources.  
Furthermore, the chronic AWQC was based on a field study, and so extrapolating from this 
to an acute SL is not straightforward. EPA recommends retaining the 1,000 µg/L chronic 
value, but not including an acute SL for iron. 

6.	 Selenium – Add a comment into the citations and notes column of the table stating that the 
listed acute value is for selenate, and is the lower of the published criteria for selenate and 
selenite. 

7.	 2-Methylnaphthalene – Add a comment into the citation and notes column of the table stating 
that the listed acute and chronic SLs are for the surrogate compound 1-methylnaphthalene. 

8.	 Acenaphthene - Add a comment into the citation and notes column of the table stating that 
the listed acute and chronic SLs are the EPA calculated FAV and FCV for sediment quality 
guideline development. 

9.	 Benzo(b)fluoranthene – Delete the acute SL.  See general comment above. 

10. Benzo(b+j)fluoranthene – Delete the acute SL. 	 See general comment above.  The chronic SL 
should be the chronic SL of 0.6415 µg/L for the surrogate compound benzo(k)fluoranthene. 

11. Benzo(b+k)fluoranthene – Delete the acute SL.  	See general comment above.  The chronic 
SL should be the chronic SL of 0.6415 µg/L for the surrogate compound 
benzo(k)fluoranthene. 

12. Benzo(g,h,i)perylene – Delete the acute SL.  See general comment above. 

13. Benzo(k)fluoranthene – Delete the acute SL.  See general comment above. 

14. Chrysene – Delete the acute SL. See general comment above. 

15. Pyrene – Delete the acute SL. See general comment above.   
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16. 2,4-D – The lowest acute LC50 in ECOTOX is 1600 µg/L, which when divided by two yields 
an acute SL of 800 µg/L. The lowest chronic SL reported in MacDonald ES (1999) is the 4 
µg/L value given as the Ontario water quality objective (1999) and should be used instead of 
the proposed chronic SL of 47 µg/L. 

17. 2,4’-DDD – Footnote ii of the EPA (2006) National Recommended Water Quality Criteria 
states the EPA 4,4’-DDT criteria of 1.1 µg/L (acute) and 0.001 µg/L (chronic) applies to 
DDT and its metabolites, and that the total concentration of DDT and its metabolites should 
not exceed these concentrations. As DDD is a metabolic transformation product of DDT, the 
DDT criteria of 1.1 µg/L and 0.001 µg/L should be used as the acute and chronic SLs, 
respectively for 2,4’-DDD. Footnote T of Table 33B of Oregon’s water quality criteria also 
contains the same statement. 

18. 2,4’-DDE - Footnote ii of the EPA (2006) National Recommended Water Quality Criteria 
states the EPA 4,4’-DDT criteria of 1.1 µg/L (acute) and 0.001 µg/L (chronic) applies to 
DDT and its metabolites, and that the total concentration of DDT and its metabolites should 
not exceed these concentrations.  As DDE is a metabolic transformation product of DDT, the 
DDT criteria of 1.1 µg/L and 0.001 µg/L should be used as the acute and chronic SLs, 
respectively for 2,4’-DDE. Footnote T of Table 33B of Oregon’s water quality criteria also 
contains the same statement. 

19. 2,4’-DDT -	 4.4’-DDT should be used as a surrogate compound for 2.4’-DDT, thus the 4,4’
DDT chronic criterion of 0.001 µg/L should be used as the chronic SL for 2,4’-DDT. 

20. 4,4’-DDD - Footnote ii of the EPA (2006) National Recommended Water Quality Criteria 
states the EPA 4,4’-DDT criteria of 1.1 µg/L (acute) and 0.001 µg/L (chronic) applies to 
DDT and its metabolites, and that the total concentration of DDT and its metabolites should 
not exceed these concentrations. As DDD is a metabolic transformation product of DDT, the 
DDT criteria of 1.1 µg/L and 0.001 µg/L should be used as the acute and chronic SLs, 
respectively for 4,4’-DDD. Footnote T of Table 33B of Oregon’s water quality criteria also 
contains the same statement. 

21. 4,4’-DDE - Footnote ii of the EPA (2006) National Recommended Water Quality Criteria 
states the EPA 4,4’-DDT criteria of 1.1 µg/L (acute) and 0.001 µg/L (chronic) applies to 
DDT and its metabolites, and that the total concentration of DDT and its metabolites should 
not exceed these concentrations.  As DDE is a metabolic transformation product of DDT, the 
DDT criteria of 1.1 µg/L and 0.001 µg/L should be used as the acute and chronic SLs, 
respectively for 4,4’-DDE. Footnote T of Table 33B of Oregon’s water quality criteria also 
contains the same statement. 

22. 4,4’-DDT - The chronic 4,4’-DDT criterion from EPA (2006) is 0.001 µg/L, and should be 
used as the chronic SL instead of the 0.013 µg/L value given in Table 1. 

23. Chlordane - The chronic chlordane criterion from EPA (2006) is 0.0043 µg/L, and should be 
used as the chronic SL instead of the 0.17 µg/L value given in Table 1. The acute SL of 2.4 
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should be divided by 2 so it is comparable to other AWQC used in Table 1. This is because 
this 1980 AWQC was derived using methods different from those derived since 1985. As 
given in footnote G of USEPA’s 2006 AWQC compilation, this would also apply to other 
OC pesticides such as chemicals that use chlordane as a surrogate (e.g., cis-Nonachlor), 
endrin, aldrin, etc. 

24. cis-Nonachlor – This compound is a component of the commercially available technical 
chlordane mixtures historically sold in the United States.  In the absence of a specific cis
nonachlor criterion, the chlordane chronic criterion of 0.0043 µg/L should be used as the 
chronic SL instead of the 0.17 µg/L value given in Table 1. The acute SL should be adjusted 
as in comment 22. 

25. δ-Hexachlorocyclohexane – Toxicity data for lindane (γ-hexachlorocyclohexane) should be 
used as a surrogate for this compound, resulting in acute and chronic SLs of 0.95 µg/L and 
0.08 µg/L, respectively, instead of the values of 100 µg/L and 2 µg/L given in Table 1. 

26. Heptachlor epoxide - The chronic heptachlor epoxide criterion from EPA (2006) is 0.0038 
µg/L, and should be used as the chronic SL instead of the 0.0069 µg/L value given in Table 
1. The acute SL should be adjusted as in comment 22. 

27. Heptachlor - The chronic heptachlor criterion from EPA (2006) is 0.0038 µg/L, and should 
be used as the chronic SL instead of the 0.0069 µg/L value given in Table 1. The acute SL 
should be adjusted as in comment 22. 

28. Oxychlordane - This compound is a component of the commercially available technical 
chlordane mixtures historically sold in the United States.  In the absence of a specific 
oxychlordane criterion, the chlordane acute and chronic criteria of 2.4 µg/L (divided by two 
as in comment 22) and 0.0043 µg/L should be used as the chronic SL instead of the 1.12 
µg/L and 0.0448 µg/L values given in Table 1. 

29. Retene – The source of the proposed retene SLs (Billiard et al. 1999) is not given in the 
reference section of Table 1. Review of the Billiard et al. 1999 citation by EPA finds that an 
acute SL of 176.5 µg/L can be derived by dividing the measured zebrafish LC50 given in the 
paper by two.  The zebrafish adverse effect threshold for growth given in the paper is 100 
µg/L, which should be used as the chronic SL. 

30. Silvex – EPA cannot confirm the acute and chronic SL values of 130 µg/L and 5.2 µg/L 
proposed in Table 1. We cannot find a Johnson 1987 citation describing silvex toxicity to 
aquatic life, and the citation is not given in the reference section of Table 1.  However, 
ECOTOX presents an LC50 for amphipods at 250 µg/l, which would result in an acute SL of 
125 µg/l and chronic SL of 5.0 µg/l. The lower ECOTOX-based values should be used. 

31. Total DDT - The 4,4’-DDT chronic criterion of 0.001 µg/L given in the EPA (2006) National 
Recommended Water Quality Criteria should be used as the chronic SL for Total DDT. 
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32. Pentachlorophenol – The citations and notes column of Table 1 should state that the value of 
the PCP criterion is pH dependent.  The listed SLs were calculated for waters at a pH = 7.2, 
and will vary with the pH of the water column. 

33. Total phenols – The values in Table 1 are actually the Tier II values for phenol (based on the 
Great Lakes Quality Initiative) not total phenols.  The name in the contaminant of interest 
column should be changed to reflect this.  EPA does not believe development of SLs for total 
phenols is needed. 

34. Acute SLs for butylbenzyl phthalate, dibutyl phthalate, diethyl phthalate, dimethyl phthalate 
and di-n-octyl phthalate. Although the values are correct as given based on the identified 
guideline sources in Table 1, several, of the phthalate acute SLs as derived may exceed the 
maximum water solubility of these compounds.  As a result, EPA recommends that for the 
phthalates identified above, the acute SL should be calculated by multiplying the chronic SL 
by 50 resulting in an acute SL of 150 ug/l. 

35. Hexachlorobenzene – To eliminate this instance of where the chronic SL exceeds the acute 
SL, EPA suggests that the draft EPA acute criterion of 6 µg/L be used as the acute SL instead 
of the table value of 3.5 µg/L. The Mayer and Ellersieck (1986) citation is not given in the 
reference section of Table 1. 

36. 1,1,2,2-Tetrachloroethane – Although both acute and chronic SLs are correct as presented 
given the data sources for the SLs, to eliminate this instance of where the chronic SL exceeds 
the acute SL, EPA recommends that the source of the chronic SL be changed to the Tier II 
value as opposed to the ODEQ value. This would result in the chronic SL becoming 610 
µg/L. 

37. 1,2,3-Trichloropropane – The lowest LC50 in Kielhorn et al. (2003) is 4100 µg/L for 
Ceriodaphnia dubia. Using the acute and chronic SL derivation method given in Table 1 
(i.e. LC50/2 and LC50/50) with the C. dubia measured LC50, the acute and chronic SLs should 
be 2050 µg/L and 82 µg/L, respectively. 

38. 1,2,4-Trimethylbenzene – Based on the EPA recommended acute and chronic SLs for 
ethylbenzene (used as a surrogate compound for 1,2,4-trimethylbenzene), the acute and 
chronic SLs should be 130 µg/L and 7.3 µg/L, respectively.  See Specific Comment 42 for 
the discussion of how EPA obtained the ethylbenzene SLs. 

39. 1,3,5-Trimethylbenzene - Based on the EPA recommended acute and chronic SLs for 
ethylbenzene (used as a surrogate compound for 1,3,5-trimethylbenzene), the acute and 
chronic SLs should be 130 µg/L and 7.3 µg/L, respectively.  See Specific Comment 42 for 
the discussion of how EPA obtained the ethylbenzene SLs. 

40. 1,4-Dioxane – The citations and notes column of Table 1 should indicate that the 1,4-dioxane 
SLs are based on a measured LC50 for the amphipod Gammarus pseudolimnaeus. 
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41. Ammonia – The citations and notes column of Table 1 should contain several clarifying 
remarks as to how the ammonia SLs were derived.  The concentration units are µg/L as total 
ammonia-N, not the µg/L units that are correct for every other chemical in Table 1.  Both the 
acute and chronic SLs presented in Table 1 are the ammonia criteria for waters where 
salmonids are present.  The acute SL is pH dependent, with the listed acute SL calculated in 
waters at a pH of 7.2 as noted in the table. The chronic SL is both pH and water temperature 
dependent, and should use equations that consider early life stage fish to be present.  While 
the listed SL is correct for waters cooler than 15ºC, the SL will be lower than the value 
presented in Table 1 for waters warmer than 15ºC. 

42. Chlorobenzene – The citations and notes column of Table 1 should state that the SLs are for 
chlorobenzenes, not chlorobenzene (i.e. monochlorobenzene) specifically. 

43. Chloromethane – The citations and notes column of Table 1 should state that the SLs for 
chloromethane are based on the ODEQ acute criterion for halomethanes. 

44. Ethylbenzene – The ODEQ acute criterion for ethylbenzene is 32,000 µg/L, not the 3200 
µg/L given in Table 1. The Table 1 chronic SL of 7.3 µg/L is correct.  Given that 
ethylbenzene is proposed as a surrogate compound for which SLs will be used as the SLs for 
a number of other chemicals, EPA recommends that the more conservative Tier II acute SL 
of 130 µg/L be used as the acute SL for ethylbenzene. 

45. Methyl isobutyl ketone (MIBK) – The citations and notes column of Table 1 should state that 
a commonly used synonym for MIBK is 4-methyl-2-pentanone.  Suter and Tsao (1996), the 
source of the Tier 2 SLs used in the SL table for chemicals in water, present acute and 
chronic SLs of 2200 µg/L and 170 µg/L, respectively for MIBK.  These values should be 
used as the MIBK acute and chronic SLs, as opposed to the values of 1800 µg/L and 99 µg/L 
listed in Table 1, which were based on the use of 2-hexanone as a surrogate compound for 
MIBK. 

46. Methylene bromide - The citations and notes column of Table 1 should state that the acute 
SL is based on the ODEQ acute criterion for halomethanes. 

47. Methylene chloride – The acute SL should be the ODEQ acute criterion for halomethanes of 
11,000 µg/L, not the Tier II value of 26,000 µg/L.  The chronic SL should be 220 µg/L, 
which is the acute SL divided by 50. The citations and notes column of Table 1 should state 
that the acute SL is based on the ODEQ acute criterion for halomethanes. 

48. MTBE – The acute SL should be 151,000 µg/L, which is the draft EPA acute criterion for 
MTBE found in Mancini et al. 2002. MTBE ambient water quality criteria development.  A 
public/private partnership. Environ. Sci. Technol. 36:125-129. 

49. n-Butylbenzene - Based on the EPA recommended acute and chronic SLs for ethylbenzene 
(used as a surrogate compound for n-butylbenzene), the acute and chronic SLs should be 130 
µg/L and 7.3 µg/L, respectively. See Specific Comment 42 for the discussion of how EPA 
obtained the ethylbenzene SLs. 
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50. n-Propylbenzene - Based on the EPA recommended acute and chronic SLs for ethylbenzene 
(used as a surrogate compound for n-propylbenzene), the acute and chronic SLs should be 
130 µg/L and 7.3 µg/L, respectively. See Specific Comment 42 for the discussion of how 
EPA obtained the ethylbenzene SLs. 

51. Pentachloroanisole – Pentachloroanisole has not been detected in surface water.  	EPA has not 
confirmed the LC50 derived values presented.  Should this chemical be detected, EPA will 
evaluate whether the LC50 derived screening values are appropriate.   

52. Perchlorate – The LWG has proposed using a number from Dean et. al.  	However, this value 
may not be protective of amphibians.  EPA recommends using a chronic value of 18 µg/l 
based on Goleman et. al, 2002 (Environmentally Relevant Concentrations of Ammonium 
Perchlorate Inhibit Development and Metamorphosis in Xenopus Laevis, Environmental 
Toxicology and Chemistry, Vol. 21, No. 2, pp. 424–430, 2002).  An acute value is not 
recommended at this time. 

53. p-Isopropyltoluene – If toluene is to be used as the surrogate compound for p
isopropyltoluene, the acute and chronic SLs should be 17,500 µg/L and 9.8 µg/L, 
respectively.  The toluene SLs presented in Table 1 are correct. 

54. sec-Butylbenzene - Based on the EPA recommended acute and chronic SLs for ethylbenzene 
(used as a surrogate compound for sec-butylbenzene), the acute and chronic SLs should be 
130 µg/L and 7.3 µg/L, respectively. See Specific Comment 42 for the discussion of how 
EPA obtained the ethylbenzene SLs. 

55. Styrene – The Ontario provincial water quality guideline for styrene is 4 µg/L, which should 
be used as the chronic SL. EPA is unable to identify an acute SL for styrene.  See General 
Comment 5 on how to handle chemicals without acute SLs. 

56. tert-Butylbenzene - Based on the EPA recommended acute and chronic SLs for ethylbenzene 
(used as a surrogate compound for tert-butylbenzene), the acute and chronic SLs should be 
130 µg/L and 7.3 µg/L, respectively. See Specific Comment 42 for the discussion of how 
EPA obtained the ethylbenzene SLs. 

57. Vinyl chloride – The values in Table 1 appear to be correct based on our review of the results 
of Brown et al. (1977) as presented in ECOTOX.  The citations and notes column of Table 1 
should be amended to clarify that the NR LETH/4 notation represents the 10 day LC100 for 
northern pike presented in Brown et al. (1977) divided by four. 

58. Vinylidene chloride – The citations and notes column of Table 1 should contain a notation 
that the more commonly used synonym for vinylidene chloride is 1,1-dichloroethylene. 

EPA comments on May 25, 2006 Revised Draft, Table 1, Selected Acute and Chronic Ecological 
Screening Levels (Eco SLs) for Chemicals in Water.  
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October 31, 2006 

Mr. Jim McKenna 
Port of Portland & Co-Chairman, Lower Willamette Group 
121 NW Everett 
Portland, Oregon 97209 

Mr. Robert Wyatt 
Northwest Natural & Co-Chairman, Lower Willamette Group 
220 Northwest Second Avenue 
Portland, Oregon 97209 

Re: Portland Harbor Superfund Site; Administrative Order on Consent for Remedial     
Investigation and Feasibility Study; Docket No. CERCLA-10-2001-0240.  Round 3 
Lamprey Ammocoete Toxicity Testing Field Sampling Plan 

Dear Messrs. Wyatt and McKenna: 

EPA has reviewed the Round 3 Lamprey Ammocoete Toxicity Testing Field Sampling 
Plan (Lamprey Toxicity FSP) and the Round 3 Lamprey Ammocoete (Lampetra sp.) Toxicity 
Testing Quality Assurance Project Plan (Lamprey Toxicity QAPP).  These documents were 
prepared on behalf of the Lower Willamette Group (LWG) by Windward Environmental.  EPA 
previously provided comments on the collection and holding components of the Lamprey 
Toxicity FSP on October 11, 2006.  The comments provided below address the toxicity testing 
component of the Lamprey Toxicity FSP and the Lamprey Toxicity QAPP which was received 
on October 13, 2006. 

As you are aware, the purpose of the toxicity testing is to determine whether existing fish 
toxicity reference values (TRVs) are sufficiently protective of lamprey survival and growth as 
determined by laboratory toxicity testing with representative chemicals and identify the relative 
sensitivity of Pacific lamprey to adverse contaminant effects when compared to the sensitivity of 
other freshwater species.  However, because standard protocols for holding and testing lamprey 
ammocoetes are not available, EPA believes that open communication between EPA staff and 
government partners, LWG management and technical staff and the laboratory is required to 
increase the likelihood of a successful testing program.  EPA hopes that the comments provided 
below are productive and will contribute to a successful outcome.  

Lamprey Ammocoete Toxicity Testing Field Sampling Plan (September 29, 2006):   

1.	 Page 6, Section 2.4.1: Daily records of mortality should be recorded, not just at the 
termination of the test.  In addition, other noticeable changes in behavior and other 



 

 

 

 

 

 

  

 

 

 

responses be observed and recorded daily and at the termination of the range finding 
tests. Examples of behavior that should be noted include narcosis, morbidity, erratic 
behaviors or changes in swimming ability. 

2.	 Page 11, Section 3.2: EPA understands that the substrate for holding the ammocoetes was 
changed to site-collected sediment from the proposed sterile sand.   

3.	 Page 13, Section 4.2: EPA provided guidance on the selection of chemicals for the 
toxicity testing. This rationale should be described to justify the selection of these 
particular six chemicals with respect to the primary study objectives and the specific 
chemical modes of action represented by each chemical.  In addition, the chemical 
concentrations to be tested should be determined and identified in consultation with EPA 
and its government partners prior to initiation of the range finding testing.  Due to the 
size of the chemical concentration range specified in Table 5-1, EPA recommends five 
chemical concentration ranges be utilized.   

4.	 Page 13, Section 4.2: For most of the proposed chemicals, static-renewal test methods 
are indeed the most appropriate and cost-effective approach for exposing ammocoetes. 
However, because naphthalene is quite volatile, the testing laboratory will have to take 
extra care to either minimize losses from the test solutions, or modify the exposure 
system itself. In our experience testing with this chemical, for example, we would 
actually be more likely to use flow-through methods, even when conducting range 
finding tests. Losses owing to volatilization can still be significant using flow-through 
methods, but at least it is constant and quantifiable. These conditions are both more 
difficult to achieve with static-renewal methods. Therefore, the testing laboratory needs 
to address this concern, and potentially adjust their methods to ensure that the results 
obtained from the rangefinder are accurate enough to inform the definitive tests. 

5.	 Page 13, Section 4.2: It is unclear why the lamprey will be fed during testing (the text 
states 2 hours prior to renewal at 48 hours).  EPA recommends not feeding the organisms 
during the test. Not feeding is a standard protocol during 96 hour LC50 tests and feeding 
could skew the results and uptake of the chemical.   

6.	 Page 13, Section 4.2: Organism mortality should be recorded daily (as opposed to just at 
0 and 96-hr). 

7.	 Page 14, Section 4.3: A second set of range finding tests with the flow through system 
should be performed as part of Phase 2 to confirm the results of Phase 1 and to account 
for differences between the static range finding testing proposed for Phase 1 and the flow 
through definitive testing proposed for Phase 2.  Additional range finding tests should be 
conducted during Phase 2 (definitive toxicity testing phase) to ensure that results from 
Phase 1 testing are comparable to those from organisms collected from different source 
streams, time of year, etc and to take advantage of any “lessons learned” from the phase 1 
work. Confirmatory testing is not necessary for all tests.  Further discussion between the 
LWG and EPA will be required to determine the scope of the Phase 2 range finding 
testing. 

8.	 Page 14, Section 4.3: If range finding tests in Phase 1 are unsuccessful or inconclusive 
for a given chemical, an alternate approach to side by side testing with rainbow trout 
should be considered. The primary goal of the toxicity testing is to compare sensitivity 
against published toxicity data for the most sensitive surrogate species, which may not 
necessarily be rainbow trout for all chemicals. In the event of an unsuccessful or 
inconclusive range finding test, the definitive test concentrations could be set to “bracket” 
the most sensitive known LC50 from the literature. If it is determined that lamprey 
ammocoetes are equally or more sensitive than the surrogate, a definitive LC50 (or “less 
than” value) would be obtained, and satisfy the goals of the study.  However, if lamprey 



 

 

 

 

 

 

  

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

ammocoetes are determined to be less sensitive (i.e., few or no organisms die in any test 
concentration), it will be possible to concluded that the lamprey are less sensitive than the 
most sensitive surrogate, again achieving the goals of the study. It is still preferable to get 
a definitive LC50 for all test chemicals based on a valid rangefinder, but this alternative 
may help achieve the same goal, without the additional expense of side by side testing 
with rainbow trout. 

9.	 Page 14, Section 4.5: The text should state specifically what water samples would be 
collected and submitted for laboratory confirmation testing, e.g., before and after 
exposure, from every test chamber, etc.  The volume of water required for the analyses is 
quite large (page 17, Table 5.1) and individual tests may not provide that much water.  
EPA recommends that parameters such as temperature, DO, pH and conductivity be 
recorded daily. 

10. Page 17, Section 5.0: Lamprey ammocoete tissue should be analyzed after following 
toxicity testing in addition to water. Both live and dead ammocoetes should be analyzed 
at the end of the definitive tests for contaminant body burdens (whole body) of the test 
chemical.  This will provide useful information in its own right, but will also help answer 
whether or not the ammocoetes received a contaminant dose if few or no mortalities are 
observed. 

11. Page 17, Section 5.1: Chemical analysis daily is required for the static testing to 
determine chemical loss over the test duration.  Chemical analysis of the water should 
include both total and dissolved copper analysis. 

12. Page 18, Section 5.2: The text should demonstrate that the detection and reporting limits 
are adequate to meet the project goals.  In particular, EPA is concerned whether the 
detection and reporting limits for lindane and pentachlorophenol are sufficient.  The ACG 
for lindane (11 ppb) is higher than the lowest LC50 reported in Table 4-1 of 1 ppb. While 
the MRL and MDL are low enough to detect test concentrations at or below 1 ppb, why is 
the ACG higher than 1 ppb? Also the ACG for pentachlorophenol (54 ppb) is 
substantially higher than the lowest LC50 reported in Table 4-1 (5 ppb). In the latter case, 
the MRL of 25 ppb would not be low enough if the lamprey LC50 was similar to this 
lowest reported LC50. 

13. Page 20, section 6.0: A table of test conditions and test acceptability criteria should be 
developed to more formally document test procedures and conditions.  Will be especially 
useful if someone wants to repeat the studies or test ammocoetes with additional 
chemicals in the future.  The table should include the following types of information: 

•	 Test type (static, static renewal or flow through) 
•	 Test duration (96 hrs in this case for acute tests) 
•	 Water temperature 
•	 Light quality 
•	 Light intensity 
•	 Photoperiod (usually 16 hrs light, 8 hrs dark) 
•	 Test chamber size 
•	 Test chamber volume 
•	 Frequency of test solution renewal 
•	 Age of test organisms 
•	 Number of organisms per test chamber 
•	 Number of replicate exposure chambers per test concentration 
•	 Number of organisms per exposure concentration 
•	 Feeding regime (probably not needed for a 96 hr fish acute test) 



 

 

 

 

 
  
 
 
 
 
  

 

 
 

  
 

 
 

 

 

 

 

•	 Test chamber cleaning 
•	 Test chamber aeration 
•	 Dilution water source 
•	 Test concentrations 
•	 Dilution series 
•	 Test endpoint (mortality in this case) 
•	 Test acceptability criterion (90 % survival in controls recommended) 

Lamprey Toxicity Quality Assurance Project Plan Comments (October 13, 2006):    

1.	 Page ii, Distribution List: The distribution list should be expanded to include EPA’s.  
This has been done for other QAPPs (e.g., Round 2 QAPP). 

2.	 Page 5, Section 1.2: The QAPP should specify the study objectives identified by EPA 
for the laboratory toxicity studies. They were 1.) Determine whether existing fish 
toxicity reference values (TRVs) are sufficiently protective of lamprey survival and 
growth as determined by laboratory toxicity testing with representative chemicals, and 2.) 
Identify the relative sensitivity of Pacific Lamprey to adverse contaminant effects when 
compared to the sensitivity of other freshwater species.  These objectives should be 
incorporated into the QAPP. In addition, the objective of the range finding tests should 
be explicitly defined. Range finding tests should have only one objective, which is to 
help define the dose spacing that will be used in the definitive toxicity tests.  Any 
statistically derived results (i.e. LC50s) that can be derived from the range finding tests 
will not have sufficient power to be useable in meeting overall study objectives and 
toxicity test acceptability criteria.  EPA will not utilize any of the results from the range 
finding tests in any of its decision making processes on the Portland Harbor site.  Goals 
and objectives (although perhaps elaborated on in the work plan) need to be clearly 
identified here, including stating the specific problem and what we need to know.  For 
example, add to end of second sentence “…to assess potential risk to lamprey 
ammocoetes from Portland Harbor contamination” and add to second to last sentence “… 
with lamprey ammocoetes to determine acute toxicity (range of LC50s) or test sensitivity 
to chemicals of potential concern relative to other fish species.” 

3.	 Page 5, Section 1.2: This section should make clear that an understanding of the relative 
sensitivity of the lamprey ammocoetes is required to assess risks to lamprey ammocoetes. 

4.	 Page 3, Section 1.2.4: While it is acceptable for the laboratory manager (Linda Nemeth) 
to also be the laboratory QA/QC officer, to prevent conflicts of interest during conduct of 
the study, it is not generally considered acceptable for the QA/QC officer to have direct 
oversight of the study, as indicated in the Responsibility column of Table 2-1. Instead, all 
direct laboratory testing oversight should reside with the NAS project manager, Gary 
Buhler. 

5.	 Page 5, Section 1.3: The project schedule should be described (timeframe for analytical 
work for the Phases). The source of lamprey ammocoetes (e.g., collected from Siletz 
River) should also be described.  It may also be worth citing the FSP (and perhaps a field 
QAPP) here for more detailed information. 

6.	 Page 5, Section 1.4: At the completion of the Phase 2 “definitive” toxicity test for each 
of the six contaminants of interest (COI), ammocoete tissue should be composited from 
the test replicates and measured for the analyte that was tested.  This will achieve two 
goals: (1) it will assure that the COI was, in fact, absorbed by the ammocoetes, and (2) 
the tissue concentration data can be used to establish a dose-response curve which will be 
useful for assessing the LD50 of the COI. 



 

 

 

 

 

 

  

 

    
 

 

 

 

 
 

  
 

 

7.	 Page 6, Section 1.6.1: The laboratory records should include much more narrative as well 
as detailed monitoring data (original and summary) of the husbandry phase of the study.  
More information should also be provided about what constitutes “normal” behavior and 
“good condition” of lamprey ammocoetes (e.g., how they behaved in the field upon 
collection) to compare to the results provided in the narrative.  The laboratory records 
should include much more narrative as well as detailed monitoring data (original and 
summary) of the husbandry phase of the study.  More information should also be 
provided about what constitutes “normal” behavior and “good condition” of lamprey 
ammocoetes based on the literature. See FSP Comment #1 above.  

8.	 Page 6, Section 1.6.1: A table should be provided that lists the specific water quality 
measurements (e.g., DO, pH, etc.) that will be performed during the testing.   

9.	 Page 7, Section 1.6.3: Please clarify that audits will be done on-site in the laboratory 
during testing (first bullet). 

10. Section 1.6.4, Data Report: The data report submitted to the government team should 
include the all raw data electronically (e.g. water quality measurements, replicate 
survival, etc.) and LC50 calculations from the laboratory.  In addition, the data should 
also be submitted electronically in SEDQUAL format.   

11. Page 9. Section 2.1. Experimental Design:	 Although static range-finding tests may 
provide some value and insight regarding toxicity of the COIs, they are not an acceptable 
replacement for flow-through range-finding tests. Thus, flow-through range-finding tests 
should be done for all COIs as part of the phase 2 definitive testing program.  See FSP 
Comment #7 above. 

12. Page 10, Table 2-1, and page 11, section 2.2.: Table 2-1 specifies a temperature of 12°C 
± 1°C. EPA and LWG personnel have discussed the temperature issue and believe it is 
appropriate to explore the effect of higher temperatures (e.g., 15°C).  At a minimum, 
some Phase 1 range finding tests should be performed at a higher temperature to help 
determine the optimal temperature for the Phase 2 definitive flow through toxicity 
testing. Further discussion is required to finalize the Phase 1 range finding test 
temperatures and approach.   

13. Page 9, Section 2.1, Experimental Design: 
•	 Test Waters:  Test waters should be measured for ammonia, particulate matter, total 

dissolved gas, and TOC according to ASTM, 1996.   
•	 Organism Loading:  The protocol outlined here should follow the ASTM guidelines.  

For static tests, organisms per chamber should not exceed 0.8 g/organism per liter for 
temperatures 17 degrees C or less.   

•	 Feeding: For the static tests, the organisms should not be fed unless it is shown to 
stress the organisms within the test period (96 hours). 

•	 Fecal matter and uneaten food will decrease the dissolved oxygen concentration and 
the biological activity of some test materials.  This is especially a problem in the 
static tests. 

•	 Control Test Run: A control test should be run in the test water and environment 
prior to conducting testing.  During this control run, stress, mortality or other 
organism behavior that may influence the results of the test should be recorded.  This 
testing can also be used to determine if feeding during the test is necessary. 

•	 Holding: A daily record of feeding, behavioral observations and any mortality should 
be recorded and provided to the government team. 

14. Pages 10-11, Table 2-1: This table should be expanded to include a column for 
“Acceptance Criteria” (how much excursion from the proposed conditions are allowed 
for the test to be considered valid) and a column for “Method” (instruments used) – 



 

 

 
  

 

 
 

 

 
 
 
 

 

 
 

 

 

 

 

  

 

 

basically, to summarize the parameters discussed in Appendix B.  Similar tables should 
be included for the field collection (or cite the FSP) and for the husbandry portion. See 
FSP Comment # 13 above.  Other comments regarding Table 2-1: 

•	 Temperature (see QAPP Comment #12) 
•	 Test chamber size: recommended minimum is 250 ml, but can the chamber size 

be estimated at this time based upon general knowledge of the range of 
ammocoete sizes? 

•	 Solution volume: recommended minimum is 200 ml, but can the solution volume 
be estimated based upon general knowledge of the range of ammocoete sizes? 

•	 Renewal of test solutions: no flow rate is mentioned for the definitive tests; no 
percent of volume replacement is stated. 

•	 Organisms per test chamber: There is no mention of the size range of these 
organisms, which would influence the number per chamber; will they be 
measured upon collection and/or testing? 

•	 Number of replicates: one number (e.g., “minimum of one”) should be specified. 
•	 Aeration and Dilution water: are these based on Siletz River conditions? 
•	 Test concentration: one number (e.g., “minimum of 3”) should be specified. 
•	 Endpoint: partial mortality should be included for Phase II (based on Section 2.2); 

also note that non-lethal endpoints might require consideration. 
•	 Test acceptability criterion: the acceptability criterion should be applied to the 

range-finding tests as well. Why is “control(s)” left ambiguous – i.e., how many 
will there be? 

•	 Items that should also be detailed include: controls and all water quality 
parameters. 

15. Page 11, Table 2-2, Summary of 96-hour range finding: This is an acute test, but other 
endpoints in addition to mortality should be noted in addition to mortality.  This is 
especially important in a range finding test.  Other endpoints should include altered 
swimming behavior, narcosis symptoms, and morbidity.  This is also important since this 
organism has not been tested with these chemicals in the laboratory previously.  In 
addition, the number of dead and affected organisms in each test chamber should be 
counted every 24 hours after the beginning of the test (ASTM 1996). 

16. Page 11-12, Section 2.2: This section should include or reference testing methods, 
handling and custody, and analytical methods. Please cite the relevant appendices (SOPs, 
testing protocols) and addenda (water chemistry) for specific methods.  Because no 
method currently exists for holding and testing lamprey ammocoetes, method 
performance criteria should be included here (temperature change is the only parameter 
listed here). 

17. Page 12, Section 2.3: The “standard” QA/QC procedures applicable to these tests should 
be referenced.  In Table 2-1 or elsewhere the proposed ranges for the listed water quality 
parameters should be stated. 

18. Pages 15-16, Section 4: The discussion in this section highlights the lack of specific QA 
criteria against which to judge the collection, husbandry, and testing.  Please provide 
more specific DQOs, as noted in Section 4.3, which can be used for this assessment. 

19. Page 15, Section 4.2, Third bullet: This task should also include reviewing the data from 
at least the husbandry portion of the effort. 

Lamprey Toxicity QAPP Comments – Appendix B (October 13, 2006): 



 

 

 

 

 
 

 
 

 
 

 
 
 
 
 

  
  

 
 

 
 
 

           
  
 
 
 
 
  
 
 
 
 
  

1.	 Page 3, Section 7.2: The effects criterion is mortality, but other sub-lethal effects should 
at least be noted during testing, such as swimming, burrowing, avoidance, or other 
behavior responses; weight change, respiration rate, etc. (morbidity may also be 
discussed in the summary Table 2-1), particularly considering the experimental nature of 
this bioassay test (see FSP Comment # 1) 

2.	 Page 4, Table: Number of water samples to be collected for confirmatory testing, 
volumes required, and sampling schedule during testing should be provided (or cite the 
upcoming document that will describe water chemistry analytical procedures and QA/QC 
needs, and tissue residue analyses, if done as well). 

3.	 Page 4, Section 7.7, last paragraph: State that the stock solution being tested will be 
maintained under the exact same conditions as the testing solution. 

EPA appreciates LWG’s efforts to develop the Lamprey Toxicity FSP and QAPP.  Please 
acknowledge your acceptance of the above comments no later than close of business, November 
6, 2006. Please contact Chip Humphrey at (503) 326-2678 or Eric Blischke (503) 326-4006 if 
you have any questions. All legal inquiries should be directed to Lori Cora at (206) 553-1115. 

      Sincerely,

      Chip  Humphrey
      Eric  Blischke
      Remedial Project Managers 

cc: 	 Greg Ulirsch, ATSDR 
Rob Neely, NOAA 
Ted Buerger, US Fish and Wildlife Service 
Preston Sleeger, Department of Interior 

 Jim  Anderson,  DEQ  
Kurt Burkholder, Oregon DOJ 
Rick Keppler, Oregon Department of Fish and Wildlife 
Kathryn Toepel, Oregon Public Health Branch 
Jeff Baker, Confederated Tribes of Grand Ronde 
Tom Downey, Confederated Tribes of Siletz  
Audie Huber, Confederated Tribes of Umatilla 
Brian Cunninghame, Confederated Tribes of Warm Springs 
Erin Madden, Nez Perce Tribe 
Rose Longoria, Confederated Tribes of Yakama Nation 
Valerie Lee, Environment International 
Keith Pine, Integral Consulting 



 
 

 
 

 

 

 

 

 

 

 

 

 

 
 

John Toll 

Attachments: Lindane freshwater Table 3-1.xls 

From: Shephard.Burt@epamail.epa.gov [mailto:Shephard.Burt@epamail.epa.gov]  
Sent: Thursday, December 27, 2007 4:46 PM 
To: John Toll 
Subject: Lamprey toxicity relative to other species 

John, 

Got your phone message, and have a suggestion for you.  As part of the Endangered 
Species Act - Clean Water Act consultations on Oregon's proposed revisions to their 
water quality criteria, I've been part of a team compiling recent and historical aquatic life 
LC50 data on a number of chemicals.  Included on that list are three of the six lamprey 
chemicals: copper, lindane and pentachlorophenol.  I've generated species sensitivity 
distribution (SSD) plots for the chemicals, lindane's is attached as an example.  Would be 
simple to drop lamprey into these plots, for lindane, its the most tolerant freshwater fish 
tested with lindane.  Sounds like you're already aware of the recent diazinon criteria 
document, which would pick up a fourth lamprey chemical.  I've got a copy of an EPA 
internal draft aniline criterion, so that leaves only naphthalene.  There is an old 
naphthalene criterion document that I have to get us started, we can get into the ICE 
model dataset with no problem.  So can you if you have the CD of the original ICE 
model from the documentation for ICE version 1.0 that came out of the EPA Gulf Breeze 
lab, its a Microsoft Excel datafile, although it doesn't have an .XLS extension.  Haven't 
tried that with the WebICE version 2 of the program, but could get the files from Mace 
Barron or Sandy Raimondo at Gulf Breeze in any event if needed. 

The lindane plot attached is just that, a plot of LC50 / 2.27 data (called ECA, short for 
assessment effects concentration, on the x-axis of the plot), no attempt to statistically fit a 
curve to the SSD.  The LC50 / 2.27 is nothing more than a different way of calculating 
the final acute value in the criteria documents, where the estimated 5th percentile of the 
SSD is divided by two to get the final acute value. 
The two divisor in the criteria derivation is the rounded to one significant digit version 
of 2.27, which is the mean ratio of LC50 to LC"low" (essentially a NOEC) from a series of 
toxicity tests with different species and chemicals, to correct for the fact that killing 50% 
of test organisms in a toxicity test doesn't result in an acute criterion that is protective of 
aquatic life. I can give you a more detailed description of this if you like, its use goes 
back to the late 1970's by EPA when deriving water quality criteria. 

My suggestion is that a few pictures like lindane, with lamprey added in, are worth a 
few thousand words saying that the water quality criteria are a measurement endpoint 
protective of lamprey.  Some in the Trustees won't accept this conclusion no matter what 
the lamprey tox data show, but quite bluntly, that's their problem, not EPA's, who will 
go forward believing the water quality criteria are protective of lamprey (assuming 
that's what the last couple of toxicity tests show). 

Best regards, 
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Burt Shephard 

Risk Evaluation Unit 

Office of Environmental Assessment (OEA-095) U.S. Environmental Protection Agency, 

Region 10 1200 6th Avenue Seattle, WA  98101
 

Telephone: (206) 553-6359
 
Fax:  (206) 553-0119
 

e-mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment" 

- Ernest Rutherford 

(See attached file: Lindane freshwater Table 3-1.xls) 
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Lindane freshwater Table 3-1.xls 

Mean Mean Acute 
LC50 Acute ECA ECA 

Phylum Class Order Family Genus Species Common Name (ug/L) (LC50/2.27) Meas NOEC Est NOEC Percentile 5th percentile acute ECA= 1.396476 
Chordata Actinopterygii Siluriformes Clariidae Clarias batrachus Walking catfish 1.1 0.48 0.044 0.0 
Arthropoda Insecta Plecoptera Pteronarcyidae Pteronarcys californica Stonefly 2.1213 0.93 0.084852 1.7 
Arthropoda Insecta Heteroptera Notonectidae Notonecta undulata Backswimmer 3 1.32 0.12 3.5 
Arthropoda Crustacea Podocopa Cypridopsidae Cypridopsis vidua Ostracod, Seed shrimp 3.2 1.41 0.128 5.2 
Arthropoda Insecta Diptera Chaoboridae Chaoborus sp. Phantom midge 3.3 1.45 0.132 7.0 
Mollusca Gastropoda Basommatophora Lymnaeidae Lymnaea stagnalis Great pond snail 3.3 1.45 0.132 7.0 
Arthropoda Insecta Diptera Chaoboridae Chaoborus flavicans Midge 4 1.76 0.16 10.5 
Arthropoda Insecta Diptera Culicidae Aedes cantator Mosquito 4.7 2.07 0.188 12.2 
Arthropoda Insecta Diptera Culicidae Aedes vexans Mosquito 4.7 2.07 0.188 12.2 
Chordata Actinopterygii Salmoniformes Salmonidae Salmo trutta Brown trout 8.5194 3.75 0.340776 15.7 
Arthropoda Malacostraca Isopoda Asellidae Asellus brevicaudus Aquatic sowbug 10 4.41 0.4 17.5 
Arthropoda Insecta Diptera Culicidae Aedes punctor Mosquito 10.4 4.58 0.416 19.2 
Arthropoda Malacostraca Amphipoda Gammaridae Gammarus fasciatus Scud 10.4881 4.62 4.3 21.0 
Arthropoda Malacostraca Decapoda Palaemonidae Palaemonetes kadiakensis Grass shrimp,freshwater prawn 15.5227 6.84 0.620908 22.8 
Arthropoda Insecta Coleoptera Haliplidae Peltodytes sp. Beetle 20 8.81 0.8 24.5 
Arthropoda Insecta Zygoptera Lestidae Lestes congener Damselfly 20 8.81 0.8 24.5 
Arthropoda Insecta Diptera Chironomidae Chironomus plumosus Midge 20.5917 9.07 0.823668 28.0 
Chordata Actinopterygii Perciformes Percidae Perca flavescens Yellow perch 23 10.13 0.92 29.8 
Arthropoda Malacostraca Amphipoda Hyalellidae Hyalella azteca Scud 23.4972 10.35 0.939888 31.5 
Chordata Actinopterygii Salmoniformes Salmonidae Salvelinus namaycush Lake trout, siscowet 27.7128 12.21 1.108512 33.3 
Chordata Actinopterygii Salmoniformes Salmonidae Oncorhynchus mykiss Rainbow trout,donaldson trout 28.6862 12.64 1.147448 35.0 
Chordata Actinopterygii Perciformes Centrarchidae Micropterus salmoides Largemouth bass 32 14.10 1.28 36.8 
Arthropoda Malacostraca Amphipoda Gammaridae Gammarus pulex Scud 32.4326 14.29 0.8 38.5 
Chordata Actinopterygii Salmoniformes Salmonidae Oncorhynchus kisutch Coho salmon,silver salmon 37.2878 16.43 1.491512 40.3 
Chordata Actinopterygii Salmoniformes Salmonidae Oncorhynchus tshawytscha Chinook salmon 40 17.62 1.6 42.1 
Chordata Actinopterygii Salmoniformes Salmonidae Salvelinus fontinalis Brook trout 44.3 19.52 1.772 43.8 
Chordata Actinopterygii Siluriformes Ictaluridae Ictalurus punctatus Channel catfish 46.4327 20.45 1.857308 45.6 
Arthropoda Insecta Ephemeroptera Baetidae Cloeon sp. Mayfly 50 22.03 2 47.3 
Chordata Actinopterygii Perciformes Cichlidae Tilapia zillii Tilapia 50.2729 22.15 2.010916 49.1 
Chordata Actinopterygii Perciformes Centrarchidae Lepomis macrochirus Bluegill 50.4018 22.20 29.9833 50.8 
Chordata Actinopterygii Siluriformes Ictaluridae Ameiurus melas Channel catfish 64 28.19 2.56 52.6 
Arthropoda Malacostraca Amphipoda Gammaridae Gammarus lacustris Scud 64.9923 28.63 2.599692 54.3 
Chordata Actinopterygii Cypriniformes Cyprinidae Pimephales promelas Fathead minnow 69.0567 30.42 9.1 56.1 
Arthropoda Insecta Diptera Culicidae Aedes aegypti Yellow fever mosquito 74.8331 32.97 2.993324 57.8 
Chordata Actinopterygii Perciformes Centrarchidae Lepomis cyanellus Green sunfish 76.2234 33.58 3.048936 59.6 
Chordata Actinopterygii Perciformes Centrarchidae Lepomis microlophus Redear sunfish 83 36.56 3.32 61.4 
Chordata Actinopterygii Cypriniformes Cyprinidae Leuciscus idus Carp 90.1869 39.73 3.607476 63.1 
Arthropoda Branchiopoda Diplostraca Daphniidae Daphnia carinata Water flea 100 44.05 4 64.9 
Chordata Actinopterygii Cyprinodontiformes Cyprinodontidae Oryzias latipes Medaka, high-eyes 120 52.86 4.8 66.6 
Chordata Actinopterygii Cypriniformes Cyprinidae Carassius auratus Goldfish 128.6453 56.67 5.145812 68.4 
Chordata Actinopterygii Cyprinodontiformes Poeciliidae Gambusia affinis Western mosquitofish 130 57.27 5.2 70.1 
Chordata Actinopterygii Cypriniformes Cyprinidae Cyprinus carpio Carp 134.1641 59.10 5.366564 71.9 
Chordata Actinopterygii Cyprinodontiformes Poeciliidae Poecilia reticulata Guppy 138 60.79 5.52 73.6 
Chordata Actinopterygii Cypriniformes Cyprinidae Hypophthalmichthys nobilis Carp 170 74.89 6.8 75.4 
Arthropoda Insecta Diptera Chironomidae Chironomus tentans Midge 207 91.19 2.2 77.1 
Arthropoda Insecta Diptera Chironomidae Chironomus thummi Midge 235 103.52 1.1 78.9 
Chordata Actinopterygii Perciformes Anabantidae Anabas testudineus Climbing perch 240.2998 105.86 56 80.7 
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche angustipennis Caddisfly 330 145.37 13.2 82.4 
Annelida Oligochaeta Haplotaxida Tubificidae Limnodrilus hoffmeisteri Tubificid worm, Oligochaete 430 189.43 17.2 84.2 
Mollusca Gastropoda Basommatophora Physidae Physa fontinalis Bladder snail 430 189.43 17.2 84.2 
Platyhelminthes Turbellaria Tricladida Planariidae Polycelis tenuis Turbellarian 430 189.43 17.2 84.2 
Arthropoda Branchiopoda Diplostraca Daphniidae Daphnia pulex Water flea 460 202.64 18.4 89.4 
Arthropoda Branchiopoda Diplostraca Daphniidae Daphnia magna Water flea 630.1788 277.61 33.1662 91.2 
Arthropoda Branchiopoda Diplostraca Daphniidae Simocephalus serrulatus Water flea 676.4614 298.00 27.058456 92.9 
Chordata Amphibia Anura Hylidae Pseudacris triseriata Western chorus frog 2674.883 1178.36 106.995328 94.7 
Chordata Amphibia Anura Bufonidae Bufo woodhousei Fowler's toad 3752.333 1653.01 150.093304 96.4 
Annelida Oligochaeta Haplotaxida Tubificidae Tubifex tubifex Tubificid worm 4000 1762.11 160 98.2 
Rotifera Monogononta Ploima Brachionidae Brachionus calyciflorus Rotifer 22500 9911.89 900 100.0 
Arthropoda Branchiopoda Diplostraca Daphniidae Ceriodaphnia dubia Water flea 0.00 8.3247 
Arthropoda Insecta Ephemeroptera Baetidae Baetis sp. Mayfly 0.00 0.8 
Rotifera Monogononta Ploima Brachionidae Brachionus angularis Rotifer 0.00 12 
Rotifera Monogononta Ploima Brachionidae Brachionus rubens Rotifer 0.00 55 
Chlorophyta Chlorophyceae Chlorococcales Scenedesmaceae Scenedesmus abundans Green algae 0.00 2500 
Chlorophyta Chlorophyceae Volvocales Chlamydomonadaceae Chlamydomonas reinhardtii Green algae 0.00 1388.0998 

Surrogate species 
Chordata Actinopterygii Siluriformes Clariidae Clarias batrachus Walking catfish 1.1 0.48 0.044 0.0 5th percentile acute ECA = 4.709907 
Chordata Actinopterygii Salmoniformes Salmonidae Salmo trutta Brown trout 8.5194 3.75 0.340776 15.7 fish only 
Chordata Actinopterygii Perciformes Percidae Perca flavescens Yellow perch 23 10.13 0.92 29.8 
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Lindane freshwater Table 3-1.xls 

Mean Mean Acute 
LC50 Acute ECA ECA 

Phylum Class Order Family Genus Species Common Name (ug/L) (LC50/2.27) Meas NOEC Est NOEC Percentile 5th percentile acute ECA= 1.396476 
Chordata Actinopterygii Salmoniformes Salmonidae Salvelinus namaycush Lake trout, siscowet 27.7128 12.21 1.108512 33.3 
Chordata Actinopterygii Perciformes Centrarchidae Micropterus salmoides Largemouth bass 32 14.10 1.28 36.8 
Chordata Actinopterygii Salmoniformes Salmonidae Salvelinus fontinalis Brook trout 44.3 19.52 1.772 43.8 
Chordata Actinopterygii Siluriformes Ictaluridae Ictalurus punctatus Channel catfish 46.4327 20.45 1.857308 45.6 
Chordata Actinopterygii Perciformes Cichlidae Tilapia zillii Tilapia 50.2729 22.15 2.010916 49.1 
Chordata Actinopterygii Perciformes Centrarchidae Lepomis macrochirus Bluegill 50.4018 22.20 29.9833 50.8 
Chordata Actinopterygii Siluriformes Ictaluridae Ameiurus melas Channel catfish 64 28.19 2.56 52.6 
Chordata Actinopterygii Cypriniformes Cyprinidae Pimephales promelas Fathead minnow 69.0567 30.42 9.1 56.1 
Chordata Actinopterygii Perciformes Centrarchidae Lepomis cyanellus Green sunfish 76.2234 33.58 3.048936 59.6 
Chordata Actinopterygii Perciformes Centrarchidae Lepomis microlophus Redear sunfish 83 36.56 3.32 61.4 
Chordata Actinopterygii Cypriniformes Cyprinidae Leuciscus idus Carp 90.1869 39.73 3.607476 63.1 
Chordata Actinopterygii Cyprinodontiformes Cyprinodontidae Oryzias latipes Medaka, high-eyes 120 52.86 4.8 66.6 
Chordata Actinopterygii Cypriniformes Cyprinidae Carassius auratus Goldfish 128.6453 56.67 5.145812 68.4 
Chordata Actinopterygii Cyprinodontiformes Poeciliidae Gambusia affinis Western mosquitofish 130 57.27 5.2 70.1 
Chordata Actinopterygii Cypriniformes Cyprinidae Cyprinus carpio Carp 134.1641 59.10 5.366564 71.9 
Chordata Actinopterygii Cyprinodontiformes Poeciliidae Poecilia reticulata Guppy 138 60.79 5.52 73.6 
Chordata Actinopterygii Cypriniformes Cyprinidae Hypophthalmichthys nobilis Carp 170 74.89 6.8 75.4 
Chordata Actinopterygii Perciformes Anabantidae Anabas testudineus Climbing perch 240.2998 105.86 56 80.7 

Listed species 
Chordata Actinopterygii Salmoniformes Salmonidae Oncorhynchus mykiss Rainbow trout,donaldson trout 28.6862 12.64 1.147448 35.0 
Chordata Actinopterygii Salmoniformes Salmonidae Oncorhynchus kisutch Coho salmon,silver salmon 37.2878 16.43 1.491512 40.3 
Chordata Actinopterygii Salmoniformes Salmonidae Oncorhynchus tshawytscha Chinook salmon 40 17.62 1.6 42.1 

Prey species 
Arthropoda Insecta Plecoptera Pteronarcyidae Pteronarcys californica Stonefly 2.1213 0.93 0.084852 1.7 5th percentile acute ECA = 1.370044 
Arthropoda Insecta Heteroptera Notonectidae Notonecta undulata Backswimmer 3 1.32 0.12 3.5 Invertebrates only 
Arthropoda Crustacea Podocopa Cypridopsidae Cypridopsis vidua Ostracod, Seed shrimp 3.2 1.41 0.128 5.2 
Arthropoda Insecta Diptera Chaoboridae Chaoborus sp. Phantom midge 3.3 1.45 0.132 7.0 
Mollusca Gastropoda Basommatophora Lymnaeidae Lymnaea stagnalis Great pond snail 3.3 1.45 0.132 7.0 
Arthropoda Insecta Diptera Chaoboridae Chaoborus flavicans Midge 4 1.76 0.16 10.5 
Arthropoda Insecta Diptera Culicidae Aedes cantator Mosquito 4.7 2.07 0.188 12.2 
Arthropoda Insecta Diptera Culicidae Aedes vexans Mosquito 4.7 2.07 0.188 12.2 
Arthropoda Malacostraca Isopoda Asellidae Asellus brevicaudus Aquatic sowbug 10 4.41 0.4 17.5 
Arthropoda Insecta Diptera Culicidae Aedes punctor Mosquito 10.4 4.58 0.416 19.2 
Arthropoda Malacostraca Amphipoda Gammaridae Gammarus fasciatus Scud 10.4881 4.62 4.3 21.0 
Arthropoda Malacostraca Decapoda Palaemonidae Palaemonetes kadiakensis Grass shrimp,freshwater prawn 15.5227 6.84 0.620908 22.8 
Arthropoda Insecta Coleoptera Haliplidae Peltodytes sp. Beetle 20 8.81 0.8 24.5 
Arthropoda Insecta Zygoptera Lestidae Lestes congener Damselfly 20 8.81 0.8 24.5 
Arthropoda Insecta Diptera Chironomidae Chironomus plumosus Midge 20.5917 9.07 0.823668 28.0 
Arthropoda Malacostraca Amphipoda Hyalellidae Hyalella azteca Scud 23.4972 10.35 0.939888 31.5 
Arthropoda Malacostraca Amphipoda Gammaridae Gammarus pulex Scud 32.4326 14.29 0.8 38.5 
Arthropoda Insecta Ephemeroptera Baetidae Cloeon sp. Mayfly 50 22.03 2 47.3 
Arthropoda Malacostraca Amphipoda Gammaridae Gammarus lacustris Scud 64.9923 28.63 2.599692 54.3 
Arthropoda Insecta Diptera Culicidae Aedes aegypti Yellow fever mosquito 74.8331 32.97 2.993324 57.8 
Arthropoda Branchiopoda Diplostraca Daphniidae Daphnia carinata Water flea 100 44.05 4 64.9 
Arthropoda Insecta Diptera Chironomidae Chironomus tentans Midge 207 91.19 2.2 77.1 
Arthropoda Insecta Diptera Chironomidae Chironomus thummi Midge 235 103.52 1.1 78.9 
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche angustipennis Caddisfly 330 145.37 13.2 82.4 
Annelida Oligochaeta Haplotaxida Tubificidae Limnodrilus hoffmeisteri Tubificid worm, Oligochaete 430 189.43 17.2 84.2 
Mollusca Gastropoda Basommatophora Physidae Physa fontinalis Bladder snail 430 189.43 17.2 84.2 
Platyhelminthes Turbellaria Tricladida Planariidae Polycelis tenuis Turbellarian 430 189.43 17.2 84.2 
Arthropoda Branchiopoda Diplostraca Daphniidae Daphnia pulex Water flea 460 202.64 18.4 89.4 
Arthropoda Branchiopoda Diplostraca Daphniidae Daphnia magna Water flea 630.1788 277.61 33.1662 91.2 
Arthropoda Branchiopoda Diplostraca Daphniidae Simocephalus serrulatus Water flea 676.4614 298.00 27.058456 92.9 
Annelida Oligochaeta Haplotaxida Tubificidae Tubifex tubifex Tubificid worm 4000 1762.11 160 98.2 
Rotifera Monogononta Ploima Brachionidae Brachionus calyciflorus Rotifer 22500 9911.89 900 100.0 
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John Toll 

From:	 Blischke.Eric@epamail.epa.gov 
Sent:	 Friday, February 01, 2008 4:24 PM 
To:	 Maja Tritt 
Cc:	 Christine Hawley; Claudia Powers; David Ashton; Gene Revelas; Jim McKenna; John Toll; 

Jessica Pisano; Laura Kennedy; Manon Tanner; Rick Applegate; Bob Wyatt; Valerie Oster 
Subject:	 Re: Portland Harbor R3B biota | Clam sample weights and analyses 

Maja, for the two depurated samples, we agree with the recommendation to perform all chemical 
analyses (including metals) with elevated detection limits for butyltins and PAHs as 
described in the attached table. 

Please let me know whether you have any questions. 

Thanks, Eric 

"Maja Tritt" 
<mtritt@integral

 ‐ corp.com> To 
Eric Blischke/R10/USEPA/US@EPA 

01/17/2008 09:23 cc 
PM "Bob Wyatt" <rjw@nwnatural.com>, 

"Christine Hawley" 
<chawley@integral‐corp.com>, 
"David Ashton" 
<david.ashton@portofportland.com> 
, "Gene Revelas" 
<grevelas@integral‐corp.com>, 
"Jessica Pisano" 
<jpisano@anchorenv.com>, "Jim 
McKenna" 
<jim.mckenna@portofportland.com>, 
"Rick Applegate" 
<RickA@bes.ci.portland.or.us>, 
"Valerie Oster" 
<voster@anchorenv.com>, "Claudia 
Powers" <Ckp@aterwynne.com>, 
"Manon Tanner" 
<mtanner@integral‐corp.com>, 
"John Toll" 
<johnt@windwardenv.com>, "Laura 
Kennedy" 
<LauraKennedy@KennedyJenks.com> 

Subject 
Portland Harbor R3B biota | Clam 
sample weights and analyses 
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April 11, 2008 

Mr. Jim McKenna 
Port of Portland & Co-Chairman, Lower Willamette Group 
121 NW Everett 
Portland, Oregon 97209 

Mr. Robert Wyatt 
Northwest Natural & Co-Chairman, Lower Willamette Group 
220 Northwest Second Avenue 
Portland, Oregon 97209 

Re: Portland Harbor Superfund Site; Administrative Order on Consent for Remedial     
Investigation and Feasibility Study; Docket No. CERCLA-10-2001-0240.  Toxicity 
Reference Values for the Baseline Ecological Risk Assessment 

Dear Messrs. Wyatt and McKenna: 

As you are aware, EPA developed a Problem Formulation for the Baseline Ecological Risk 
Assessment at the Portland Harbor Site (Problem Formulation). The attached document includes 
recommended TRVs for the Portland Harbor baseline ecological risk assessment (BERA).  These 
TRVs should be considered the effects assessment portion of the Problem Formulation.   

TRVs have been developed for water, sediment and the dietary assessment of fish and 
wildlife. A brief summary of EPA’s methodology for developing TRVs along with a series of 
tables presenting the recommended TRVs are included.  Tissue-residue TRVs are still under 
development and will be transmitted to the Lower Willamette Group (LWG) under separate cover.   

  EPA and the LWG have committed to resolving all issues related to the draft remedial 
investigation and baseline risk assessment reports by June 1, 2008.  A key element of the BERA is 
selection of TRVs. EPA has carefully considered the LWG’s position regarding TRVs in 
developing the set of recommended TRVs.  EPA expects that the TRVs presented in the attached 
document will be used in the Portland Harbor baseline ecological risk assessment.   

If you have any questions, please contact Chip Humphrey at (503) 326-2678 or Eric 
Blischke (503) 326-4006. All legal inquiries should be directed to Lori Cora at (206) 553-1115. 



 

 
 
 
 
 

  
  

 
 
 
 
 

 
 
 

           
 
  
 
 
 
 
 
 
 

      Sincerely,

      Chip  Humphrey
      Eric  Blischke
      Remedial Project Managers 

cc: 	 Greg Ulirsch, ATSDR 
Rob Neely, NOAA 
Ted Buerger, US Fish and Wildlife Service 
Preston Sleeger, Department of Interior 

 Jim  Anderson,  DEQ  
Kurt Burkholder, Oregon DOJ 
David Farrer, Oregon Environmental Health Assessment Program 
Rick Keppler, Oregon Department of Fish and Wildlife 
Michael Karnosh, Confederated Tribes of Grand Ronde  
Tom Downey, Confederated Tribes of Siletz  
Audie Huber, Confederated Tribes of Umatilla 
Brian Cunninghame, Confederated Tribes of Warm Springs 
Erin Madden, Nez Perce Tribe 
Rose Longoria, Confederated Tribes of Yakama Nation 



 

 

 

 

  

Portland Harbor BERA Toxicity Reference Values  

Toxicity Reference Values for Portland Harbor 

Baseline Ecological Risk Assessment 


Provisional Toxicity Reference Values (TRVs) for Portland Harbor were initially developed 
and presented in the 2004 TRV Technical Memorandum (LWG [Lower Willamette Group] 
2004); subsequent discussions with EPA led to the use of revised provisional TRVs (for 
exposure pathways other than water) in the Preliminary Risk Evaluation (PRE) (LWG 2005). 
Further direction on TRVs was provided to LWG in EPA’s comments on the PRE, and in 
discussions throughout 2006 in preparation for the Round 2 Report (R2R) including direction 
on TRVs for exposure to water). For the most part, EPA direction on the provisional TRVs 
was followed for the screening-level risk evaluations in the Round 2 Report (see LWG 2007, 
attachments to Appendix G; for exceptions, see EPA 2008a [the EPA-updated SLERA]). 

A comprehensive set of TRVs will be required for use in the Baseline Ecological Risk 
Assessment (BERA).  Initial recommendations for BERA TRVs were presented in 
Attachment G5 to Appendix G of the Round 2 Report.  This report presents EPA’s 
recommended TRVs for ecological receptors from exposure via all primary pathways, 
including water, sediment, diet, and tissue.  The attached TRVs should be considered the 
effects assessment portion of the February 15, 2008 Problem Formulation for the Baseline 
Ecological Risk Assessment at the Portland Harbor Site.   

To the extent possible, existing TRVs derived and compiled for the Portland Harbor site are 
recommended for use.  However, some existing were intended to be only used for screening-
level purposes (i.e., were “provisional”).  Consequently, an updated set of BERA TRVs are 
required . In this report, TRVs are compiled only for chemicals of potential ecological 
concern (COPCs) that screened in based on the Round 2 Report (and as updated in EPA 
2008a). In addition, TRVs with known or unresolved issues from earlier discussions 
between EPA and LWG have been revisited. In some of these cases, use of newer TRVs as 
proposed here meant that additional chemicals would screen back in; these are highlighted 
below, and retained for use in the BERA. 

Recommended TRVs for water, sediment and the dietary assessment of fish and wildlife are 
presented below. A brief summary of EPA’s methodology for developing TRVs is presented 
along with a series of tables presenting the recommended TRVs.  Because EPA is still in the 
process of reviewing tissue-residue TRVs, tissue-residue TRVs are not included. 

WATER 
Recommended TRVs for protection of aquatic receptors from exposure to COPCs in water 
are presented in Table 1. TRVs are only presented for COPCs retained from the Round 2 
Report SLERA (and as updated in EPA 2008a). Many of these TRVs are identical to the 
ecological screening values for water (Eco-SLs) compiled in Attachment G3 to Appendix G 
of the Round 2 Report. Upon our review, we found that the Attachment G3 values generally 
followed the same selection hierarchy previously agreed upon by EPA and LWG: 

1.	 Lowest of national ambient water quality criteria (AWQC) or state water quality 
standards (WQS) from either existing Table 20 values or proposed WQS in Tables 
33A or 33B. 
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Portland Harbor BERA Toxicity Reference Values 

2.	 Tier II values from Suter and Tsao (1996). 
3.	 Individual polycyclic aromatic hydrocarbon (PAH) chronic TRVs from EPA 2003. 
4.	 Canadian water quality guidelines. 
5.	 More protective of Oregon Department of Environmental Quality (DEQ) acute 

guidance values or Tier II acute values, divided by a safety factor of 50. 
6.	 Literature-derived values. 

The primary difference between the hierarchy applied to develop the TRVs presented in 
Table 1 and the hierarchy applied in the Round 2 Report is in use of Table 33C values from 
DEQ’s proposed WQS. Table 33C values are “guidance values” for application of Oregon’s 
Narrative Toxics Criteria, and are not necessarily risk-based, or provide equivalent levels of 
protection to aquatic life as do AWQC. In EPA’s review of draft Eco-SLs in 2006, however, 
Table 33C values were sometimes recommended as if they were equivalent to Table 33A and 
33B values in the first step of the selection hierarchy, when in fact they should more 
appropriately be considered in step 5 of the hierarchy. Therefore, our TRV review focused on 
evaluating alternatives for the Table 33C values included in Attachment G3. For the most 
part, Tier II or other more highly ranked TRVs could be found, or the Table 33C values were 
already equivalent to a more highly ranked TRV. 

Table 1 also includes TRVs for protection of aquatic life from total petroleum hydrocarbons 
(TPH). EPA previously recommended TRVs for TPHs (March 24, 2006 memorandum to 
LWG) that were based on approaches used in Alaska and Washington; these TRVs were 114 
µg/L for gasoline range hydrocarbons (C6 – C10), and 0.014 µg/L for diesel range 
hydrocarbons (C10 – C25). The Alaska values were derived in part from an equation (Veith et 
al. 1979) relating bioconcentration factors (BCF) with octanol-water partition coefficients 
(KOW). LWG elected not to use these TRVs in the R2R owing to concerns over the reliability 
of these values and because they were to some extent based on narrative criteria. Therefore, 
EPA is proposing to use an updated approach for derivation of TRVs for selected TPH 
fractions. This updated approach was prepared by Burt Shephard and Mike Poulsen for use in 
Oregon (Appendix A). The updated TRVs use a parabolic relationship between BCF and 
KOW (Bintein et al. 1993) as part of the derivation methodology, as opposed to the linear 
relationship between BCF and KOW previously used (Veith et al. 1979). This approach 
largely eliminates the overprediction of the bioaccumulation of higher molecular weight TPH 
compounds of the previous methodology. The current approach is also supported by some 
empirical aquatic toxicity data for gasoline, where the studies were performed in zero head 
space exposure chambers that precluded volatilization of the TPH out of the exposure 
chamber. The methodology is an application of the “hydrocarbon block method” as described 
by CONCAWE (1996) that develops ecological protection values for “blocks” or carbon 
chain length ranges of hydrocarbons rather than chemical-specific values. Therefore, TRVs 
presented in Table 1 include values for 4 different carbon chain length ranges, as defined by 
the State of Oregon, for aliphatic hydrocarbons (from C5 up to C12), and one range for 
aromatic hydrocarbons (C8 – C12). No TRVs were developed for hydrocarbons larger than 
C12 because reliable toxicity data were not available, or no chronic toxicity is predicted by 
the model at or below maximum levels of water solubility for higher molecular weight 
hydrocarbons. For additional details regarding derivation of these TRVs, see Appendix A. 
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All Table 33C values from Attachment G3 were checked for alternatives, even if the 
chemicals screened out in the SLERA. For the most part, these chemicals would still screen 
out, even after identifying suitable alternative TRVs (analysis not shown). However, 
alternative TRVs for acrolein and chloroform were lower than the maximum water 
concentrations identified in the Round 2 Report; therefore, revised TRVs are included in 
Table 1, and these chemicals should be evaluated in the BERA. 

Most of the TRVs for COPCs in Table 1 are now either based on AWQC, chronic PAH 
values from EPA (2003), or Tier II values from Suter and Tsao (1996). The basis of any TRV 
not from this list of sources was re-checked against the hierarchy, and alternatives from the 
literature were considered, particularly from the water quality criteria compilation of 
MacDonald et al. (1999). 

DIETARY PATHWAYS 
FISH 

Recommended TRVs for protection of fish via exposure to COPCs from the dietary pathway 
are presented in Table 2 for all chemicals retained from the SLERA (EPA 2008a).  Dietary 
TRVs are included for PCBs and DDT because they were retained through the screening 
process even though EPA’s Problem Formulation for the Ecological Risk Assessment 
recommends that only PAHs and regulated metals should be evaluated through the dietary 
pathway for fish. These TRVs are primarily based on revised dietary TRVs for fish in 
Attachment G5 to Appendix G of the Round 2 Report. The technical basis of these revisions 
was evaluated for each COPC, and for the most part, EPA agrees with LWG’s new 
interpretation of these studies. Therefore, most of the revised Attachment G5 TRVs are 
acceptable for use in the BERA. 

The only exceptions are for TBT and mercury, for which EPA disagrees with LWG’s 
interpretation of the no observed adverse effect level (NOAEL) and lowest observed adverse 
effect level (LOAEL) values obtained from the selected literature studies. Alternative values 
and their basis are presented in Table 2. 

AVIAN AND MAMMALIAN WILDLIFE 

Recommended TRVs for protection of avian and mammalian wildlife via exposure to COPCs 
from the dietary pathway are presented in Table 3 and Table 4, respectively. As indicated in 
previous TRV discussions between LWG and EPA in 2006, EPA recommends that TRVs be 
based on those presented in ecological soil screening level reports (Eco-SSLs; EPA 
2005a,b,c,d,e, and 2007b,c,d,e,f) wherever possible. TRVs from the Eco-SSLs represent 
thorough and peer-reviewed evaluations of the wildlife toxicology literature, and are gaining 
wide acceptance for use in ecological risk assessments. The Round 2 Report concluded that 
TRVs derived from Eco-SSLs were not appropriate for us at the Portland Harbor site because 
the studies compiled for the Eco-SSLs sometimes include other exposure pathways besides 
purely dietary (e.g., gavage and drinking water). EPA acknowledges that this is the case.  
However, the reliability weighting scheme used in the Eco-SSLs did take this multiple 
pathway concern into account. Therefore, EPA still recommends that the Eco-SSL 
documents represent the best source of TRVs. 
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EPA also recognizes that the Eco-SSL-based TRVs were based on NOAELs, and are 
therefore specifically to be used only for screening-level risk evaluations. For the less 
conservative BERA, therefore, EPA derived corresponding LOAELs from the same datasets 
or studies used to derive NOAELs. Our approach to LOAEL derivation varied, depending on 
the number of available studies and the approach used in the Eco-SSL to derive the NOAEL 
for that chemical. For example, if a NOAEL was derived as geometric mean of available 
NOAELs, then a geometric mean of the corresponding LOAELs was used. If, instead, 
NOAELs were selected from a single (e.g., lowest appropriate) study, then a LOAEL was 
selected from the same study, if possible. Additional details for derivation of Eco-SSL-based 
TRVs are given in Tables 3 and 4. 

Because Eco-SSL documents were not available for all Portland Harbor COPCs, we 
reviewed the basis of LWG-recommended TRVs from the Round 2 Report. Alternative 
values and their basis are presented, where appropriate, in Tables 3 and 4. 

SEDIMENTS 
Recommended TRVs for protection of benthic macroinvertebrates via exposure to COPCs in 
sediments are presented in Table 5. This list reflects those COPCs screened in during the 
SLERA sediment quality guideline (SQG) evaluation conducted by EPA (2008a). The SQGs 
provided in Table 5 represent the three types of SQGs that will be compared to bulk sediment 
concentrations for the BERA: consensus-based (Probable Effect Concentrations [PECs]), 
mechanistic-based (Equilibrium Partitioning [Eq-P]), and empirical (Probable Effect Levels 
[PELs] and Washington State Cleanup Screening Levels [CSLs]). In addition, SQGs selected 
from the Joint Source Control Strategy (JSCS; DEQ 2007) (Table 3-1, 07/16/07 revision, 
MacDonald PEC [or other SQV] column) are provided in Table 5. 

Because three different empirical SQGs are presented, the single most appropriate SQG 
should be selected for any given chemical. Similar to the approach used in EPA’s updated 
SLERA (EPA 2008a), the lowest or most protective SQG from the PEL and CSL (after 
considering carbon-normalization where appropriate) lists should be selected for each 
chemical. Given that JSCS values were primarily intended for use in screening-level 
evaluations and were compiled from multiple sources, SQGs should only be selected from 
the JSCS list if no other empirical SQGs are available for that chemical. 

PEC (MacDonald et al. 2000) and CSL (Washington State Department of Ecology 1995) 
values were extracted from the Query Manager (QM) database (version 2.6, Portland Harbor 
Cat1Risk, October 2007 data update; sqc.dbf). The majority of PEL values were also 
extracted from QM (Smith et al. 1996); however Canadian sediment quality guidelines 
(CCME 2002) were used where Smith et al. did not provide PELs. EqP-based values were 
calculated using the following equation, per EPA guidance for derivation of equilibrium 
partitioning sediment benchmarks (ESB; EPA 2008b): 

ESBoc = Koc *chronic water column TRV 

where ESBoc is the equilibrium partitioning sediment benchmark expressed on a sediment 
organic carbon normalized basis (i.e., ESBs are expressed in units of µg/kg organic carbon), 
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Koc is the organic carbon:water partition coefficient, and the chronic water column TRV is 
one of the previously compiled, EPA-recommended chronic water TRVs (Table 1)1. 
Empirically derived Koc values were obtained from the literature or calculated from 
octanol:water partition coefficients (Kow), or from the literature, where empirically derived 
values were not available. In the case of multiple empirical Koc values, the average was used. 

Because the calculated ESBs are expressed on an organic carbon normalized basis, sediment 
contaminant concentrations (expressed on a dry weight basis) will need to be converted to µg 
contaminant/kg organic carbon (using the concurrent organic carbon data) prior to ESB 
comparison and risk characterization. The same step will have to be conducted for CSL 
values for all analytes except phenol, 2-methylphenol, 4-methylphenol, 2,4,-dimethylphenol, 
pentachlorophenol, benzyl alcohol, and benzoic acid (which are not expressed on an organic 
carbon normalized basis). 
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Table 1. Acute and Chronic TRVs for Chemicals in Water from Round 2 Report and as Proposed for BERA 

R2R Acute 
R2R 

Chronic 
EPA Recommended TRVs Proposed for BERA 

Chemical of Potential Eco SL Eco Chronic TRV 
Concerna (µg/L) SL (µg/L) TRV Sourceb Comments Acute TRV (µg/L) (µg/L) 

Metals 
Barium 110 4 Tier II TRVs are based on total. 110 4 
Cadmium 0.52 0.09 AWQC TRVs are hardness-dependent and were 0.52 0.09 

adjusted using AWQC equations to 
correspond with a hardness of 25 mg/L 
calcium carbonate (estimate for the Lower 
Willamette River [LWR]). TRVs are based 
on dissolved fraction. 

Copper 3.64 2.74 AWQC TRVs are hardness-dependent and were 3.64 2.74 
adjusted using AWQC equations to 
correspond with a hardness of 25 mg/L 
calcium carbonate (estimate for the LWR). 
TRVs are based on dissolved fraction. 

Lead 13.88 0.54 AWQC TRVs are hardness-dependent and were 13.88 0.54 
adjusted using AWQC equations to 
correspond with a hardness of 25 mg/L 
calcium carbonate (estimate for the LWR). 
TRVs are based on dissolved fraction. 

Nickel 144.9 16.1 AWQC TRVs are hardness-dependent and were 144.9 16.1 
adjusted using AWQC equations to 
correspond with a hardness of 25 mg/L 
calcium carbonate (estimate for the LWR). 
TRVs are based on dissolved fraction. 

Sodium 6,800,000 680,000 LCV TRVs are based on total. Acute TRV was 6,800,000 680,000 
derived by multiplying the chronic TRV by 
10. 

Vanadium 280 20 Tier II TRVs are based on total. 280 20 
Zinc 36.2 36.5 AWQC TRVs are hardness-dependent and were 36.2 36.5 

adjusted using AWQC equations to 
correspond with a hardness of 25 mg/L 
calcium carbonate (estimate for the LWR). 
TRVs are based on dissolved fraction. 
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Table 1. Acute and Chronic TRVs for Chemicals in Water from Round 2 Report and as Proposed for BERA (Continued) 

R2R Acute 
R2R 

Chronic 
EPA Recommended TRVs Proposed for BERA 

Chemical of Potential Eco SL Eco Chronic TRV 
Concerna (µg/L) SL (µg/L) TRV Sourceb Comments Acute TRV (µg/L) (µg/L) 

PAHs 
2-Methylnaphthalene 37 2.1 Tier II The TRVs for 1-methynapthalene were used 

as a surrogate. 
37 2.1 

Acenaphthene 80 23 Tier II The acute and chronic TRVs are the EPA 
calculated final acute value (FAV) and final 
chronic value (FCV), respectively, for 
sediment quality guideline development 
(EPA 1993). 

80 23 

Acenaphthylene NA 306.9 EPA (2003) EPA (2003) does not calculate PAH-specific 
acute values based on narcosis model 

NA 306.9 

predictions as they did for the chronic 
values. 

Anthracene 13 0.73 Tier II 13 0.73 
Benzo(a)anthracene 0.49 0.027 Tier II 0.49 0.027 
Benzo(a)pyrene 0.24 0.014 Tier II 0.24 0.014 
Benzo(b)fluoranthene NA 0.6774 EPA (2003) EPA (2003) does not calculate PAH-specific 

acute values based on narcosis model 
NA 0.6774 

predictions as they did for the chronic 
values. 

Benzo(g,h,i)perylene NA 0.4391 EPA (2003) EPA (2003) does not calculate PAH-specific 
acute values based on narcosis model 

NA 0.4391 

predictions as they did for the chronic 
values. 

Benzo(k)fluoranthene NA 0.6415 EPA (2003) EPA (2003) does not calculate PAH-specific 
acute values based on narcosis model 

NA 0.6415 

predictions as they did for the chronic 
values. 

Chrysene NA 2.042 EPA (2003) EPA (2003) does not calculate PAH-specific 
acute values based on narcosis model 

NA 2.042 

predictions as they did for the chronic 
values. 
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Portland Harbor BERA Toxicity Reference Values 

Table 1. Acute and Chronic TRVs for Chemicals in Water from Round 2 Report and as Proposed for BERA (Continued) 

R2R Acute 
R2R 

Chronic 
EPA Recommended TRVs Proposed for BERA 

Chemical of Potential Eco SL Eco Chronic TRV 
Concerna (µg/L) SL (µg/L) TRV Sourceb Comments Acute TRV (µg/L) (µg/L) 

Dibenz(a,h)anthracene NA 0.2825 EPA (2003) EPA (2003) does not calculate PAH-specific NA 0.2825 
acute values based on narcosis model 
predictions as they did for the chronic 
values. 

Fluoranthene 33.6 6.16 Tier II The acute and chronic TRVs are the EPA 33.6 6.16 
calculated final acute value (FAV) and final 
chronic value (FCV), respectively, for 
sediment quality guideline development 
(EPA 1993). 

Fluorene 70 3.9 Tier II TRVs as calculated for OSWER (1996). 70 3.9 
Indeno(1,2,3-cd)pyrene NA 0.275 EPA (2003) EPA (2003) does not calculate PAH-specific NA 0.275 

acute values based on narcosis model 
predictions as they did for the chronic 
values. 

Naphthalene 190 12 Tier II 190 12 
Phenanthrene 30 6.3 Tier II The acute and chronic TRVs are the EPA 30 6.3 

calculated final acute value (FAV) and final 
chronic value (FCV), respectively, for 
sediment quality guideline development 
(EPA 1993). 

Pyrene NA 10.11 EPA (2003) EPA (2003) does not calculate PAH-specific NA 10.11 
acute values based on narcosis model 
predictions as they did for the chronic 
values. 

SVOCs 
1,2-Dichlorobenzene 260 14 Tier II 260 14 
1,4-Dichlorobenzene 180 15 Tier II 180 15 
Dioxins/Furans 
Dibenzofuran 66 3.7 Tier II 66 3.7 
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Portland Harbor BERA Toxicity Reference Values  

Table 1. Acute and Chronic TRVs for Chemicals in Water from Round 2 Report and as Proposed for BERA (Continued) 

R2R Acute 
R2R 

Chronic 
EPA Recommended TRVs Proposed for BERA 

Chemical of Potential Eco SL Eco Chronic TRV 
Concerna (µg/L) SL (µg/L) TRV Sourceb Comments Acute TRV (µg/L) (µg/L) 

Phenols 
4-chloro-3-methylphenol 30 0.60 MacDonald et 

al. 1999; RI 
DEM 

Chronic TRV was derived by dividing the 
acute TRV by 50. MacDonald et al. 1999 
presents acute and chronic criteria for 4
chloro-2-methylphenol; criteria selected here 
are from Rhode Island. 

15 0.32 

PCBs 
Total PCBs 2 0.014c DEQ 33A; and 

AWQC 
(chronic) 

TRVs for total PCBs applies to the sum of all 
homologs, sum of Aroclors, or sum of 
congeners. 

2 0.014 

Pesticides 
2,4'-DDD 1.1 0.001 AWQC AWQC for 4,4'-DDT applies to 2,4'-DDD. 1.1 0.001 
2,4'-DDT 1.1 0.001 AWQC AWQC for 4,4'-DDT applies to 2,4'-DDT. 1.1 0.001 
4,4'-DDD 1.1 0.001 AWQC AWQC for 4,4'-DDT applies to 4,4'-DDD. 1.1 0.001 
4,4'-DDE 1.1 0.001 AWQC AWQC for 4,4'-DDT applies to 4,4'-DDE. 1.1 0.001 
4,4'-DDT 1.1 0.001 AWQC 1.1 0.001 
Total DDT 1.1 0.001 AWQC AWQC for 4,4'-DDT applies to total DDTs. 1.1 0.001 
Herbicides 
Dalapon NA 2 ECOTOX Can not confirm R2R chronic value from 5,500 220 

LT50 values in George et al. (1982) as 
reported in ECOTOX. Proposed alternatives 
based on a 48-hr EC50 for Daphnia pulex 
as the lowest acute value for a freshwater 
species in ECOTOX using a standard test 
type. Chronic and acute TRVs were derived 
by dividing this EC50 by 50 and 2, 
respectively. 

Silvex™ 125 5.0 ECOTOX Chronic and acute TRVs were derived by 125 5.0 
dividing the LC50 reported by ECOTOX by 
50 and 2, respectively. 

VOCs 
1,1-Dichloroethene 450 25 Tier II 450 25 
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Portland Harbor BERA Toxicity Reference Values 

Table 1. Acute and Chronic TRVs for Chemicals in Water from Round 2 Report and as Proposed for BERA (Continued) 

Chemical of Potential 
Concerna 

R2R Acute 
Eco SL 
(µg/L) 

R2R 
Chronic 

Eco 
SL (µg/L) TRV Sourceb 

EPA Recommended TRVs Proposed for BERA 

Comments Acute TRV (µg/L) 
Chronic TRV 

(µg/L) 
cis-1,2-Dichloroethene 11,600 590 Tier II  The acute TRV for dichloroethylenes was 

applied to both cis- and trans-congeners. 
1,100 590 

1,2,4-Trimethylbenzene 130 7.3 Tier II  TRVs for ethylbenzene were used as a 
surrogate. 

130 7.3 

1,3,5-Trimethylbenzene 130 7.3 Tier II  TRVs for ethylbenzene were used as a 
surrogate. 

130 7.3 

Acetone 28,000 1,500 Tier II 28,000 1,500 
Acrolein 68 21 MacDonald et Lowest relevant criteria from MacDonald et 2.9 0.06 

al. 1999 al. 1999 are from Rhode Island DEM. Use of 
RI numbers would screen acrolein back in. 

Benzene 2,300 130 Tier II 2,300 130 
Carbon disulfide 17 0.92 Tier II 17 0.92 
Chlorobenzene 250 50 Tier II 1100 64 
Chloroethane 830 47 Tier II TRVs for 1,1-dichloroethane were used as a 830 47 

surrogate. 
Chloroform 28,000 1,240 Tier II If Tier II values used instead of DEQ 33C, 

chloroform would screen back in. 
490 28 

Ethylbenzene 32,000 7.3 Tier II Tier II used for both acute and chronic. 130 7.3 
Isopropylbenzene 
(1-Methylethylbenzene) 

130 7.3 Tier II TRVs for ethylbenzene were used as a 
surrogate. 

130 7.3 

Toluene 17,500 9.8 Tier II  Acute value of 17,500 approved by EPA in 
9/15/06 memo, but Tier II preferred for both 
so acute is not a 33C value. 

120 9.8 

Trichloroethene 45,000 21,900 Tier II Tier II preferred over 33C values. 440 47 
Vinyl chloride 97,000 3,880 Brown et al. 

(1977) 
Chronic and acute TRVs were derived by 
dividing the LC100 reported by Brown et al. 
(1977) by 50 and 2, respectively. 

97,000 3,880 

m,p-Xylene 1,200 66.67 EPA (2006b) TRVs for m-xylene were used. 1,200 66.67 
o-Xylene 230 13 Tier II TRVs for xylene were used as a surrogate. 230 13 
Total Xylene 230 13 Tier II TRVs for xylene were used as a surrogate. 230 13 
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Portland Harbor BERA Toxicity Reference Values  

Table 1. Acute and Chronic TRVs for Chemicals in Water from Round 2 Report and as Proposed for BERA (Continued) 

R2R Acute 
R2R 

Chronic 
EPA Recommended TRVs Proposed for BERA 

Chemical of Potential Eco SL Eco Chronic TRV 
Concerna (µg/L) SL (µg/L) TRV Sourceb Comments Acute TRV (µg/L) (µg/L) 

Cyanide 
Cyanide 22 5.2 AWQC Criteria are expressed as free cyanide, but 22 5.2 

total cyanide can be used to conservatively 
estimate contributions by easily dissociable 
metallo-cyanide complexes. 

Perchlorate 
Perchlorate NA 18 Dean et al. 

(2004) 
TRVs developed using methods for 
derivation of AWQC considered more 
appropriate for BERA 

20,000 9,300 

Total Petroleum Hydrocarbons 
Aliphatics: C5 - C6 NA NA CONCAWE 

(1996) 
Basic approach from CONCAWE (1996); 
specific TRV calculations and rationale 
given in Appendix A. 

NA 128 

Aliphatics: C6 - C8 NA NA CONCAWE 
(1996) 

Basic approach from CONCAWE (1996); 
specific TRV calculations and rationale 
given in Appendix A. 

NA 54 

Aliphatics: C8 - C10 NA NA CONCAWE 
(1996) 

Basic approach from CONCAWE (1996); 
specific TRV calculations and rationale 
given in Appendix A. 

NA 9.5 

Aliphatics: C10 - C12 NA NA CONCAWE 
(1996) 

Basic approach from CONCAWE (1996); 
specific TRV calculations and rationale 
given in Appendix A. 

NA 2.6 

Aromatics: C8 - C10 NA NA CONCAWE 
(1996) 

Basic approach from CONCAWE (1996); 
specific TRV calculations and rationale 
given in Appendix A. 

NA 212 

a Contaminants of potential concern (COPCs) are based on the updated SLERA conducted by EPA (2008a). 
b Ambient Water Quality Criteria (AWQC) are from EPA (2006a). Tier II and lowest chronic values (LCV) are from Suter and Tsao (1996). Oregon Department of Environmental Quality (DEQ) values are from DEQ 

(2006). PAH mixture values are from EPA (2003). MacDonald et al. (1999) are from Environment Canada, Georgia Basin Action Plan compendium of environmental quality benchmarks. ECOTOX values were 
based on EPA’s online toxicity database, ECOTOX (EPA 2007a). Other supporting references include EPA sediment quality guideline development (EPA 1993), EPA Office of Solid Waste and Emergency 
Response ecotoxicity thresholds (OSWER 1996), and CONCAWE hydrocarbon block method guidance (CONCAWE 1996). 

c 	 Chronic AWQC for  total PCBs are based on a final residue value for protection of aquatic life uses (human health consumption), not the protection of aquatic life itself. Suter and Tsao (1996) calculated a 
secondary chronic value for protection of aquatic life of 0.14 µg/L. However, the AWQC-based value was selected here because DEQ uses this value for aquatic life protection in their proposed water quality 
standards (Table 33A). 

AWQC – ambient water quality criteria DEQ – Oregon Department of Environmental Quality 
Eco-SL – ecological screening level PAH – polycyclic aromatic hydrocarbon 
EPA – US Environmental Protection Agency PCB – polychlorinated biphenyl 
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Portland Harbor BERA Toxicity Reference Values 

LCV – lowest chronic value SL – screening level 
LC50 – dose that is lethal to 50% of an exposed population TCDD – tetrachlorodibenzo-p-dioxin 
LC100 – dose that is lethal to 100% of an exposed population TPH – total petroleum hydrocarbons 
NA – not available TRV – toxicity reference value 
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Portland Harbor BERA Toxicity Reference Values  

Table 2. Fish Dietary Dose TRVs from Round 2 Report and as Proposed for BERA 

Round 2 Report 
(February 2007) Round 2 Report 

Source Proposed for BERA 

Analyte Units NOAEL LOAEL and Notes NOAEL LOAEL Notes 

Cadmium mg/kg bw/day 0.002 0.01 Kim et al. (2004);  
Kang et al. (2005) 

0.002 0.01 No changes recommended. 

Copper mg/kg bw/day 0.24 0.48 Murai et al. (1981) 0.24 0.48 No changes recommended. Values consistent with 
Clearwater et al. (2002) review paper.  

Mercury mg/kg bw/day 0.013 0.048 Matta et al. (2001) 0.005 0.013 The NOAEL of 0.013 mg/kg/d in the Round 2 Report is 
based on a dietary NOEC of 0.5 mg/kg and an assumed 
FIR of 2.5%.  The dietary MeHg concentration of 0.5 
mg/kg, however, was associated with statistically 
significant (p<0.05) mortality in male fish (47.7% mortality 
vs. 0% mortality in the controls).  The true NOEC from the 
study would be 0.2 mg/kg, or a NOAEL of 0.005 mg/kg/d. 

TBT mg/kg bw/day 0.0021 0.20 Shimasaki et al. 
(2003) 

0.00042  
(UF of 5) 

0.0021 The NOAEL of 0.0021 mg/kg/d in the Round 2 Report is 
based on a dietary NOEC of 0.1 mg/kg.  At this dietary 
concentration, growth (weight) was significantly (p<0.05) 
reduced by 35% after 100 days on the TBT diet and the 
proportion of sex-reversed males was significantly 
(p<0.05) greater (25.7% vs. 2.2% in controls).  The LWG 
considered this a NOEC because growth recovered by 
day 300 and due to uncertainties in the sex reversal 
endpoint.  Regardless of uncertainties in the latter, the 
growth recovered by day 300 because fish were put back 
on the control diet at day 100.  A 35% growth reduction 
by day 100 is a significant effect and there is no reason to 
suspect that fish would have recovered this weight loss if 
continued on the TBT diet for the next 200 days. 

Benzo(a)pyrene mg/kg bw/day 0.66 1.4 Rice et al. (2000) 0.66 1.4 No changes recommended. 
Total PAHs mg/kg bw/day 6.1 18 Meador et. al. (2006) 6.1 18 No changes recommended. 
Total PCBs mg/kg bw/day 0.01 0.05 Hugla and Thome 

(1999) 
0.01 0.05 No changes recommended. 

Total DDTs mg/kg bw/day 0.028 0.14 Macek (1968) 0.028 0.14 No changes recommended. 
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Portland Harbor BERA Toxicity Reference Values 

Table 3. Bird Dietary Dose TRVs from Round 2 Report and as Proposed for BERA 

Analyte Units 

Round 2 Report (February 
2007) 

NOAEL LOAEL 
Round 2 Report 

Source and Notes  

Proposed for BERA 

NOAEL LOAEL Notes  

Arsenic mg/kg 
bw/day 

2.3 6.8 USFWS (1969) as 
cited in Sample et al. 

2.24 4.50 ECO SSL, Arsenic (EPA 2005b). The ECO SSL TRV 
is based on the lowest NOAEL value for effects on 

(1996) reproduction, growth or survival. There were not enough 
data to calculate a geometric mean, nor any matched 
NOAELs and LOAELs. The lowest LOAEL was lower 
than the NOAEL TRV, so a geometric mean of the 
available LOAELs was used for this TRV rather than 
selecting a single study or using an uncertainty factor. 

Cadmium mg/kg 
bw/day 

0.73 2.9 Leach et al. (1979) 1.47 6.34 ECO-SSL, Cadmium (EPA 2005c). The ECO SSL TRV 
was based on the geometric mean of NOAELs for 
reproduction and growth.  A geometric mean of LOAELs 
was calculated using the same data. 

Chromium mg/kg 
bw/day 

1 5 Haseltine et al. as 
cited in Sample (1996) 

2.66 15.6 ECO-SSL, Chromium (EPA 2005d). The ECO SSL 
was based on the geometric mean of NOAELs for 
reproduction and growth and is higher than the lowest 
bounded LOAEL within the reproduction, growth, and 
survival effect groups.  A geometric mean of LOAELs 
was calculated using the same data. 

Copper mg/kg 
bw/day 

47 62 Mehring et al. (1960) 4.05 12.1 ECO-SSL, Copper (EPA 2007b). The ECO SSL TRV, 
4.05 mg copper/kg bw/day, was based on the highest 
NOAEL value lower than the lowest bound LOAEL for 
effects on reproduction, growth or survival. The LOAEL 
was selected from the same study as the NOAEL.  

Lead mg/kg 
bw/day 

2 20 Edens and Garlich 
(1983) 

1.63 3.26 ECO-SSL, Lead (EPA 2005e). The ECO SSL TRV was 
based on the NOAEL for lead, 1.63 mg lead/kg bw/day, 
which is the highest bounded NOAEL below the lowest 
bounded LOAEL for effects on growth, reproduction, or 
survival. The LOAEL was selected from the same study 
as the NOAEL. 
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Portland Harbor BERA Toxicity Reference Values  

Table 3. Bird Dietary Dose TRVs from Round 2 Report and as Proposed for BERA (Continued) 

Round 2 Report (February 
2007) Proposed for BERA Round 2 Report 

Analyte Units NOAEL LOAEL Source and Notes  NOAEL LOAEL Notes  

Selenium mg/kg 
bw/day 

Thallium mg/kg 
bw/day 

Zinc mg/kg 
bw/day 

Mercury mg/kg 
bw/day 

TBT mg/kg 
bw/day 

Benzo(a)pyrene mg/kg 
bw/day 

Total PAHs mg/kg 
bw/day 

bis(2- mg/kg 
ethylhexyl) bw/day 
phthalate 

Di-n-butyl mg/kg 
phthalate bw/day 

PCB TEQ mg/kg 
bw/day 

0.42 

0.48 

8.2 

0.01 

1.4 

0.28 

40 

1.45 

1.45 

1.4 x 10-5 

0.82 

24 

124 

0.05 

3.6 

1.4 

NA 

329 

329 

1.4 x 10-4 

Heinz et al. (1989) 

Hudson et al. (1984) 

Roberson and 
Schaible (1960) 

Heinz et al. (1975, 
1979) 

Schlatterer et al. 
(1993); Coenen et al. 
(1992) 

Hough et al. (1993) 

Patton and Dieter 
(1980) 
Peakall (1974); Ishida 
et al. (1982) 

Assumed same as 
BEHP 

Nosek et al. (1992) 

0.29 

0.48 

66.1 

0.0064 

6.8 

0.28 

40 

1.1 

0.11 

1.4 x 10-5 

0.579 

24 

171 

0.064 

16.9 

1.4 

NA 

11 

1.1 

1.4 x 10-4 

ECO-SSL, Selenium (EPA 2007d). The ECO SSL TRV 
is the highest NOAEL value lower than the lowest 
bounded LOAEL value for effects on reproduction, 
growth or survival. The LOAEL was selected from the 
same study as the NOAEL.  

Hudson et al. (1984). No change recommended. 

ECO-SSL, Zinc (EPA 2007f). The ECO SSL TRV is 
based on the geometric mean of NOAEL values for 
effects on reproduction and growth. A geometric mean 
of LOAELs was calculated using the same data.  

Sample et al. (1996) calculation from Heinz (1979). As 
cited by Sample et al. (1996), fewer eggs and ducklings 
were produced at the LOAEL.  

Schlatterer et al. (1993). As cited by Sample et al. 
(1996), egg weight and hatchability were reduced at this 
LOAEL. 

Hough et al. (1993). No change recommended. 

Patton and Dieter (1980). No change recommended. 

Sample et al. (1996) calculation for Peakall (1974). No 
significant reproductive effects were observed among 
doves on diets at the NOAEL (only dose tested). 
LOAEL estimated using a 10X uncertainty factor as in 
SREL (1999). 
Sample et al. (1996). Eggshell thickness and water 
permeability of the shell were reduced among doves at 
the LOAEL. 

Nosek et al. (1992). No change recommended.  
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Portland Harbor BERA Toxicity Reference Values 

Table 3. Bird Dietary Dose TRVs from Round 2 Report and as Proposed for BERA (Continued) 

Analyte Units 

Round 2 Report (February 
2007) 

NOAEL LOAEL 
Round 2 Report 

Source and Notes  

Proposed for BERA 

NOAEL LOAEL Notes  

Total PCBs mg/kg 
bw/day 

0.29 0.58 Britton and Huston 
(1973) 

0.29 0.58 Britton and Huston (1973). No change recommended. 

Dioxin TEQ mg/kg 
bw/day 

1.4 x 10-5 1.4 x 10-4 Nosek et al. (1992) 1.4 x 10-5 1.4 x 10-4 Nosek et al. (1992). No change recommended.  

Total DDTs mg/kg 
bw/day 

0.18 1.8 Davison and Sell 
(1974) 

0.227 2.27 ECO-SSL, DDT (EPA 2007b). The ECO SSL TRV 
(NOAEL) for DDT and its metabolites is 0.227 mg 
DDT/kg bw/day, which is the highest bounded NOAEL 
lower than the lowest bounded LOAEL for reproduction, 
growth or survival. The LOAEL was selected from the 
same study as the NOAEL. 

Sum DDD mg/kg 
bw/day 

0.18 0.9 Heath et al. (1969) NA NA ECO-SSL, DDT (EPA 2007b). The ECO SSL TRV for 
DDT is not metabolite specific, so no separate TRV for 
DDD is necessary. 

Sum DDE mg/kg 
bw/day 

0.064 0.32 Mendenhall et al. 
(1983) barn owl study; 

0.032 0.32 Mendenhall et al. (1983) as per previous EPA 
comments to use the barn owl study, but with a UF of 

UF of 5 used to 10 to estimate the NOAEL. Even though the ECO SSL 
extrapolate from TRV is to be applied to DDT and its metabolites, a 
LOAEL to NOAEL. separate TRV for DDE is still needed to reflect the 

differential sensitivity and response of birds to this 
specific metabolite. 

Sum DDT mg/kg 
bw/day 

0.03 0.15 Stickel and Rhodes 
(1970) 

NA NA ECO-SSL, DDT (EPA 2007b). The ECO SSL TRV for 
DDT is not metabolite specific, so no separate TRV for 
sum DDTs is necessary. 

Aldrin mg/kg 
bw/day 

0.008 0.04 DeWitt (1956) 0.008 0.04 DeWitt (1956). No change recommended. 
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Portland Harbor BERA Toxicity Reference Values 

Table 4. Mammal Dietary Dose TRVs from Round 2 Report and as Proposed for BERA 

Analyte Units 

Round 2 Report 
(February 2007) 

NOAEL LOAEL 
Round 2 Report 

Source and Notes  

Proposed for BERA 

NOAEL LOAEL Notes  

Antimony mg/kg 
bw/day 

149 NA Hext et al. (1999) 0.059 0.59 ECO-SSL, Antimony (EPA 2005a). The ECO SSL TRV 
for antimony is equal to 0.059 mg antimony/kg BW/day, 
which is the highest bounded NOAEL below the lowest 
bounded LOAEL for effects on reproduction, growth or 
survival. The LOAEL was selected from the same study 
as the NOAEL. 

Copper mg/kg 
bw/day 

18 26 Aulerich et al. (1982) 5.6 9.34 ECO-SSL, Copper (EPA 2007b). The ECO SSL TRV 
for copper is 5.60 mg copper/kg bw/day, which is the 
highest NOAEL value lower than the lowest LOAEL 
value for reproduction and growth. The LOAEL was 
selected from the same study as the NOAEL.  

Lead mg/kg 
bw/day 

11 90 Azar et al. (1973) 4.7 8.9 ECO-SSL, Lead (EPA 2005e). The ECO SSL TRV for 
lead is 4.70 mg lead/kg bw/day, which is the highest 
bounded NOAEL below the lowest bounded LOAEL for 
results in the growth, reproduction, and survival effect 
groups. The LOAEL was selected from the same study 
as the NOAEL. 

Selenium mg/kg 
bw/day 

0.055 0.08 Halverson et al. (1966) 0.143 0.215 ECO-SSL, Selenium (EPA 2007d). The ECO SSL TRV 
for selenium is 0.143 mg selenium/kg bw/day, which is 
the highest NOAEL value lower than the lowest LOAEL 
value for reproduction and growth. The LOAEL was 
selected from the same study as the NOAEL.   

Mercury mg/kg 
bw/day 

0.02 0.07 Dansereau et al. 
(1999) 

0.02 0.07 Dansereau et al. (1999). No change recommended. 
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Portland Harbor BERA Toxicity Reference Values 

Table 4. Mammal Dietary Dose TRVs from Round 2 Report and as Proposed for BERA (Continued) 

Analyte Units 

Round 2 Report 
(February 2007) 

NOAEL LOAEL 
Round 2 Report 

Source and Notes  

Proposed for BERA 

NOAEL LOAEL Notes  

Total PAHs mg/kg 
bw/day 

NA 10 MacKenzie and 
Angevine (1981) 

NA NA EPA recommends using separate low molecular weight 
and high molecular weight PAH TRVs as was done in 
ECO SSL (EPA 2007d). 

LMW PAHs mg/kg 
bw/day 

65.6 328 ECO SSL PAH (EPA 2007e). The ECO SSL TRV for 
LMW - PAHs is 65.6 mg/kg bw/day, which is the highest 
bounded NOAEL lower than the lowest bounded 
LOAEL value for reproduction, growth or survival. The 
LOAEL was selected from the same study as the 
NOAEL. 

HMW PAHs mg/kg 
bw/day 

0.615 3.07 ECO SSL PAH (EPA 2007e). The ECO SSL TRV for 
high molecular weight PAHs is 0.615 mg/kg bw/day, 
which is the highest bounded NOAEL lower than the 
lowest bounded LOAEL value for reproduction, growth 
or survival. The LOAEL was selected from the same 
study as the NOAEL.  

PCB TEQ mg/kg 
bw/day 

2.2 x 10-7 2.2 x 10-6 Tillitt et al. (1996) 2.2 x 10-7 2.2 x 10-6 EPA continues to recommend use of the Tillitt et al. 
(1996) TRVs for PCB and dioxin TEQs. While we 
recognize there are uncertainties in the use of field-
collected carp as a diet source, the carp tissues were 
well-characterized chemically, and most contaminants 
other than PCBs and dioxins were present at 
concentrations below those known to induce adverse 
impacts, and the specific effects observed in mink were 
characteristic of PCB and dioxin. Both PCB and dioxin 
TEQs should be considered as a single total using 
appropriate TEFs. 

Total PCBs mg/kg 
bw/day 

0.0074 0.037 Restum et al. (1998) 0.0074 0.037 Restum et al. (1998). No change recommended.  
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Table 4. Mammal Dietary Dose TRVs from Round 2 Report and as Proposed for BERA (Continued) 

Analyte Units 

Round 2 Report 
(February 2007) 

NOAEL LOAEL 
Round 2 Report 

Source and Notes  

Proposed for BERA 

NOAEL LOAEL Notes  

Dioxin TEQ mg/kg 2.2 x 10-7 2.2 x 10-6 Tillitt et al. (1996) 2.2 x 10-7 2.2 x 10-6 EPA continues to recommend use of the Tillitt et al. 
bw/day (1996) TRVs for PCB and dioxin TEQs. While we 

recognize there are uncertainties in the use of field-
collected carp as a diet source, the carp tissues were 
well-characterized chemically, and most contaminants 
other than PCBs and dioxins were present at 
concentrations below those known to induce adverse 
impacts, and the specific effects observed in mink were 
characteristic of PCB and dioxin. Both PCB and dioxin 
TEQs should be considered as a single total using 
appropriate TEFs. 

Total DDTs mg/kg 
bw/day 

1.2 1.3 Duby et al. (1971) 
Virgo and Bellward 

0.147 0.735 ECO-SSL, DDT (EPA 2007c). The ECO SSL for DDT 
(and its metabolites) is 0.147 mg DDT/kg bw/day, which 

(1977) is the highest bounded NOAEL lower than the lowest 
bounded LOAEL value for reproduction, growth or 
survival. The LOAEL was selected from the same study 
as the NOAEL. 
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Portland Harbor BERA Toxicity Reference Values 

Table 5. Sediment TRVs Proposed for BERA 

SQGs 

Consensus-
based 

Mechanistic-
based Empirical Sub-

EPA-
Recommended 

Surface surface Chronic Water TRV 
Chemical of Potential Concerna Units PEC EqP-basedb PEL CSLc JSCS COPC COPC (µg/L) Sourced Koc Sourcee 

Metals 

Arsenic mg/kg 33 - 17 93 33(1) X X 150 AWQC - -

Cadmium mg/kg 4.98 - 3.53 6.7 4.98(1) X X 0.09 AWQC - -

Chromium, total mg/kg 111 - 90 270 111(1) X X 23.8 AWQC - -

Copper mg/kg 149 - 197 390 149(1) X X 2.74 AWQC - -

Lead mg/kg 128 - 91.3 530 128(1) X X 0.54 AWQC - -

Manganese mg/kg - - - - 1,100(2,3) X 120 Tier II - -

Mercury mg/kg 1.06 - 0.49 0.59 1.06(1) X X 0.77 AWQC - -

Nickel mg/kg 48.6 - 35.9 - 48.6(1) X X 16.1 AWQC - -

Selenium mg/kg - - - - 5(4) X X 5 AWQC - -

Silver mg/kg - - - 6.1 5(4,5) X 0.1 DEQ - -

Zinc mg/kg 459 - 315 960 459(1) X X 36.5 AWQC - -

PAHs 

2-Methylnaphthalene µg/kg - 9,093 201** 64,000 200(6) X X 2.1 Tier II 4,330 Mean; Kenaga 1980, Duxbury 1988, Montgomery and Welkom 1990. 

Acenaphthene µg/kg - 105,800 88.9** 57,000 300(2) X X 23 Tier II 4,600 EPA 1986 

Acenaphthylene µg/kg - 1,061,615 128** 66,000 200(2) X X 306.9 EPA 2003 3,459 Mean; EPA 1986, Montgomery and Welkom 1990. 

Anthracene µg/kg 845 3,0364 245** 1,200,000 845(1) X X 0.73 Tier II 41,594 Mean; Duxbury 1988, EPA 1986. 

Benzo(a)anthracene µg/kg 1,050 1,123 385 270,000 1,050(1) X X 0.027 Tier II 41,594 Mean; Duxbury 1988, EPA 1986. 

Benzo(a)pyrene µg/kg 1,450 100,508 782 210,000 1,450(1) X X 0.014 Tier II 7,179,142 Mean; Duxbury 1988, EPA 1986. 

Benzo(g,h,i)perylene µg/kg - 702,560 - 78,000 300(7) X X 0.4391 EPA 2003 1,600,000 EPA 1986 

Benzo(k)fluoranthene µg/kg - 352,825 - - 13,000(2) X X 0.6415 EPA 2003 550,000 EPA 1986 

No data -
Benzofluoranthenes, total µg/kg - - - 450,000 - X not - - - -

evaluated 
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Portland Harbor BERA Toxicity Reference Values  

Table 5. Sediment TRVs Proposed for BERA (Continued) 

SQGs 


Consensus- Mechanistic- EPA-
Empirical based based Sub- Recommended 
Surface surface Chronic Water TRV 

Chemical of Potential Concerna Units PEC EqP-basedb PEL CSLc JSCS COPC COPC (µg/L) Sourced Koc Sourcee 

Chrysene µg/kg 1,290 626,709 862 460,000 1,290(1) X X 2.042 EPA 2003 306,909 Mean; EPA 1986, Montgomery and Welkom 1990, Duxbury 1988. 


Dibenzo(a,h)anthracene µg/kg - 500,226 135** 33,000 1,300(3) X X 0.2825 EPA 2003 1,770,712 Mean; EPA 1986, Montgomery and Welkom 1990, Duxbury 1988. 


Fluoranthene µg/kg 2,230 1,257,711 2,355 1,200,000 2,230(1) X X 6.16 Tier II 204,174 Duxbury, 1988
 

Fluorene µg/kg 536 3,3707 144** 79,000 536(1) X X 3.9 Tier II 8,643 Mean; EPA 1986, Duxbury 1988. 


Indeno(1,2,3-c,d)pyrene µg/kg - 1,933,716 - 88,000 100(8) X X 0.275 EPA 2003 7,031,694 Mean; EPA 1986, Montgomery and Welkom 1990. 


Naphthalene µg/kg 561 37,126 391** 170,000 561(1) X X 12 Tier II 3,094 Mean; Kenaga 1980, Duxbury 1988. 


PAHs, total µg/kg 22,800 - - - - X X - - - - 


PAHs, total high molecular weight PAHs µg/kg - - - 5,300,000 - X X - - - - 


PAHs, total low molecular weight PAHs µg/kg - - - 780,000 - X X - - - -


Phenanthrene µg/kg 1,170 108,719 515 480,000 1,170(1) X X 6.3 Tier II 17,257 Mean; Kenaga 1980, EPA 1986, Duxbury 1988. 


Pyrene µg/kg 1,520 706,117 875 1,400,000 1,520(1) X X 10.11 EPA 2003 69,843 Mean; EPA 1986, Duxbury 1988. 


Pesticides/PCBs 

40(2) Aldrin µg/kg - 2,727 - - X X 0.3 MacDonald et al. 1999 9,090 Mean; Kenaga 1980, Duxbury 1988. 


Aroclor 1016 µg/kg - 644 - - 530(3) X* X* 0.014 MacDonald et al. 1999 46,000 Lyman et al. 1990 


Aroclor 1254 µg/kg - 37,790 340** - 300(3) X X 0.033 Tier II 1,145,151 Mean; Kenaga 1980, Duxbury 1988. 


Chlordane (cis & trans) µg/kg 17.6 615 8.9 - 17.6(1) X X* 0.0043 AWQC 143,013 Mean; EPA 1986, Montgomery and Welkom 1990. 


28(1)
 

Aroclor 1248 µg/kg - 3,726 - - 1,500(3) X X 0.081 Tier II 46,000 Lyman et al. 1990 


Aroclor 1260 µg/kg - 4,324,022 - - 200(3) X X 94 Tier II 46,000 Lyman et al. 1990 


DDTs, sum of p,p'-DDD and o,p'-DDD µg/kg 28 - - - X X - - - -

DDTs, sum of p,p'-DDE and o,p'-DDE µg/kg 31.3 - - - 31.3(1) X X - - - -

DDTs, sum of p,p'-DDT and o,p'-DDT µg/kg 62.9 - - - 62.9(1) X X - - - -

DDTs, total of 6 isomers µg/kg 572 - 4,450 - - X X 0.001 AWQC - -

Dieldrin µg/kg 61.8 234 6.67 - 61.8(1) X X 0.056 AWQC 4,170 Mean; EPA 1986, Duxbury 1988. 

Endrin µg/kg 207 61 62.4 - 207(1) X X 0.036 AWQC 1,698 Duxbury 1988 
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Portland Harbor BERA Toxicity Reference Values 

Table 5. Sediment TRVs Proposed for BERA (Continued) 

SQGs 


Consensus- Mechanistic- EPA-
Empirical based based Sub- Recommended 
Surface surface Chronic Water TRV 

Chemical of Potential Concerna Units PEC EqP-basedb PEL CSLc JSCS COPC COPC (µg/L) Sourced Koc Sourcee 

10(2) Heptachlor µg/kg - 42 - - X* X 0.0038 AWQC 10,954 Mean; EPA 1986, Duxbury 1988. 

16(1) Heptachlor epoxide µg/kg 16 1 2.74 - X X 0.0038 AWQC 220 EPA 1986 


Hexachlorobenzene µg/kg - 30,646 - 2,300 100(2) X X 3.68 MacDonald et al. 1999 8,328 Mean; EPA 1986, Duxbury 1988. 


Hexachlorocyclohexane-gamma µg/kg 4.99 77 1.38 - 4.99 X X 0.08 DEQ 965 Mean; Kenaga 1980, EPA 1986, Duxbury 1988. 


Hexachlorocyclopentadiene µg/kg - 38 - - 400(9) X* X* 0.008 MacDonald et al. 1999 4,800 EPA 1986 


p,p'-DDD µg/kg - 430 8.51 - - X X 0.001 AWQC 429,779 Mean; EPA 1986, Duxbury 1988. 


p,p'-DDE µg/kg - 807 6.75 - - X X 0.001 AWQC 806,727 Mean; EPA 1986, Duxbury 1988. 


PCBs, total (calc) µg/kg 676 - 277 65,000 676(1) X X 0.014 DEQ 33A and AWQC - -


SVOL 

1,2,4-Trichlorobenzene µg/kg - 1,012,000 - 1,800 9,200(10) X X 110 Tier II 9,200 EPA 1986 

1,2-Dichlorobenzene µg/kg - 23,800 - 2,300 1,700(10) X X 14 Tier II 1,700 EPA 1986 

300(10) 1,3-Dichlorobenzene µg/kg - 120,700 - - X* X* 71 Tier II 1,700 EPA 1986 

300(10) 1,4-Dichlorobenzene µg/kg - 25,500 - 9,000 X X 15 Tier II 1,700 EPA 1986 

2,4-Dimethylphenol µg/kg - 1,156 - 29 - X X* 2.4 MacDonald et al. 1999 482 Lyman et al. 1990 

2-Methylphenol µg/kg - 284 - 63 - X X* 13 Tier II 22 Montgomery and Welkom 1990 

4-Methylphenol µg/kg - - - 670 - X X - - 49 Montgomery and Welkom 1990 

Benzoic acid µg/kg - 704 - 650 - X X 42 Tier II 17 Lyman et al. 1990 

Benzyl alcohol µg/kg - 788 - 73 - X X 8.6 Tier II 92 Lyman et al. 1990 

800(2,5) Bis(2-ethylhexyl)phthalate µg/kg - 300,000 - 78,000 X X 3 Tier II 100,000 Montgomery and Welkom 1990 

Butylbenzyl phthalate µg/kg - 31,278 - 64,000 - X X 3 Tier II 10,426 Lyman et al. 1990 

Carbazole µg/kg - - - - 1,600(5) X X 18.6 Brooke 1991 2,516 Lyman et al. 1990 

600(10) Diethyl phthalate µg/kg - 426 - 110,000 X* 3 Tier II 142 EPA 1986 

Dimethyl phthalate µg/kg - 132 - 53,000 - X* 3 Tier II 44 Kenaga 1980 

Di-N-octyl phthalate µg/kg - 3,323,849 - 4,500,000 - X X 3 Tier II 1,107,950 Lyman et al. 1990 
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Portland Harbor BERA Toxicity Reference Values  

Table 5. Sediment TRVs Proposed for BERA (Continued) 

SQGs 

Consensus- Mechanistic- EPA-Empirical based based Sub- Recommended 
Surface surface Chronic Water TRV 

Chemical of Potential Concerna Units PEC EqP-basedb PEL CSLc JSCS COPC COPC (µg/L) Sourced Koc Sourcee 

Hexachlorobutadiene µg/kg - 37,700 - 6,200 600(9) X X 1.3 Canadian EQG 29,000 EPA 1986 

N-nitrosodiphenylamine µg/kg - 252,313 - 11,000 - X X 210 Tier II 1,201 Lyman et al. 1990 

Pentachlorophenol µg/kg - 103,598 - 690 1,000(9) X X 15 AWQC 6,907 Mean; Kenaga 1980, EPA 1986. 

50(2,5) Phenol µg/kg - 2,489 - 1,200 X X* 110 Tier II 23 Mean; Kenaga 1980, EPA 1986, Duxbury 1988. 

500(10) Tetrachloroethene µg/kg - 30,323 - - X* 98 Tier II 309 Mean; EPA 1986, Abdul et al. 1987. 

Trichloroethene µg/kg - 4,239 - - 2,100(10) X 47 Tier II 90 Mean; EPA 1986, Abdul et al. 1987. 

Dioxins/Furans 

Dibenzofuran µg/kg - 46,580 - 58,000 - X X 3.7 Tier II 12,589 Montgomery and Welkom 1990 

2,3,7,8-TCDD (Dioxin) µg/kg - 39 - - 0.009(2) X X 0.00001 AWQC 3,883,801 Mean; EPA 1986, Montgomery and Welkom 1990. 
a Chemicals of Potential Concern (COPCs) are based on the updated SLERA Sediment Quality Guideline (SQG) screen conducted by EPA (2008a). 
b EqP-based values are expressed on an organic carbon normalized basis. 
c CSL values are expressed on an organic carbon normalized basis for all analytes except all metals, phenol, 2-methylphenol, 4-methylphenol, 2,4,-dimethylphenol, pentachlorophenol, benzyl alcohol, and benzoic acid. 
d Ambient Water Quality Criteria (AWQC) are from EPA (2006a). Tier II are from Suter and Tsao (1996). Oregon Department of Environmental Quality (DEQ) values are from DEQ (2006) Tables 33A or 33b only. PAH mixture values are from EPA (2003). Canadian EQG are from Canadian Water Quality Guidelines updated in 2007 (CCME 2007). 

MacDonald et al. (1999) are from Environment Canada, Georgia Basin Action Plan compendium of environmental quality benchmarks. 
e All Kocs from Lyman et al. 1980 were calculated based on Kow values using the following equation: Log Koc =(0.544 * Log Kow + 1.377). Mean values are average Kocs from the mulitple sources listed. 
* Based on non-detected values exceeding SQG only (i.e. ½ DL > SQG) 
- : Not Available 

PEC:  Consensus-Based Freshwater Probable Effect Concentrations (MacDonald et al. 2000) (FWCONPEC in Query Manager). 


**PEL:  Threshold Effect Level, freshwater (Smith et al. 1996) (PELFW in Query Manager) except values with **, which are from CCME 2002. 


CSL: Washington State Cleanup Screening Levels and Minimum Cleanup Levels (Washington State Department of Ecology 1995) (WA_CSL95 in Query Manager). 


Eq-P based: Equilibrium Partitioning-Based Sediment Benchmarks (EPA 2008b). 


JSCS:  Joint Source Control Strategy (DEQ 2007), Table 3-1 (07/16/07 Revision). 


(1) These values were taken MacDonald DD, Ingersoll C.G., Berger T.A. (2000) Development and Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems. Environmental Contamination and Toxicity 39: 20-31. 
(2) Upper Effects Threshold (UET), Freshwater Sediment (NOAA, 1999). 
(3) Severe effect level, British Columbia, quoted in MacDonald et al. (1999); Appendix 3-1. 
(4) Quoted in MacDonald et al. (1999); Appendix 3-1. 
(5) Lowest Apparent Effects Threshold (LAET), Table 11, WDOE (1997). 
(6) PEL, British Columbia, quoted in MacDonald et al. (1999); Appendix 3-1. 
(7) Values were taken from Table 33c (OAR 340-41), which are Water Quality Guidance Values, not criteria, that can be used in the application of Oregon's Narrative Toxics Criteria to waters of the state in order to protect aquatic life. 
(8) 5x conversion from measured "LOW" to estimated "HIGH", NOAEL to chronic LOAEL per USEPA (1997b). 
(9) New York State acute criterion, quoted in MacDonald et al. (1999); Appendix 3-1. 
(10) USEPA sediment quality advisory level, quoted in MacDonald et al. (1999); Appendix 3-1. 
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Calculation of Aquatic Biota Toxicity Reference Values (TRVs) for Petroleum 
Alkanes, Alkenes, Cycloalkanes, BTEX and PAH Compounds 

Total Petroleum Hydrocarbon (TPH) Mixture TRV Derivation 

We are unaware of any promulgated ecological screening level toxicity reference values 
(TRVs) for total petroleum hydrocarbon mixtures.  The only efforts to date to derive TPH  
TRVs (Michelsen 1997, URS 1996c, Golder Associates 1995) have all utilized a tissue 
residue approach. These three efforts, performed originally for sites in Washington, 
Alaska and British Columbia, respectively, have more similarities than differences in 
their methodologies.  All are limited to some extent by the amount of residue-effects 
literature for individual components of TPH mixtures, and by publicly available 
petroleum mixture toxicity data in the scientific literature.   

The tissue residue approach starts with a critical body residue of a toxicant, then in 
essence runs a bioaccumulation model backwards to calculate the maximum chemical 
concentration in water or sediment which does not result in exceedance of the critical 
body residue (CBR). These maximum media concentrations which do not result in 
exceedance of a CBR are the TRVs used to evaluate ecological risks from media 
concentrations of TPH mixtures.   

The original derivation of ecological TRVs for TPH mixtures was based on State of 
Alaska definitions of three TPH fractions:  gasoline range organics (alkanes, alkenes, 
cycloalkanes and BTEX with a carbon chain length between C6 and C10), diesel range 
organics (C10 to C25) and residual range organics (>C25). Most of this discussion is based 
on the Alaska defined TPH fractions. 

A strength of the TRV derivation methodology discussed in this paper is that the 
procedure is adaptable to any number of defined TPH fractions.  TRVs will also be 
derived herein for State of Oregon’s 12 defined TPH fractions, seven of which are 
aliphatic fractions (C5 to C6, C6 to C8, C8 to C10, C10 to C12, C12 to C16, C16 to C21, and C21 
to C34), five of which are aromatic fractions (C8 to C10, C10 to C12, C12 to C16, C16 to C21, 
and C21 to C34). 

Petroleum alkanes, alkenes and cycloalkanes are considered to elicit their toxicity to 
aquatic life by a mode of toxic action termed narcosis (CONCAWE 2001, Schultz 1997, 
Snyder 1987). Many aromatic compounds in petroleum, such as the BTEX chemicals, 
also elicit toxicity to aquatic life via narcosis.  Short-term PAH toxicity to many aquatic 
species, particularly invertebrates with poor metabolic transformation capabilities for 
organic chemicals, is also due to narcotic toxicity (DiToro et al. 2000).  Narcotic 
chemicals do not have a specific site or organ in the body where they elicit their toxicity.  
Instead, they are believed to elicit their toxic effects after dissolution of the chemical in 
the lipid layer of membranes, resulting in an increased volume fraction of the chemical in 
tissue and disruption of cellular function (Franks and Lieb 1978).  Symptoms of narcotic 
toxicity include decreased nervous system activity, lethargy, loss of equilibrium and 
ultimately death.  Narcotic toxicity is reversible if the environmental concentration of the 



 

 

 

 

 

 

 

chemical is reduced below that required to elicit toxicity.  Narcosis is perhaps better 
known as the mode of toxic action of anaesthetics used in medicine. 

As is the case with nearly all chemicals, narcotic chemicals must first be accumulated in 
the tissues of an aquatic species to a concentration which elicits the toxic response.  
Toxicity does not occur until the chemical concentration in tissues exceeds a critical body 
residue. Critical body residues in a number of aquatic species for a number of narcotic 
chemicals have been measured.  These studies (summarized in McCarty and Mackay 
1993, Van Wezel and Opperhuizen 1995, Escher and Hermens 2002) have observed that 
when expressed on a molar concentration basis, the critical body residue of narcotic 
chemicals associated with mortality is constant within a narrow range centered on 2 - 8 
millimoles per kilogram (mmol/kg) whole body, wet weight.  Limited information is 
available regarding narcotic chemical residues associated with chronic toxicity, defined 
here as any adverse effect other than mortality.  What information is available indicates 
that chronic narcotic toxicity begins to occur at tissue residues approximately an order of 
magnitude lower (0.2 - 0.8 mmol/kg) than the lethal body burden of 2 - 8 mmol/kg.  A 
database of tissue residues associated with adverse toxic effects in aquatic biota (Bridges 
and Lutz 1999, Shephard 1998) contains some information on petroleum alkane residues 
associated with toxicity.  The data indicates that alkane toxicity begins to occur at around 
0.24 mmol/kg, within the range of critical body residues predicted to be associated with 
chronic toxicity. Table 6 provides a summary of the residue-effects literature for alkanes 
and BTEX chemicals in aquatic biota. 

Narcotic toxicity is often referred to as "baseline toxicity", as narcosis corresponds to the 
minimal level of toxicity exerted by any chemical.  Chemicals with specific modes of 
toxic action are more toxic (i.e. require lower body burdens to elicit toxicity) than would 
be expected on the basis of narcotic toxicity. 

The toxicity of mixtures of narcotic chemicals has been found to be strictly concentration 
additive (Deneer et al. 1988, Hermens et al. 1984), implying that the composition of a 
mixture of narcotic chemicals causing toxicity is not important.  Toxicity from a mixture 
of narcotic chemicals, such as petroleum alkanes, alkenes and cycloalkanes occurs when 
the sum of individual chemical molar concentrations of the mixture in tissue exceeds the 
critical body residue. This additivity of individual narcotic chemical toxicity is what 
permits derivation of TRVs for petroleum alkane mixtures, all of whose individual 
components elicit their toxicity via narcosis. 

Starting with a critical body residue of petroleum alkanes (0.24 mmol/kg) believed to be 
a threshold for chronic toxicity, a one compartment first order kinetic (1CFOK) 
toxicological model (Shephard 1998) has been used to predict the concentration of 
alkanes in water required for an aquatic animal to bioconcentrate the critical body residue 
of 0.24 mmol/kg. The approach is based on the concentration of freely dissolved 
chemical in water.  The differential equation form of the 1CFOK model used to calculate 
waterborne chemical concentrations of alkanes that will result in bioconcentration of 0.24 
mmol/kg petroleum alkanes is given in Equation 1. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Equation 1: 

dCa = (k × C ) − (k × C )u W e adt 

where: Ca = chemical concentration in an animal (mg/kg) 
t = time (hours) 
Cw = chemical concentration in water (mg/L) 
ku = chemical uptake rate constant (L/kg/hour) 
ke = chemical elimination rate constant (hour-1) 

If the chemical concentration in water is assumed to be constant, Equation 1 may be 
exactly integrated to yield Equation 2. 

Equation 2: 

k −k t −k tu e eCa = Cw × × (1 − e ) + (Ca (t=0)e )
ke 

where all terms are defined as per Equation 1.  For an animal being modeled, which has 
not been exposed to a chemical at the start of an experiment, Ca(t= 0) equals zero, and the 
last term of Equation 2 drops out of the integrated form of the 1CFOK model.  If it is 
assumed that the animal has been exposed to the chemical in water for a sufficiently long 
period to establish steady state between the chemical concentration in the animal and the 
water, Equation 2 reduces to Equation 3. 

Equation 3: 

k
C = C × u 

a w k
e
 

The term ku / ke in Equation 3 is the bioconcentration factor (BCF) of the chemical into 
the animal from the water, and has units of L/kg.  If the animal accumulated its body 
burden of alkanes from multiple sources (e.g. water and diet), the term ku / ke becomes a 
bioaccumulation factor.  Alkane bioaccumulation factors (Chapman and Connell 1986) 
for a benthic deposit feeding gastropod (Strombus luhuanus) were used to derive 
ecological TRV's for petroleum alkanes in sediment.  For water, reexpressing ku / ke as a 
BCF and rearranging Equation 3 to solve for Cw yields Equation 4, which is the equation 
used to calculate the ecological TRV for alkanes/cycloalkanes in water. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Equation 4: 

C
Cw = a 

BCF 

Bioconcentration factors for petroleum alkanes were derived from the logarithm of the 
octanol-water partition coefficient (log KOW) of individual petroleum compounds.  For 
TRVs which encompass a range of alkane carbon chain lengths, a log KOW for the 
compound at the center of the range was chosen.  Bioconcentration factors and log KOW 
were related to each other using Equation 5, the regression equation used by U.S. EPA in 
the derivation of national ambient water quality criteria (U.S. EPA 1980). 

Equation 5: 

log BCF = (0.85 × log Kow) - 0.70 

Compilations of log KOW values for alkanes, particularly the longer carbon chain length 
alkanes are not readily available.  Alkane log KOW values were derived by combining 
available information from U.S. EPA and the Alaska Department of Environmental 
Conservation (ADEC). The derivation of the Kow values for the various 
alkane/cycloalkane size classes starts with Equation 6, which is the regression used by the 
U.S. Environmental Protection Agency (1993) to convert Kow values to the organic 
carbon-water partition coefficient (KOC) needed to derive sediment quality criteria for 
hydrophobic organic chemicals. 

Equation 6: 

log KOC = 0.00028 + (0.983 × log Kow) 

Where:  KOC = organic carbon - water partition coefficient 

The State of Alaska (ADEC 1996) has derived Equation 7, which relates KOC and carbon 
chain length for petroleum alkanes. 

Equation 7: 

log KOC = (0.45 × NC) + 0.43 

Where:  NC = number of carbons in the alkane (i.e. NC = 8 for octane) 

Substituting Equation 7 into Equation 6 and solving for log KOW yields Equation 8, which 
was used to derive log KOW values for determination of bioconcentration factors 
(Equation 5). 

Equation 8: 



 

 

 

 

 

 

 

 

 
 

 

 

(0.45 × N ) + 0.43
log K = C − 0.00028OW 0.983 

Results of the TRV calculations (Equation 5) are presented in Table 7. 

Some of the petroleum alkane TRVs (Table 7) at first glance appear to represent low 
concentrations in water.  As stated earlier, the toxicological model used to derive the 
TRVs is based on freely dissolved chemical concentrations in water.  Chemicals 
associated with suspended particulates are not available for uptake by biota in the model 
used. To compare the predicted TRVs to the maximum water solubility of the alkane 
fraction, Equation 9 (ADEC 1996) was used to estimate water solubility of petroleum 
alkanes. 

Equation 9: 

log S = 4.5 - (0.55 × NC) 

Where:  S = water solubility, mg/L 

Finally, if it is desired to obtain a single TRV for two or more fractions measured in an 
environmental mixture, knowledge of the weight percent of the total composition of the 
environmental mixture each individual fraction constitutes can be used with Equation 10 
to generate a TRV for multiple fractions. 

Equation 10: 

Using a no adverse effect tissue residue of 0.24 mmol/kg, the narcosis model predicts that 
alkanes with a carbon chain length greater than C16-17 (the actual chain length at which 
this occurs varies with the value of the octanol-water partition coefficient and the log 
KOW – log BCF regression selected as starting points for the calculations) would have to 
exceed their maximum water solubility before any chronic toxicity could be elicited.  As 
the narcotic toxicological model is based on the concentration of freely dissolved alkanes, 
the approach used to derive ecological TRV's does not apply for alkanes with carbon 
chain lengths greater than C16-17. Toxicity of the heavier alkanes to aquatic life in the 
water column requires a supersaturated solution (in essence, an oil sheen, slick or spill) 
before toxicity would be observed. 

In supersaturated solutions, toxicity is more likely to occur from physical toxicity or 
changes in the environment, such as suffocation or habitat degradation.  These processes 
do not result from narcosis, thus, narcosis is not predicted to be the toxic mode of action 
to aquatic biota for alkanes in surface water with a carbon chain length greater than C16-

17. Surface water TRV's therefore have not been calculated for alkane fractions heavier 
than C16, and for aromatic fractions in Oregon with more than 12 carbons, as the narcotic 
mode of toxic action is not responsible for any observed adverse effects of alkanes 
heavier than C16 or aromatics heavier than C12. Any detected concentrations of diesel 



 

 

 

 

 

 

 

range or residual range alkanes in surface waters which are greater than their maximum 
water solubility are assumed to represent either material surface adsorbed on particulate 
matter, which should have limited bioavailability and toxicity to aquatic life, or represent 
free product, which may pose unacceptable risks to aquatic biota.  As the available 
analytical data do not permit a distinction between particulate sorbed and free product 
alkanes, any detected diesel range or residual range organics at concentrations in excess 
of their maximum solubility are assumed to pose potential risks to ecological receptors.  
Unfortunately, the potential for these toxicological risks cannot be quantified given the 
current state of the art.  The potential for risks from supersaturated solutions of diesel 
range and residual range organics will be discussed in the uncertainty section of the risk 
assessment. 

Additional details of the procedures used to derive TRVs for petroleum alkane mixtures 
are provided in Shephard and Webb (1998) and Shephard and McCarty (1997).  Although 
the literature on water and sediment concentrations of petroleum alkanes associated with 
toxicity to aquatic life is limited, the existing data support the TRV derivation 
methodology used in this risk assessment.  Additional support for the utility of the basic 
approach of this TRV development approach is found in Dyer et al. (2000), who found 
that TRVs, although not specifically petroleum alkane TRVs, derived by the 
methodology described herein overpredict adverse effects to field populations of fish.  In 
the initial stages of risk assessment, overprediction of toxicity (i.e. a conservative risk 
assessment) is generally desired. 

Some experimental data are available that illustrates the acute toxicity of gasoline 
mixtures to aquatic species.  Methodological difficulties occur when testing the aquatic 
toxicity of sparingly soluble and volatile chemical mixtures such as petroleum 
hydrocarbons. These include the preparation of testing solutions, and maintaining 
constant concentrations of the test material during the performance of bioassays.  The 
common adage “oil and water don’t mix” is a crude but accurate description of the 
difficulties in preparing test solutions of petroleum mixtures for use in toxicity testing.  A 
chemically more accurate description of the problem is “oil is sparingly soluble in water”.  
Attempting to mix oil and water often results in a two phase system.  A number of 
approaches have been historically used to prepare media for toxicity testing of petroleum 
mixtures, including testing of the two phase system, suspensions of petroleum maintained 
in solution by addition of carrier solvents, studies of water extracts of petroleum added at 
high mass loading rates (water soluble fraction), and removal of the water insoluble phase 
followed by testing of the water phase (water accommodated fraction).  Open static and 
flow through exposure systems both permit volatilization of some petroleum fractions, 
making it difficult to maintain constant exposure concentrations and composition of the 
petroleum mixture. 

Current recommendations for testing the toxicity of petroleum mixtures (CONCAWE 
2001, OECD 2000) call for the use of water accommodated fraction extracts in closed 
systems with no head space, and under flow through or renewal conditions.  Acute 
toxicity studies of water accommodated fractions in sealed containers with no head space 
evaluating mortality of aquatic species have been summarized by CONCAWE (2001).  



 

 

 

 

 

 
 

 

 

 

Results from 7 species found mortality occurring at 2 – 27 mg/L (median 5.9 mg/L).  
Using the tissue residue approach described in this measures of effects section, the acute 
toxicity of gasoline, using octane (C8H18) as the surrogate alkane for the gasoline mixture 
results in an estimated acute toxicity range between 0.95 – 3.8 mg/L, within the lower 
end of the measured gasoline toxicity range. This estimate uses an estimate critical body 
residue of 2 – 8 mmol/kg for octane, with a molecular weight of 114.   

An earlier CONCAWE (1992) literature review, evaluating gasoline toxicity of the water 
soluble fraction in closed containers with no head space, found the acute toxicity range 
for ten aquatic species to be 0.3 – 8.3 mg/L gasoline (median 3.0 mg/L).  The median 
gasoline LC50 from the CONCAWE (1992) review falls within the estimated range of 
gasoline toxicity using the tissue residue approach in this measures of effects section.  
Neither CONCAWE (2001, 1992) study reports information on the chronic toxicity of 
gasoline. However, a literature review of non-closed system toxicity tests with TPH 
mixtures by Tsvetnenko (1998) identified one study (Carr and Reish 1977) that reported 
chronic NOEC values for reproduction of a No. 2 fuel oil on the polychaetes Ctenodrilus 
serratus and Ophryotrocha sp. of 0.397 and 0.301 mg/L, respectively.  These chronic 
NOECs are 3-4 times higher than the calculated gasoline TRVs of 0.114 and 0.101 mg/L 
for use in Alaska and Oregon, respectively. The accuracy of the acute toxicity estimates 
of gasoline using the procedures in this section provide support for the use of the derived 
chronic LOEC TRV for gasoline.  
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Table 2. Calculation of ecological toxicity reference values (TRV's) for petroleum components in water and sediment using a no effect tissue residue approach TRV development methodology. 

Chemical Surrogate Compound 
Molecular 

Weight 

Surrogate 
Carbon 
Content BCF(a) log BCF log Koc(b) log Kow(c) 

---------- Toxic tissue residues --------- Estimated 
maximum water 
solubility (µg/L) 

Water 
TRV(f, i) 

µg/L 

Sediment 
TRV 

mg/kg(g, j) 

Sediment 
TRV 

mg/kg OC(h) 
Acute 

mmol/kg(d) 
LOER(e) 

mmol/kg 
Acute 
mg/kg 

LOER 
mg/kg 

Alaska ecological TPH TRV's 
C6 - C10 (Alaska gasoline range organics) n-Octane 114 8 240 2.38 4.03 4.10 2 0.24 228 27.4 1259 114 12.2 1219 
C10 - C25 (Alaska diesel range organics) n-Heptadecane 240 17 764072 5.88 8.08 8.22 2 0.24 480 57.6 0.014 0.014 90.6 9063 
C25 - C36 (Alaska residual range organics) n-Hentriacontane 437 31 2.1E+11 11.33 14.38 14.63 2 0.24 874 104.9 2.8E-10 NA 1175 117476 
Aliphatics (Oregon definitions) 
C5 - C6 n-Hexane 86.17 6 161 2.21 3.23 3.29 2 0.24 172 20.7 15849 128 2.20 220 
C6 - C8 n-Heptane 100.203 7 447 2.65 3.72 3.78 2 0.24 200 24.0 4467 54 2.80 280 
C8 - C10 n-Nonane 128.257 9 3256 3.51 4.68 4.76 2 0.24 257 30.8 355 9.5 4.52 452 
C10 - C12 n-Undecane 156.31 11 14624 4.17 5.64 5.74 2 0.24 313 37.5 28 2.6 11.3 1127 
C12 - C16 n-Tetradecane 198.4 14 4292 3.63 7.10 7.22 2 0.24 397 47.6 0.63 NA 1389 138874 
C16 - C21 n-Octadecane 254.5 18 41 1.62 9.02 9.18 2 0.24 509 61.1 0.0040 NA NC NC 
C21 - C34 n-Heptacosane 380.75 27 0.00081 -3.09 13.37 13.60 2 0.24 762 91.4 0.000000045 NA NC NC 
Aromatics (Oregon definitions) 
C8 - C10 Ethylbenzene 106.2 8 120 2.08 3.10 3.15 2 0.24 212 25.5 1259 212 2.65 265 
C10 - C12 2-Methylnaphthalene 142.19 11 395 2.60 3.66 3.72 2 0.24 284 34.1 28 NA 3.93 393 
C12 - C16 Phenanthrene 178.24 14 1803 3.26 4.38 4.46 2 0.24 356 42.8 0.63 NA 5.75 575 
C16 - C21 Chrysene 228.3 18 12864 4.11 5.51 5.61 2 0.24 457 54.8 0.0040 NA 13.9 1394 
C21 - C34 Coronene 300.36 24 3783 3.58 7.16 7.28 2 0.24 601 72.1 0.0000020 NA 2732 273241 

a - BCF is the bioconcentration factor, the ratio between a chemical concentration in tissue and water, L/kg 
b - Koc = organic carbon-water partition coefficient 
c - Kow = octanol-water partition coefficientc Kow octanol water partition coefficient 
d - mmol/kg = millimoles/kilogram 
e - LOER = Lowest Observed Effect Residue 
f - TRV = Toxicity Reference Value 
g - Bulk sediment TRV's in this column based on an assumed 1% organic carbon content of sediment 
h - mg/kg OC = mg chemical/kg organic carbon in sediment 
i - NA = Not Applicable, TRV would have to exceed maximum water solubility of these fractions 
j - NC = Not Calculable, calculated TRV exceeds 100% pure surrogate compound 

\\DM_compaq\common\005\Adak Work\Eco Risk Assessment\NMCB\Portland Harbor EcoRA TPH screening values.xls.xls\\DM_compaq\common\005\Adak Work\Eco Risk Assessment\NMCB\Portland Harbor EcoRA TPH screening values.xls.xls 



 
 
                                   
   

 
                           

                                
                               
                           
                          

 
                                       
                                  

                     
 

   
 

   
     
                     

            
 

      
      

 
    

 
                               
   

              
 

       

John Toll 

From: Shephard.Burt@epamail.epa.gov 
Sent: Monday, April 14, 2008 9:47 AM 
To: John Toll 
Cc: Blischke.Eric@epamail.epa.gov 
Subject: Re: Something for the Portland Harbor EcoRA discussions later today 
Attachments: EFFECTS.xls 

John, 

I'm heading over as soon as I hit send on this message, hopefully there isn't too much Dalai 
Lama traffic. 

Attached is a rather sizable spreadsheet which, when combined with the ERED database, gives 
what we have as "the universe" of residue‐effect studies on aquatic life. I'd like to walk 
you through the spreadsheet sometime today, it can be used to generate a bibliography of what 
we have on aquatic biota residue‐effect studies, although many of them aren't suitable for 
TRV development. Which is why I need to walk you through the spreadsheet. 

Also, if Kathy G. is available, maybe the 3 of us can talk for 5 minutes or so on the 
Duwamish FWM. Bruce Duncan will have some follow up on wording of Kathy's letter to us, but 
I can give you the big picture on how to proceed. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

(See attached file: EFFECTS.xls) 
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John Toll 

Subject: BERA issues status 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Burt Shephard/R10/USEPA/US@EPA 
04/29/2008 04:53 cc 
PM "Lisa Saban" 

<lisas@windwardenv.com>, "Keith 
Pine" <kpine@anchorenv.com> 

Subject 
BERA issues status 

Hi Burt. Here’s my current summary of the status of BERA issues (including those that are
 
fully resolved and those that aren’t yet).
 
This is meant to represent what’s been discussed in EPA‐LWG meetings:
 

1. Tissue TRV methodology. You’re working on an outline of
 
the methodology, then we’ll meet to reach an agreement and figure
 
out the schedule and whether we can help you finish the tissue
 
TRVs.
 
2. Other TRVs. There might be instances where we will
 
question particular TRVs (e.g., this morning I asked you about the
 
LOAEL bird TRV for BEHP), but none that rise to the level of
 
dispute issues. We will talk as issues/questions arise.
 
3. Use of the FPM to set SQVs. We’ve agreed to this pending
 
review of the new version of the FPM. We need to nail down the
 
schedule for getting and reviewing that model.
 
4. Pore water risk assessment. We’ve agreed to just screen
 
pore water concentrations against ecoSLs, then talk about the pore
 
water ventilation fraction in the uncertainty section.
 
5. Screening against dissolved criteria. We’ve agreed that
 
we should not screen total metals concentrations against dissolved
 
metals criteria.
 
6. Criteria for interpreting bioassay data (i.e., RSET
 
and/or “Status & Trends”). You’re checking with your national
 
experts on whether they think the RSET criteria are appropriate
 
and we’re pulling together information to demonstrate that using
 
the RSET criteria improves the relationship between sediment
 
chemistry and the biomass response (hit/no hit).
 
7. Issues with applying the WOE framework (i.e., how to
 
account for differences in relative strength of different LOEs,
 
for example, differences in the quality of TRVs should lead to
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different weights on the TRV LOE for different COPCs). We’ve
 
agreed to schedule a technical meeting to work this out.
 
8. Report organization (uncertainty sections). We'll
 
discuss uncertainties when we bring information into the BERA,
 
rather than putting everything into a big uncertainty section at
 
the end.
 
9. Additional analysis. The LWG will perform the work
 
directed in the revised BERA problem formulation as agreed to by
 
EPA and the LWG (to be prepared in early summer 2008) and will
 
also provide additional analysis and evaluation as appropriate for
 
a baseline risk assessment.
 
10. Buried sediment. The managers will decide whether to
 
include an erosion event scenario in the BERA or whether to put it
 
off to the FS.
 

If I left something out or you disagree with my summary please let me know. The only one 
that I think is “written in stone” is #9; that’s the language the mangers agreed to on 
Thursday 4/24. I’ll be in transit to Portland in the morning so please either e‐mail or call 
my cell phone. 
If you agree with the list, I propose that we just run through it in Wednesday’s meeting. 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 
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John Toll 

From: John Toll 
Sent: Monday, May 12, 2008 1:58 PM 
To: Burt Shephard (shephard.burt@epa.gov) 
Subject: SLERA and refined screening flow chart 
Attachments: SLERA & Refined Screen_for external review.ppt 

Hi Burt. You asked me to send you this flow chart electronically and I forgot to do it. Here it is. 

While I’m thinking of it ☺ would you please send the naphthalene LC50 data you got from the folks at Gulf Breeze? 

Thanks in advance, John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119-3958 
(206) 812-5433 
(206) 913-3292 (cell) 
www.windwardenv.com 

The information contained in this e-mail message is intended only for the personal and confidential use of the recipient named above. This message may be an attorney-client communication and as 
such is privileged and confidential. If the reader of this message is not the recipient named above or an agent responsible for delivering it to the intended recipient, the reader is hereby notified that 
this message has been received in error and that any review, dissemination, copying or distribution of this message is strictly prohibited. If you have received this message in error, please notify the 
sender immediately, and delete this message. 
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From: John Toll 
Sent: Monday, May 12, 2008 1:58 PM 
To: Burt Shephard (shephard.burt@epa.gov) 
Subject: SLERA and refined screening flow chart 

Attachment to above e-mail message: SLERA & Refined Screen_for external 
review.ppt. 

Attachment is a flow chart of the refined screen. 



                                             
                                

 
        

                        
             

          
                                  

                                   
                               

                                     
                                    

                                  
                   

 
             

                              
                 

                              
                 

                              
                 

 
                     

                                
                           

                             
                              
                       

 
             

                              
                 

                              
                 

                              
                 

 
                           

                                
                                 
                         

                          
                           
                 

Helle B. Andersen 

From: John Toll 
Sent: Friday, May 23, 2008 2:25 PM 
To: Helle B. Andersen 
Subject: bioassay interpretation and benthic toxicity modeling 

Eric and Burt – Based on the separate conversations I had with the two of you late yesterday, I’ve outlined the plan we 
discussed for interpreting the bioassay data and modeling benthic toxicity in Portland Harbor. Here it is: 

1.	 Interpreting the empirical data 
a.	 Analyze the four bioassay endpoints (Chironomus 10‐day survival, Hyalella 28‐day survival, Chironomus 

10‐day biomass and Hyalella 28‐day biomass) separately 
b.	 Use negative control as reference 
c.	 Use low, medium and high hit thresholds, so each Portland Harbor bioassay station will be classified as 

no hit, low level hit, medium level hit or high level hit, for each of the four endpoints. 
d.	 Use the following hit criteria based on minimum detectable differences from round robin studies. Note 

–the low (SL1), medium (SL2) and high (SL3) hit criteria for the mortality endpoints are the same as what 
has previously been proposed by EPA. Also, the low (SL1) and medium (SL2) hit criteria for all four 
endpoints are the hit criteria that have been selected by RSET. The justification statements for these hit 
criteria are taken straight from RSET criteria selection documentation. 

i. For the Chironomus 28‐day survival endpoint: 
1.	 Low level hit (SL1) = mean test mortality > mean reference mortality + 10% and 

statistical difference between test and reference (alpha = 0.05) 
2.	 Medium level hit (SL2) = mean test mortality > mean reference mortality + 20% and 

statistical difference between test and reference (alpha = 0.05) 
3.	 High level hit (SL3) = mean test mortality > mean reference mortality + 30% and 

statistical difference between test and reference (alpha = 0.05) 

Justification: In ASTM round robin testing, the minimum detectable difference (MDD) 
between the test and control sample ranged from 2 to 12%, with a mean of 8%. 
Therefore, a detectable difference could be observed at levels as low as 15% mortality, 
ranging in the worst case up to about 30% mortality, depending on the performance of 
the control and reference samples, and the degree of variability in the test replicates. In 
practice these numeric thresholds should be observable nearly all of the time. 

ii.	 For the Hyalella 28‐day survival endpoint: 
1.	 Low level hit (SL1) = mean test mortality > mean reference mortality + 10% and 

statistical difference between test and reference (alpha = 0.05) 
2.	 Medium level hit (SL2) = mean test mortality > mean reference mortality + 20% and 

statistical difference between test and reference (alpha = 0.05) 
3.	 High level hit (SL3) = mean test mortality > mean reference mortality + 30% and 

statistical difference between test and reference (alpha = 0.05) 

Justification: In ASTM round robin testing, the MDD between the test and control sample 
ranged from 2 to 20%, with a mean of 8%. Therefore, a detectable difference could be 
observed at levels as low as 15% mortality, ranging in the worst case up to about 50% 
mortality, depending on the performance of the control and reference samples, and the 
degree of variability in the test replicates. In practice these endpoints should be 
observable most of the time, with the MDD at times exceeding the SL1 numeric 
threshold, but not likely exceeding the SL2 numeric threshold. 
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iii.	 For the Chironomus biomass endpoint: 
1.	 Low level hit (SL1) = mean test biomass/mean reference biomass < 0.8 and statistically 

different from the reference (alpha = 0.05) 
2.	 Medium level hit (SL2) = mean test biomass/mean reference biomass < 0.7 and 

statistically different from the reference (alpha = 0.05) 
3.	 High level hit (SL3) = mean test biomass/mean reference biomass < 0.6 and statistically 

different from the reference (alpha = 0.05) 

Justification: The SL1 and SL2 endpoints are based largely on the MDDs reported in 
ASTM round robin studies of the 10‐day Chironomus growth endpoint. The mean MDD 
in weight in round robin studies was approximately 11%, with a range from 5 to 24%. 
The round robin studies suggest that the numeric level corresponding to the SL1 should 
be observable well over half of the time, and the SL2 levels should be observable nearly 
all of the time. The numeric levels chosen span the range of growth rates associated 
with adverse reproductive or physiological effects in the literature. 

iv.	 For the Hyalella biomass endpoint 
1.	 Low level hit (SL1) = mean test biomass/mean reference biomass < 0.75 and statistically 

different from the reference (alpha = 0.05) 
2.	 Medium level hit (SL2) = mean test biomass/mean reference biomass < 0.6 and 

statistically different from the reference (alpha = 0.05) 
3.	 High level hit (SL3) = mean test biomass/mean reference biomass < 0.5 and statistically 

different from the reference (alpha = 0.05) 

Justification: The SL1 and SL2 endpoints are based largely on the MDDs reported in 
ASTM round robin studies of the 28‐day Hyalella growth endpoint. The mean MDD in 
weight in round robin studies was approximately 25%, with a range from 16 to 50%. The 
round robin studies suggest that the numeric level corresponding to the SL1 should be 
observable about half the time, and the numeric level corresponding to the SL2 should be 
observable about 80% of the time. 

e.	 Empirical data presentation: Bioassay interpretation results will be mapped so as to show where no hits, 
low level hits, medium level hits and high level hits occurred for each of the four endpoints. The LWG 
will discuss data presentation details with EPA as needed to ensure that the information is presented in 
a manner that’s useful for risk managers. 

2.	 Benthic toxicity modeling 
a.	 One floating percentile model (FPM) and one logistic regression model (LRM) will be developed by 

pooling the four bioassay endpoints. 
b.	 Data interpretation will be the same for the FPM and LRM so as not to confound differences in 

predictions. 
c.	 A medium (or high) level hit on any one or more of the four endpoints, or low level hits on any two or 

more of the four endpoints, will be classified as a pooled hit. Note: these are the RSET interpretive 
criteria for the pooled endpoint. 

d.	 At bioassay stations, empirical data will be used instead of model predictions of benthic toxicity (i.e., the 
error will be ascribed to the model(s), not to the bioassay results). 

e.	 Presentation of modeling results: FPM predictions of benthic toxicity, LRM predictions of benthic toxicity 
and the empirical results (see 1(e) above) all will be mapped together. The LWG will discuss the details 
with EPA as needed to ensure that the information is presented in a manner that’s useful for risk 
managers. 
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Please let me know at your earliest possible convenience whether you accept this proposal; the bioassay and sediment 
chemistry data are all in and we are anxious to get started on the analysis. 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119-3958 
(206) 812-5433 
(206) 913-3292 (cell) 
www.windwardenv.com 

The information contained in this e-mail message is intended only for the personal and confidential use of the recipient named above. This message may be an attorney-client communication and as 
such is privileged and confidential. If the reader of this message is not the recipient named above or an agent responsible for delivering it to the intended recipient, the reader is hereby notified that 
this message has been received in error and that any review, dissemination, copying or distribution of this message is strictly prohibited. If you have received this message in error, please notify the 
sender immediately, and delete this message. 
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John Toll 

Attachments: Naphthalene records from Gulf Breeze.xls 

-----Original Message----- 
From: Shephard.Burt@epamail.epa.gov [mailto:Shephard.Burt@epamail.epa.gov]  
Sent: Friday, May 30, 2008 11:12 AM 
To: John Toll 
Subject: Naphthalene data 

John, 

Attached are the three naphthalene LC50s from Gulf Breeze used in the Web ICE 
program. They are from the EPA Office of Pesticide Programs (OPP). Unfortunately, 
Gulf Breeze doesn't have the literature citations for them, and my check of AQUIRE 
didn't turn up anything that matched the LC50s.  Maybe they're internal OPP tox tests.  
Our lamprey LC50 is higher than any of these three LC50s. 

(See attached file: Naphthalene records from Gulf Breeze.xls) 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA-095) U.S. Environmental Protection Agency, 
Region 10 1200 6th Avenue Seattle, WA  98101 

Telephone: (206) 553-6359 
Fax:  (206) 553-0119 

e-mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment" 

- Ernest Rutherford 

1 



Naphthalene records from Gulf Breeze.xls 

data source chemical cas species genus family type toxicity (ug/L) dose Reference 
OPP Naphthalene 91203 Daphnia magna Daphnia Daphniidae S 1600 48h EC50 
OPP Naphthalene 91203 Lepomis macrochirus Lepomis Centrarchidae SR 3200 96h LC50 
OPP Naphthalene 91203 Oncorhynchus mykiss Oncorhynchus Salmonidae SR 2000 96h LC50 



 
     
             

       
                   

 
                                    
                                

                                   
      

   
 

           
 

                      
 
 

 
 

                         
                           
             

 
                     

                   
                       

                 
                     

 
                     
               

 
   

 
                   
   
                   
   
                   

   
                     

   
 

       
 

                   
   
                   
   
                   

   

John Toll 

Subject: FW: lamprey risk assessment approach, and sediment toxicity testinterpretation 

From: John Toll 
Sent: Monday, June 09, 2008 8:12 PM 
To: Shephard.Burt@epamail.epa.gov; John Toll 
Subject: Re: lamprey risk assessment approach, and sediment toxicity testinterpretation 

Hi Burt. The 2005 values are of course the RSET SL1 and SL2 values, which we've been saying 
all along are the values we should be using for interpreting the bioassays for the BERA. 
Hopefully this will give us the common ground we need to settle on the RSET SL1 and SL2 
values. John ‐‐‐‐‐Original Message‐‐‐‐‐
From: Shephard.Burt@epamail.epa.gov 

Date: Mon, 9 Jun 2008 17:59:31 
To:johnt@windwardenv.com 
Subject: Re: lamprey risk assessment approach, and sediment toxicity test interpretation 

John, 

I'll have to look at your lamprey approach at home tonight, then get 
back to you early tomorrow before I go off to the Upper Columbia River 
site meetings for the next few days. 

Going through our sediment toxicity test issues, it would appear there 
is some inconsistency between the breakpoints used in the predictive 
models and the breakpoints used in the the March 18, 2005 document 
"Estimating Risks to Benthic Organisms Using Sediment Toxicity Tests. 
This document was conditionally approved by EPA on February 24, 2005. 

The March 18, 2005 document described the following effect levels (all 
of the below also have statistical significance requirements): 

Minor Effects: 

Hyalella mortality ‐ > 10% increase in observed mortality relative to 
negative control 
Hyalella growth <75% reduction in growth (total biomass) relative to 
negative control 
Chironomus mortality > 10% increase in observed mortality relative to 
negative control 
Chrionomus growth < 80% reduction in growth (total biomass) relative to 
negative control 

Moderate or Severe Effects: 

Hyalella mortality ‐ > 25% increase in observed mortality relative to 
negative control 
Hyalella growth <60% reduction in growth (total biomass) relative to 
negative control 
Chironomus mortality > 25% increase in observed mortality relative to 
negative control 
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Chrionomus growth < 70% reduction in growth (total biomass) relative to 
negative control 

The predictive models used the 10 ‐ 20 ‐ 30 approach, and was the source 
of what I put in the February 15, 2008 BERA problem formulation sent to 
LWG. Just to confuse things further, I seem to recall that the Round 2 
report used yet another set of breakpoints, but I'd have to go back to 
the document to see if my recollection is correct, and if it is, what 
the breakpoints were. So it looks like the discussion about what to 
ultimately use in the BERA may have to resolve several conflicting 
interpretive approaches previously used at different points of time in 
the RI process. Aaarrrrrrrrgh! 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) 
U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue 
Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you 
ought to have done a better experiment"

 ‐ Ernest Rutherford 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Burt Shephard/R10/USEPA/US@EPA 
06/09/2008 03:08 
PM 

Subject 
lamprey risk assessment approach 

Hi Burt. I’ve enumerated the elements of the “individual level” lamprey 
risk assessment approach that we discussed on Friday 6/6/08. I’m 
forwarding them to get your concurrence. 

If approved by the LWG Executive Committee, and if EPA confirms that the 
attachment accurately describes what is being required for the 
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“individual level” lamprey risk assessment, then the LWG would agree to 
carry out that assessment and will not invoke dispute resolution. 

This is on the agenda for the LWG Executive Committee to approve on 
Wednesday morning. I’m giving you a preview so that you can tell me 
before it’s too late if there are elements that EPA won’t confirm. 
Would you please review it and reply as soon as possible, hopefully to 
confirm that this is matches your understanding of what you and I agreed 
to on 6/6/08? 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for 
the personal and confidential use of the recipient named above. This 
message may be an attorney‐client communication and as such is 
privileged and confidential. If the reader of this message is not the 
recipient named above or an agent responsible for delivering it to the 
intended recipient, the reader is hereby notified that this message has 
been received in error and that any review, dissemination, copying or 
distribution of this message is strictly prohibited. If you have 
received this message in error, please notify the sender immediately, 
and delete this message. 
(See attached file: lamprey BERA letter Attachment A draft 060908.doc) 
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John Toll 

Subject: FW: Hyalella Growth Maps 
Attachments: HY28GrowthRM810.bmp; HY28GrowthRM24.bmp; HY28GrowthRM46.bmp; 

HY28GrowthRM68.bmp 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Wednesday, June 11, 2008 5:38 PM 
To: John Toll 
Subject: Hyalella Growth Maps 

Attached are the maps. Blue is 90% growth relative to control; Red is 80% growth relative to 
control. 

Eric 

(See attached file: HY28GrowthRM810.bmp)(See attached file: 
HY28GrowthRM24.bmp)(See attached file: HY28GrowthRM46.bmp)(See attached 
file: HY28GrowthRM68.bmp) 
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June 13, 2008 

Mr. Jim McKenna 
Port of Portland & Co-Chairman, Lower Willamette Group 
121 NW Everett 
Portland, Oregon 97209 

Mr. Robert Wyatt 
Northwest Natural & Co-Chairman, Lower Willamette Group 
220 Northwest Second Avenue 
Portland, Oregon 97209 

Re: Portland Harbor Superfund Site; Administrative Order on Consent for Remedial     
Investigation and Feasibility Study; Docket No. CERCLA-10-2001-0240.   
Toxicity Reference Values Methodology – Aquatic Biota Tissue 

Dear Messrs. Wyatt and McKenna: 

On April 11, 2008 EPA provided the recommended Toxicity Reference Values 
(TRVs) for the water, sediment and dietary assessment of fish and wildlife to be used in the Portland 
Harbor baseline ecological risk assessment (BERA).  In that letter EPA advised the LWG that tissue-
residue TRVs were still under development.   EPA has also advised LWG that without a 
compendium of baseline ecological risk assessment aquatic biota tissue TRVs from which tissue 
TRVs for the Portland Harbor BERA can be selected, a TRV derivation methodology or 
hierarchy will have to be defined. The purpose of this letter is to provide EPA’s methodology for 
derivation of aquatic biota tissue TRVs. 

EPA has identified two primary approaches using the existing scientific literature to 
derive baseline ecological risk assessment aquatic biota tissue TRVs as the most appropriate for 
aquatic biota tissue TRV derivation at Portland Harbor.  The two baseline tissue TRV derivation 
approaches EPA is recommending are the Species Sensitivity Distribution (SSD) approach and 
the Lowest Value approach. The attached methodology describes the approaches, presents a 
hierarchy of procedures to be used to develop TRVs, including selection of the specific approach 
to be used depending on data availability, and a list of chemicals for which aquatic biota tissue 
TRVs need to be derived. 



 

 

 
 
 

  
 

 
 
 

 
 
 
 
 

  
  

 
 
 
 
 

 
 
 

           
 
  
 
 
 
 
 
 
 

 

The list of chemicals for which tissue TRVs need to be derived for the BERA is based on 
the tissue sample results available through the completion of the Round 2 data report.  We 
anticipate that TRVs for few, if any additional chemicals will be required after tissue data 
collected as part of the Round 3 sampling events are screened. 

EPA’s desired outcome from the aquatic biota tissue TRV derivation process is to 
develop TRVs that are based on measured tissue residues from various aquatic species that are 
associated with adverse ecological effects or unacceptable ecological risks to the assessment 
endpoints for various categories of ecological receptors at Portland Harbor.  EPA is currently 
using the attached methodology to derive tissue TRVs using the residue-effects information EPA 
and LWG have previously shared with each other.  We will provide you with the numerical 
values of the TRVs and the data that were used to derive the TRVs as soon as the TRV 
derivation is complete. 

If you have any questions, please contact Chip Humphrey at (503) 326-2678 or Eric 
Blischke (503) 326-4006. All legal inquiries should be directed to Lori Cora at (206) 553-1115. 

      Sincerely,

      Chip  Humphrey
      Eric  Blischke
      Remedial Project Managers 

cc: 	 Greg Ulirsch, ATSDR 
Rob Neely, NOAA 
Ted Buerger, US Fish and Wildlife Service 
Preston Sleeger, Department of Interior 

 Jim  Anderson,  DEQ  
Kurt Burkholder, Oregon DOJ 
David Farrer, Oregon Environmental Health Assessment Program 
Rick Keppler, Oregon Department of Fish and Wildlife 
Michael Karnosh, Confederated Tribes of Grand Ronde  
Tom Downey, Confederated Tribes of Siletz  
Audie Huber, Confederated Tribes of Umatilla 
Brian Cunninghame, Confederated Tribes of Warm Springs 
Erin Madden, Nez Perce Tribe 
Rose Longoria, Confederated Tribes of Yakama Nation 



 

 

 
 

 

 
 

Aquatic Biota Tissue TRV Derivation 

Introduction 

Unlike the case where several published sources of screening level aquatic biota tissue 
benchmarks are available (e.g. Dyer et al. 2000, Shephard 1998), EPA is unaware of any 
published source of widely available aquatic biota tissue TRVs for use in baseline ecological risk 
assessments.  This means that the aquatic biota tissue TRVs for the BERA will have to be 
derived from the original residue-effects literature.  The two primary compendia of residue-
effects literature for aquatic species are the Environmental Residue Effects Database (ERED), 
found online at http://el.erdc.usace.army.mil/ered/, and the review by Jarvinen and Ankley 
(1999), most of which was later incorporated into the ERED.  EPA has also shared with the 
LWG an updated (January 2008) version of the residue-effects database described in Shephard 
(1998), which was the original source for most of the literature originally incorporated in the 
ERED. Combined with additional studies identified by LWG and other interested parties during 
the Portland Harbor RI/FS process, these data sources will be used to obtain studies to be used 
during TRV derivation. All of these sources contain primarily whole body residue-effects 
information. 

Without a compendium of baseline ecological risk assessment aquatic biota tissue TRVs from 
which tissue TRVs for the Portland Harbor BERA can be selected, a TRV derivation 
methodology or hierarchy will have to be defined.  The primary purpose of any baseline 
ecological risk assessment at a Superfund site is to determine risks associated with current site 
conditions, and to assist risk management decisions regarding the need for site remediation.  
Given that the tissue TRVs will be used in a baseline ecological risk assessment, EPA believes 
that the TRV derivation methodology must be consistent with EPA’s ecological risk assessment 
paradigm.  A paradigm is a philosophical and theoretical framework of a scientific discipline.  
As such, it differs from a specific protocol or guidance.  The intent of the EPA (1997) ecological 
risk assessment paradigm is to provide a general conceptual framework for organizing problems 
and risk assessment approaches.  Consistency of the tissue TRV derivation methodology with the 
EPA risk assessment paradigm was a major consideration in EPA’s selection of a TRV 
derivation methodology.   

EPA’s desired outcome from the aquatic biota tissue TRV derivation process is to develop TRVs 
that are based on measured tissue residues from various aquatic species that are associated with 
adverse ecological effects or unacceptable ecological risks to the assessment endpoints for 
various categories of ecological receptors at Portland Harbor.  This is consistent with EPA 
(1997) ecological risk assessment guidance, which calls for BERA risk characterizations to 
identify thresholds for effects on the assessment endpoints as a range between contamination 
levels identified as posing no ecological risk and the lowest contamination levels identified as 
likely to produce adverse ecological effects.  To meet this goal, the tissue TRVs to be derived for 
the BERA will be LOER (lowest observed effect residue) based, and thus will likely be higher 
than the screening level benchmarks used in the SLERA. 

Derivation Methodologies for Aquatic Biota Tissue TRVs 



 

 
 
 

 

 

 

 
 

 
 
 

 

 

EPA has identified two primary approaches using the existing scientific literature to derive 
baseline ecological risk assessment aquatic biota tissue TRVs.  Although other approaches may 
be available, EPA suggests that the following two approaches are the most appropriate for 
aquatic biota tissue TRV derivation at Portland Harbor.  These were selected based on increasing 
data availability, complexity of calculation, TRV reliability, consistency with the ecological risk 
assessment paradigm, and ecological realism. Therefore, the two baseline tissue TRV derivation 
approaches EPA is recommending are: 

1. Lowest Value Approach 
2. Species Sensitivity Distribution (SSD) approach. 

Both of these methodologies will be used to derive tissue TRVs for the Portland Harbor BERA.  
The strengths, weaknesses and application of these two tissue TRV derivation approaches in the 
BERA are discussed in the following section. Given that there are no available compendia of 
aquatic biota tissue TRVs for use in baseline ecological risk assessments for Superfund, EPA 
believes an extended discussion of both methodologies is necessary to justify the hierarchy of 
TRV derivation methods presented at the end of this section. 

Lowest Value Approach 

The lowest value approach evaluates all available toxicity data for a contaminant.  After the data 
are compiled, the lowest relevant toxicity value (i.e. the lowest residue-effects LOER [lowest 
observed effect residue] concentration) is selected as the TRV. So long as the LOER is based on 
an acceptable endpoint for an appropriate species, no further adjustments to the value may be 
required. However, the LOER may also have to be divided by one or more uncertainty factors to 
obtain the final TRV. Although many types of uncertainty factors can be considered, the factors 
applied to the literature-based LOER generally fall into one of three broad categories: 

• Acute to chronic adjustment 
• Interspecies extrapolation 
• Laboratory to field extrapolation 

Most residue-effects literature associates a measured residue with reductions in survival using 
acute (i.e., short-term) exposure periods.  Although survival is part of most assessment endpoints 
in the Portland Harbor BERA, TRVs are often based on reproduction and growth to ensure they 
are appropriately protective of the most sensitive portion of the assessment endpoint.  An 
uncertainty factor can thus be applied to a literature-based mortality LOER to convert an acute 
mortality LOER into a LOER or NOER for effects on reproduction and growth.  This acute to 
chronic uncertainty factor (more commonly called an acute-chronic ratio or ACR) is applied 
because concentrations required to elicit acute mortality are generally higher than the 
concentrations that reduce growth and/or reproduction. 

Unless a species specific acute to chronic ratio is available for residues in the particular study 
under review, a default acute to chronic ratio is required for TRV derivation.  The default acute 
to chronic ratio for use in the Portland Harbor BERA tissue TRV derivation will be 8.3, based on 
Aquatic Biota Tissue TRV Derivation 
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the study of Raimondo et al. (2007).  The Raimondo et al. (2007) study is the geometric mean 
acute-chronic ratio of 456 same-species pairs of acute and maximum acceptable toxicant 
concentrations for metals, narcotics, pesticides, and other organic chemicals.  The default 8.3 
acute to chronic ratio (uncertainty factor) will only be applied to LOER values for which 
mortality was the measured toxicological endpoint.  All mortality LOERs will be divided by 8.3 
before further use in tissue TRV derivation. 

This uncertainty factor is, strictly speaking, most appropriate for use with acute (i.e., relatively 
short study exposure times) mortality as opposed to chronic (i.e., relatively long study exposure 
times) mortality. However, most of the tissue toxicity literature studies in which mortality was 
measured used acute exposure periods, using as the definition of acute an exposure duration less 
than 10% of the lifespan of the test organism (Rand 1980). The 8.3 uncertainty factor will be 
applied to all mortality LOERs. 

Interspecies extrapolations and laboratory to field uncertainty factor both account for the 
assumption that laboratory studies underestimate adverse effect concentrations in the field.  
Reasons for applying an interspecies uncertainty factor include the life stage tested in the 
laboratory may be less sensitive than another life stage; laboratory test species are often selected 
because of their ease of handling and culture in the laboratory, and are not representative of the 
taxonomic diversity found in the field; and concerns that commonly uses laboratory test species 
may be more tolerant to contamination than are other species. Concerns regarding the use of 
interspecies extrapolation and laboratory to field uncertainty factors include the possibility that 
laboratory species and/or test conditions overestimate toxicity under field exposure conditions.  
Since the objective of tissue TRV derivation for the BERA is to derive a LOER based TRV, 
interspecies extrapolation and laboratory to field uncertainty factors will not be used during the 
derivation of Portland Harbor BERA tissue TRVs. 

Concerns regarding the scientific basis and validity of the uncertainty factors include the 
magnitude of the factors, and whether or not the approach is consistent with the risk assessment 
paradigm.  Specific criticisms include the often arbitrary nature of uncertainty factors, their 
largely empirical nature, and their lack of a theoretical scientific basis (Chapman et al. 1998, 
Rand et al. 1995, Calabrese and Baldwin 1993).  The absence of universally accepted values for 
uncertainty factors (Calabrese and Baldwin 1993) confirms their often arbitrary nature.   

As described herein, the lowest value approach ignores all data except the lowest effect 
concentration (i.e. the most conservative or worst case approach).  This type of approach is more 
appropriate for a screening level benchmark as opposed to a baseline ecological risk assessment 
TRV. Ideally, a TRV used within a BERA is developed from multiple acceptable studies, which 
if desired permits estimation of the probability of risk or the probability of an adverse 
toxicological effect at a given exposure concentration.  Ultimately, uncertainty factors applied to 
TRV derivation are used to address a lack of knowledge regarding the toxicity of a chemical.  
Use of the lowest value approach would require that, in addition to agreement on the toxicity 
value and study used to derive the TRV, agreement would have to be reached on the values of 
the uncertainty factors to be applied during BERA TRV development.   
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Given the amount of residue-effects literature available describing the effects of many 
bioaccumulated chemicals to aquatic life, EPA believes better approaches are available to derive 
aquatic biota tissue TRVs for the Portland Harbor BERA than the use of the lowest value 
approach. However, for chemicals with an insufficient amount of residue-effects literature to 
permit TRV derivation by other methods described in this section, EPA will use the lowest value 
approach as the last (lowest) rung on the hierarchy of TRV development methods acceptable for 
use in the Portland Harbor BERA. 

The strengths and weaknesses of the lowest value approach to aquatic biota tissue TRV 
derivation are as follows: 

•	 Strengths 
o	 Simplicity of use 
o	 Ease of understanding 
o	 Minimal data requirements - as little as one toxicity value needed to derive a TRV 
o	 Uncertainty factors, if needed, become larger as toxicity data become more 

unreliable or uncertain, or if fewer studies are available 
o	 The magnitude of the uncertainty factor, if needed, can be changed as new 

toxicological information becomes available 

•	 Weaknesses 
o	 Largely empirical, no theoretical basis 
o	 Questions regarding the validity of acute to chronic ratios 
o	 Questions regarding the magnitude of the acute to chronic ratio 
o	 Not fully consistent with the risk assessment paradigm 
o	 Lack of transparency – the lowest value approach does not provide a consistent 

degree of protection to ecological receptors, and thus does not permit informed 
discussions between risk managers and other interested parties regarding the level 
of protection occurring 

The specifics of the lowest value approach as applied to BERA tissue TRV derivation for 
Portland Harbor are presented in the aquatic biota tissue TRV derivation methodology presented 
later in this section. 

Species Sensitivity Distribution (SSD) Approach 

A species sensitivity distribution is a statistical model which calculates a chemical concentration 
protective of a predetermined proportion or percentage of a group of species from a defined 
adverse toxicological effect. In theory, SSDs are intended to provide an indication of both the 
total range and distribution of species sensitivities in natural communities, even when the actual 
range of sensitivities is unknown (Stephan 2002). In practice, SSDs are most commonly 
presented as a cumulative distribution function (CDF) of the toxicity of a chemical to a group of 
laboratory test species. Perhaps the best known application of SSDs to develop TRVs for 
ecological risk assessment is their use to derive EPA’s ambient water quality criteria (AWQC) 
for the protection of aquatic life (Stephan et al., 1985). 
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The general approach to derive a SSD is to obtain the toxicity data for a number of species.  In 
instances where multiple studies have evaluated the same toxicological endpoint on the same 
species, the data must undergo some preprocessing before it is incorporated into the SSD.  
Preprocessing procedures to be applied to TRV development for Portland Harbor will be given 
later in this section. 

Several statistical models have been used to fit toxicity data to species sensitivity distributions.  
These include log-triangular distributions (Stephan et al. 1985), log-logistic distributions 
(Aldenberg and Slob 1993), lognormal distributions (Wagner and Lokke 1991) and Burr Type III 
distributions (Shao 2000). There is no known theoretical reason why a SSD for any given data 
set should conform to a specific statistical distribution. For example, most new approaches for 
water quality criteria derivation outside of the U.S. select specific SSD derivation models based 
on which best fit the underlying data distribution from a statistical point of view. 

The largest single difference between the various published approaches to deriving SSDs is the 
statistical distribution fit to the toxicity data.  In general, development of an SSD from toxicity 
data is as follows: 

Each data point within an SSD is given equal weighting, i.e. no single study carries more weight 
within the SSD than does any other study. The SSD is calculated from a cumulative distribution 
frequency of the species sensitivity to contaminant data by ranking the effect concentration for 
each species from lowest to highest.  The cumulative frequency value for each data point is 
calculated from Equation 1: 

Equation 1: 

⎛ 100 ⎞Cumulative frequency = Rank × ⎜⎜ ⎟⎟ n +1⎝ ⎠ 

Where: 
n = number of data points used to develop the SSD 

The cumulative frequency value (sometimes termed the potentially affected fraction of species) 
of each data point is then plotted against the effect concentration that represents the sensitivity of 
that species to the contaminant, yielding the typically S-shaped species sensitivity distribution 
plot with effect concentrations on the x-axis and the cumulative frequency values plotted on the 
y-axis. 

Regardless of the statistical distribution used to fit the SSD (e.g. log-logistic, lognormal, etc.), 
the equation describing the distribution is known.  This knowledge permits calculation of the 
concentration protective of any selected proportion of species.  The level of protection selected is 
not a technical or statistical decision, instead, it is ultimately a management decision.  The two 
most commonly used protection percentiles are protection of 95% of all tested species (e.g. 
Stephan et al. 1985) and 90% of all tested species (e.g. Meador et al. 2002).  To afford protection 
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to these proportion of species, the TRV derived from the SSD is set at either the 5th or 10th 

percentile of the adverse effect concentrations. 

All species sensitivity distributions make a series of assumptions, both statistical and biological.  
Statistical assumptions generally entail the suitability of the distribution used to fit the SSD, and 
the number of samples within the SSD, which relates to the reliability and stability of the TRV 
derived from the SSD. This is particularly true of TRVs selected from a tail of the SSD, where 
the TRV is lower than all but 5% or 10% of the effects data.  Biological assumptions about the 
SSD approach include:  whether communities and ecosystems are sufficiently protected by an 
SSD-derived TRV intended to protect a defined proportion of species within the community or 
ecosystem; whether a SSD based on laboratory generated toxicity data yields the same 
distribution of species sensitivity observed in field situations (i.e. the species incorporated into 
the SSD are representative of the sensitivities of all species); and whether TRVs derived from 
SSDs are inherently protective of communities and ecosystems.  As described in detail in 
Posthuma et al. (2002), many of the statistical and biological questions regarding the use of 
SSDs have been satisfactorily answered to the point where SSDs have been used by a number of 
regulatory agencies in North America (both the U.S. and Canada), Europe, Asia and Australia to 
derive environmental quality guidelines. 

Within the context of aquatic biota tissue TRV derivation for Portland Harbor, perhaps the two 
most critical decisions are the minimum number of data points to be used during SSD 
development, and the level of protection provided by the TRV.  The previously published tissue 
residue benchmarks used for screening in ecological risk assessments (e.g. Dyer et al. 2000, 
Meador et al. 2002) were derived using whole body lowest observed effect residue (LOER) data, 
which is the same adverse effect residue data that will be used to derive the Portland Harbor 
BERA TRVs. The minimum number of samples used to derive an SSD for use in regulatory 
programs has varied from four (Netherlands environmental risk limits), five (Australia and New 
Zealand water quality guidelines), eight (USEPA ambient water quality criteria) or 10 (European 
Union water quality guidelines).  Several investigations of the number of data points needed to 
derive TRVs from SSDs have been performed, including Wheeler et al. 2002, Newman et al. 
2000, and Roman et al. 1999.  Both Wheeler et al. 2002 and Newman et al. 2000 indicated that 
relatively sizable data sets (between 10 and 55 data points, depending on the distribution and 
spread of the data) were required for a highly protective percentile TRV to be stable irregardless 
of the data set from which the SSD was developed.   

Roman et al. (1999) concluded that with fewer than five data points, the lowest value approach 
(termed the assessment factor approach in their paper) is more precise than the SSD approach, 
but that increasingly lower TRVs may be generated from the lowest value approach as the 
number of toxicity studies increases.  With five or more data points, the SSD approach for 
generating TRVs is more consistent with the risk assessment paradigm, as it yields a stable value 
for the TRV with increasing confidence in the reliability and protectiveness of the TRV as the 
amount of toxicity data used to develop the SSD increases.  The protectiveness of the SSD 
approach in deriving TRVs has been validated by studies such as Okkerman et al. (1993), who 
evaluated toxicity based on studies with multiple species exposed to organic chemicals. 
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Based on a consideration of the literature describing the minimum number of data points 
required to derive an SSD, EPA recommends that a minimum of five data points be used to 
derive aquatic biota tissue TRVs for chemicals in the Portland Harbor BERA.  Furthermore, EPA 
will set the level of protection of the tissue TRVs at the 5th percentile for target aquatic 
ecological receptors to be evaluated at the organism level (i.e., these TRVs would be use both for 
juvenile salmonids and Pacific lamprey ammocoetes), and at the 10th percentile for all other 
aquatic biota tissue measurement endpoints which are evaluated at the population level. 

The selection of these two percentiles is based on several precedents in the field of 
ecotoxicology.  Most applicable to tissue TRV derivation may be the approach of Meador et al. 
(2002), who developed a species sensitivity distribution for PCB tissue residues which, if not 
exceeded in juvenile salmonids, are likely protective of ESA listed species from any adverse 
effects that may jeopardize the population’s ability to recover and increase to sustainable levels.  
This was defined by Meador et al. (2002) as a residue protective against adverse effects on the 
ability of individual salmon to grow and mature normally.  Meador et al. (2002) concluded that a 
low percentile of all listed residue-effect studies was an appropriate benchmark for protecting 
individual juvenile salmonids from sublethal effects that could decrease their long term survival.  
The PCB residue considered protective against biological effects in migrating juvenile salmonids 
was chosen as the 10th percentile of the 15 residue-effect concentrations identified by Meador et 
al. (2002). 

The approach used by Meador et al. (2002) of calculating a TRV from a low percentile of a 
series of rank-ordered residue-effect concentrations is similar to the approach used by EPA 
(Stephan et al. 1985) to derive ambient water quality criteria.  EPA’s criterion maximum 
concentration (CMC, commonly called the acute criterion) is derived from the 5th percentile of 
an SSD for aquatic genera generated from acute toxicity data.  Similarly, the criterion continuous 
concentration (CCC, commonly called the chronic criterion), can be derived from the 5th 

percentile of an SSD for aquatic genera derived from chronic toxicity data.  More often, the CCC 
is calculated as the final acute value divided by the final acute-chronic ratio (ACR).  The final 
ACR is based upon chronic values calculated from maximum acceptable toxicant concentrations 
(MATC) for at least three different species.  The MATC is generally considered an estimate of a 
toxic threshold concentration within the range bounded by a NOEC and a LOEC, and is often 
considered the highest safe or no effect concentration (Cooney 1995).   

ESA listed aquatic species as a group are generally not believed to be more sensitive to 
chemicals than aquatic species as a whole (Dwyer et al. 2005, Sappington et al. 2001, Dwyer et 
al. 1999). Based on measured toxicity data with threatened and endangered aquatic species, 
water quality criteria derived from the 5th percentile of an SSD are therefore generally protective 
of ESA listed species. In order to further ensure that the 5th percentile of an SSD are protective 
of ESA and other species to be evaluated at the individual organism level, a final check of the 
derived TRV will be performed. 

The SSD approach has the advantage of previous use by EPA and other regulatory agencies 
during the development of ecological risk assessment TRVs (e.g. water quality criteria).  It also 
has advantages over the lowest value approach in that the SSD approach uses more information 
from multiple studies to derive a TRV, has an explicitly defined level of protection, has well 
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developed statistical and computational procedures available, and has been validated to some 
extent as being protective of ecological receptors.   

The strengths and weaknesses of the species sensitivity distribution approach to aquatic biota 
tissue TRV derivation are as follows: 

•	 Strengths 
o	 Use toxicity data from all species for which data are available, consistent with the 

risk assessment paradigm 
o	 Based on sound statistical procedures, assuming the underlying assumptions of 

the method are met 
o	 Flexible, applicable to both risk assessment and risk management 
o	 Can be derived from any toxicological effect (e.g. survival, reproduction, etc.) or 

endpoint (e.g. LC50, EC20, LOEC, NOEC etc.) 
o	 Allow any level of protection desired to be selected except for 0% and 100% 
o	 Approach is transparent, and allows informed discussions to take place regarding 

the desired level of protection 
o	 Can be used in backwards calculations to estimate the level of protection when 

the contaminant occurs at a specified concentration in the environment 
o	 Some statistical and biological attributes of the approach have been validated 

•	 Weaknesses 
o	 Minimum data requirements more extensive than other TRV derivation 

approaches, may limit the number of chemicals for which TRVs can be developed 
o	 More complex mathematical derivation of TRVs than other approaches 
o	 Statistical assumptions of SSD derivation may be violated 
o	 Communities and ecosystems may not be sufficiently protected based on an SSD 

protecting a given percentage of the species within the community or ecosystem 

Minimum Data Requirements,  Data Preprocessing and Inclusion Procedures for Aquatic 
Biota Tissue TRV Development 

Not all of the available residue-effects literature contains data suitable for deriving a TRV for use 
in the Portland Harbor BERA.  The selection of studies suitable for TRV derivation generally 
followed the procedures described in the LWG (2004) Technical Memorandum: Provisional 
Toxicity Reference Value Selection for the Portland Harbor Preliminary Ecological Risk 
Assessment. The primary requirement is to use studies in which measured whole body residue 
concentrations are reported to be associated with relevant effect endpoints, defined as effects on 
survival, reproduction, growth and behavior (LWG 2004).  Residues in all life stages of aquatic 
species, including eggs, are considered. Various exposure routes are considered:  dietary, 
waterborne, and maternal transfer to eggs.  Injection and gavage studies were also considered 
during TRV derivation in LWG (2004).  For the Portland Harbor BERA, injection and gavage 
are not considered to be ecologically relevant exposure pathways, as they are not identified as 
exposure pathways in the BERA conceptual site model, and will not be used to derive TRVs for 
the BERA. 
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Several specific data preprocessing questions have arisen during the development of the aquatic 
biota tissue TRV derivation process.  Three specific questions addressed in this section are: 

1.	 How to handle the situation where multiple toxicological endpoint LOERs are available 
for a single species (e.g. both survival and growth LOERs are available for rainbow trout 
exposed to PCBs)? 

2.	 How to handle the situation where multiple LOERs are available for a single 
toxicological endpoint for a single species (e.g. three survival LOERs are available for 
rainbow trout exposed to PCBs)? 

3.	 How to ensure that survival LOERs do not elevate the TRV so that it is no longer 
protective of the assessment endpoint of survival, reproduction and growth as evaluated 
with measurement endpoint data from multiple species? 

Multiple toxicological endpoint LOERs for a single species:  Assessment endpoints identified 
in the Portland Harbor BERA problem formulation are intended to be protective of survival, 
reproduction and growth of multiple aquatic biota groups.  The most commonly measured 
adverse effect of bioaccumulated chemicals in aquatic species is mortality.  Lethal body burdens 
of contaminants are generally higher than residues associated with adverse effects on 
reproduction or growth. Therefore, an SSD based on residue-effects data protective of all three 
toxic effects identified in the BERA assessment endpoints run the risk of being underprotective 
of reproductive and growth effects if the SSD is based largely on mortality data.  To derive SSDs 
based only on reproduction and growth data runs the risk of severely limiting the number of 
tissue TRVs that can be derived, due to the relative lack of residue-effects data for reproductive 
and growth endpoints compared to the amount of data available from lethality studies. 

The normal procedure used to derive a TRV from a SSD is to take the geometric mean of 
multiple toxicity studies available for a single species, then use the calculated geometric mean as 
the toxicity value within the SSD for that species.  However, it does not appear reasonable to 
calculate a mean of mortality, reproductive and growth LOERs to obtain the toxicity value for a 
given species. 

The approach to handling multiple toxicological endpoint LOERs for the same species will be to 
incorporate the lowest LOER of the available endpoints for each species into the final SSD.  This 
approach will result in each species accounting for only one data point within the SSD for a 
given chemical.  Data preprocessing methods for deriving the toxicity value for a given 
toxicological endpoint for a given species from multiple LOERs, and incorporation of survival 
data into mixed toxicological endpoint SSDs will be presented in the next two sections. 

Multiple LOERs for a single toxicological endpoint for a single species:  A situation often 
encountered is where multiple LOERs are available from different studies with the same species 
for the same toxicological endpoint (e.g. three LOERs are available for PCB residues affecting 
Daphnia pulex fecundity). A commonly employed approach to address this situation is to 
calculate the geometric mean of the multiple studies, then use the calculated geometric mean as 
the toxicity value for that species and endpoint within the SSD.  This is the approach used by 
EPA during its derivation of AWQC when multiple studies of the same adverse effect are 
available for a species (e.g. species mean acute value), or for different species of the same genera 
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(e.g. genus mean acute value).  For aquatic biota tissue TRV derivations for the Portland Harbor 
BERA, the geometric mean of multiple studies of a given species within the same toxicological 
endpoint will be used as the toxicity value incorporated into the SSD for that species and 
endpoint. 

Processing of mortality LOERs:  A TRV based largely or completely on mortality LOERs may 
not be protective of reproduction or growth.  To ensure that the aquatic biota tissue TRVs for the 
Portland Harbor BERA are protective of all environmental attributes within the BERA 
assessment endpoints (i.e. survival, reproduction and growth), an uncertainty factor will be 
applied to the mortality LOERs before the mortality LOERs are further preprocessed and 
subsequently incorporated into an SSD. 

Once the mortality LOER values are obtained, each mortality LOER is divided by an uncertainty 
factor of 8.3 to calculate the toxicity value for each species.  The value of 8.3 is the mean acute-
chronic ratio of 456 same-species pairs of acute and maximum acceptable toxicant 
concentrations for metals, narcotics, pesticides, and other organic chemicals as calculated by 
Raimondo et al. (2007).  Within the BERA tissue TRV derivation, the factor of 8.3 is intended to 
convert the LRX concentration (LRx = lethal residue to x percent of the study organisms) to an 
“LRLOW” value, expected to be an LR<1 to 10 that should result in little or no toxicity to the test 
species. A LRx based on unadjusted LRx mortality values without the 8.3 adjustment factor 
would be an underprotective criterion that potentially elicits toxicity to an unacceptably high 
proportion of the individuals of the test species.  Similarly, a tissue TRV based on LOERs lethal 
to a substantial portion of the test organisms within a study would not be protective of the 
survival, reproduction and growth assessment endpoints within the Portland Harbor BERA.  The 
8.3 acute-chronic ratio identified by Raimondo et al. (2007) as the mean ACR of over 400 
aquatic toxicity studies will be used as the uncertainty factor to be applied to all residues 
associated with mortality used to generate tissue TRVs. 

Review Process:  Once the TRVs have been derived, a final review should be made.  The 
purpose of the review is to check the accuracy of the calculations, and to ensure the desired 
protectiveness of the TRVs has been attained for all receptor species.  If the derived TRV is 
higher than an adverse effect residue from the literature for a target ecological receptor being 
assessed, the TRV should be reevaluated and revised downward if necessary for protection of the 
target receptor. This process is analogous to the “final checks” step in derivation of AWQC 
(Stephan et al. 1985) in which the SSD-based final acute or chronic values are compared to 
individual studies to see if the calculated values might have to be lowered to protect this 
individual species. This evaluation is particularly important for receptor species to be evaluated 
at the organism level. If the derived TRV is higher than an adverse effect residue from the 
literature for a target ecological receptor being assessed at the organism level, the TRV will be 
reevaluated and revised downward if necessary for protection of the target receptor.  In 
particular, the available salmonid residue-effects data will be evaluated closely to ensure 
organism-level TRVs based on SSDs are adequately protective.     
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Aquatic Biota Tissue TRV Derivation Procedure for the Portland Harbor BERA 

Studies excluded from use in deriving aquatic biota tissue TRVs in the BERA include the 
following: 

•	 Endpoints were not related to effects on survival, reproduction, growth or fish behavior 
•	 Biota were exposed to mixtures in the laboratory.  Exceptions to this are certain mixtures 

of related chemicals such as PCB Aroclors, Clophens or other PCB mixtures; mixtures of 
DDT and its metabolites DDD and DDE; or mixtures of chemicals such as dioxins, 
furans and certain PCB congeners with dioxin-like (i.e. 2,3,7,8-TCDD) mechanisms of 
action where the toxicity can be expressed as toxic equivalency factors relative to the 
toxicity of 2,3,7,8-TCDD. 

•	 Studies where biota were exposed to chemicals in the field.  This is because effects 
observed in field studies generally cannot be associated with a specific chemical 

The specific requirements and toxicity data preprocessing approaches to be used during the 
derivation of SSD-based aquatic biota tissue TRVs for use in the Portland Harbor BERA are 
presented below. Most of these requirements are also appropriate for use with the lowest value 
approach to deriving TRVs. 

If the sample size is ≥5, the SSD approach will be used and if the sample size is <5 the 
lowest value approach will be used1. 

•	 TRVs to be based on lowest observed effect residue (LOER) data affecting survival, 
reproduction, growth or (for fish only) behaviors that can be linked reliably to survival, 
reproduction, or growth 

•	 All LOERs have equal weight in the SSD (i.e. no one adverse effect such as reproduction 
is weighted more heavily than any other adverse effect) 

•	 LOERs must be measured, not modeled or predicted.   
o	 LOERs reported in a companion study to the citation reporting adverse effects, 

but not in the original effects study are acceptable for use 
o	 LOERs described in terms of a measured bioconcentration or bioaccumulation 

factor from a water or dietary exposure concentration or dose are acceptable once 
converted into the equivalent measured residue value 

•	 Minimum of five toxicity data points required to derive a TRV from an SSD 
•	 10th percentile of the LOER SSD to be used as the TRV for measurement endpoints 

evaluated at a population or community level of biological organization 
•	 5th percentile of the LOER SSD to be used as the TRV for measurement endpoints 

evaluated at the organism level (i.e., these TRVs would be applied to both juvenile 
salmonids, and lamprey ammocoetes) 

•	 Growth and reproduction LOERs to be weighted equally, as reported from the literature, 
without application of any uncertainty factors 

1 Sample size refers to the number of species with tissue-based toxicity data available that meet the requirements 
outlined above, not the total number of individual toxicity data points.  As the intent of the SSD approach is to have 
only one data point for each species in each chemical SSD, the approach is a true SSD approach. 
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•	 Studies where control group data are available for comparison to treatment groups are 
preferred, but is not an absolute requirement for a study which reports only effects 
residues to be incorporated into an SSD.  Studies without control groups should be noted 
in the data tables listing all studies used in TRV derivation. 

•	 Studies where both adverse effect residues and the magnitude of the observed effect are 
statistically significantly elevated above controls are preferred, but is not an absolute 
requirement for a study to be incorporated into an SSD.  Studies without statistical 
significance reported should be noted in the data tables listing all studies used in TRV 
derivation. 

•	 LOER residues for mortality will be divided by an uncertainty factor of 8.3 (Raimondo et 
al. 2007) to convert lethal residues to residues where lethality is indistinguishable from 
acceptable control mortality, then weighted equally with the growth and reproduction 
LOERs, without application of any other uncertainty factors. Use of this default 
uncertainty factor will be used for all survival LOERs unless sufficient data exist to 
estimate chemical specific acute-chronic ratios. 

•	 Literature citation must be the primary source of the toxicity data  
•	 Species must be reported 
•	 Exposure to a single contaminant only in a laboratory setting 

o	 Exceptions to this requirement will be made for chemicals commonly evaluated 
as a single chemical even though they are mixtures (e.g. PCB Aroclors or 
Clophens; chlordane; toxaphene, DDT and its metabolic transformation products 
DDD and DDE, which can be reported as total DDTs; dioxins, furans and certain 
PCB congeners with dioxin-like (i.e. 2,3,7,8-TCDD) mechanisms of action where 
the toxicity can be expressed as toxic equivalency factors relative to the toxicity 
of 2,3,7,8-TCDD 

•	 Individual literature citations must report information on a minimum of two exposures 
concentrations or doses: one control and at least one contaminant exposure 

•	 EPA prefers the TRVs to be presented in units of mg/kg (or µg/g), whole body wet 
weight.  Dry weight TRVs are acceptable as long as it is clearly stated whether the units 
are in terms of wet or dry weight.  A majority of the residue-effects literature is reported 
as wet weight. EPA does not believe sufficient residue-effects literature are available in a 
form to permit derivation of lipid normalized TRVs for organic chemicals 

•	 Unless the water content of tissue in a citation is explicitly given, assume 80% water 
content of tissues when converting literature LOERs between wet and dry weights 

•	 Beneficial effects (e.g. hormesis) will not be used to derive the TRV unless the hormetic 
effect can be directly related to an adverse effect on the assessment endpoints 

•	 Adverse effects associated with nutritional deficiency of essential elements (e.g. copper, 
selenium, zinc) will not be used to derive TRVs 

•	 LOER data from both freshwater and marine species may be used 
•	 Species not required to be limited to North America residents 
•	 Injection or gavage studies will not be used to derive tissue TRVs 
•	 No uncertainty factors will be applied to either reproduction or growth LOERs  
•	 If multiple LOERs are available for a chemical’s toxicological effect in the same species 

(e.g. three growth LOERs are available for rainbow trout exposed to PCBs), the 
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geometric mean of the multiple LOERs will be calculated, and the calculated geometric 
mean used as the single toxicity value for that species and toxicological endpoint 

• If multiple LOERs are available for different toxicological effects for a single species 
(e.g. both survival and growth LOERs are available for rainbow trout exposed to PCBs), 
the toxicological endpoint with the lowest LOER for that species will be incorporated 
into the SSD 

•	 Aquatic plant data should not be used to derive tissue TRVs for fish and aquatic 

invertebrates 


Hierarchy of Procedures to Develop Aquatic Biota Tissue TRVs 

The hierarchy for developing aquatic biota tissue TRVs, in units of mg/kg whole body wet 
weight, is as follows: 

1.	 Taxa specific TRV using a species sensitivity distribution.  The availability of residue-
effects data will dictate the level to which this approach can be used, but we anticipate 
the lowest taxon to which tissue TRVs can be developed will likely be at the level of fish 
TRVs or invertebrate TRVs. 

2.	 For selenium in fish tissues, use the EPA (2004) draft fish tissue criterion.  Based on the 
screening level ecological risk assessment results to date, no selenium in invertebrate 
tissue TRV is required for the Portland Harbor BERA. 

3.	 Aquatic biota TRV applicable to all aquatic species using a species sensitivity 
distribution. The SSD may include data from fish, invertebrates, and larval amphibians 

4.	 For chemicals with insufficient residue-effects data to permit development of a species 
sensitivity distribution, utilize existing TRVs as previously developed and proposed by 
LWG in various documents if the TRVs are approved by EPA. 

5.	 For chemicals with insufficient residue-effects data to permit development of a species 
sensitivity distribution, and without TRVs previously derived by LWG and approved by 
EPA, the lowest value approach (i.e. lowest LOER) from the available literature will be 
used to define the TRV. 

a.	 If a mortality LOER divided by 8.3 (Raimondo et al. 2007) or by the species-
specific acute-chronic ratio is lower than the lowest growth or reproductive 
LOER, the mortality LOER divided by 8.3 or by the species-specific acute-
chronic ratio will define the TRV 

b.	 If the lowest LOER is a mortality endpoint, the mortality LOER will be divided 
by 8.3 (Raimondo et al. 2007) to define the TRV. 

Once the TRVs have been derived, a final review is conducted to check the accuracy of the 
calculations, and to ensure the desired protectiveness of the TRVs has been attained for any of 
the receptor species.  This evaluation is particularly important for receptor species to be 
evaluated at the organism level. For example, if the derived TRV is higher than an adverse effect 
residue data point on an SSD for a salmonid species, the TRV should be reevaluated and revised 
downward if necessary for protection of juvenile salmonids.  As no residue-effect studies are 
available for any lamprey species, this type of review will not be possible to ensure the 
protectiveness of the tissue TRVs for lamprey.  The absence of any lamprey residue-effects 
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literature against which tissue TRV protectiveness can be evaluated is an uncertainty in the 
BERA. 

Chemicals for Which Aquatic Biota Tissue TRVs Need to be Derived 

The EPA produced screening level ecological risk assessment (SLERA) for Portland Harbor as 
part of its review of the LWG’s Round 2 Report identified 17 tissue COPCs for fish species (no 
fish species contained residues exceeding all 17 identified COPCs), and 23 tissue COPCs for 
aquatic invertebrates (again, no one invertebrate receptor contained residues exceeding all 23 
identified COPCs). Ten of the COPCs were common to both fish and invertebrates, so the 
maximum number of COPCs for which aquatic biota tissue TRVs need to be derived, based on 
the results of the SLERA, is 29.   

Of these 29 chemicals, seven are various PAH compounds for which Shephard (1998) concluded 
generally applicable tissue TRVs should not be derived.  This conclusion is based in part because 
of the rapid metabolic transformation and/or photoactivation of parent PAH compounds to more 
toxic metabolites, whose toxicity is not properly evaluated by tissue benchmarks for a less toxic 
parent compound.  Also a factor arguing against derivation of tissue TRVs for PAHs in this 
BERA are observations that the metabolic transformation abilities differ among species, and the 
transformation ability has no clear relationship with taxonomy (i.e. although a common 
presumption is that fish more actively transform PAHs than do invertebrates, many invertebrate 
species are better able to transform PAHs than some fish species).  Among the freshwater 
invertebrate species able to metabolically transform PAHs are crayfish (Jewell et al. 1997), 
fingernail clams and Chironomus riparius (Borchert et al. 1997). 

The tissue TRVs required for the Portland Harbor BERA are listed below. 

Fish and invertebrates Fish only Invertebrates only 
Zinc Chromium Antimony 
Total PCBs Lead Arsenic 
4,4’-DDD Mercury Cadmium 
4,4’-DDE Selenium Copper 
4,4’-DDT δ-hexachlorocyclohexane Tributyltin 
Total DDX Hexachlorobutadiene Endrin 
β-hexachlorocyclohexane Butylbenzyl phthalate 
Lindane 
Bis(2-ethylhexyl)phthalate 
Di-n-butyl phthalate 

The above lists are the chemicals of potential concern (COPC) identified during the screening 
level ecological risk assessment.  The COPC list is based on the results of Portland Harbor 
sampling up through the end of Round 2 data collections, as determined by LWG’s evaluation in 
their Round 2 report and EPA’s review of the Round 2 report.  Round 3 tissue data will have to 
go through the same screening process as the other site data has already gone through.  The 
possibility exists, therefore, that additional chemicals detected in the Round 3 tissue samples will 
require derivation of tissue TRVs for the BERA. 
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Calculation Procedures for SSD Derived Aquatic Biota Tissue TRVs 

In order to permit verification of the calculated TRVs once the toxicity data to be incorporated 
into each SSD has been compiled, EPA recommends that software be used that is freely available 
to all interested parties, making it possible for all to confirm the TRV calculations, while meeting 
the need for estimation of both 5th percentile and 10th percentile TRV derivations. One such 
program that is freely available and specifically designed to fit toxicity data to species sensitivity 
distributions is the BurrliOZ software from the Australian Commonwealth Scientific and 
Industrial Research Organisation (CSIRO).  BurrliOZ shows the fit of toxicity data to Burr Type 
3, log-logistic and lognormal distributions. BurrliOZ also calculates both the effect 
concentration at a user defined percentile of the SSD, and the percentile of the SSD for a user 
defined environmental concentration.  The software may be freely downloaded from the 
following web site: http://www.cmis.csiro.au/envir/Burrlioz/ 

A second free and publically available program that can be used to estimate percentiles of an 
SSD is the ETx software (van Vlaardingen et al. 2004) developed by the Netherlands National 
Institute for Public Health and the Environment (RIVM).  ETx uses a log-logistic distribution to 
fit data to an SSD, and also estimates confidence limits around the selected effects percentile.  
The software may be freely downloaded from the following web site:  
http://www.rivm.nl/rvs/overige/risbeoor/Modellen/ETX.jsp 

The ETx version 2.0 manual can be downloaded from the following web site: 
http://www.rivm.nl/bibliotheek/rapporten/601501028.html 

Specific selection of the SSD model to be used will be based on which best fit the actual 
distribution of data for a given chemical. This “best fit” selection approach is becoming 
increasingly used for derivation of SSD-based environmental criteria worldwide, and so is 
appropriate for use in the Portland Harbor BERA. 

Calculation Procedures for Lowest Value Approach Derived Aquatic Biota Tissue TRVs 

The lowest species mean LOER will be used as the TRV for sample sizes <5.  The species mean 
LOER will be calculated as the geometric mean LOER for a given species.  The species mean 
LOER will be based on the most sensitive endpoint of the available data for that species.  For 
example, if both growth and mortality toxicity data are available for a species, and growth is a 
more sensitive endpoint than mortality, then the species mean LOER will only be calculated 
from the growth-based toxicity data.  Thus, the tissue TRV from the lowest value approach will 
reflect the most sensitive endpoint for the most sensitive species.  It should be noted that the 
lowest value approach can be less conservative than the SSD approach for moderate sample 
sizes, which can result in 5th or 10th percentiles lower than the lowest toxicity value.  This can 
result in a TRV that is less conservative for the chemical with the smaller sample size (i.e., too 
small to use a SSD).  This uncertainty will need to be addressed in the Uncertainty Analysis 
section of the BERA, and incorporated accordingly into chemical-specific implementation of the 
weight of evidence scheme for any tissue-based line of evidence. 
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John Toll 

From: Shephard.Burt@epamail.epa.gov 
Sent: Friday, June 13, 2008 4:02 PM 
To: John Toll 
Cc: Blischke.Eric@epamail.epa.gov; Humphrey.Chip@epamail.epa.gov 
Subject: Re: Yesterday's bioassay interpretation and benthic modeling "agreement" - A suggestion 

John, 

The e‐mails and discussions lay out the framework and consensus, but don't have the detail 
needed for use in the BERA problem formulation. 
There needs to be text generated (or revised in the February 15, 2008 draft problem 
formulation) to fully capture the agreements. Do you want to take the first cut at the 
detailed methodologies, or would you like us to take a crack at it? 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Eric Blischke/R10/USEPA/US@EPA 
06/13/2008 01:54 cc 
PM "Bob Wyatt" <rjw@nwnatural.com>, 

Burt Shephard/R10/USEPA/US@EPA, 
"McKenna, Jim" 
<Jim.McKenna@portofportland.com>, 
"Keith Pine" 
<kpine@anchorenv.com>, "Mike 
Johns" <mikej@windwardenv.com>, 
"Lisa Saban" 
<lisas@windwardenv.com>, "Valerie 
Oster" <voster@anchorenv.com> 

Subject 
Re: Yesterday's bioassay 
interpretation and benthic 
modeling "agreement" 
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Hi Eric. I just got off the phone with Burt, and he told me that we are in agreement on 
using the bioassay interpretation and benthic modeling approach presented in my 6/12 e‐mail 
to you (below). That’s great news but I still need to get written verification from you for 
the record. 
Would you please e‐mail me confirmation? John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: johnt@windwardenv.com [mailto:johnt@windwardenv.com] 
Sent: Thursday, June 12, 2008 10:49 AM 
To: Eric Blischke 
Cc: Bob Wyatt; Burt Shephard; McKenna, Jim; Keith Pine; Mike Johns; Lisa Saban 
Subject: Yesterday's bioassay interpretation and benthic modeling "agreement" 

Hi Eric. I've had a chance to get some initial technical and management feedback from the 
LWG on the bioassay interpretation and benthic modeling "agreement" that you and I came to at 
the end of the day yesterday. Here's the way I've characterized it to them: 

1. For bioassay interpretation, report each bioassay endpoint response as either >10% 
different from control and statistically significant, or not >10% different from control and 
statistically significant. Also report the magnitude of response, and when mapping color 
code the empirical hits to indicate the magnitude of the response for each separate endpoint. 

2. For benthic modeling, use the RSET pooled endpoint and one hit & two hit rules based on 
SL1 and SL2 effect thresholds. Also, evaluate the empirical data using the same RSET pooled 
endpoint and one hit & two hit rules based on SL1 and SL2 effect thresholds., and compare the 
empirical and predicted results to verify that the model is predictive of observed toxicity 
(e.g., superimpose the results on mapped model predictions). 

As the next step I need to get confirmation from you that this is what we settled on. If you 
agree that it is, then I believe that the LWG Management Team is ready to take it to the LWG 
Executive Committee for approval at their next meeting. 
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There are two points that we didn't discuss, but that the LWG has already agreed to EPA's 
position. Those are, 1) use of the biomass endpoint (rather than the traditional growth 
endpoint), and 2) use of negative control comparisons (rather than reference comparisons). I 
want to confirm that the LWG can agree to those points, in the context of this particular 
overall approach. 

If this is consistent with what you think we've agreed to, then would you please confirm so 
that we can get the formal LWG approval process going. 

Thanks, 

John 
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John Toll 

From: Shephard.Burt@epamail.epa.gov 
Sent: Wednesday, June 18, 2008 12:20 PM 
To: John Toll 
Subject: Re: Data reduction question on summing fillets and remainders 

John, 

Only other possibility we could come up with (besides 1/2 DLs) was to evaluate the samples 
with detects in both the fillets and remainders to see if there is a consistent ratio between 
the two tissue types, then apply that ratio to the samples where one tissue type is a ND to 
generate the estimated concentration in the ND fraction. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

johnt@windwarden
 
v.com
 

To 
06/18/2008 11:14 Burt Shephard/R10/USEPA/US@EPA 
AM cc 

Subject 
Please respond Re: Data reduction question on 

to summing fillets and remainders 
johnt@windwarden 

v.com 

Hi Burt. I'm okay with 1/2 DLs but we're going to continue to explore the data off‐line to 
see whether we can do better and whether it matters. If we can do better AND it matters, 
we'll let you know. So unless you hear from me again on this topic (or your managers 
disagree with the small group in Seattle), we'll use 1/2 DLs. John ‐‐‐‐‐Original Message‐‐‐‐
‐
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From: Shephard.Burt@epamail.epa.gov 

Date: Wed, 18 Jun 2008 09:58:51 
To:johnt@windwardenv.com 
Subject: Re: Data reduction question on summing fillets and remainders 

John, 

The small group here in Seattle thinks using one‐half the detection limit for the non‐
detected body fractions is as good as anything, but we haven't run that past the managers 
yet. That will likely get you through most, but maybe not all of the problem. Stay tuned. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

johnt@windwarden
 
v.com
 

To 
06/18/2008 09:17 Burt Shephard/R10/USEPA/US@EPA 
AM cc 

Subject 
Please respond Re: Data reduction question on 

to summing fillets and remainders 
johnt@windwarden 

v.com 

Hi Burt. One thing we didn't do yesterday was lipid normalize. We'll try that today to see 
whether it helps but I don't expect it to. A big fraction of the bad actors are metals and 
PAHs, so I think we're seeing the effects of metabolic and bioregulatory processes. John ‐‐‐
‐‐Original Message‐‐‐‐‐
From: Shephard.Burt@epamail.epa.gov 

Date: Wed, 18 Jun 2008 09:14:03 
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To:johnt@windwardenv.com
 
Subject: Data reduction question on summing fillets and remainders
 

John,
 

I'll run your question past Gina Grepo‐Grove and the other project chemists and see what
 
their recommendations are, then get back to you.
 
I'll be on the internal govt. team call from 9‐noon Wednesday morning, I'll see if I can get
 
you an answer by the PRG call in the afternoon.
 

Best regards,
 

Burt Shephard
 
Risk Evaluation Unit
 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10
 
1200 6th Avenue Seattle, WA 98101
 

Telephone: (206) 553‐6359
 
Fax: (206) 553‐0119
 

e‐mail: Shephard.Burt@epa.gov
 

"If your experiment needs statistics to analyze the results, then you ought to have done a
 
better experiment"


 ‐ Ernest Rutherford 
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John Toll 

From: Shephard.Burt@epamail.epa.gov 
Sent: Wednesday, June 25, 2008 5:52 PM 
To: John Toll 
Cc: Angelita Rodriquez; Kim Goffman; Lisa Saban; Nancy Musgrove; Shannon Katka; 

Blischke.Eric@epamail.epa.gov; Humphrey.Chip@epamail.epa.gov 
Subject: Re: Clarification on your amphibians & reptiles question 

John, 

As stated in the February 15, 2008 BERA problem formulation for Portland Harbor, ecological 
risks to amphibians are addressed in one assessment endpoint, which is survival, reproduction 
and growth of amphibians. The amphibian assessment endpoint has one measurement endpoint 
with two lines of evidence. The amphibian measurement endpoint is "water exposure 
contaminant concentrations compared to AWQC or TRVs to protect sensitive life stages". The 
two lines of evidence within this measurement endpoint are COPC concentrations in 1.) surface 
water, and 
2.) transition zone water. COPC concentrations in each of these two media (surface water and 
transition zone water) will be compared to the AWQC or, for chemicals without AWQC, the BERA 
TRVs for water. Dietary exposure risks for amphibians are not identified as a measurement 
endpoint in the BERA. EPA is not requiring the LWG to assess ecological risks to amphibians 
from COPCs ingested via their diets. 

As stated in the February 15, 2008 BERA problem formulation on page 42, the dietary pathway 
is a complete and significant pathway for both amphibians and reptiles, but there is 
insufficient information to permit quantitative evaluation of the dietary pathway to 
amphibians and reptiles. Unsaid in the BERA problem formulation is that the primary 
information that is lacking are dietary TRVs for amphibians and reptiles. Therefore, dietary 
COPC ingestion risks to both amphibians and reptiles is not required by EPA for the Portland 
Harbor BERA. The water exposure pathway for reptiles is largely limited to ingestion of 
water, as reptiles do not have gills or other respiratory surfaces as do amphibians during 
their early life stages. Dermal exposure of reptiles to water is also a complete exposure 
pathway, but likely not a significant pathway. Therefore, the COPC uptake from respiratory 
surfaces pathway is incomplete for reptiles. Between an incomplete exposure pathway via 
respiration and the lack of dietary TRVs for reptiles, EPA has identified no reptile specific 
assessment or measurement endpoints. Therefore, quantitative assessment of ecological risks 
to reptiles cannot be performed in the Portland Harbor BERA. 
Reptiles are species of concern to EPA in the BERA. However, EPA is not requiring LWG to 
perform an ecological risk assessment on reptiles, because the lack of reptilian toxicity 
data means risks to reptiles cannot be quantified. 

The last sentence of the "Exposure Assessment for Amphibians and Reptiles" section on page 42 
of the February 15, 2008 BERA problem formulation, which reads "The exposure parameters and 
EPA recommendations for estimating exposure to amphibians and reptiles are presented in Table 
5." should be deleted from the final version of the BERA problem formulation. This deletion 
is because the sentence to be deleted refers to an exposure scenario whose risks will not be 
evaluated in the BERA. 

Please contact me if you have any questions regarding this guidance and recommendation. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
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Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Burt Shephard/R10/USEPA/US@EPA 
06/25/2008 04:43 cc 
PM "Shannon M. Pierce" 

<shannonp@windwardenv.com>, 
"Angelita M. Rodriquez" 
<angelitar@windwardenv.com>, 
"Nancy A. Musgrove" 
<nancym@windwardenv.com>, "Kim 
Goffman" <kimg@windwardenv.com>, 
"Lisa Saban" 
<lisas@windwardenv.com> 

Subject 
amphibians & reptiles 

Hi Burt. Would you please shoot me an e‐mail confirming our brief telephone discussion about 
the exposure assessment for amphibians & reptiles. Specifically, Table 5 of the 2/15/08 BERA 
Problem Formulation (Exposure Assessment for Amphibians and Reptiles) takes precedence over 
Figure 1 (BERA CSM)? Specifically, I want to confirm the following:

 ∙ The exposure parameters for amphibians and reptiles are
 
surface water and TZW concentrations.


 ∙ We are not assessing dietary exposure for amphibians and
 
reptiles.
 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
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(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 
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John Toll 

From: Shephard.Burt@epamail.epa.gov 
Sent: Friday, June 27, 2008 5:24 PM 
To: John Toll 
Cc: Angelita Rodriquez; Kathleen Hurley; Kim Goffman; Nancy Musgrove; Shannon Katka; 

Blischke.Eric@epamail.epa.gov; Humphrey.Chip@epamail.epa.gov 
Subject: Re: ACR follow-up - change of default ACR for use in water column TRV development 

John, 

Go ahead and use the 8.3 default ACR for the development of water column TRVs as well as its 
previously identified use in the aquatic biota tissue TRV development. The February 15, 2008 
draft text of the BERA problem formulation should be modified as appropriate to reflect the 
change in the water column TRV derivation hierarchy, replacing the value of 50 as the default 
ACR with the value of 8.3 as the default ACR. Our quick check of the water COPCs indicated 
that the only four chemicals where this change would apply are silvex, dalapon, vinyl 
chloride and 4‐chloro‐3‐methylphenol, although I suspect we could have missed something. 

Please contact me with any questions you have regarding this change. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Burt Shephard/R10/USEPA/US@EPA 
06/25/2008 12:12 cc 
PM "Kathleen Hurley" 

<kathleenh@windwardenv.com>, 
"Angelita M. Rodriquez" 
<angelitar@windwardenv.com>, 
"Nancy A. Musgrove" 
<nancym@windwardenv.com>, 
"Shannon M. Pierce" 
<shannonp@windwardenv.com>, "Kim 
Goffman" <kimg@windwardenv.com> 

Subject 
ACR follow‐up 
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Hi Burt. I’m following up on the question I asked late last week, regarding the ACR to use 
for water TRVs. We believe that the surface water ACR should be consistent with the ACR used 
in your tissue TRV methodology. By that logic the ACR for water TRVs should be 8.3, unless 
sufficient data exist to estimate chemical‐specific ACRs. Do you agree? 
If not, then what’s the rationale for the ACR of 50? John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 
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John Toll 

Subject: Original text, Table 1 of February 15, 2008 draft BERA problem formulation, Portland Harbor 

From: Shephard.Burt@epamail.epa.gov [mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Wednesday, July 02, 2008 10:35 AM 
To: John Toll 
Cc: Blischke.Eric@epamail.epa.gov; Humphrey.Chip@epamail.epa.gov; Goulet.Joe@epamail.epa.gov; 
rgensemer@parametrix.com; csmith@parametrix.com; Jeremy_Buck@fws.gov 
Subject: Original text, Table 1 of February 15, 2008 draft BERA problem formulation, Portland 
Harbor 

John, 

Was out of the office yesterday, not sure how we missed getting this to you earlier, sorry. 
I've made a couple of updates to the version in the February 15th problem formulation PDF. 
Changes mostly to the footnotes, I think I've captured the changes needed and renumbering 
correctly. 

The other significant change is removing the measurement endpoint of using empirical 
contaminant data in osprey eggs compared to egg TRVs as a line of evidence for the BERA. I 
talked with Jeremy Buck last week, he informed me that Chuck Henny of USFWS has a publication 
that should be out in a few months on the existing egg data, but he didn't know the exact 
date of availability. Our suggestion is to cite and discuss the Henny paper if it becomes 
available prior of LWG's submission of the draft BERA at the end of the year. Probably 
discuss in the appropriate uncertainty section, but you can pick the spot for discussion in 
your text. We've left in the measurement endpoint of using empirical fish data to model or 
estimate egg chemical concentrations (i.e. empirical fish tissue x biomagnification factor), 
then compare the estimated values to egg TRVs. Best that can be done given the current 
status of Chuck's work and the BERA schedule. I'm sure Jeremy will correct me if I didn't 
capture our conversation and proposed path forward correctly. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

(See attached file: Table 1 ‐ BERA AE and ME table 063008.xls) 
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From: Shephard.Burt@epamail.epa.gov [mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Wednesday, July 02, 2008 10:35 AM 
To: John Toll 
Cc: Blischke.Eric@epamail.epa.gov; Humphrey.Chip@epamail.epa.gov; 
Goulet.Joe@epamail.epa.gov; rgensemer@parametrix.com; csmith@parametrix.com; 
Jeremy_Buck@fws.gov 
Subject: Original text, Table 1 of February 15, 2008 draft BERA problem 
formulation, Portland Harbor 

Attachment to above e-mail message: Table 1 – BERA AE and ME table 063008.xls. 

Attachment is Table 1 for the draft BERA problem formulation. 



                            
              
                     
                        

                                      
                                
                                    
                            

 
 

 
 
                                                                         
                                                                 
                                                          
                                                                  
                                              
                                                           
                                            
                                                
                                                
                                                                   
                                                      
                                                        
                                                                         
                                                                         
                                                                         
                                                                         
                                                                         
                                                                         
 
 
 
 
                          
 

 
     
 
     

           
      

   
     

 
 
                           

                         
                             

John Toll 

From: Blischke.Eric@epamail.epa.gov 
Sent: Wednesday, July 02, 2008 9:34 PM 
To: John Toll 
Subject: RE: Sediment toxicity test pooling question for you 

Burt, John brought this up following today's meeting. The current approach does not follow 
the RSET approach. We were discussing (I 
think) polling the survival and growth endpoint for each species tested 
(CH/HY) and applying the 80% hit threshold. This different than John's current 
understanding. I think we need to check in with Jay and ask him flat out what changes in the 
FPM are required to make it consistent with the LRM (e.g., pooling). Once this is confirmed, 
we need to let John know that we are not applying the RSET approach. John Toll want's to 
begin building the model. I will touch base with you on this Thursday morning. 

Eric 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Burt Shephard/R10/USEPA/US@EPA 
07/02/2008 03:03 cc 
PM Eric Blischke/R10/USEPA/US@EPA, 

Joe Goulet/R10/USEPA/US@EPA, 
<rgensemer@parametrix.com> 

Subject 
RE: Sediment toxicity test 
pooling question for you 

Hi Burt. The proposal is to follow RSET which pools all four endpoints. 
John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
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not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Shephard.Burt@epamail.epa.gov 
[mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Wednesday, July 02, 2008 2:58 PM 
To: John Toll 
Cc: Blischke.Eric@epamail.epa.gov; Goulet.Joe@epamail.epa.gov; rgensemer@parametrix.com 
Subject: Sediment toxicity test pooling question for you 

John, 

As we're talking about some non‐ecological issues on the PRG call, I wanted to ask a 
clarification question regarding pooling of toxicity test endpoints, and what LWG has in 
mind. When you are talking about pooled endpoints for the floating percentile model, are you 
talking about pooling all four toxicity test endpoints (Hyalella survival, Hyalella growth, 
Chironomus survival and Chironomus growth) into a single pooled endpoint, or are you talking 
about pooling endpoints by species (i.e. Hyalella survival and growth into a pooled endpoint, 
Chironomus survival and growth in to a second pooled endpoint)? You did both in the Benthic 
Interpretive Report back in 2006. The latter (i.e. 
pooling endpoints by species) is consistent with what is done for Hyalella in the logistic 
regression model. A description of the pooling methodology should be given in the BERA 
problem formulation, something that's currently missing from the text. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 
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John Toll 

Subject: FW: Bioassay Evaluation 
Attachments: FW: bioassay interpretation and benthic toxicity modeling 

From: John Toll 
Sent: Friday, July 11, 2008 10:48 AM 
To: 'Blischke.Eric@epamail.epa.gov' 
Cc: 'Shephard.Burt@epamail.epa.gov' 
Subject: RE: Bioassay Evaluation 

Hi Eric and Burt. I am writing to address something both of you said when we spoke yesterday 
about your new bioassay evaluation proposal. Both of you spoke about the agency team being 
uncomfortable with the RSET approach because it "throws away data." That phrase has been 
popping up in communications from the agency team to the LWG and it's being used too loosely. 

In this case, when I asked about what your team meant by "throwing away data" you explained 
to me that some people on the agency team don't like the RSET rule that a single SL1 response 
isn't classified as a bioassay hit (under RSET a hit classification takes at least two SL1 
responses or one SL2 response). I take exception to your team referring to the RSET criteria 
as "throwing away data." No data are being thrown away. The issue your team members have is 
that they don't want the data to be interpreted per the RSET criteria; they want a more 
conservative interpretation, i.e., they want a single exceedance of a hit threshold that's 
even lower than a RSET SL1 to be classified as a hit for purposes of benthic modeling. So, 
they're using "throwing away data" as a euphemism for "not interpreting the data as 
conservatively as we would like." I'm bringing this to your attention because I think that 
it's wrong, and highly counterproductive. 

We addressed your team's interest in seeing all the statistically significant differences 
between bioassay treatment and control responses in item number one of the plan that the 
three of us worked out on May 23 (attached), which is reflected item (1) in your July 10 e‐
mail (below). Where we have said we're not willing to go is to build models that try to 
predict single SL1 (or lower) level responses. Those response can't be predicted with 
reasonable confidence as a function of sediment chemical concentrations. That's the 
conclusion of RSET and we've found it to be correct. We've shown you the lack of separation 
between the sediment chemistry distributions at hit and no hit stations, most recently in a 
lengthy presentation at the October 5, 2007 Hyalella growth meeting at your offices in 
Seattle. 

Frankly, the only situation that I'm aware of where data are being thrown away in the 
bioassay evaluation is logistic regression modeling, where bioassay "hit" stations (by 
whatever hit classification criteria one chooses to apply) are thrown away (i.e., excluded 
from the LRM) whenever the hit occurs at a sediment chemical concentration less than the 
average concentration of that chemical in the no hit‐classified sediment. So, the LRM throws 
away the hit data that don't fit the model, thereby creating a separation between the 
sediment chemistry distributions of hit and no hit stations. That, we would argue, is a 
realistic example of "throwing away data." Applying the RSET criteria is not. 

By the way, I am not saying that it's necessarily wrong to exclude data from the LRM, 
although I would say that at minimum, the decision about where to draw the line between 
included and excluded data could be seen as arbitrary. SQVs derived from the LRM would be 
influenced by which data get thrown out, so that decision might deserve some closer 
attention. 

John 
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The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 
‐‐‐‐‐Original Message‐‐‐‐‐
From: John Toll 
Sent: Thursday, July 10, 2008 6:01 PM 
To: 'Blischke.Eric@epamail.epa.gov' 
Cc: Shephard.Burt@epamail.epa.gov 
Subject: RE: Bioassay Evaluation 

Hi Eric and Burt. I'm writing to confirm our phone call for 2:30 tomorrow (Friday) to talk 
about you bioassay evaluation proposal. Here's a call‐in number we can use: 

(866) 210‐1669, participant code 534‐7888# 

John 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Thursday, July 10, 2008 2:41 PM 
To: John Toll 
Cc: Shephard.Burt@epamail.epa.gov 
Subject: Bioassay Evaluation 

John, here is EPA's final proposal on the evaluation of bioassay data. 
Our project team had serious concerns with using the RSET approach. 
However, we are prepared to offer the following: 

1) Evaluate the empirical toxicity data as we have described ‐ a hit is 
a statistically significant difference from control for any of the four 
endpoints. 
2) Substitute total biomass for the growth endpoint for both the 
Hyalella and the chironomus tests. 
3) Empirical data will be further refined by classifying the toxicity 
tests into minor (10%) moderate (20%) and severe effects (30%). 
4) For the LRM and FPM, we will pool the growth (biomass) and mortality 
endpoints for chironomus and again for Hyalella. 
5) Pooling will be based on use of the most sensitive endpoint (growth 
or mortality) resulting two LRM and two FPM models. 
6) For the purposes of the models, a hit will be defined for both 
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growth (biomass) and mortality at the moderate (20%) threshold. 
7) Depending on how the models work out, additional efforts to optimize 
the models may be necessary. 

We may need to discuss further the use of non‐site data in the logistic 
regression based on whether this data can be made available to the LWG 
and the use of round 3B data to test the reliability of the predictive 
models. 

Please let me know whether this is acceptable and we will send you a 
revised problem formulation reflecting this approach. 
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John Toll 

From: John Toll 
Sent: Friday, July 11, 2008 6:13 PM 
To: Blischke.Eric@epamail.epa.gov 
Cc: Shephard.Burt@epamail.epa.gov; Bob Wyatt; Lisa Saban; Helle B. Andersen; Lucinda Tear; 

Nancy Musgrove 
Subject: RE: Bioassay Evaluation 

Eric and Burt ‐ What you've written pretty accurately summarizes what we discussed. I think 
that we are on track in terms of agreeing on what will be included in the draft BERA. 

The hit thresholds that we'll use are as you describe in the revised item #6. We'll use them 
for both the LRM and the FPM, as per your revised item #7. I did say that I think it's fair 
to say that the hit thresholds that come out of these models are similar to PELs (item #8). 
I will be asking some of the folks on our team the same question to make sure that this isn't 
an inappropriate comparison. Under #9, I think that it should say "bioassay hit thresholds" 
rather than "model thresholds," and it should say that we'll compare the separation of 
sediment chemistry distributions at the hit and no hit stations as a way to assess whether it 
would be possible to build meaningful benthic toxicity models using lower hit thresholds. I 
think that we were talking specifically about the Hyalella growth hit threshold. I agree 
with what you wrote under item #10, but would elaborate to say that we all recognized that 
the BERA analyses will help inform what weights to assign to the different LOEs, so the 
weights in the problem formulation are subject to change. 

We didn't actually talk about items 1‐5 but I agree in general that they don't need to 
change. I don't like item #3 because I don't think it's helpful to assign these labels to 
different response levels, and I don't know how you ended up with the particular levels you 
did, but that's a relatively minor issue. 

In my absence over the next two weeks please make sure that Helle, Lisa and Nancy are copied 
on all benthic BERA‐related correspondence. Lisa and Nancy should receive anything that 
would normally be sent to me, benthic or otherwise, and they'll make sure it gets to the 
right people. Please copy me on everything as well. 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 
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‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, July 11, 2008 5:24 PM 
To: John Toll 
Cc: Shephard.Burt@epamail.epa.gov 
Subject: RE: Bioassay Evaluation 

Burt and John, here is what I got out of today's call: 

Items 1 ‐ 5 of the proposal below remain the same as worded below. 

6) The evaluation of the bioassay data for the development of the predictive models will be 
based	 on the following thresholds:
 ‐ Chironomus Growth ‐ 30%
 ‐ Chironomus Mortality ‐ 20%
 ‐ Hyalella Growth ‐ 40%
 ‐ Hyalella Mortality ‐ 20% 

7) These thresholds will apply to both the logistic and floating 
percentile models 
8) The results from these models will be equivalent to site specific 
probable effect levels 
9) The draft RI report will present an evaluation of the model 
thresholds with respect to reliability. The goal of the evaluation will be to determine if 
the thresholds need to be adjusted in order to optimize model performance. 
10) The model results will be used in the conjunction of other lines of evidence in the 
baseline risk assessment and in the development of PRGs. 

Please confirm that this matches your understanding. EPA will prepare a revised benthic 
evaluation portion of the problem formulation that reflects this understanding. 

Thanks, Eric 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Eric Blischke/R10/USEPA/US@EPA 
07/10/2008 05:55 cc 
PM 

Subject 
RE: Bioassay Evaluation 

Hi Eric. Thanks for sending me your proposal and for the follow‐up conversation. I spoke 
with Burt and he is available at 2:30 tomorrow for a conference call to talk about the 
proposal. I'll send another e‐mail to you and Burt to confirm the time and give you a call‐
in number. 
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I would have to take this proposal to the LWG before I could tell you whether it's 
acceptable. I've been thinking about what to tell you though, and I've decided that I should 
say that I'm very concerned about how this would go over because it's a step back even from 
where we were before the October 5, 2007 Hyalella growth meeting. The LWG considers the 
10/5/07 meeting to be the first engagement in what has been a very time consuming, good faith 
effort to reach a mutually acceptable approach to bioassay interpretation and benthic 
modeling. We thought that we were there with the plan we hammered out 7 1/2 months later on 
May 23 (attached), and to have that fall apart would be disappointing to the LWG, which was 
encouraged by our progress. I'm not looking forward to reporting that we're in a worse 
position than when we started. 

John 

John Toll 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and
 
confidential use of the recipient named above. This message may be an attorney‐client
 
communication and as such is privileged and confidential. If the reader of this message is
 
not the recipient named above or an agent responsible for delivering it to the intended
 
recipient, the reader is hereby notified that this message has been received in error and
 
that any review, dissemination, copying or distribution of this message is strictly
 
prohibited. If you have received this message in error, please notify the sender immediately,
 
and delete this message.
 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov
 
[mailto:Blischke.Eric@epamail.epa.gov]
 
Sent: Thursday, July 10, 2008 2:41 PM
 
To: John Toll
 
Cc: Shephard.Burt@epamail.epa.gov
 
Subject: Bioassay Evaluation
 

John, here is EPA's final proposal on the evaluation of bioassay data.
 
Our project team had serious concerns with using the RSET approach.
 
However, we are prepared to offer the following:
 

1) Evaluate the empirical toxicity data as we have described ‐ a hit is a statistically
 
significant difference from control for any of the four endpoints.
 
2) Substitute total biomass for the growth endpoint for both the Hyalella and the chironomus
 
tests.
 
3) Empirical data will be further refined by classifying the toxicity tests into minor (10%)
 
moderate (20%) and severe effects (30%).
 
4) For the LRM and FPM, we will pool the growth (biomass) and mortality endpoints for
 
chironomus and again for Hyalella.
 
5) Pooling will be based on use of the most sensitive endpoint (growth or mortality)
 
resulting two LRM and two FPM models.
 
6) For the purposes of the models, a hit will be defined for both growth (biomass) and
 
mortality at the moderate (20%) threshold.
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7) Depending on how the models work out, additional efforts to optimize the models may be 
necessary. 

We may need to discuss further the use of non‐site data in the logistic regression based on 
whether this data can be made available to the LWG and the use of round 3B data to test the 
reliability of the predictive models. 

Please let me know whether this is acceptable and we will send you a revised problem 
formulation reflecting this approach. 

‐‐‐‐‐ Message from "Helle B. Andersen" <helleb@windwardenv.com> on Fri, 
23 May 2008 14:50:22 ‐0700 ‐‐‐‐‐ 

To:	 "Burt Shephard" <shephard.burt@epa.gov>,
 
<Blischke.Eric@epamail.epa.gov>
 

cc:	 "John Toll" <johnt@windwardenv.com> 

Subject FW: bioassay interpretation and benthic toxicity modeling
 
:
 

Eric and Burt, 

John has asked me to forward this e‐mail to your regarding the interpretation of the bioassay 
data and modeling of benthic toxicity in Portland Harbor. 

Helle 

From: John Toll 
Sent: Friday, May 23, 2008 2:25 PM 
To: Helle B. Andersen 
Subject: bioassay interpretation and benthic toxicity modeling 

Eric and Burt ‐ Based on the separate conversations I had with the two of you late yesterday, 
I've outlined the plan we discussed for interpreting the bioassay data and modeling benthic 
toxicity in Portland Harbor. Here it is: 

1. Interpreting the empirical data 

a. Analyze the four bioassay endpoints (Chironomus 10‐day 
survival, Hyalella 28‐day survival, Chironomus 10‐day biomass and Hyalella 28‐day biomass) 
separately 

b. Use negative control as reference 

c. Use low, medium and high hit thresholds, so each Portland 
Harbor bioassay station will be classified as no hit, low level hit, medium level hit or high 
level hit, for each of the four endpoints. 
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d. Use the following hit criteria based on minimum detectable 
differences from round robin studies. Note ‐the low (SL1), medium (SL2) and high (SL3) hit 
criteria for the mortality endpoints are the same as what has previously been proposed by 
EPA. Also, the low (SL1) and medium (SL2) hit criteria for all four endpoints are the hit 
criteria that have been selected by RSET. The justification statements for these hit 
criteria are taken straight from RSET criteria selection documentation. 

i. 
For the Chironomus 10‐day survival endpoint: 

1. Low level hit (SL1) = mean test mortality > mean reference
 
mortality + 10% and statistical difference between test and reference (alpha = 0.05)
 

2. Medium level hit (SL2) = mean test mortality > mean reference
 
mortality + 20% and statistical difference between test and reference (alpha = 0.05)
 

3. High level hit (SL3) = mean test mortality > mean reference
 
mortality + 30% and statistical difference between test and reference (alpha = 0.05)
 

Justification: In ASTM round robin testing, the minimum detectable difference (MDD) between
 
the test and control sample ranged from 2 to 12%, with a mean of 8%. Therefore, a detectable
 
difference could be observed at levels as low as 15% mortality, ranging in the worst case up
 
to about 30% mortality, depending on the performance of the control and reference samples,
 
and the degree of variability in the test replicates.
 
In practice these numeric thresholds should be observable nearly all of the time.
 

ii. 
For the Hyalella 28‐day survival endpoint: 

1. Low level hit (SL1) = mean test mortality > mean reference
 
mortality + 10% and statistical difference between test and reference (alpha = 0.05)
 

2. Medium level hit (SL2) = mean test mortality > mean reference
 
mortality + 20% and statistical difference between test and reference (alpha = 0.05)
 

3. High level hit (SL3) = mean test mortality > mean reference
 
mortality + 30% and statistical difference between test and reference (alpha = 0.05)
 

Justification: In ASTM round robin testing, the MDD between the test and control sample 
ranged from 2 to 20%, with a mean of 8%. Therefore, a detectable difference could be 
observed at levels as low as 15% mortality, ranging in the worst case up to about 50% 
mortality, depending on the performance of the control and reference samples, and the degree 
of variability in the test replicates. In practice these endpoints should be observable most 
of the time, with the MDD at times exceeding the SL1 numeric threshold, but not likely 
exceeding the SL2 numeric threshold. 
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iii. 
For the Chironomus 10‐day biomass endpoint: 

1. Low level hit (SL1) = mean test biomass/mean reference biomass 
< 0.8 and statistically different from the reference (alpha = 0.05) 

2. Medium level hit (SL2) = mean test biomass/mean reference 
biomass < 0.7 and statistically different from the reference (alpha = 
0.05) 

3. High level hit (SL3) = mean test biomass/mean reference biomass 
< 0.6 and statistically different from the reference (alpha = 0.05) 

Justification: The SL1 and SL2 endpoints are based largely on the MDDs reported in ASTM round 
robin studies of the 10‐day Chironomus growth endpoint. The mean MDD in weight in round 
robin studies was approximately 11%, with a range from 5 to 24%. The round robin studies 
suggest that the numeric level corresponding to the SL1 should be observable well over half 
of the time, and the SL2 levels should be observable nearly all of the time. The numeric 
levels chosen span the range of growth rates associated with adverse reproductive or 
physiological effects in the literature. 

iv. For 
the Hyalella 28‐day biomass endpoint 

1. Low level hit (SL1) = mean test biomass/mean reference biomass 
< 0.75 and statistically different from the reference (alpha = 0.05) 

2. Medium level hit (SL2) = mean test biomass/mean reference 
biomass < 0.6 and statistically different from the reference (alpha = 
0.05) 

3. High level hit (SL3) = mean test biomass/mean reference biomass 
< 0.5 and statistically different from the reference (alpha = 0.05) 

Justification: The SL1 and SL2 endpoints are based largely on the MDDs reported in ASTM round 
robin studies of the 28‐day Hyalella growth endpoint. The mean MDD in weight in round robin 
studies was approximately 25%, with a range from 16 to 50%. The round robin studies suggest 
that the numeric level corresponding to the SL1 should be observable about half the time, and 
the numeric level corresponding to the SL2 should be observable about 80% of the time. 

e. Empirical data presentation: Bioassay interpretation results 
will be mapped so as to show where no hits, low level hits, medium level hits and high level 
hits occurred for each of the four endpoints. The LWG will discuss data presentation details 
with EPA as needed to ensure that the information is presented in a manner that's useful for 
risk managers. 
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2. Benthic toxicity modeling 

a. One floating percentile model (FPM) and one logistic regression 
model (LRM) will be developed by pooling the four bioassay endpoints. 

b. Data interpretation will be the same for the FPM and LRM so as 
not to confound differences in predictions. 

c. A medium (or high) level hit on any one or more of the four 
endpoints, or low level hits on any two or more of the four endpoints, will be classified as 
a pooled hit. Note: these are the RSET interpretive criteria for the pooled endpoint. 

d. At bioassay stations, empirical data will be used instead of 
model predictions of benthic toxicity (i.e., the error will be ascribed to the model(s), not 
to the bioassay results). 

e. Presentation of modeling results: FPM predictions of benthic 
toxicity, LRM predictions of benthic toxicity and the empirical results (see 1(e) above) all 
will be mapped together. The LWG will discuss the details with EPA as needed to ensure that 
the information is presented in a manner that's useful for risk managers. 

Please let me know at your earliest possible convenience whether you accept this proposal; 
the bioassay and sediment chemistry data are all in and we are anxious to get started on the 
analysis. 

John 

John Toll, Ph.D. 

Partner 

Windward Environmental LLC 

200 West Mercer Street, Suite 401 

Seattle, WA 98119‐3958 

(206) 812‐5433
 

(206) 913‐3292 (cell)
 

www.windwardenv.com <http://www.windwardenv.com/>
 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
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prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 
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John Toll 

From: John Toll 
Sent: Monday, July 14, 2008 11:35 AM 
To: 'Shephard.Burt@epamail.epa.gov' 
Cc: Helle B. Andersen; Matt Luxon; Shannon M. Katka; Lucinda Tear; David DeForest 

(ddeforest@parametrix.com); Nancy A. Musgrove; Lisa Saban 
Subject: RE: Initial cut at cadmium tissue TRV 
Attachments: Draft Cadmium Tissue TRV.zip; About WinZip Compressed Attachments.txt 

Hi Burt. Thanks for the example of Cd tissue residue TRV derivation for aquatic 
invertebrates. Hopefully we'll be able to use this example as a good prototype for working 
through any questions or concerns we have with the TRV methodology. 

I've taken an initial look at your workbook and confirmed the 10th percentile of the "Burt + 
ERED" SMCVs is ~0.4 mg/kg ww (I got 0.43 mg/kg ww, using the BestFit program in Palisade 
Decision Tools 5.0). I selected the distribution that gave the best fit statistics by all 
three tests that BestFit uses (Chi‐Squared, Kolmogorov‐Smirnov and Anderson‐Darling). That 
distribution was a Pearson 6. Had I selected the second best fitting distribution type 
(lognormal), the fitted 10th percentile would have been 0.57 mg/kg ww. 

One question I have is, what's the DeForest dataset and how does it relate to the "Burt" and 
"Burt + ERED" datasets. The DeForest data are all EC20s. My first question is, are the 
DeForest data in the dataset you used? They don't appear to be. If not, why not? 

Using the EC20 data yields an SSD 10th percentile estimate of ~0.9 mg/kg ww. It occurred to 
me that we should use the EC20 SSD as a reality check on the TRV; in this case the ratio of 
the 10th percentile EC20 to the TRV (~2) seems to me, off the top of my head, to be in the 
right ballpark, given that you want what I think you referred to as an EC"low" for the TRV. 

The next step for us will be to understand what's in the SMCV dataset. It looks as though 
you've provided a good starting point with your Cadmium TRV‐Burt and Cadmium TRV (Burt + 
ERED) worksheets. 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
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From: Shephard.Burt@epamail.epa.gov [mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Friday, July 11, 2008 2:54 PM 
To: John Toll 
Subject: Initial cut at cadmium tissue TRV 

John, 

Still a work in progress, but take a look at how we've turned the data from ERED and the 
spreadsheet I sent out earlier into a tissue TRV. 
We've taken the data from Burt's spreadsheet and additional data from ERED, and calculated 
the 10th percentile. The preliminary 10th percentile would be 0.39 mg/kg wet wt., based on 
an additional screen of the data versus the approach memo and using the simple percentile 
function in Excel. This is based on taking all of the effects data (after removal of no 
effects data) and calculating the SMCV for each species. The last step would be to calculate 
percentiles from a curve fitting algorithm. I'll use the BurrliOZ software just because its 
publically available and designed to fit SSDs, but any competent statistical software package 
could do this. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

(See attached file: Draft Cadmium Tissue TRV.xls) 
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From: John Toll 
Sent: Monday, July 14, 2008 11:35 AM 
To: 'Shephard.Burt@epamail.epa.gov' 
Cc: Helle B. Andersen; Matt Luxon; Shannon M. Katka; Lucinda Tear; David 
DeForest (ddeforest@parametrix.com); Nancy A. Musgrove; Lisa Saban 
Subject: RE: Initial cut at cadmium tissue TRV 

Attachment to the above e-mail: Draft Cadmium Tissue TRV.zip. 

Attachment contains a graph of tissue-based cadmium chronic values. 



      
             

     
             

 

From: Shephard.Burt@epamail.epa.gov [mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Friday, July 11, 2008 2:54 PM 
To: John Toll 
Subject: Initial cut at cadmium tissue TRV 

Attachment to above e-mail: Draft Cadmium Tissue TRV.xls. 

Attachment is a graph of tissue-based cadmium chronic values.  



                                            
                                

                                    
                                       
                                    
               

 
                                      

                                    
           

                                  
                                      

                   
                                          

                                   
                                        

                             
                                      

                         
 
                                            
 

 
                                     

                                   
                                       
                               
                 

                                
                                   

                               
                              
                                 

                                        
                                 

                   
                                             

   
                                    

                                    
                                
                                     

        

John Toll 

From: John Toll 
Sent: Monday, July 14, 2008 3:26 PM 
To: 'Wyatt, Robert' 
Cc: Helle B. Andersen; Lucinda Tear; Nancy A. Musgrove; Lisa Saban; Mike Johns 
Subject: FW: Bioassay Evaluation 

Hi Bob. Late last week I received an e‐mail from Eric Blischke describing what he referred to as the “final proposal” from 
the agency team on benthic toxicity modeling and bioassay interpretation. That proposal contained elements that were 
technically inappropriate, and we would have been obligated to advise the LWG not to accept the proposal. Fortunately 
I had the opportunity to meet (by teleconference) with Eric and Burt Shepherd on Friday afternoon, 7/11, and we were 
able to work through the points that Windward felt were unacceptable, and modify EPA’s final proposal. The e‐mail 
chain below documents the chain of events: 

•	 It starts with a 5/23/08 e‐mail from Helle Andersen to Eric and Burt that outlined a benthic modeling and 
bioassay interpretation plan that Eric, Burt and I worked out on that date. We have been seeking EPA 
confirmation of that plan since 5/23. 

•	 Next in the chain is a 7/10/08 e‐mail from Eric Blischke to me, describing EPA’s aforementioned “final proposal.” 
•	 The third e‐mail in the chain is my 7/10/08 reply to Eric, expressing my general reservations with the 7/10 

proposal and arranging the 7/11 teleconference with Eric and Burt. 
•	 Eric, Burt and I met from 2:30 to 5:00 on 7/11. The teleconference resulted in changes to EPA’s final proposal. 

The fourth e‐mail in the chain, from Eric to Burt and me, documented Eric’s understanding of those changes. 
•	 The fifth e‐mail in the chain (7/11/08, 6:12 PM) is my reply to Eric and Burt confirming general agreement with 

Eric’s summary of the changes made to EPA’s final proposal, with several points of clarification. 
•	 The sixth and final e‐mail in the chain is Eric’s reply accepting my points of clarification and describing the 

intentions behind the third point in EPA’s 7/10/08 final proposal for bioassay evaluation. 

The upshot of all this is that there have been a few changes to the negotiated 5/23/08 proposal. Here are the main 
points: 

•	 We succeeded on the key issue of using RSET thresholds to define bioassay “hits” for benthic modeling. This 
was critical because the relatively high RSET threshold for defining a hit on the Hyalella growth endpoint takes 
care of the problem we’ve had in the past when many lower level Hyalella growth hits were classified as hits 
despite the lack of a relationship between the bioassay response and sediment chemistry, causing the benthic 
toxicity models to predict “hits” throughout the Harbor. 

•	 EPA is asking for separate models for Chironomid and Hyalella, which essentially doubles the benthic toxicity 
modeling effort and adds some complexity to the interpretation of modeling results (i.e., we will have four sets 
of site‐specific sediment quality benchmarks because we’ll have two models (FPM and LRM) x two endpoints 
(pooled Chironomid endpoint and pooled Hyalella endpoint)). This seems unnecessary but aside from the extra 
modeling effort we don’t see a downside and we don’t think it’s worth pushing back on. 

o	 We note that there are only 38 Chironomid hits and 50 Hyalella hits in the study area (out of 279 
bioassay stations). There’s one additional Hyalella hit from the upstream reach (out of 18 stations). The 
low hit numbers might pose a challenge for the modelers. 

•	 EPA is asking us not to use the RSET “two‐hit rule.” This has very little effect; the total number of “hit” stations 
declines slightly. 

•	 EPA is explicitly asking us to present an analysis to support our claim that the Hyalella growth (biomass) 
response is not predictive of elevated sediment chemistry at hit thresholds lower than RSET’’s SL2 value of 40% 
growth reduction. If that analysis shows that smaller Hyalella growth reductions can be predicted from Portland 
Harbor sediment chemistry data, EPA reserves the right to tell us to change the hit thresholds in its comments 
on the draft BERA. 
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•	 EPA has explicitly told us that he believes that a 10% reduction in Hyalella growth indicates adverse effects on 
the benthic community. 

o	 Eric has repeatedly indicated, both in PRG meetings and in BERA discussions, that he is thinking about 
using 10% Hyalella growth reduction as a narrative PRG. He will have the means to do that with the 
empirical bioassay data. 

In conclusion, I would say that we won this battle but that it’s a strategic retreat by EPA and they’ll be back to fight 
another day. The ultimate question here is to get to reasonable risk‐based remediation goals to protect the benthic 
community. Eric is clearly thinking about not using the site‐specific benthic toxicity models to set those goals. His ideas 
about what to use instead are starting to gel. He’s thinking about using some combination of narrative RGs based on 
bioassay results, and off‐the‐shelf SQVs. 

I am available if needed on Wednesday morning to call in to Exec to discuss this. 

John 

This communication is made under the framework of the LWG Participation Agreement and in the parties' common interests in meeting LWG member obligations 
under the Administrative Order on Consent and in anticipation of litigation concerning liability for the Portland Harbor Superfund site. This communication is intended 
and believed by the parties to be part of an ongoing and joint effort to develop and maintain a common legal strategy and contains strategies, work product and legal 
advice within the "common interest" extension of the attorney-client privilege and the work product doctrine. This communication may include attorney-client 
communications. With respect to communications by private LWG members to public members, those communications are with the expectation that they will be kept 
confidential by the public entities. The information is intended to be for the use of the individual or entity named above. If you are not the intended recipient, please be 
aware that any disclosure, copying, distribution or use of the contents of this information is prohibited. If you have received this electronic transmission in error, please 
notify us by electronic mail at johnt@windwardenv.com. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Monday, July 14, 2008 8:51 AM 
To: John Toll 
Cc: Shephard.Burt@epamail.epa.gov; Helle B. Andersen; Lisa Saban; Lucinda Tear; Nancy A. 
Musgrove; Bob Wyatt 
Subject: RE: Bioassay Evaluation 

John and others. This all seems fine. Regarding the distinction 
between "bioassay hit thresholds" and "model thresholds" we just want to 
make sure there is a distinction between the thresholds selected for the 
models and the thresholds set for the evaluation of empirical data and 
be clear that we are setting such a high effect threshold (40%) for the 
Hyalella growth endpoint in order to see separation between the hit and 
no‐hit distributions. We believe that a 10% difference from control for 
Hyalella growth is indicative of adverse effects on the benthic 
community when evaluating the empirical data. 

Eric 

"John Toll" 
<johnt@windwarde 
nv.com>	 To 

Eric Blischke/R10/USEPA/US@EPA 
07/11/2008 06:12	 cc 
PM	 Burt Shephard/R10/USEPA/US@EPA, 

"Bob Wyatt" <rjw@nwnatural.com>, 
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"Lisa Saban" 
<lisas@windwardenv.com>, "Helle 
B. Andersen" 
<helleb@windwardenv.com>, 
"Lucinda Tear" 
<lucindat@windwardenv.com>, 
"Nancy A. Musgrove" 
<nancym@windwardenv.com> 

Subject 
RE: Bioassay Evaluation 

Eric and Burt ‐ What you've written pretty accurately summarizes what we 
discussed. I think that we are on track in terms of agreeing on what 
will be included in the draft BERA. 

The hit thresholds that we'll use are as you describe in the revised 
item #6. We'll use them for both the LRM and the FPM, as per your 
revised item #7. I did say that I think it's fair to say that the hit 
thresholds that come out of these models are similar to PELs (item #8). 
I will be asking some of the folks on our team the same question to make 
sure that this isn't an inappropriate comparison. Under #9, I think 
that it should say "bioassay hit thresholds" rather than "model 
thresholds," and it should say that we'll compare the separation of 
sediment chemistry distributions at the hit and no hit stations as a way 
to assess whether it would be possible to build meaningful benthic 
toxicity models using lower hit thresholds. I think that we were 
talking specifically about the Hyalella growth hit threshold. I agree 
with what you wrote under item #10, but would elaborate to say that we 
all recognized that the BERA analyses will help inform what weights to 
assign to the different LOEs, so the weights in the problem formulation 
are subject to change. 

We didn't actually talk about items 1‐5 but I agree in general that they 
don't need to change. I don't like item #3 because I don't think it's 
helpful to assign these labels to different response levels, and I don't 
know how you ended up with the particular levels you did, but that's a 
relatively minor issue. 

In my absence over the next two weeks please make sure that Helle, Lisa 
and Nancy are copied on all benthic BERA‐related correspondence. Lisa 
and Nancy should receive anything that would normally be sent to me, 
benthic or otherwise, and they'll make sure it gets to the right people. 
Please copy me on everything as well. 

John 

John Toll, Ph.D. 
Partner 
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Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for 
the personal and confidential use of the recipient named above. This 
message may be an attorney‐client communication and as such is 
privileged and confidential. If the reader of this message is not the 
recipient named above or an agent responsible for delivering it to the 
intended recipient, the reader is hereby notified that this message has 
been received in error and that any review, dissemination, copying or 
distribution of this message is strictly prohibited. If you have 
received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov 
[mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, July 11, 2008 5:24 PM 
To: John Toll 
Cc: Shephard.Burt@epamail.epa.gov 
Subject: RE: Bioassay Evaluation 

Burt and John, here is what I got out of today's call: 

Items 1 ‐ 5 of the proposal below remain the same as worded below. 

6) The evaluation of the bioassay data for the development of the 
predictive models will be based on the following thresholds:
 ‐ Chironomus Growth ‐ 30%
 ‐ Chironomus Mortality ‐ 20%
 ‐ Hyalella Growth ‐ 40%
 ‐ Hyalella Mortality ‐ 20% 

7) These thresholds will apply to both the logistic and floating 
percentile models 
8) The results from these models will be equivalent to site specific 
probable effect levels 
9) The draft RI report will present an evaluation of the model 
thresholds with respect to reliability. The goal of the evaluation 
will be to determine if the thresholds need to be adjusted in order to 
optimize model performance. 
10) The model results will be used in the conjunction of other lines of 
evidence in the baseline risk assessment and in the development of PRGs. 

Please confirm that this matches your understanding. EPA will prepare a 
revised benthic evaluation portion of the problem formulation that 
reflects this understanding. 

Thanks, Eric 
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cc 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Eric Blischke/R10/USEPA/US@EPA 
07/10/2008 05:55 
PM 

Subject 
RE: Bioassay Evaluation 

Hi Eric. Thanks for sending me your proposal and for the follow‐up 
conversation. I spoke with Burt and he is available at 2:30 tomorrow 
for a conference call to talk about the proposal. I'll send another 
e‐mail to you and Burt to confirm the time and give you a call‐in 
number. 

I would have to take this proposal to the LWG before I could tell you 
whether it's acceptable. I've been thinking about what to tell you 
though, and I've decided that I should say that I'm very concerned about 
how this would go over because it's a step back even from where we were 
before the October 5, 2007 Hyalella growth meeting. The LWG considers 
the 10/5/07 meeting to be the first engagement in what has been a very 
time consuming, good faith effort to reach a mutually acceptable 
approach to bioassay interpretation and benthic modeling. We thought 
that we were there with the plan we hammered out 7 1/2 months later on 
May 23 (attached), and to have that fall apart would be disappointing to 
the LWG, which was encouraged by our progress. I'm not looking forward 
to reporting that we're in a worse position than when we started. 

John 

John Toll 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for 
the personal and confidential use of the recipient named above. This 
message may be an attorney‐client communication and as such is 
privileged and confidential. If the reader of this message is not the 
recipient named above or an agent responsible for delivering it to the 
intended recipient, the reader is hereby notified that this message has 
been received in error and that any review, dissemination, copying or 
distribution of this message is strictly prohibited. If you have 
received this message in error, please notify the sender immediately, 
and delete this message. 
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‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov 
[mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Thursday, July 10, 2008 2:41 PM 
To: John Toll 
Cc: Shephard.Burt@epamail.epa.gov 
Subject: Bioassay Evaluation 

John, here is EPA's final proposal on the evaluation of bioassay data. 
Our project team had serious concerns with using the RSET approach. 
However, we are prepared to offer the following: 

1) Evaluate the empirical toxicity data as we have described ‐ a hit is 
a statistically significant difference from control for any of the four 
endpoints. 
2) Substitute total biomass for the growth endpoint for both the 
Hyalella and the chironomus tests. 
3) Empirical data will be further refined by classifying the toxicity 
tests into minor (10%) moderate (20%) and severe effects (30%). 
4) For the LRM and FPM, we will pool the growth (biomass) and mortality 
endpoints for chironomus and again for Hyalella. 
5) Pooling will be based on use of the most sensitive endpoint (growth 
or mortality) resulting two LRM and two FPM models. 
6) For the purposes of the models, a hit will be defined for both 
growth (biomass) and mortality at the moderate (20%) threshold. 
7) Depending on how the models work out, additional efforts to optimize 
the models may be necessary. 

We may need to discuss further the use of non‐site data in the logistic 
regression based on whether this data can be made available to the LWG 
and the use of round 3B data to test the reliability of the predictive 
models. 

Please let me know whether this is acceptable and we will send you a 
revised problem formulation reflecting this approach. 

‐‐‐‐‐ Message from "Helle B. Andersen" <helleb@windwardenv.com> on Fri, 
23 May 2008 14:50:22 ‐0700 ‐‐‐‐‐ 

To:	 "Burt Shephard" <shephard.burt@epa.gov>,
 
<Blischke.Eric@epamail.epa.gov>
 

cc:	 "John Toll" <johnt@windwardenv.com> 

Subject FW: bioassay interpretation and benthic toxicity modeling
 
:
 

Eric and Burt, 

John has asked me to forward this e‐mail to your regarding the 
interpretation of the bioassay data and modeling of benthic toxicity in 
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Portland Harbor. 

Helle 

From: John Toll 
Sent: Friday, May 23, 2008 2:25 PM 
To: Helle B. Andersen 
Subject: bioassay interpretation and benthic toxicity modeling 

Eric and Burt ‐ Based on the separate conversations I had with the two 
of you late yesterday, I've outlined the plan we discussed for 
interpreting the bioassay data and modeling benthic toxicity in Portland 
Harbor. Here it is: 

1. Interpreting the empirical data 

a. Analyze the four bioassay endpoints (Chironomus 10‐day 
survival, Hyalella 28‐day survival, Chironomus 10‐day biomass and 
Hyalella 28‐day biomass) separately 

b. Use negative control as reference 

c. Use low, medium and high hit thresholds, so each Portland 
Harbor bioassay station will be classified as no hit, low level hit, 
medium level hit or high level hit, for each of the four endpoints. 

d. Use the following hit criteria based on minimum detectable 
differences from round robin studies. Note ‐the low (SL1), medium (SL2) 
and high (SL3) hit criteria for the mortality endpoints are the same as 
what has previously been proposed by EPA. Also, the low (SL1) and 
medium (SL2) hit criteria for all four endpoints are the hit criteria 
that have been selected by RSET. The justification statements for these 
hit criteria are taken straight from RSET criteria selection 
documentation. 

i. 
For the Chironomus 10‐day survival endpoint: 

1. Low level hit (SL1) = mean test mortality > mean reference 
mortality + 10% and statistical difference between test and reference 
(alpha = 0.05) 

2. Medium level hit (SL2) = mean test mortality > mean reference 
mortality + 20% and statistical difference between test and reference 
(alpha = 0.05) 

3. High level hit (SL3) = mean test mortality > mean reference 
mortality + 30% and statistical difference between test and reference 
(alpha = 0.05) 
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Justification: In ASTM round robin testing, the minimum detectable 
difference (MDD) between the test and control sample ranged from 2 to 
12%, with a mean of 8%. Therefore, a detectable difference could be 
observed at levels as low as 15% mortality, ranging in the worst case up 
to about 30% mortality, depending on the performance of the control and 
reference samples, and the degree of variability in the test replicates. 
In practice these numeric thresholds should be observable nearly all of 
the time. 

ii. 
For the Hyalella 28‐day survival endpoint: 

1. Low level hit (SL1) = mean test mortality > mean reference 
mortality + 10% and statistical difference between test and reference 
(alpha = 0.05) 

2. Medium level hit (SL2) = mean test mortality > mean reference 
mortality + 20% and statistical difference between test and reference 
(alpha = 0.05) 

3. High level hit (SL3) = mean test mortality > mean reference 
mortality + 30% and statistical difference between test and reference 
(alpha = 0.05) 

Justification: In ASTM round robin testing, the MDD between the test and 
control sample ranged from 2 to 20%, with a mean of 8%. Therefore, a 
detectable difference could be observed at levels as low as 15% 
mortality, ranging in the worst case up to about 50% mortality, 
depending on the performance of the control and reference samples, and 
the degree of variability in the test replicates. In practice these 
endpoints should be observable most of the time, with the MDD at times 
exceeding the SL1 numeric threshold, but not likely exceeding the SL2 
numeric threshold. 

iii. 
For the Chironomus 10‐day biomass endpoint: 

1. Low level hit (SL1) = mean test biomass/mean reference biomass 
< 0.8 and statistically different from the reference (alpha = 0.05) 

2. Medium level hit (SL2) = mean test biomass/mean reference 
biomass < 0.7 and statistically different from the reference (alpha = 
0.05) 

3. High level hit (SL3) = mean test biomass/mean reference biomass 
< 0.6 and statistically different from the reference (alpha = 0.05) 
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Justification: The SL1 and SL2 endpoints are based largely on the MDDs 
reported in ASTM round robin studies of the 10‐day Chironomus growth 
endpoint. The mean MDD in weight in round robin studies was 
approximately 11%, with a range from 5 to 24%. The round robin studies 
suggest that the numeric level corresponding to the SL1 should be 
observable well over half of the time, and the SL2 levels should be 
observable nearly all of the time. The numeric levels chosen span the 
range of growth rates associated with adverse reproductive or 
physiological effects in the literature. 

iv. For 
the Hyalella 28‐day biomass endpoint 

1. Low level hit (SL1) = mean test biomass/mean reference biomass 
< 0.75 and statistically different from the reference (alpha = 0.05) 

2. Medium level hit (SL2) = mean test biomass/mean reference 
biomass < 0.6 and statistically different from the reference (alpha = 
0.05) 

3. High level hit (SL3) = mean test biomass/mean reference biomass 
< 0.5 and statistically different from the reference (alpha = 0.05) 

Justification: The SL1 and SL2 endpoints are based largely on the MDDs 
reported in ASTM round robin studies of the 28‐day Hyalella growth 
endpoint. The mean MDD in weight in round robin studies was 
approximately 25%, with a range from 16 to 50%. The round robin studies 
suggest that the numeric level corresponding to the SL1 should be 
observable about half the time, and the numeric level corresponding to 
the SL2 should be observable about 80% of the time. 

e. Empirical data presentation: Bioassay interpretation results 
will be mapped so as to show where no hits, low level hits, medium level 
hits and high level hits occurred for each of the four endpoints. The 
LWG will discuss data presentation details with EPA as needed to ensure 
that the information is presented in a manner that's useful for risk 
managers. 

2. Benthic toxicity modeling 

a. One floating percentile model (FPM) and one logistic regression 
model (LRM) will be developed by pooling the four bioassay endpoints. 

b. Data interpretation will be the same for the FPM and LRM so as 
not to confound differences in predictions. 

c. A medium (or high) level hit on any one or more of the four 
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endpoints, or low level hits on any two or more of the four endpoints, 
will be classified as a pooled hit. Note: these are the RSET 
interpretive criteria for the pooled endpoint. 

d. At bioassay stations, empirical data will be used instead of 
model predictions of benthic toxicity (i.e., the error will be ascribed 
to the model(s), not to the bioassay results). 

e. Presentation of modeling results: FPM predictions of benthic 
toxicity, LRM predictions of benthic toxicity and the empirical results 
(see 1(e) above) all will be mapped together. The LWG will discuss the 
details with EPA as needed to ensure that the information is presented 
in a manner that's useful for risk managers. 

Please let me know at your earliest possible convenience whether you 
accept this proposal; the bioassay and sediment chemistry data are all 
in and we are anxious to get started on the analysis. 

John 

John Toll, Ph.D. 

Partner 

Windward Environmental LLC 

200 West Mercer Street, Suite 401 

Seattle, WA 98119‐3958 

(206) 812‐5433 

(206) 913‐3292 (cell) 

www.windwardenv.com <http://www.windwardenv.com/> 

The information contained in this e‐mail message is intended only for 
the personal and confidential use of the recipient named above. This 
message may be an attorney‐client communication and as such is 
privileged and confidential. If the reader of this message is not the 
recipient named above or an agent responsible for delivering it to the 
intended recipient, the reader is hereby notified that this message has 
been received in error and that any review, dissemination, copying or 
distribution of this message is strictly prohibited. If you have 
received this message in error, please notify the sender immediately, 
and delete this message. 
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John Toll 

From: Blischke.Eric@epamail.epa.gov 
Sent: Thursday, July 24, 2008 11:12 AM 
To: rjw@nwnatural.com; ricka@bes.ci.portland.or.us; Jim.McKenna@portofportland.com 
Cc: John Toll; Helle B. Andersen; Humphrey.Chip@epamail.epa.gov; kpine@anchorenv.com 
Subject: Final Bioassay Evaluation Proposal 

Bob: 

As we discussed last week, EPA has adjusted the previous proposal for the evaluation of 
sediment bioassays. The proposals outlined below represents EPA's final position on the 
bioassay evaluation. In developing this approach, EPA has considered concerns raised by your 
technical representatives as well as EPA's government team partners. 
EPA and the LWG have been discussing this issue since 2004. Recently, we have been 
discussing this topic in response to the February 15, 2008 Problem Formulation for the 
baseline ecological risk assessment developed by EPA. 

Background: 

Benthic Interpretive Report: 

On March 17, 2006, the Lower Willamette Group submitted the Interpretive 
Report: Estimating Risks to Benthic Organisms using Predictive Models Based on Sediment 
Toxicity Tests. This report presented an evaluation of the floating percentile and logistic 
regression models as well as a comparison to existing sediment quality values. The stated 
goal of the predictive model is "to derive SQVs that are sufficiently reliable for predicting 
benthic toxicity within the study area" and to develop a line of evidence "for identifying 
areas where chemical concentrations in sediment may pose a risk to benthic invertebrates." 

On July 6, 2006, EPA commented on the Benthic Interpretive Approach. 
The LWG responded to these comments on September 1, 2006. In the LWG response to comments, 
there were a number of comments that the LWG identified as category 1 ‐ strongly disagree; 
cannot accept. In particular, the LWG disagreed with EPA's comment to include the Hyalella 
growth endpoint in the floating percentile model and to consider effects level 1 in the 
development of the predictive models. In addition, the LWG agreed to the use of the 
alternative logistic regression model using a larger, non‐site specific, freshwater database 
for the Hyalella 28‐day growth and survival test as a complimentary line of evidence to the 
floating percentile model. The LWG also agreed to use the revised logistic regression model 
based on the Hyalella pooled endpoint and the floating percentile model based on Chironomus 
growth, Chironomus mortality and Hyalella morality endpoints as separate lines of evidence in 
assessing risks to the benthic community. 

Round 2 Report: 

On February 21, 2007, the LWG submitted the Comprehensive Round 2 Site Characterization 
Summary and Data Gaps Report. In the Round 2 Report, the evaluation of benthic risks 
considered the floating percentile model 
‐ effect levels 2 and 3 for the Chironomus growth, Chironomus mortality and Hyalella morality 
endpoints and the logistic regression model at the effect level 2 for the pooled Hyalella and 
Chironomus endpoints. 
Although the Round 2 report utilized the logistic regression model for the identification of 
Round 2 Chemicals of Potential Concern (COPCs; see Table 9.3‐1 of the Round 2 Report), the 
logistic regression model was not used to develop initial areas of potential concern (iAOPCs) 
due to the following concerns: Irreproducibiliy of the logistic regression model; the 
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predictive ability of the Hyalella growth endpoint, and the reduction in predictive accuracy
 
when combining the two models.
 

EPA considered the logistic regression model and the Hyalella growth endpoint in our
 
evaluation of benthic risks for the purposed of identifying Round 3B data gaps. However,
 
during the finalization of the field sampling plan for sediment toxicity testing, EPA and the
 
LWG could not reach agreement on the use of the Hyalella growth endpoint in the application
 
of the predictive models and instead agreed to identify sediment sampling locations, in part,
 
based on an evaluation of the empirical Hyalella growth toxicity testing.
 

BERA Problem Formulation
 

On February 15, 2008, EPA submitted the Problem Formulation for the Baseline Ecological Risk
 
Assessment to the LWG. The purpose of the problem formulation was to guide the development
 
of the baseline ecological risk assessment. The problem formulation required evaluation of
 
the empirical toxicity results at the 10, 20 and 30 % difference from control level and the
 
floating percentile model at the 20% and 30% effect level. In addition, the problem
 
formulation required a substitution of the Hyalella growth endpoint with a total biomass
 
endpoint. suggested pooling of endpoints to improve model performance, recommended
 
incorporation of the Round 3 Data into the models and recommended reconciling the chemicals
 
evaluated in the two models to the extent possible.
 

Current Status
 

Post Problem Formulation Discussions:
 

Following submittal of the problem formulation by EPA, a series of discussions took place in
 
an effort to resolve discrepancies between the Round 2 Report, the Problem Formulation and
 
previously submitted documents such as the benthic interpretation report and the 2005
 
Technical Memorandum ‐ Estimating Risks to the Benthic Community using Sediment Toxicity
 
Tests. A number of approaches were considered including adjusting the effect levels for the
 
Hyalella growth endpoint and incorporation of the RSET one‐hit/two‐hit approach into the
 
floating percentile model.
 

Our most recent discussion took place on Friday, July 11, 2008. Burt Shephard and I spoke
 
with John Toll and Helle Anderson about the evaluation of benthic risk. At the end of the
 
discussion, we came up with the following approach:
 

1) Evaluate the empirical toxicity data as we have described ‐ a hit is a statistically
 
significant difference from control for any of the four endpoints.
 
2) Substitute total biomass for the growth endpoint for both the Hyalella and the chironomus
 
tests.
 
3) Empirical data will be further refined by classifying the toxicity tests into minor (10%)
 
moderate (20%) and severe effects (30%).
 
4) For the LRM and FPM, we will pool the growth (biomass) and mortality endpoints for
 
chironomus and again for Hyalella.
 
5) Pooling will be based on use of the most sensitive endpoint (growth or mortality)
 
resulting in two LRM and two FPM models.
 
6) The evaluation of the bioassay data for the development of the predictive models will be
 
based on the following hit thresholds:

 ‐ Chironomus Growth ‐ 30%
 ‐ Chironomus Mortality ‐ 20%
 ‐ Hyalella Growth ‐ 40%
 ‐ Hyalella Mortality ‐ 20% 

7) These thresholds will apply to both the logistic and floating 
percentile models. 
8) The results from these models will be equivalent to site specific 

2 



     
                         

                          
                               
                           

                     
 

                                  
                 

 
 

 
                         

                            
                              
                           
                        
                               
                         

         
 

                         
                           
     

                              
                       
           

 
                           
                            
                            
                             

                        
                             

                             
 

                       
                           
                               

                               
                                
       

 
                         

                         
                            

                                  
                             

               
 
                               
                             
                              
                            

                             
                             

         

probable effect levels. 
9) The draft RI report will present an evaluation of the hit 
thresholds used in the predictive models. The evaluation will compare the separation of 
sediment chemistry distributions at the hit and no hit stations as a way to assess the 
utility of using lower hit thresholds in the predictive models, evaluate the reliability of 
the predictive models and make recommendations regarding the optimization of model 
performance. 
10) The model results will be used in the conjunction of other lines of evidence in the 
baseline risk assessment and in the development of PRGs. 

Evaluation: 

Subsequent discussions with our project team raised concerns about the thresholds for the 
floating percentile model evaluation. There was a strong sense that two thresholds should be 
evaluated and that the 40% threshold for the Hyalella growth endpoint was too high. In 
response to these concerns, EPA further evaluated information presented in the March 17, 2006 
benthic interpretation report. The review focused on the floating percentile model and 
considered both the reliability parameters presented in Table 5‐3 of the report as well as an 
evaluation of the differences between the hit and no‐hit distributions as presented in 
Appendix D of the report. 

Based on this evaluation, for the Chironomus growth and mortality and Hyalella mortality 
endpoints, the best performers are the 20% Chironomus growth and 30% Hyalella mortality and 
Chironomus mortality endpoints. 
However, the difference between the 20% and 30% effect thresholds is slight. The 10% effect 
threshold for these three endpoints show reduced performance based on reliability and 
difference between hit and no‐hit distributions. 

For the Hyalella growth endpoint, EPA acknowledges the high incidence of false positives at 
all three effect levels. In addition, EPA acknowledges that the difference between the hit 
and no‐hit distributions are more difficult to discern than the other three endpoints. That 
said, the information presented in the reports suggests that a floating point model can be 
developed for the Hyalella growth endpoint. Further, evaluation of the empirical Hyalella 
growth data suggests that Hyalella growth at the 10% and 20% difference from control hit 
thresholds can be used to delineate the extent of contamination at the Portland Harbor Site. 

Evaluation of the hit/no‐hit distributions demonstrates 10% effect level has the greatest 
difference between the hit and no‐hit distributions and has a reasonably good predicted hit 
reliability. However, it still suffers from a false positive rate of greater than 50%. The 
predicted hit reliability drops significantly at the 20% effect level and is only 27% at the 
30% effect level. EPA is currently unable to evaluate the LWG proposed 40% effect level for 
the Hyalella growth endpoint. 

Given the uncertainty surrounding the utility of applying the floating percentile model to 
the Hyalella growth endpoint, EPA believes it is prudent to evaluate two different 
thresholds. Based on the evaluation summarized above, the 10% effect level seems to perform 
better than the 20% and 30% effect levels. Evaluation of both the 10% and 40% effect level 
will allow us to bracket the range of Hyalella growth effect levels considered and should 
facilitate evaluation and optimization of the model performance. 

EPA acknowledges that due to the large number of sources and source types at the Portland 
Harbor site, the predictive model results do not necessarily match up well with the empirical 
bioassay results. As a result, the necessary analysis must be performed in the baseline risk 
assessment to determine the optimum hit threshold or thresholds. These results will be used 
along with other lines of evidence (e.g., SQGs, application of benthic tissue TRVs and BSAFs) 
to identify areas that pose risk to the benthic community and develop sediment cleanup levels 
protective of the benthic community. 
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Final Proposal:
 

Based on the evaluation outlined above, EPA is prepared to direct the LWG to evaluate benthic
 
risks according to the following:
 

1) Evaluate the empirical toxicity data as we have described ‐ a hit is a statistically
 
significant difference from control for any of the four endpoints.
 
2) Substitute total biomass for the growth endpoint for both the Hyalella and the chironomus
 
tests.
 
3) Empirical data will be further refined by classifying the toxicity tests into minor (10%)
 
moderate (20%) and severe effects (30%).
 
4) For the Logistic Regression Model, the development of the predictive models will be based
 
on the pooled Hyalella and pooled Chironomus endpoints at the 20% effect level.
 
5) Adjustment of the probability of toxicity (Pr) used to distinguish no effects, minor
 
effects, moderate effects and severe effects from the current 40% and 60% may be considered.
 
6) Round 3B sediment toxicity data should be incorporated into the two predictive models.
 
7) EPA will make the non‐Portland Harbor site data available to the LWG for evaluation of
 
the alternative logistic regression model developed by NOAA (pooled Hyalella Growth endpoint
 
only).
 
8) For the Floating Point Model, the development of the predictive models will be based on
 
the following hit thresholds:

 ‐ Chironomus Growth ‐ 20% and 30%

 ‐ Chironomus Mortality ‐ 20% and 30%

 ‐ Hyalella Growth ‐ 10% and 40%

 ‐ Hyalella Mortality ‐ 20% and 30%
 

9) The draft RI report will present an evaluation of the hit thresholds used in the 
predictive models. The evaluation will compare the separation of sediment chemistry 
distributions at the hit and no hit stations as a way to assess the hit thresholds in the 
predictive models for possible adjustment, evaluate the reliability of the predictive models 
and make recommendations regarding the optimization of model performance. 
10) The model results will be used in the conjunction of other lines of evidence in the 
baseline risk assessment and in the development of PRGs. 

EPA believes that the above approach is consistent with approaches outlined in the March 2006 
Benthic Interpretation Report, the Round 2 Report and EPA's Problem Formulation. Further, 
the approach incorporates EPA's long‐standing desire to incorporate the Hyalella Growth 
endpoint into the floating percentile model while at the same time addressing the LWG's 
desire to evaluate Hyalella growth at a higher effect level (40%). 

If you have any questions regarding the approach outlined above, please contact me. 

Thanks, Eric 
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John Toll 

Subject: FW: TRV Questions 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Tuesday, August 05, 2008 10:53 AM 
To: rjw@nwnatural.com; ricka@bes.ci.portland.or.us; Jim.McKenna@portofportland.com 
Cc: kpine@anchorenv.com; John Toll; jworonets@anchorenv.com 
Subject: TRV Questions 

Bob, attached are EPA's response to your June 30, 2008 questions regarding the tissue TRV 
methodology. A revised TRV methodology is also attached. 

Let me know if you have any questions. 

Thanks, Eric 

(See attached file: AquaticTissueTRVResponseCoverLtr080508.pdf)(See 
attached file: AquaticBiotaTissueTRVDerivation080508.pdf)(See attached 
file: LWGTissueTRVResponse080508.pdf) 
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August 5, 2008 

Mr. Robert Wyatt 
Northwest Natural & Co-Chairman, Lower Willamette Group 
220 Northwest Second Avenue 
Portland, Oregon 97209 

Re: Portland Harbor Superfund Site; Administrative Order on Consent for Remedial     
Investigation and Feasibility Study; Docket No. CERCLA-10-2001-0240 - Toxicity 
Reference Value Methodology – Aquatic Biota Tissue 

Dear Mr. Wyatt: 

On June 30, 2008, the Lower Willamette Group (LWG) identified seven issues associated 
with the Toxicity Reference Value Methodology – Aquatic Biota Tissue developed by EPA.  
EPA has reviewed each of the seven points raised in your June 30th letter.  A summary of EPA’s 
response to each point is summarized in Attachment 1 to this letter.  A revised Toxicity 
Reference Value Methodology – Aquatic Biota Tissue is included as Attachment 2 to this letter. 

EPA believes that we have fairly considered each of the points in your letter.  The tissue 
residue toxicity reference values (TRVs) currently under development by EPA will reflect the 
changes made to the methodology in response to your concerns.   

If you have any questions, please contact Chip Humphrey at (503) 326-2678 or Eric 
Blischke (503) 326-4006. All legal inquiries should be directed to Lori Cora at (206) 553-1115. 

      Sincerely,

      Chip  Humphrey
      Eric  Blischke
      Remedial Project Managers 



 

 
 
 

           
 
  
 
 
 
 
 
 
 
  

cc: 	 Greg Ulirsch, ATSDR 
Rob Neely, NOAA 
Ted Buerger, US Fish and Wildlife Service 
Preston Sleeger, Department of Interior 

 Jim  Anderson,  DEQ  
Kurt Burkholder, Oregon DOJ 
David Farrer, Oregon Environmental Health Assessment Program 
Rick Keppler, Oregon Department of Fish and Wildlife 
Michael Karnosh, Confederated Tribes of Grand Ronde  
Tom Downey, Confederated Tribes of Siletz  
Audie Huber, Confederated Tribes of Umatilla 
Brian Cunninghame, Confederated Tribes of Warm Springs 
Erin Madden, Nez Perce Tribe 
Rose Longoria, Confederated Tribes of Yakama Nation 



 
 

 

 
 

 

 

Attachment 2 

Revised Aquatic Biota Tissue TRV Derivation
 

Introduction 

Unlike the case where several published sources of screening level aquatic biota tissue 
benchmarks are available (e.g. Dyer et al. 2000, Shephard 1998), EPA is unaware of any 
published source of widely available aquatic biota tissue TRVs for use in baseline ecological risk 
assessments.  This means that the aquatic biota tissue TRVs for the BERA will have to be 
derived from the original residue-effects literature.  The two primary compendia of residue-
effects literature for aquatic species are the Environmental Residue Effects Database (ERED), 
found online at http://el.erdc.usace.army.mil/ered/, and the review by Jarvinen and Ankley 
(1999), most of which was later incorporated into the ERED.  EPA has also shared with the 
LWG an updated (January 2008) version of the residue-effects database described in Shephard 
(1998), which was the original source for most of the literature originally incorporated in the 
ERED. Combined with additional studies identified by LWG and other interested parties during 
the Portland Harbor RI/FS process, these data sources will be used to obtain studies to be used 
during TRV derivation. All of these sources contain primarily whole body residue-effects 
information. 

Without a compendium of baseline ecological risk assessment aquatic biota tissue TRVs from 
which tissue TRVs for the Portland Harbor BERA can be selected, a TRV derivation 
methodology or hierarchy will have to be defined.  The primary purpose of any baseline 
ecological risk assessment at a Superfund site is to determine risks associated with current site 
conditions, and to assist risk management decisions regarding the need for site remediation.  
Given that the tissue TRVs will be used in a baseline ecological risk assessment, EPA believes 
that the TRV derivation methodology must be consistent with EPA’s ecological risk assessment 
paradigm.  A paradigm is a philosophical and theoretical framework of a scientific discipline.  
As such, it differs from a specific protocol or guidance.  The intent of the EPA (1997) ecological 
risk assessment paradigm is to provide a general conceptual framework for organizing problems 
and risk assessment approaches.  Consistency of the tissue TRV derivation methodology with the 
EPA risk assessment paradigm was a major consideration in EPA’s selection of a TRV 
derivation methodology.   

EPA’s desired outcome from the aquatic biota tissue TRV derivation process is to develop TRVs 
that are based on measured tissue residues from various aquatic species that are associated with 
adverse ecological effects or unacceptable ecological risks to the assessment endpoints for 
various categories of ecological receptors at Portland Harbor.  This is consistent with EPA 
(1997) ecological risk assessment guidance, which calls for BERA risk characterizations to 
identify thresholds for effects on the assessment endpoints as a range between contamination 
levels identified as posing no ecological risk and the lowest contamination levels identified as 
likely to produce adverse ecological effects.  To meet this goal, the tissue TRVs to be derived for 
the BERA will be LOER (lowest observed effect residue) based, and thus will likely be higher 
than the screening level benchmarks used in the SLERA. 
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EPA has identified two primary approaches using the existing scientific literature to derive 
baseline ecological risk assessment aquatic biota tissue TRVs.  Although other approaches may 
be available, EPA suggests that the following two approaches are the most appropriate for 
aquatic biota tissue TRV derivation at Portland Harbor.  These were selected based on increasing 
data availability, complexity of calculation, TRV reliability, consistency with the ecological risk 
assessment paradigm, and ecological realism. Therefore, the two baseline tissue TRV derivation 
approaches EPA is recommending are: 

1. Lowest Value Approach 
2. Species Sensitivity Distribution (SSD) approach. 

Both of these methodologies will be used to derive tissue TRVs for the Portland Harbor BERA.  
The strengths, weaknesses and application of these two tissue TRV derivation approaches in the 
BERA are discussed in the following section. Given that there are no available compendia of 
aquatic biota tissue TRVs for use in baseline ecological risk assessments for Superfund, EPA 
believes an extended discussion of both methodologies is necessary to justify the hierarchy of 
TRV derivation methods presented at the end of this section. 

Lowest Value Approach 

The lowest value approach evaluates all available toxicity data for a contaminant.  After the data 
are compiled, the lowest relevant toxicity value (i.e. the lowest residue-effects LOER [lowest 
observed effect residue] concentration) is selected as the TRV. So long as the LOER is based on 
an acceptable endpoint for an appropriate species, no further adjustments to the value may be 
required. However, the LOER may also have to be divided by one or more uncertainty factors to 
obtain the final TRV. Although many types of uncertainty factors can be considered, the factors 
applied to the literature-based LOER generally fall into one of three broad categories: 

• Acute to chronic adjustment 
• Interspecies extrapolation 
• Laboratory to field extrapolation 

Most residue-effects literature associates a measured residue with reductions in survival using 
acute (i.e., short-term) exposure periods.  Although survival is part of most assessment endpoints 
in the Portland Harbor BERA, TRVs are often based on reproduction and growth to ensure they 
are appropriately protective of the most sensitive portion of the assessment endpoint.  An 
uncertainty factor can thus be applied to a literature-based mortality LOER to convert an acute 
mortality LOER into a LOER or NOER for effects on reproduction and growth.  This acute to 
chronic uncertainty factor (more commonly called an acute-chronic ratio or ACR) is applied 
because concentrations required to elicit acute mortality are generally higher than the 
concentrations that reduce growth and/or reproduction. 

Unless a species specific acute to chronic ratio is available for residues in the particular study 
under review, a default acute to chronic ratio is required for TRV derivation.  The default acute 
to chronic ratio for use in the Portland Harbor BERA tissue TRV derivation will be 8.3, based on 
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the study of Raimondo et al. (2007).  The Raimondo et al. (2007) study is the geometric mean 
acute-chronic ratio of 456 same-species pairs of acute and maximum acceptable toxicant 
concentrations for metals, narcotics, pesticides, and other organic chemicals.  The default 8.3 
acute to chronic ratio (uncertainty factor) will only be applied to LOER values for which 
mortality was the measured toxicological endpoint.  

This uncertainty factor is, strictly speaking, most appropriate for use with acute (i.e., relatively 
short study exposure times) mortality as opposed to chronic (i.e., relatively long study exposure 
times) mortality. However, most of the tissue toxicity literature studies in which mortality was 
measured used acute exposure periods, using as the definition of acute an exposure duration less 
than 10% of the lifespan of the test organism (Rand 1980). The 8.3 uncertainty factor will be 
applied to all mortality LOERs unless other information is available to suggest it is not necessary 
(e.g., specific test duration data or presence of other sublethal endpoints from the same study). 

Interspecies extrapolations and laboratory to field uncertainty factor both account for the 
assumption that laboratory studies underestimate adverse effect concentrations in the field.  
Reasons for applying an interspecies uncertainty factor include the life stage tested in the 
laboratory may be less sensitive than another life stage; laboratory test species are often selected 
because of their ease of handling and culture in the laboratory, and are not representative of the 
taxonomic diversity found in the field; and concerns that commonly uses laboratory test species 
may be more tolerant to contamination than are other species. Concerns regarding the use of 
interspecies extrapolation and laboratory to field uncertainty factors include the possibility that 
laboratory species and/or test conditions overestimate toxicity under field exposure conditions.  
Since the objective of tissue TRV derivation for the BERA is to derive a LOER based TRV, 
interspecies extrapolation and laboratory to field uncertainty factors will not be used during the 
derivation of Portland Harbor BERA tissue TRVs. 

Concerns regarding the scientific basis and validity of the uncertainty factors include the 
magnitude of the factors, and whether or not the approach is consistent with the risk assessment 
paradigm.  Specific criticisms include the often arbitrary nature of uncertainty factors, their 
largely empirical nature, and their lack of a theoretical scientific basis (Chapman et al. 1998, 
Rand et al. 1995, Calabrese and Baldwin 1993).  The absence of universally accepted values for 
uncertainty factors (Calabrese and Baldwin 1993) confirms their often arbitrary nature.   

As described herein, the lowest value approach ignores all data except the lowest effect 
concentration (i.e. the most conservative or worst case approach).  This type of approach is more 
appropriate for a screening level benchmark as opposed to a baseline ecological risk assessment 
TRV. Ideally, a TRV used within a BERA is developed from multiple acceptable studies, which 
if desired permits estimation of the probability of risk or the probability of an adverse 
toxicological effect at a given exposure concentration.  Ultimately, uncertainty factors applied to 
TRV derivation are used to address a lack of knowledge regarding the toxicity of a chemical.  
Use of the lowest value approach would require that, in addition to agreement on the toxicity 
value and study used to derive the TRV, agreement would have to be reached on the values of 
the uncertainty factors to be applied during BERA TRV development.   
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Given the amount of residue-effects literature available describing the effects of many 
bioaccumulated chemicals to aquatic life, EPA believes better approaches are available to derive 
aquatic biota tissue TRVs for the Portland Harbor BERA than the use of the lowest value 
approach. However, for chemicals with an insufficient amount of residue-effects literature to 
permit TRV derivation by other methods described in this section, EPA will use the lowest value 
approach as the last (lowest) rung on the hierarchy of TRV development methods acceptable for 
use in the Portland Harbor BERA. 

The strengths and weaknesses of the lowest value approach to aquatic biota tissue TRV 
derivation are as follows: 

•	 Strengths 
o	 Simplicity of use 
o	 Ease of understanding 
o	 Minimal data requirements - as little as one toxicity value needed to derive a TRV 
o	 Uncertainty factors, if needed, become larger as toxicity data become more 

unreliable or uncertain, or if fewer studies are available 
o	 The magnitude of the uncertainty factor, if needed, can be changed as new 

toxicological information becomes available 

•	 Weaknesses 
o	 Largely empirical, no theoretical basis 
o	 Questions regarding the validity of acute to chronic ratios 
o	 Questions regarding the magnitude of the acute to chronic ratio 
o	 Not fully consistent with the risk assessment paradigm 
o	 Lack of transparency – the lowest value approach does not provide a consistent 

degree of protection to ecological receptors, and thus does not permit informed 
discussions between risk managers and other interested parties regarding the level 
of protection occurring 

The specifics of the lowest value approach as applied to BERA tissue TRV derivation for 
Portland Harbor are presented in the aquatic biota tissue TRV derivation methodology presented 
later in this section. 

Species Sensitivity Distribution (SSD) Approach 

A species sensitivity distribution is a statistical model which calculates a chemical concentration 
protective of a predetermined proportion or percentage of a group of species from a defined 
adverse toxicological effect. In theory, SSDs are intended to provide an indication of both the 
total range and distribution of species sensitivities in natural communities, even when the actual 
range of sensitivities is unknown (Stephan 2002). In practice, SSDs are most commonly 
presented as a cumulative distribution function (CDF) of the toxicity of a chemical to a group of 
laboratory test species. Perhaps the best known application of SSDs to develop TRVs for 
ecological risk assessment is their use to derive EPA’s ambient water quality criteria (AWQC) 
for the protection of aquatic life (Stephan et al., 1985). 
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The general approach to derive a SSD is to obtain the toxicity data for a number of species.  In 
instances where multiple studies have evaluated the same toxicological endpoint on the same 
species, the data must undergo some preprocessing before it is incorporated into the SSD.  
Preprocessing procedures to be applied to TRV development for Portland Harbor will be given 
later in this section. 

Several statistical models have been used to fit toxicity data to species sensitivity distributions.  
These include log-triangular distributions (Stephan et al. 1985), log-logistic distributions 
(Aldenberg and Slob 1993), lognormal distributions (Wagner and Lokke 1991) and Burr Type III 
distributions (Shao 2000). There is no known theoretical reason why a SSD for any given data 
set should conform to a specific statistical distribution. For example, most new approaches for 
water quality criteria derivation outside of the U.S. select specific SSD derivation models based 
on which best fit the underlying data distribution from a statistical point of view. 

The largest single difference between the various published approaches to deriving SSDs is the 
statistical distribution fit to the toxicity data.  In general, development of an SSD from toxicity 
data is as follows: 

Each data point within an SSD is given equal weighting, i.e. no single study carries more weight 
within the SSD than does any other study. The SSD is calculated from a cumulative distribution 
frequency of the species sensitivity to contaminant data by ranking the effect concentration for 
each species from lowest to highest.  The cumulative frequency value for each data point is 
calculated from Equation 1: 

Equation 1: 
⎛ 100 ⎞Cumulative frequency = Rank × ⎜⎜ ⎟⎟ n +1⎝ ⎠ 

Where: 
n = number of data points used to develop the SSD 

The cumulative frequency value (sometimes termed the potentially affected fraction of species) 
of each data point is then plotted against the effect concentration that represents the sensitivity of 
that species to the contaminant, yielding the typically S-shaped species sensitivity distribution 
plot with effect concentrations on the x-axis and the cumulative frequency values plotted on the 
y-axis. 

Regardless of the statistical distribution used to fit the SSD (e.g. log-logistic, lognormal, etc.), 
the equation describing the distribution is known.  This knowledge permits calculation of the 
concentration protective of any selected proportion of species.  The level of protection selected is 
not a technical or statistical decision, instead, it is ultimately a management decision.  The two 
most commonly used protection percentiles are protection of 95% of all tested species (e.g. 
Stephan et al. 1985) and 90% of all tested species (e.g. Meador et al. 2002).  To afford protection 
to these proportion of species, the TRV derived from the SSD is set at either the 5th or 10th 

percentile of the adverse effect concentrations. 
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All species sensitivity distributions make a series of assumptions, both statistical and biological.  
Statistical assumptions generally entail the suitability of the distribution used to fit the SSD, and 
the number of samples within the SSD, which relates to the reliability and stability of the TRV 
derived from the SSD. This is particularly true of TRVs selected from a tail of the SSD, where 
the TRV is lower than all but 5% or 10% of the effects data.  Biological assumptions about the 
SSD approach include:  whether communities and ecosystems are sufficiently protected by an 
SSD-derived TRV intended to protect a defined proportion of species within the community or 
ecosystem; whether a SSD based on laboratory generated toxicity data yields the same 
distribution of species sensitivity observed in field situations (i.e. the species incorporated into 
the SSD are representative of the sensitivities of all species); and whether TRVs derived from 
SSDs are inherently protective of communities and ecosystems.  As described in detail in 
Posthuma et al. (2002), many of the statistical and biological questions regarding the use of 
SSDs have been satisfactorily answered to the point where SSDs have been used by a number of 
regulatory agencies in North America (both the U.S. and Canada), Europe, Asia and Australia to 
derive environmental quality guidelines. 

Within the context of aquatic biota tissue TRV derivation for Portland Harbor, perhaps the two 
most critical decisions are the minimum number of data points to be used during SSD 
development, and the level of protection provided by the TRV.  The previously published tissue 
residue benchmarks used for screening in ecological risk assessments (e.g. Dyer et al. 2000, 
Meador et al. 2002) were derived using whole body lowest observed effect residue (LOER) data, 
which is the same adverse effect residue data that will be used to derive the Portland Harbor 
BERA TRVs. The minimum number of samples used to derive an SSD for use in regulatory 
programs has varied from four (Netherlands environmental risk limits), five (Australia and New 
Zealand water quality guidelines), eight (USEPA ambient water quality criteria) or 10 (European 
Union water quality guidelines).  Several investigations of the number of data points needed to 
derive TRVs from SSDs have been performed, including Wheeler et al. 2002, Newman et al. 
2000, and Roman et al. 1999.  Both Wheeler et al. 2002 and Newman et al. 2000 indicated that 
relatively sizable data sets (between 10 and 55 data points, depending on the distribution and 
spread of the data) were required for a highly protective percentile TRV to be stable irregardless 
of the data set from which the SSD was developed.   

Roman et al. (1999) concluded that with fewer than five data points, the lowest value approach 
(termed the assessment factor approach in their paper) is more precise than the SSD approach, 
but that increasingly lower TRVs may be generated from the lowest value approach as the 
number of toxicity studies increases.  With five or more data points, the SSD approach for 
generating TRVs is more consistent with the risk assessment paradigm, as it yields a stable value 
for the TRV with increasing confidence in the reliability and protectiveness of the TRV as the 
amount of toxicity data used to develop the SSD increases.  The protectiveness of the SSD 
approach in deriving TRVs has been validated by studies such as Okkerman et al. (1993), who 
evaluated toxicity based on studies with multiple species exposed to organic chemicals. 

Based on a consideration of the literature describing the minimum number of data points 
required to derive an SSD, EPA recommends that a minimum of five data points be used to 
derive aquatic biota tissue TRVs for chemicals in the Portland Harbor BERA.  Furthermore, EPA 
will set the level of protection of the tissue TRVs at the 5th percentile for target aquatic 
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ecological receptors to be evaluated at the organism level (i.e., these TRVs would be use both for 
juvenile salmonids and Pacific lamprey ammocoetes), and at the 10th percentile for all other 
aquatic biota tissue measurement endpoints which are evaluated at the population level. 

The selection of these two percentiles is based on several precedents in the field of 
ecotoxicology.  Most applicable to tissue TRV derivation may be the approach of Meador et al. 
(2002), who developed a species sensitivity distribution for PCB tissue residues which, if not 
exceeded in juvenile salmonids, are likely protective of ESA listed species from any adverse 
effects that may jeopardize the population’s ability to recover and increase to sustainable levels.  
This was defined by Meador et al. (2002) as a residue protective against adverse effects on the 
ability of individual salmon to grow and mature normally.  Meador et al. (2002) concluded that a 
low percentile of all listed residue-effect studies was an appropriate benchmark for protecting 
individual juvenile salmonids from sublethal effects that could decrease their long term survival.  
The PCB residue considered protective against biological effects in migrating juvenile salmonids 
was chosen as the 10th percentile of the 15 residue-effect concentrations identified by Meador et 
al. (2002). 

The approach used by Meador et al. (2002) of calculating a TRV from a low percentile of a 
series of rank-ordered residue-effect concentrations is similar to the approach used by EPA 
(Stephan et al. 1985) to derive ambient water quality criteria.  EPA’s criterion maximum 
concentration (CMC, commonly called the acute criterion) is derived from the 5th percentile of 
an SSD for aquatic genera generated from acute toxicity data.  Similarly, the criterion continuous 
concentration (CCC, commonly called the chronic criterion), can be derived from the 5th 

percentile of an SSD for aquatic genera derived from chronic toxicity data.  More often, the CCC 
is calculated as the final acute value divided by the final acute-chronic ratio (ACR).  The final 
ACR is based upon chronic values calculated from maximum acceptable toxicant concentrations 
(MATC) for at least three different species.  The MATC is generally considered an estimate of a 
toxic threshold concentration within the range bounded by a NOEC and a LOEC, and is often 
considered the highest safe or no effect concentration (Cooney 1995).   

ESA listed aquatic species as a group are generally not believed to be more sensitive to 
chemicals than aquatic species as a whole (Dwyer et al. 2005, Sappington et al. 2001, Dwyer et 
al. 1999). Based on measured toxicity data with threatened and endangered aquatic species, 
water quality criteria derived from the 5th percentile of an SSD are therefore generally protective 
of ESA listed species. In order to further ensure that the 5th percentile of an SSD are protective 
of ESA and other species to be evaluated at the individual organism level, a final check of the 
derived TRV will be performed. 

The SSD approach has the advantage of previous use by EPA and other regulatory agencies 
during the development of ecological risk assessment TRVs (e.g. water quality criteria).  It also 
has advantages over the lowest value approach in that the SSD approach uses more information 
from multiple studies to derive a TRV, has an explicitly defined level of protection, has well 
developed statistical and computational procedures available, and has been validated to some 
extent as being protective of ecological receptors.   
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The strengths and weaknesses of the species sensitivity distribution approach to aquatic biota 
tissue TRV derivation are as follows: 

•	 Strengths 
o	 Use toxicity data from all species for which data are available, consistent with the 

risk assessment paradigm 
o	 Based on sound statistical procedures, assuming the underlying assumptions of 

the method are met 
o	 Flexible, applicable to both risk assessment and risk management 
o	 Can be derived from any toxicological effect (e.g. survival, reproduction, etc.) or 

endpoint (e.g. LC50, EC20, LOEC, NOEC etc.) 
o	 Allow any level of protection desired to be selected except for 0% and 100% 
o	 Approach is transparent, and allows informed discussions to take place regarding 

the desired level of protection 
o	 Can be used in backwards calculations to estimate the level of protection when 

the contaminant occurs at a specified concentration in the environment 
o	 Some statistical and biological attributes of the approach have been validated 

•	 Weaknesses 
o	 Minimum data requirements more extensive than other TRV derivation 

approaches, may limit the number of chemicals for which TRVs can be developed 
o	 More complex mathematical derivation of TRVs than other approaches 
o	 Statistical assumptions of SSD derivation may be violated 
o	 Communities and ecosystems may not be sufficiently protected based on an SSD 

protecting a given percentage of the species within the community or ecosystem 

Minimum Data Requirements,  Data Preprocessing and Inclusion Procedures for Aquatic 
Biota Tissue TRV Development 

Not all of the available residue-effects literature contains data suitable for deriving a TRV for use 
in the Portland Harbor BERA.  The selection of studies suitable for TRV derivation generally 
followed the procedures described in the LWG (2004) Technical Memorandum: Provisional 
Toxicity Reference Value Selection for the Portland Harbor Preliminary Ecological Risk 
Assessment. The primary requirement is to use studies in which measured whole body residue 
concentrations are reported to be associated with relevant effect endpoints, defined as effects on 
survival, reproduction, growth and behavior (LWG 2004).  Residues in all life stages of aquatic 
species, excluding eggs, are considered. Various exposure routes are considered:  including 
dietary and waterborne. Injection and gavage studies were also considered during TRV 
derivation in LWG (2004).  For the Portland Harbor BERA, injection and gavage are not 
considered to be ecologically relevant exposure pathways, as they are not identified as exposure 
pathways in the BERA conceptual site model, and will not be used to derive TRVs for the 
BERA. 

Several specific data preprocessing questions have arisen during the development of the aquatic 
biota tissue TRV derivation process.  Four specific preprocessing issues or questions addressed 
in this section are: 
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1.	 Initial dataset compilation and targeted individual study review 
2.	 How to handle the situation where multiple toxicological endpoint LOERs are available 

for a single species (e.g. both survival and growth LOERs are available for rainbow trout 
exposed to PCBs)? 

3.	 How to handle the situation where multiple LOERs are available for a single 
toxicological endpoint for a single species (e.g. three survival LOERs are available for 
rainbow trout exposed to PCBs)? 

4.	 How to ensure that survival LOERs do not elevate the TRV so that it is no longer 
protective of the assessment endpoint of survival, reproduction and growth as evaluated 
with measurement endpoint data from multiple species? 

Initial Dataset Compilation and Targeted Study Review. As a first step, the tissue-based toxicity 
values were compiled from the U.S. Army Corps of Engineers Environmental Residue-Effects 
Database (ERED) and a personal database maintained by Burt Shephard of EPA.  The initial 
objective was to compile residue effects data from both databases, then calculate a single whole 
body-based lowest observed effect residue (LOER) value for each species with toxicity data 
available. This value is being termed the Final Species LOER.  The Final Species LOERs are 
then used to derive the tissue-based TRV based on the species sensitivity distribution (SSD) 
approach if n ≥ 5 or the lowest value approach if n < 5. 

Both datasets were pre-processed to remove any effects concentrations not associated with 
survival, growth, reproduction, development or behavior.  All no effect data were excluded as 
were data based on residues measured in tissues other than whole body or soft tissues.  Studies 
where the exposure route was injection were also excluded from the evaluation.  If there were 
discrepancies between the data in ERED and Burt Shephard’s database, preference was given to 
the values reported in ERED as these data have undergone a more rigorous quality assurance 
check. Similarly, if both a review paper and the corresponding primary paper(s) were included 
the dataset, preference was given to the interpretation presented in the primary paper (s).  Finally, 
in some cases, a range of effects concentrations was reported in Shephard’s database; the low 
end of this range was used in deriving TRVs. 

Because the data in ERED and Burt Shephard’s database were compiled differently, it was 
necessary to develop operational decisions for compiling the data.  In general, all of the 
concentration-response data from a study were compiled in ERED, while only the most sensitive 
data point was compiled in Burt Shephard’s database.  Accordingly, in developing the data set 
for TRV development, the lowest toxicity value was identified from each study.  If a study 
evaluated the sensitivity of two species, then the lowest toxicity value for each species was 
identified from that study.  The type of endpoint associated with each toxicity value (e.g., 
reproduction, growth, mortality, behavior) selected was also noted in compiling the data sets for 
TRV development.  If the lowest toxicity value was the same for two or more endpoints, then 
that was noted as well and both endpoints were incorporated into the data set. 

The toxicity data compiled were intended to be based on LOERs.  The toxicity data compiled 
were sometimes explicitly identified as LOERs, but also sometimes represented various percent 
effects levels (including very high effect levels) with no explicit determination of statistical 
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significance from controls (which would normally be required for identification of LOERs).  As 
discussed above, however, the lowest toxicity value was selected from each study.  In some 
cases, since ERED compiled all of the toxicity data from a study, the lowest value from a study 
may be associated with a very low effect level, such as a 5% effect level.  This level is within the 
range of control acceptability in most toxicity tests.  Accordingly, because the intent was to 
identify low effect levels, a general rule was developed for selecting the LOER from a single 
study in which various effect levels were reported.  It was assumed that a reasonable effect level 
for a threshold is between 10-25%.  At least for some types of studies, 10% mortality is the limit 
for acceptable control mortality and, in addition, it is a relatively common effect level for setting 
a threshold for guidelines. An upper limit of 25% has been used as the reporting level in WET 
testing for example.  The following provides some generic examples of how this rule was 
applied: 

1. Only an EC07 reported: Use the value as reported. 

2. An EC07, EC12, EC40, and EC77 reported:  Use the reported EC12. 

3. An EC40, EC77, and EC100 reported:  Use the reported EC40. 

4. Only an EC40 reported: Use the value as reported. 

After both databases were compiled into a single database as described above, individual studies 
were selected and critically reviewed from each TRV database to resolve some of the more 
readily apparent uncertainties for individual studies compiled from either ERED or Burt 
Shephard’s database. Studies were selected for review based on whether or not EPA determined 
that significant uncertainty existed in the interpretation of study results from either of the 
databases. In addition, most studies with LOER values closest to the proposed TRV were also 
selected for critical evaluation. The outcome of these evaluations—including whether or not the 
study was ultimately rejected for use in TRV derivation—are reported in the narrative text 
supporting each of the tissue TRVs. 

Multiple toxicological endpoint LOERs for a single species:  Assessment endpoints identified 
in the Portland Harbor BERA problem formulation are intended to be protective of survival, 
reproduction and growth of multiple aquatic biota groups.  The most commonly measured 
adverse effect of bioaccumulated chemicals in aquatic species is mortality.  Lethal body burdens 
of contaminants are generally higher than residues associated with adverse effects on 
reproduction or growth. Therefore, an SSD based on residue-effects data protective of all three 
toxic effects identified in the BERA assessment endpoints run the risk of being underprotective 
of reproductive and growth effects if the SSD is based largely on mortality data.  To derive SSDs 
based only on reproduction and growth data runs the risk of severely limiting the number of 
tissue TRVs that can be derived, due to the relative lack of residue-effects data for reproductive 
and growth endpoints compared to the amount of data available from lethality studies. 

The normal procedure used to derive a TRV from a SSD is to take the geometric mean of 
multiple toxicity studies available for a single species, then use the calculated geometric mean as 
the toxicity value within the SSD for that species.  However, it does not appear reasonable to 
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calculate a mean of mortality, reproductive and growth LOERs to obtain the toxicity value for a 
given species. 

The approach to handling multiple toxicological endpoint LOERs for the same species will be to 
incorporate the lowest LOER of the available endpoints for each species into the final SSD.  This 
approach will result in each species accounting for only one data point within the SSD for a 
given chemical.  Data preprocessing methods for deriving the toxicity value for a given 
toxicological endpoint for a given species from multiple LOERs, and incorporation of survival 
data into mixed toxicological endpoint SSDs will be presented in the next two sections. 

Multiple LOERs for a single toxicological endpoint for a single species:  A situation often 
encountered is where multiple LOERs are available from different studies with the same species 
for the same toxicological endpoint (e.g. three LOERs are available for PCB residues affecting 
Daphnia pulex fecundity). A commonly employed approach to address this situation is to 
calculate the geometric mean of the multiple studies, then use the calculated geometric mean as 
the toxicity value for that species and endpoint within the SSD.  This is the approach used by 
EPA during its derivation of AWQC when multiple studies of the same adverse effect are 
available for a species (e.g. species mean acute value), or for different species of the same genera 
(e.g. genus mean acute value).  For aquatic biota tissue TRV derivations for the Portland Harbor 
BERA, the geometric mean of multiple studies of a given species within the same toxicological 
endpoint will be used as the toxicity value incorporated into the SSD for that species and 
endpoint. 

Processing of mortality LOERs:  A TRV based largely or completely on mortality LOERs may 
not be protective of reproduction or growth.  To ensure that the aquatic biota tissue TRVs for the 
Portland Harbor BERA are protective of all environmental attributes within the BERA 
assessment endpoints (i.e. survival, reproduction and growth), an uncertainty factor will be 
applied to the mortality LOERs before the mortality LOERs are further preprocessed and 
subsequently incorporated into an SSD. 

Once the mortality LOER values are obtained, each mortality LOER is divided by an uncertainty 
factor of 8.3 to calculate the toxicity value for each species unless other information is available 
to suggest it is not necessary to apply the uncertainty factor (e.g., specific test duration data or 
presence of other sublethal endpoints from the same study).  The value of 8.3 is the mean acute-
chronic ratio of 456 same-species pairs of acute and maximum acceptable toxicant 
concentrations for metals, narcotics, pesticides, and other organic chemicals as calculated by 
Raimondo et al. (2007).  Within the BERA tissue TRV derivation, the factor of 8.3 is intended to 
convert the LRX concentration (LRx = lethal residue to x percent of the study organisms) to an 
“LRLOW” value, expected to be an LR<1 to 10 that should result in little or no toxicity to the test 
species. A LRx based on unadjusted LRx mortality values without the 8.3 adjustment factor 
would be an underprotective criterion that potentially elicits toxicity to an unacceptably high 
proportion of the individuals of the test species.  Similarly, a tissue TRV based on LOERs lethal 
to a substantial portion of the test organisms within a study would not be protective of the 
survival, reproduction and growth assessment endpoints within the Portland Harbor BERA.  The 
8.3 acute-chronic ratio identified by Raimondo et al. (2007) as the mean ACR of over 400 
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aquatic toxicity studies will be used as the uncertainty factor to be applied to all residues 
associated with mortality used to generate tissue TRVs. 

Ideally, the ACR would only be applied to mortality endpoints from acute (i.e., short-term) 
exposure durations. However, the tissue residue effects databases used to compile the TRV 
datasets (Burt Shephard’s database and ERED) do not report study duration.  Consequently, it is 
difficult to rigorously apply the default ACR of 8.3 (or a chemical-specific ACR if one is 
available). Therefore, EPA has applied an ACR of 8.3 to the toxicity values only if mortality data 
were available from a study.  However, if sub-lethal toxicity data (i.e., effects on growth or 
reproduction) were also available from a study, then no ACR was applied to the mortality-based 
toxicity value because there was no need to estimate the sensitivity of a sublethal endpoint using 
an ACR.  Ultimately, an ACR was applied to a mortality-based toxicity value only if mortality 
was the only endpoint measured in a given study.  In the few cases where EPA conducted an 
independent evaluation of the original toxicity study, study duration was evaluated to determine 
whether it was appropriate to apply an ACR to any mortality-based endpoint. If the study 
duration would clearly be considered “chronic” for a particular organism (e.g., substantially 
greater than 96-hr for most fish), then this ACR was not applied to the mortality endpoint. 

Examples: To help clarify questions discussed in the data pre-processing sections above, a figure 
is included below that illustrates the overall process of how final species LOERs are derived and 
used to generate SSDs: 
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Figure 1 – LOER Derivation and SSD Development 
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Review Process:  Once the TRVs have been derived, a final review should be made.  The 
purpose of the review is to check the accuracy of the calculations, and to ensure the desired 
protectiveness of the TRVs has been attained for all receptor species.  If the derived TRV is 
higher than an adverse effect residue from the literature for a target ecological receptor being 
assessed, the TRV should be reevaluated and revised downward if necessary for protection of the 
target receptor. This process is analogous to the “final checks” step in derivation of AWQC 
(Stephan et al. 1985) in which the SSD-based final acute or chronic values are compared to 
individual studies to see if the calculated values might have to be lowered to protect this 
individual species. This evaluation is particularly important for receptor species to be evaluated 
at the organism level. If the derived TRV is higher than an adverse effect residue from the 
literature for a target ecological receptor being assessed at the organism level, the TRV will be 
reevaluated and revised downward if necessary for protection of the target receptor.  In 
particular, the available salmonid residue-effects data will be evaluated closely to ensure 
organism-level TRVs based on SSDs are adequately protective.     

Aquatic Biota Tissue TRV Derivation Procedure for the Portland Harbor BERA 

Studies excluded from use in deriving aquatic biota tissue TRVs in the BERA include the 
following: 

•	 Endpoints were not related to effects on survival, reproduction, growth or fish behavior 
•	 Biota were exposed to mixtures in the laboratory.  Exceptions to this are certain mixtures 

of related chemicals such as PCB Aroclors, Clophens or other PCB mixtures; mixtures of 
DDT and its metabolites DDD and DDE; or mixtures of chemicals such as dioxins, 
furans and certain PCB congeners with dioxin-like (i.e. 2,3,7,8-TCDD) mechanisms of 
action where the toxicity can be expressed as toxic equivalency factors relative to the 
toxicity of 2,3,7,8-TCDD. 

•	 Studies where biota were exposed to chemicals in the field.  This is because effects 
observed in field studies generally cannot be associated with a specific chemical 

The specific requirements and toxicity data preprocessing approaches to be used during the 
derivation of SSD-based aquatic biota tissue TRVs for use in the Portland Harbor BERA are 
presented below. Most of these requirements are also appropriate for use with the lowest value 
approach to deriving TRVs. 

If the sample size is ≥5, the SSD approach will be used and if the sample size is <5 the 
lowest value approach will be used1. 

•	 TRVs to be based on lowest observed effect residue (LOER) data affecting survival, 
reproduction, growth or (for fish only) behaviors that can be linked reliably to survival, 
reproduction, or growth 

1 Sample size refers to the number of species with tissue-based toxicity data available that meet the requirements 
outlined above, not the total number of individual toxicity data points.  As the intent of the SSD approach is to have 
only one data point for each species in each chemical SSD, the approach is a true SSD approach. 
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•	 All LOERs have equal weight in the SSD (i.e. no one adverse effect such as reproduction 
is weighted more heavily than any other adverse effect) 

•	 LOERs must be measured, not modeled or predicted.   
o	 LOERs reported in a companion study to the citation reporting adverse effects, 

but not in the original effects study are acceptable for use 
o	 LOERs described in terms of a measured bioconcentration or bioaccumulation 

factor from a water or dietary exposure concentration or dose are acceptable once 
converted into the equivalent measured residue value 

•	 Minimum of five toxicity data points required to derive a TRV from an SSD 
•	 10th percentile of the LOER SSD to be used as the TRV for measurement endpoints 

evaluated at a population or community level of biological organization 
•	 5th percentile of the LOER SSD to be used as the TRV for measurement endpoints 

evaluated at the organism level (i.e., these TRVs would be applied to both juvenile 
salmonids, and lamprey ammocoetes) 

•	 Growth and reproduction LOERs to be weighted equally, as reported from the literature, 
without application of any uncertainty factors 

•	 Studies where control group data are available for comparison to treatment groups are 
required. However, it should be noted that the presence of control groups does not 
necessarily mean it is always possible to identify LOERs using rigorous statistical 
methods. 

•	 Studies where both adverse effect residues and the magnitude of the observed effect are 
statistically significantly elevated above controls are preferred, but is not an absolute 
requirement for a study to be incorporated into an SSD.  Studies without statistical 
significance reported should be noted in the data tables listing all studies used in TRV 
derivation. 

•	 LOER residues for mortality will be divided by an uncertainty factor of 8.3 (Raimondo et 
al. 2007) to convert lethal residues to residues where lethality is indistinguishable from 
acceptable control mortality, then weighted equally with the growth and reproduction 
LOERs, without application of any other uncertainty factors. Use of this default 
uncertainty factor will be used for all survival LOERs unless sufficient data exist to 
estimate chemical specific acute-chronic ratios. 

•	 Literature citation must be the primary source of the toxicity data  
•	 Species must be reported 
•	 Exposure to a single contaminant only in a laboratory setting 

o	 Exceptions to this requirement will be made for chemicals commonly evaluated 
as a single chemical even though they are mixtures (e.g. PCB Aroclors or 
Clophens; chlordane; toxaphene, DDT and its metabolic transformation products 
DDD and DDE, which can be reported as total DDTs; dioxins, furans and certain 
PCB congeners with dioxin-like (i.e. 2,3,7,8-TCDD) mechanisms of action where 
the toxicity can be expressed as toxic equivalency factors relative to the toxicity 
of 2,3,7,8-TCDD 

•	 Individual literature citations must report information on a minimum of two exposures 
concentrations or doses: one control and at least one contaminant exposure 

•	 EPA prefers the TRVs to be presented in units of mg/kg (or µg/g), whole body wet 
weight.  Dry weight TRVs are acceptable as long as it is clearly stated whether the units 
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are in terms of wet or dry weight.  A majority of the residue-effects literature is reported 
as wet weight. EPA does not believe sufficient residue-effects literature are available in a 
form to permit derivation of lipid normalized TRVs for organic chemicals 

•	 Unless the water content of tissue in a citation is explicitly given, assume 80% water 
content of tissues when converting literature LOERs between wet and dry weights 

•	 Beneficial effects (e.g. hormesis) will not be used to derive the TRV unless the hormetic 
effect can be directly related to an adverse effect on the assessment endpoints 

•	 Adverse effects associated with nutritional deficiency of essential elements (e.g. copper, 
selenium, zinc) will not be used to derive TRVs 

•	 LOER data from both freshwater and marine species may be used 
•	 Species not required to be limited to North America residents 
•	 Injection or gavage studies will not be used to derive tissue TRVs 
•	 No uncertainty factors will be applied to either reproduction or growth LOERs  
•	 If multiple LOERs are available for a chemical’s toxicological effect in the same species 

(e.g. three growth LOERs are available for rainbow trout exposed to PCBs), the 
geometric mean of the multiple LOERs will be calculated, and the calculated geometric 
mean used as the single toxicity value for that species and toxicological endpoint 

• If multiple LOERs are available for different toxicological effects for a single species 
(e.g. both survival and growth LOERs are available for rainbow trout exposed to PCBs), 
the toxicological endpoint with the lowest LOER for that species will be incorporated 
into the SSD 

•	 Aquatic plant data should not be used to derive tissue TRVs for fish and aquatic 

invertebrates 


Hierarchy of Procedures to Develop Aquatic Biota Tissue TRVs 

The hierarchy for developing aquatic biota tissue TRVs, in units of mg/kg whole body wet 
weight, is as follows: 

1.	 Taxa specific TRV using a species sensitivity distribution.  The availability of residue-
effects data will dictate the level to which this approach can be used, but we anticipate 
the lowest taxon to which tissue TRVs can be developed will likely be at the level of fish 
TRVs or invertebrate TRVs. 

2.	 For selenium in fish tissues, use the EPA (2004) draft fish tissue criterion.  Based on the 
screening level ecological risk assessment results to date, no selenium in invertebrate 
tissue TRV is required for the Portland Harbor BERA. 

3.	 Aquatic biota TRV applicable to all aquatic species using a species sensitivity 
distribution. The SSD may include data from fish, invertebrates, and larval amphibians 

4.	 For chemicals with insufficient residue-effects data to permit development of a species 
sensitivity distribution, utilize existing TRVs as previously developed and proposed by 
LWG in various documents if the TRVs are approved by EPA. 

5.	 For chemicals with insufficient residue-effects data to permit development of a species 
sensitivity distribution, and without TRVs previously derived by LWG and approved by 
EPA, the lowest value approach (i.e. lowest LOER) from the available literature will be 
used to define the TRV. 
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Once the TRVs have been derived, a final review is conducted to check the accuracy of the 
calculations, and to ensure the desired protectiveness of the TRVs has been attained for any of 
the receptor species.  This evaluation is particularly important for receptor species to be 
evaluated at the organism level. For example, if the derived TRV is higher than an adverse effect 
residue data point on an SSD for a salmonid species, the TRV should be reevaluated and revised 
downward if necessary for protection of juvenile salmonids.  As no residue-effect studies are 
available for any lamprey species, this type of review will not be possible to ensure the 
protectiveness of the tissue TRVs for lamprey.  The absence of any lamprey residue-effects 
literature against which tissue TRV protectiveness can be evaluated is an uncertainty in the 
BERA. 

Chemicals for Which Aquatic Biota Tissue TRVs Need to be Derived 

The EPA produced screening level ecological risk assessment (SLERA) for Portland Harbor as 
part of its review of the LWG’s Round 2 Report identified 17 tissue COPCs for fish species (no 
fish species contained residues exceeding all 17 identified COPCs), and 23 tissue COPCs for 
aquatic invertebrates (again, no one invertebrate receptor contained residues exceeding all 23 
identified COPCs). Ten of the COPCs were common to both fish and invertebrates, so the 
maximum number of COPCs for which aquatic biota tissue TRVs need to be derived, based on 
the results of the SLERA, is 29.   

Of these 29 chemicals, seven are various PAH compounds for which Shephard (1998) concluded 
generally applicable tissue TRVs should not be derived.  This conclusion is based in part because 
of the rapid metabolic transformation and/or photoactivation of parent PAH compounds to more 
toxic metabolites, whose toxicity is not properly evaluated by tissue benchmarks for a less toxic 
parent compound.  Also a factor arguing against derivation of tissue TRVs for PAHs in this 
BERA are observations that the metabolic transformation abilities differ among species, and the 
transformation ability has no clear relationship with taxonomy (i.e. although a common 
presumption is that fish more actively transform PAHs than do invertebrates, many invertebrate 
species are better able to transform PAHs than some fish species).  Among the freshwater 
invertebrate species able to metabolically transform PAHs are crayfish (Jewell et al. 1997), 
fingernail clams and Chironomus riparius (Borchert et al. 1997). 

Several metals are also included in the 29 COPCs identified in the SLERA, and in the table of 
TRVs needed for the BERA. EPA recognizes that residue-effects relationships for metals are 
sufficiently complex that the simple concept of a critical body/tissue residue-effect relationship 
based on whole body residues may not always be a good surrogate for the concentration of 
metabolically available metal. In the case of the BERA TRVs for metals in aquatic biota tissues 
from Portland Harbor, however, our assumption is that the empirically measured whole body 
residue-effects data used to derive the BERA TRVs are sufficiently accurate surrogates for the 
true effective dose to permit their use in the assessment of ecological risks from bioaccumulated 
metals. Furthermore, the scientific reliability of tissue TRVs for metals relative to other 
chemicals (or even other lines of evidence) can be evaluated using the weight of evidence 
framework discussed in EPA’s Problem Formulation. 
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The tissue TRVs required for the Portland Harbor BERA are listed below: 

Fish and invertebrates Fish only Invertebrates only 
Zinc Chromium Antimony 
Total PCBs Lead Arsenic 
4,4’-DDD Mercury Tributyltin 
4,4’-DDE Selenium Endrin 
4,4’-DDT δ-hexachlorocyclohexane 
Total DDX Hexachlorobutadiene 
β-hexachlorocyclohexane Butylbenzyl phthalate 
Lindane 
Bis(2-ethylhexyl)phthalate 
Di-n-butyl phthalate 
Cadmium 
Copper 

The above lists are the chemicals of potential concern (COPC) identified during the screening 
level ecological risk assessment.  The COPC list is based on the results of Portland Harbor 
sampling up through the end of Round 2 data collections, as determined by LWG’s evaluation in 
their Round 2 report and EPA’s review of the Round 2 report.  A preliminary evaluation of 
Round 3 tissue data resulted in the addition of cadmium and copper as COPCs for fish.  A more 
thorough evaluation of the Round 3 data may result in the identification of additional chemicals 
that will require derivation of tissue TRVs for the BERA. 

Calculation Procedures for SSD Derived Aquatic Biota Tissue TRVs 

In order to permit verification of the calculated TRVs once the toxicity data to be incorporated 
into each SSD has been compiled, EPA recommends that software be used that is freely available 
to all interested parties, making it possible for all to confirm the TRV calculations, while meeting 
the need for estimation of both 5th percentile and 10th percentile TRV derivations. One such 
program that is freely available and specifically designed to fit toxicity data to species sensitivity 
distributions is the BurrliOZ software from the Australian Commonwealth Scientific and 
Industrial Research Organisation (CSIRO).  BurrliOZ shows the fit of toxicity data to Burr Type 
3, log-logistic and lognormal distributions. BurrliOZ also calculates both the effect 
concentration at a user defined percentile of the SSD, and the percentile of the SSD for a user 
defined environmental concentration.  The software may be freely downloaded from the 
following web site: http://www.cmis.csiro.au/envir/Burrlioz/ 

A second free and publically available program that can be used to estimate percentiles of an 
SSD is the ETx software (van Vlaardingen et al. 2004) developed by the Netherlands National 
Institute for Public Health and the Environment (RIVM).  ETx uses a log-logistic distribution to 
fit data to an SSD, and also estimates confidence limits around the selected effects percentile.  
The software may be freely downloaded from the following web site:  
http://www.rivm.nl/rvs/overige/risbeoor/Modellen/ETX.jsp 

The ETx version 2.0 manual can be downloaded from the following web site: 
Aquatic Biota Tissue TRV Derivation 
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Specific selection of the SSD model to be used will be based on which best fit the actual 
distribution of data for a given chemical. This “best fit” selection approach is becoming 
increasingly used for derivation of SSD-based environmental criteria worldwide, and so is 
appropriate for use in the Portland Harbor BERA. 

Calculation Procedures for Lowest Value Approach Derived Aquatic Biota Tissue TRVs 

The lowest species mean LOER will be used as the TRV for sample sizes <5.  The species mean 
LOER will be calculated as the geometric mean LOER for a given species.  The species mean 
LOER will be based on the most sensitive endpoint of the available data for that species.  For 
example, if both growth and mortality toxicity data are available for a species, and growth is a 
more sensitive endpoint than mortality, then the species mean LOER will only be calculated 
from the growth-based toxicity data.  Thus, the tissue TRV from the lowest value approach will 
reflect the most sensitive endpoint for the most sensitive species.  It should be noted that the 
lowest value approach can be less conservative than the SSD approach for moderate sample 
sizes, which can result in 5th or 10th percentiles lower than the lowest toxicity value.  This can 
result in a TRV that is less conservative for the chemical with the smaller sample size (i.e., too 
small to use a SSD).  This uncertainty will need to be addressed in the Uncertainty Analysis 
section of the BERA, and incorporated accordingly into chemical-specific implementation of the 
weight of evidence scheme for any tissue-based line of evidence. 
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Attachment 1 

Response to June 30, 2008 Questions 


Toxicity Reference Value Methodology – Aquatic Biota Tissue 


1.	 Comment noted. EPA acknowledges that some aspects of these methods are untested and, as 
a result, a critical evaluation of any SSD-derived TRV on a chemical specific basis is entirely 
appropriate. 

2.	 Agreed. EPA has omitted egg tissue data from consideration in development of tissue TRVs. 
The methods document will be corrected accordingly. 

3.	 EPA agrees that any acute-chronic ratio (ACR) should, strictly speaking, only be applied to 
mortality endpoints from short-term acute studies. However, the tissue residue effects 
databases used to compile our datasets (Burt Shephard’s database and ERED) do not report 
study duration. Consequently, it is difficult to rigorously apply the default ACR of 8.3 (or a 
chemical-specific ACR if one is available). Therefore, EPA has applied an ACR of 8.3 to the 
toxicity values if mortality data were the only endpoints reported in a study.  However, if 
sub-lethal toxicity data (i.e., effects on growth or reproduction) were also available from a 
study, then no ACR was applied to the mortality-based toxicity value because there was no 
need to estimate the sensitivity of a sublethal endpoint using an ACR.  Ultimately, an ACR 
was only applied to a mortality-based toxicity value if mortality was the only endpoint 
measured in a given study.  In the few cases where EPA conducted an independent 
evaluation of the original toxicity study, study duration was evaluated to determine whether it 
was appropriate to apply an ACR to any mortality-based endpoint. If the study duration 
would clearly be considered “chronic” for a particular organism (e.g., substantially greater 
than 96-hr for most fish), then this ACR was not applied to the mortality endpoint. 

4.	 The tissue TRV methodology does state, on page 9, how multiple LOERs for single species 
would be addressed, but not specifically about how to handle multiple LOERs from a single 
paper. In practice, they have turned out to be the same, with the lowest LOER from each 
endpoint (survival, growth, or reproduction) being selected from each species from each 
study. All of the LOERs of a single endpoint type are averaged together as a geometric mean, 
and then the final species LOER chosen as the lowest mean or individual LOER. In the 
revised TRV methodology, we will include a figure with an example to help clarify how 
multiple LOERs were addressed. With respect to studies with shorter duration results, we 
considered application of an ACR according to the refinements discussed in #3 above. 

5.	 EPA agrees that sample size by itself should not determine whether aquatic invertebrate data 
are included or excluded. In practice, EPA did not feel it was appropriate to combine fish and 
invertebrate data into a single “aquatic life” SSD unless a particular chemical was identified 
as a COPC from the screening-level risk assessment (SLERA) for both groups of receptors. 
Thus, if a chemical only screened in for fish, only fish data were used to derive a TRV 
regardless of whether it was derived using the SSD or lowest value approaches. For COPCs 
that screened in for both receptor groups, a combined “aquatic life” SSD will only be used if 
either the fish or the invertebrate data sets are not individually large enough to derive a TRV 
using the SSD approach. 
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6.	 Bioavailability, uptake, and toxicity processes are more diverse and complex for individual 
metals, species, environments, and exposure routes than for organic chemicals. No single 
unifying factor resolves these differences the way fugacity/hydrophobicity does for organics. 
Uptake of organics generally occurs via passive transport whereas metals require active or 
facilitated transport.  Distribution within the organism is also different: commonly non-polar 
interactions and water/lipid solubility drives the distribution of organics in tissues, compared 
to ligand binding and active transport into cells for metals. There is no baseline mode of toxic 
action for metals analogous to non-polar narcosis for organics. Thus, for metals, a multi-
faceted conceptual and mathematical construct may be necessary to link environmental 
exposure to effective internal dose and subsequently to toxicity.   

Toxicity of a metal is a function of both uptake characteristics of the organism and the 
species-specific detoxification capabilities. More specifically, toxicity results from the 
interaction of three rate processes - the rate of uptake, the rate of detoxification, and the rate 
of excretion. If the rate of metal uptake into an organism is greater than the combined rate at 
which it can be excreted or detoxified, then that metal will accumulate internally in 
metabolically available forms which are available to bind to internal molecule(s) and cause 
toxic effects. Thus, bioaccumulation of metabolically available metal determines toxicity, not 
necessarily total metal.  

Therefore, like organic contaminants, the dose and toxicity of metals depends upon the 
internal tissue burden. The specific mechanistic differences between metals and organics do 
not invalidate the use of tissue residue approaches to evaluate metal residues.  EPA 
recognizes that residue-effects relationships for metals are sufficiently complex that the 
simple concept of a critical body/tissue residue-effect relationship based on whole body 
residues may not always be a good surrogate for the concentration of metabolically available 
metal. In the case of the BERA TRVs for metals in aquatic biota tissues from Portland 
Harbor, however, our assumption is that the empirically measured whole body residue-
effects data used to derive the BERA TRVs are sufficiently accurate surrogates for the true 
effective dose to permit their use in the assessment of ecological risks from bioaccumulated 
metals. 

7.	 EPA agrees that having control group data is strongly preferred and should be a requirement.  
As a result, EPA will revise the TRV methodology accordingly. However, it should be noted 
that it is often difficult to ascertain whether a LOER from any given study was derived using 
a formal statistical hypothesis test, as would typically be expected. For the most part this is 
because statistical significance information is not always available in either Burt Shephard’s 
or the ERED databases and can even be difficult to ascertain following examination of the 
original study. EPA recognizes this is not an optimal situation, but we have used best 
professional judgment to identify LOERs as rigorously as the information available allows. 
We have also included additional practical refinements used by EPA to make these best 
professional LOER determinations in the revised TRV methodology. 
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John Toll 

From: John Toll 
Sent: Thursday, August 07, 2008 11:11 AM 
To: Eric Blischke (Blischke.Eric@epamail.epa.gov); Burt Shephard (shephard.burt@epa.gov) 
Cc: Helle B. Andersen; Lucinda Tear; 'Lorraine B. Read'; Nancy A. Musgrove; Lisa Saban; 'Bob 

Wyatt'; Jen Woronets (jworonets@anchorenv.com); 'Keith Pine'; 'Patty Dost (Schwabe)' 
Subject: stats for Jay 
Attachments: R3_bioassay_results.xls 

Eric and Burt – A couple of weeks ago Helle Andersen was contacted by Jay Field, who asked for results of statistical 
analyses of the R3B bioassay data. The attached Excel workbook contains those results. The analyses are the standard 
analyses incorporated into the USACE BioStat program for determining whether a test sediment is statistical different 
from the negative control. Would you please forward it to Jay? 

We’re sending this to Jay through me and you as a good housekeeping measure, so that we can readily keep track of the 
information exchanged. As has been the case in the past, we’re willing and, to the extent that it’s productive, happy to 
answer questions and discuss ideas, comments and suggestions about benthic modeling and bioassay interpretation 
with Jay. We would like to make sure that all BERA‐related requests for and transmittals of data and data analyses go 
through me and you, though. 

If Jay has questions about information we’re sending, he should feel free to contact Helle. 

John 

The information contained in this e-mail message is intended only for the personal and confidential use of the recipient named above. This message may be an attorney-client communication and as 
such is privileged and confidential. If the reader of this message is not the recipient named above or an agent responsible for delivering it to the intended recipient, the reader is hereby notified that 
this message has been received in error and that any review, dissemination, copying or distribution of this message is strictly prohibited. If you have received this message in error, please notify the 
sender immediately, and delete this message. 
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From: John Toll 

Sent: Thursday, August 07, 2008 11:11 AM 

To: Eric Blischke (Blischke.Eric@epamail.epa.gov); Burt Shephard (shephard.burt@epa.gov) 

Cc: Helle B. Andersen; Lucinda Tear; 'Lorraine B. Read'; Nancy A. Musgrove; Lisa Saban; 'Bob Wyatt'; 

Jen Woronets (jworonets@anchorenv.com); 'Keith Pine'; 'Patty Dost (Schwabe)'
 
Subject: stats for Jay
 

Attachment to the above e-mail: R3_bioassay_results.xls. 


Attached file contains the results of the statistical analyses of the R3B bioassay data. 




   
 

           
       
     

             
 
 
 

                                
     

 
           

 
                                   
   

 
 

 
                         

               
                   
                   
                             

                         
                   

                   
               

 
 

John Toll 

Subject: First Batch of Tissue Residue TRVs 

From: Blischke.Eric@epamail.epa.gov
 

Date: Fri, 8 Aug 2008 16:23:07
 
To: <rjw@nwnatural.com>; <ricka@bes.ci.portland.or.us>; <Jim.McKenna@portofportland.com>
 
Cc: <johnt@windwardenv.com>; <jworonets@anchorenv.com>
 
Subject: First Batch of Tissue Residue TRVs
 

All, here is EPA's first batch of Tissue Residue TRVs. Tissue residue TRVs are included for 
the following chemicals: 

Cadmium, Copper, Arsenic, Antimony and Chromium. 

TRVs that are currently in progress and will be sent in the next batch include PCBs, DDT, TBT 
and Zinc. 

Eric 

(See attached file: Copper Final Tissue TRV Data (8 Aug 2008).xls)(See attached file: 
Antimony Final Tissue TRV (7 Aug 2008).pdf)(See attached 
file: Antimony Final Tissue TRV Data (7 Aug 2008).xls)(See attached 
file: Arsenic Final Tissue TRV (8 Aug 2008).pdf)(See attached file: 
Arsenic Final Tissue TRV Data (7 Aug 2008).xls) (See attached file: Cadmium Final Tissue TRV 
(7 Aug 2008).pdf)(See attached file: Cadmium Final Tissue TRV Data (7 Aug 2008).xls)(See 
attached file: Chromium Final Tissue TRV (8 Aug 2008).pdf)(See attached 
file: Chromium Final Tissue TRV Data (7 Aug 2008).xls)(See attached 
file: Copper Final Tissue TRV (8 Aug 2008).pdf) 
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Tissue TRV for Antimony 

Antimony was identified as a chemical of potential concern (COPC) for invertebrates only based 
on EPA’s screening level ecological risk assessment (SLERA - EPA 2008).  Only a single 
antimony toxicity study in which antimony was measured in the test organism’s tissue was 
identified in the EPA data base maintained by Burt Shephard and the Environmental Residue 
Effects Database (ERED) maintained by the US Army Corps of Engineers.  The identified study 
was with rainbow trout (Table 1). Therefore, the lowest value approach was used to select a tissue 
residue toxicity reference value (TRV). 

Doe et al. (1987) exposed rainbow trout (Oncorhynchus mykiss) fingerlings to aqueous antimony 
potassium tartrate (C8H4K2O12Sb2·3H2O) for either 96 hours or 30 days.  Whole body antimony 
concentrations were measured at the end of the tests.  Doe et al. (1987) also tested the toxicity of 
antimony to the cladoceran Daphnia magna, but antimony concentrations in D. magna tissue 
were not analyzed during or after the tests.  The 30-day LC50 (concentration at which 50% of the 
organisms die) was 16 mg Sb/L and the associated whole body antimony concentration was 
approximately 9 mg/kg (it was assumed that the whole body concentration was reported on a wet 
weight basis, but this was not explicitly stated in the paper).  Insufficient data were provided in 
the paper to estimate an effect level less than 50%.  Because the 30-day exposure duration is 
longer than an acute exposure duration, no ACR was applied to the LC50-based lowest observed 
effects residue (LOER). Using the lowest-value approach, this would elicit a tissue-based TRV of 
9 mg/kg wet wt. 

Conclusions 

Overall, there is considerable uncertainty in this whole body TRV because (1) only one value is 
available; (2) only an LC50 is available; and (3) the toxicity of antimony to fish is not necessarily 
representative of its toxicity to an invertebrate.   

Literature Cited 

Doe, K.G., W.R. Parker, S.J. Ponsford, and J.D.A. Vaughan. 1987. The acute and chronic toxicity 
of antimony of to Daphnia magna and rainbow trout. Environmental Protection Service. 
Conservation and Protection, Environment Canada. 45 Alderney Drive, Dartmouth, Nova Scotia. 
B2Y 2N6. 

EPA. 2008. Updated Screening-level Ecological Risk Assessment for the Portland Harbor Site. 
U.S. Environmental Protection Agency, Region 10, Portland, OR. 
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Tissue TRV for Arsenic 

Arsenic was identified as a COPC for invertebrates only based on EPA’s Screening Level 
Ecological Risk Assessment (SLERA - EPA 2008). Arsenic toxicity data with whole body tissue 
measurements were identified for nine invertebrate species taken from a data base maintained by 
Burt Shephard of EPA and the Environmental Residue Effects Database (ERED) maintained by 
the US Army Corps of Engineers.  The studies that appeared to most strongly influence the 10th 

percentile from the distribution of final species lowest observed effect residue (LOER) were 
critically reviewed to ensure that the values reported in either Burt Shephard’s database or ERED 
are consistent with the methods being used to derive tissue residue toxicity reference values 
(TRVs) for Portland Harbor. The cumulative distribution of final species LOERs, following this 
review of select studies, is provided in Figure 1.  The individual toxicity values compiled to 
derive the final species LOERs are provided in Table 1 and the final species LOERs are ranked in 
Table 2. Table 3 provides the preliminary data compilation before select studies were further 
reviewed.) The select studies are summarized below. 

Gammarus pseudolimnaeus (Amphipod) 

Spehar et al. (1980)—Burt Shephard’s database cited that a whole body As concentration of <1 
mg/kg wet wt. was associated with 100% mortality of amphipods within 14 days.  In this study, 
G. pseudolimnaeus were exposed to aqueous As(III) concentrations of 88 and 961 µg/L, As(V) 
concentrations of 89 and 973 µg/L, sodium dimethyl arsenate (SDMA) concentrations of 85 and 
846 µg/L, and disodium methyl arsenate (DSMA) concentrations of 86 and 970 mg/kg wet wt.  
After 14 days, mean survival from two replicates was always ≥80%, with the exception of 
amphipods exposed to the As(III) concentration of 961 µg/L.  In this treatment 100% mortality 
was observed.  None of the amphipods exposed to any concentration of any compound 
bioaccumulated As above the detection limit of 5 mg/kg dry wt.  Accordingly, the toxicity 
observed in the high As(III) treatment was unlikely to be related to the accumulated As 
concentration on a whole body basis.  Rather, the concentration was likely to be acutely toxic at 
the gill or some other target organ given that the 96-hour LC50 for G. pseudolimnaeus, as 
reported in the USEPA’s ambient water quality criteria (AWQC) document for As, is 874 µg/L.  
Accordingly, the whole body based ED100 of <1 mg/kg wet wt. was removed from consideration 
in developing a tissue-based TRV for As. 

Hyalella azteca (Amphipod) 

Norwood et al. (2007)—ERED cited an LD25 of 1.244 mg/kg wet wt. based on mortality of H. 
azteca. Amphipods were exposure to aqueous As(V) for 4 weeks and were monitored for 
mortality, growth, and As concentrations in whole body tissue.  The LD25 value reported by 
ERED was calculated from an LD25 values in Norwood et al. (2007) based on organisms that had 
their guts cleared prior to analysis, and assuming 80% moisture. However, given that Portland 
Harbor invertebrate tissue concentrations were measured from whole-body samples that did not 
have their guts cleared prior to analysis, it is more appropriate to use the LD25 value cited in 
Norwood et al. (2007) that is also based on whole-body organism tissue samples. This LD25 
value was 9.37 mg/kg dry wt, which corresponds to 1.87 mg/kg wet wt. assuming 80% moisture. 
An ACR was not applied to this value because the test duration was chronic (i.e., 4 weeks). 

Helisoma campanulata (Snail) 

Spehar et al. (1980)—ERED cited an ED16 of 4.2 mg/kg wet wt. based on mortality of H. 
campanulata.  Snails were exposed to the same As forms and concentrations summarized above 
for G. pseudolimnaeus. Mean survival was ≥84% for each As form and concentration.  None of 
the mortality was significantly different than the control.  The tissue TRV development guidelines 
for Portland Harbor stated that the toxicity value should be expressed as a LOER.  Because no 



  
 

 
 
 

 

 

 

 
 

 

 

 
 

  
 

 

 

 

LOER was identified in this study (the observed mortality was not significantly different from 
control mortality), the toxicity data for H. campanulata were not used in TRV development for 
As. 

Daphnia magna (Cladoceran) 

Spehar et al. (1980)—Burt Shephard’s database cited that a whole body As concentration of 5 
mg/kg wet wt. was associated with a 48% reduction in reproduction in D. magna.  Spehar et al. 
(1980) exposed daphnids to the same As forms and similar aqueous As concentrations as 
summarized above for G. pseudolimnaeus and H. campanulata.  After 14 days of exposure, the 
percent reduction in the number of young produced relative to the control was 48% in daphnids 
exposed to an As(V) concentration of 89 µg/L, 44% in daphnids exposed to a sodium dimethyl 
arsenate (SDMA) concentration of 89 µg/L, and 48% in daphnids exposed to a SDMA 
concentration of 1,112 µg/L. The associated whole body As concentrations were approximately 
5.2, 7.3, and 22 mg/kg dry wt.  For comparison, in daphnids exposed to an As(V) concentration 
of 932 µg/L, the total number of young produced was 127% of the controls (i.e., 1.27 times 
greater) and the whole body As concentration in the daphnids was approximately 19 mg/kg dry 
wt. Given the lack of a relationship between whole body As concentrations and reproductive 
effects, it was determined that a tissue-based LOER could not be reliably estimated for daphnids 
from this study. 

Enserink et al. (1991)—Burt Shephard’s database cited that a whole body As concentration of 87 
mg/kg wet wt. in D. magna was a lethal body burden following 21 days of exposure.  Enserink et 
al. (1991) exposed daphnids to individual metals or metal mixtures for 21 days.  Exposure of 
daphnids to As alone resulted in a 21-day LC50 of 5.8 mg/L.  In the metal mixture studies, a 
mean BCF of 75 L/kg was measured for As. Multiplication of the 21-day LC50 of 5.8 mg/L by 
the mean BCF of 75 L/kg results in an estimated whole body concentration of 435 mg/kg dry wt., 
or 87 mg/kg wet wt. assuming 80% moisture.  However, there are uncertainties in this approach 
for estimating the tissue concentration associated with the 21-day LC50.  First, as noted by 
Enserink et al. (1991), the uptake of a metal can be increased or decreased by the presence of 
other metals, so application of a BCF from a metal mixture test to a single metal test may not be 
accurate. Second, use of the mean BCF may not be accurate because the BCF for metals is often 
inversely related to exposure concentration (i.e., metal BCFs are typically higher at lower 
aqueous metal concentrations) (McGeer et al. 2003). Given the uncertainties in estimating a 
tissue concentration that could be reliably associated with toxicity, this study was excluded from 
development of a tissue TRV for As. 

Conclusions 

With the above modifications, the resulting 10th percentile estimate using the BurrliOZ software 
is 2.05 mg/kg wet wt.. 
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Tissue TRV for Cadmium 

Cadmium was identified as a chemical of potential concern (COPC) for invertebrates only based 
on EPA’s screening level ecological risk assessment (SLERA - EPA 2008).  From Burt 
Shephard’s database and ERED, Cadmium toxicity data with whole body tissue measurements 
were identified for 65 invertebrate species in an EPA data base maintained by Burt Shephard and 
the Environmental Residue Effects Data Base maintained by the US Army Corps of Engineers 
(ERED). The studies that appeared to most strongly influence the 10th percentile from the 
distribution of final species lowest observed effect residue (LOER) were critically reviewed to 
ensure that the values reported in either Burt Shephard’s database or ERED are consistent with 
the methods being used to derive tissue residue toxicity reference values (TRVs) for Portland 
Harbor. The cumulative distribution of final species LOERs, following this review of select 
studies, is provided in Figure 1.  The individual toxicity values compiled to derive the final 
species LOERs are provided in Table 1 and the final species LOERs are ranked in Table 2.  Table 
3 provides the preliminary data compilation before select studies were further reviewed.  The 
select studies are summarized below. 

Ceriodaphnia dubia (Cladoceran) 

Sofyan et al. (2007)—ERED cited an ED95 of 0.052 mg/kg based on reproductive effects in the 
cladoceran C. dubia. In this study, C. dubia were exposed to aqueous Cd, dietary Cd, or a 
combination of aqueous and dietary Cd for 7 days.  The test endpoint was reproduction and whole 
body Cd concentrations were measured at the end of the 7-day exposure.  As reported in the 
paper, the whole body Cd concentrations measured in the LOER treatments were 2.0, 0.83, and 
1.3 mg/kg dry wt. based on aqueous, dietary, and aqueous+dietary exposures, respectively. 
Assuming 80% moisture, these values correspond to 0.40, 0.17, and 0.26 mg/kg on a wet weight 
basis. The lowest and most conservative LOER from the three exposure scenarios (0.17 mg/kg 
wet wt.) was identified as the appropriate LOER from this study for TRV derivation.  The basis 
for the ED95 of 0.052 mg/kg identified in ERED could not be confirmed from our review of the 
study. Therefore, the lowest LOER of 0.17 mg/kg ww was selected from this study for TRV 
development. 

Paracentrotus lividus (Sea Urchin) 

Radenac et al. (2001)—ERED cited a LOER of 0.156 mg/kg wet wt. based on larval 
developmental effects in the sea urchin P. lividus. Radenac et al. (2001) exposed sea urchin 
larvae to nominal aqueous Cd concentrations ranging from 1 to 100 µg/L for 48 hours, at which 
point developmental abnormalities were evaluated.  A statistically significant (p<0.05) increase in 
total abnormalities was observed at all Cd concentrations tested.  The Cd concentration in larvae 
from the lowest Cd treatment (1 µg/L) was 0.78 mg/kg dry wt., or 0.156 mg/kg wet wt. assuming 
80% moisture.  Accordingly, the Cd LOER cited in ERED for this study was confirmed.  It is 
worth noting that the percentage of total abnormalities was 6.8% in the lowest Cd treatment from 
which the LOER was selected, versus 3.2% in the controls.  Therefore, although the effects were 
statistically significant, the selected LOER of 0.156 mg/kg wet wt is based on a relatively low 
absolute level of effect. 

Hexagenia bilineata (Mayfly) 

Bartsch et al. (1999)—Burt Shephard’s database cited that a whole body Cd concentration of 0.24 
mg/kg wet wt. in H. bilineata nymphs was associated with a 25% reduction in bioturbation 
activity.  Bartsch et al. (1999) exposed mayfly nymphs to sediment concentrations of 1 (control), 
3, 7, and 15 mg/kg dry wt. for 21 days and measured the mean turbidity during this exposure 
period. The mean turbidity was significantly different from the control in the 3 and 7 mg Cd/kg 
sediment exposures, but not in the 15 mg Cd/kg sediment exposure.  The whole body Cd 



 
 

 
 

 

 

 

 
 

 

 

 

concentrations in nymphs exposed to sediment Cd concentrations of 3, 7, and 15 mg/kg were 
1.19, 3.37, and 6.24 mg/kg, respectively (or 0.24, 0.67, and 1.25 mg/kg wet wt. assuming 80% 
moisture).  Based on this review, it was determined that this study should not be included in TRV 
development because the concentration-response relationship for the measured response variable 
(bioturbation) was anomalous since statistically significant effects were not observed in the 
highest Cd treatment, which adds a high degree of uncertainty in selection of a LOER.  
Furthermore, we are not aware of any studies that quantitatively link the bioturbation endpoint 
direct effects on survival, growth, and reproduction. 

Kogotus nonus (Stonefly) and Baetis tricaudatus (Mayfly) 

Riddell et al. (2005)—Burt Shephard’s database cited that a whole body Cd concentration of 0.35 
mg/kg wet wt. in K. nonus was associated with a decrease in predatory response activity.  Riddell 
et al. (2005) exposed stonefly nymphs to nominal aqueous Cd concentrations of 0, 0.5, or 5.0 
µg/L for 7 days.  The stoneflies were then observed for activity in 20 minute intervals over 24 
hours, with and without predators (brook trout or longnose dace) present.  Stonefly activity was 
significantly (p<0.05) reduced, at night, in the presence of fish predators and an aqueous Cd 
concentration of 5.0 µg/L.  The whole body Cd concentration in stoneflies exposed to 5.0 µg 
Cd/L was approximately 1.75 mg/kg dry wt., or 0.35 mg/kg wet wt. assuming 80% moisture.  
However, the behavioral response was not consistent when tested during different times of the 
day.  The authors suggested that the higher activity of stonefly nymphs during the behavioral 
observation period during different parts of the day may be due to an insufficient acclimation 
period, and so they concluded that the observed responses may not necessarily have occurred 
specifically in response to Cd exposure. Therefore, the study was not included for final TRV 
development. 

Burt Shephard’s database cited that a whole body Cd concentration of 0.082 mg/kg wet wt. in B. 
tricaudatus was associated with a decrease in the number of individuals on the sediment surface 
substrate. As in the stonefly component of the study summarized above, Riddell et al. (2005) 
exposed mayfly nymphs to nominal aqueous Cd concentrations of 0, 0.5, or 5.0 µg/L for 7 days.  
The mayflies were then observed for activity in 20 minute intervals over 24 hours, with and 
without predators (stoneflies, brook trout, and/or longnose dace) present.  Mayflies exposed to the 
aqueous Cd concentration of 5.0 µg/L had a significant decrease (p<0.05) in drift rate regardless 
of whether predators were present.  The mean whole body Cd concentration in these organisms 
was approximately 2.1 mg/kg dry wt., or 0.42 mg/kg wet wt. assuming 80% moisture.  Similar to 
the stonefly results, however, the authors concluded that the mayfly behavioral results were 
complex and it was difficult to reliably link behavioral patterns specifically to Cd exposure.  
Therefore, the mayfly component of this study was also not used in developing a Cd TRV for 
Portland Harbor. 

Dapnia galeata mendotae (Cladoceran) 

Marshall (1978)—ERED cited a LOER of 3.5 mg/kg wet wt. based on mortality in the cladoceran 
D. galeata mendotae. Marshall (1978) exposed 40 populations of D. galeata mendotae to 
aqueous Cd for 22 weeks, with the test water changed daily from Monday through Friday.  
Cadmium was added to filtered Lake Michigan water at nominal added Cd concentrations of 0, 1, 
2, 4, 5, 8, 10, 15, and 20 µg/L.  Reproduction, growth, and survival parameters, as well as whole 
body Cd concentrations, were measured weekly. Numerous endpoints were evaluated, but it 
appears that the aqueous LOEC from this study was 4 µg/L, which was associated with a 
significantly (p<0.05) reduced average number of individuals and reduced biomass.  The authors 
calculated that an aqueous added Cd concentration of 7.7 µg Cd/L resulted in a 50% reduction in 
the carrying capacity of the population. The mean whole body Cd concentration in organisms 
exposed to the aqueous Cd concentration of 4 µg/L was 42.8 mg/kg dry wt., or 8.56 mg/kg wet 



 

 

 

  
 

 

 

 

 

 

 
 

 

wt. assuming 80% moisture.  Accordingly, 8.56 mg/kg wet wt. was selected as the final species 
LOER for TRV development. 

Acartia tonsa (Copepod) 

Hook and Fisher (2002)—ERED cited an ED50 of 0.45 mg/kg wet wt. based on reproductive 
effects in the copepod A. tonsa. Hook and Fisher (2002) exposed copepod to dietary Cd, via 
diatom cells previously exposed to a range of aqueous Cd concentrations, for 4 hours.  The 
copepods were then placed on a diet consisting of uncontaminated diatom cells.  Following Cd 
exposure, copepods and their eggs were collected every 2 days for 1 week and counted.  
Copepods with a whole body Cd concentration ≥2.25 mg/kg dry wt. (or 0.45 mg/kg wet wt. 
assuming 80% moisture) had significantly reduced (p<0.05) egg production relative to the 
control. Accordingly, the ED50 of 0.45 mg/kg wet wt. cited in ERED was used without 
modification in Cd TRV development. 

Corbicula fluminea (Asiatic Clam) 

Marie et al. (2006)—ERED cited an LD100 of 4 mg/kg wet wt. based on mortality in the Asiatic 
clam.  Marie et al. (2006) transplanted C. fluminea (as well as the zebra mussel, Dreissena 
polymorpha) along a polymetallic pollution gradient in southwestern France.  The objective of the 
study was to evaluate the metallothionein response capacity of these two bivalves.  The pollution 
gradient resulted from zinc ore factory discharges to a small river with aqueous total Cd 
concentrations ranging from <DL to 13 µg/L and aqueous total Zn concentrations ranging from 
<DL to 896 µg/L.  All C. fluminea exposed to the highest metal concentrations were dead by day
50. The Cd concentration in soft tissues had reached a plateau of 4 mg/kg wet wt. prior to 100% 
mortality of the organisms.  However, this study was considered inappropriate for TRV 
development because organisms were simultaneously exposed to elevated Zn concentrations.  
The relative contribution of Cd and Zn to the mortality observed is unknown. 

Procambarus clarkia (Red Swamp Crayfish) 

Reddy et al. (1997)—Burt Shephard’s database cited that a whole body Cd concentration of 0.5 
mg/kg wet wt. was associated with inhibition of ovarian maturation.  However, this exposure 
route in this study was injection, which does not meet the tissue TRV development guideline for 
Portland Harbor. Accordingly, this study was removed from consideration in TRV development. 

Conclusions 

With the above modifications, the resulting 10th percentile estimate using the BurrliOZ software 
is 0.59 mg/kg wet wt., respectively. 
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Tissue TRV for Chromium 

Chromium was identified as a chemical of potential concern (COPC) for fish only based on 
EPA’s screening level ecological risk assessment (SLERA - EPA 2008).  Based on a review of an 
EPA data base maintained by Burt Shephard’s, the Environmental Residue Effects Data Base 
maintained by the US Army Corps of Engineers (ERED), and an independently obtained 
reference only four chromium toxicity studies were identified (Table 1); therefore, the lowest 
value approach was used to select a tissue residue toxicity reference value (TRV).  The three 
studies obtained from either Burt Shephard’s database or ERED were critically reviewed to 
ensure that the values reported are consistent with the methods being used to derive tissue TRVs 
for Portland Harbor.  The individual toxicity values compiled to derive the final species lowest 
observed effect residue (LOER) are provided in Table 1, as is the lowest value-based TRV.  Table 
2 provides the preliminary data evaluation before select studies were further reviewed.  The select 
studies are summarized below. 

Oncorhynchus mykiss (Rainbow trout) 

van der Putte et al. (1981)—ERED cited an LD75 of 1.05 mg/kg wet weight based on mortality in 
rainbow trout.  van der Putte et al. (1981) exposed fingerling rainbow trout to 2, 5, 16.5, and 50 
mg Cr(VI)/L for 96-hr under static-renewal conditions.  Fish were exposed at two pH levels – 6.5 
and 7.8.  The LOEC was 16.5 mg/L, which corresponded to 75% mortality at pH 6.5 and 36% 
mortality at pH 7.8.  The whole body burden associated with this LOEC was 8.7 mg/kg ww at pH 
6.5 and 8.9 mg/kg ww at pH 7.8.  The lower of these two LOERs (8.7 mg/kg ww) was selected 
for TRV development and the ACR (8.3) was used to adjust this acute value to one more 
representative of a chronic endpoint.  This ACR-adjusted LOER (1.05 mg/kg ww) was used as 
the final species LOER in Cr TRV development. 

Another rainbow trout study that was not included in either Burt Shephard’s or the ERED 
database was subsequently identified for consideration in deriving the TRV for Cr. This study 
(Fromm and Stokes 1962) reported a LD50 of 2.8 mg/kg ww for rainbow trout exposed to 
chromate for 36 days. Because of the length of this study, an ACR was not applied, and the LD50 
value was selected as the LOER. As directed in the Portland Harbor TRV development 
methodology, the final species LOER for rainbow trout was calculated to be 1.7 mg/kg ww as the 
geometric mean LOER from this study and the LOER from the van der Putte et al. (1981) study. 

Oncorhynchus tshawytscha (Chinook salmon) 

Farag et al. (2006)—ERED cited an ED30 and an LD13 of 1.3 mg/kg wet weight based on 
growth and mortality, respectively, in Chinook salmon.  Farag et al. (2006) exposed juvenile 
Chinook salmon to aqueous chromium concentrations of 0 – 266 µg/L under flow-through 
conditions for 134 days.  The whole body LOERs for survival and growth were 6.5 mg/kg dw and 
6.4 mg/kg dw, respectively.  Upon converting from dry weight to wet weight (assuming 80% 
moisture), the LOERs were 1.32 and 1.28 mg/kg ww for survival and growth, respectively.  The 
tissue TRV development guidelines for Portland Harbor dictate selecting the lowest of these 
LOERs, but they are equivalent to one significant figure, and so a species mean LOER of 1.3 
mg/kg ww was used in Cr TRV development. 

Fundulus heteroclitus (Mummichog) 

Roling et al. (2006)—ERED cited an ED15 of 44.1 mg/kg wet weight based on growth in 
mummichog.  Roling et al. (2006) exposed larval1 mummichog to 0, 1.5, 3, 6, 12 and 24 mg/L of 

1 Adult exposures were also conducted; however, body burdens were measured after livers were 
excised, thus residues were not representative of whole body doses and were inappropriate for use 
in TRV development.  



  
 

 

 

 

aqueous hexavalent chromium (Cr[VI]) for 30 days under static-renewal conditions. Growth was 
measured and whole body burden was determined at test termination.  The LOEC was determined 
to be 3 mg/L, which reflected an 11 and 15.1% reduction in wet and dry weight, respectively.  
The corresponding LOER body burden was 220.6 mg/kg dw.  Upon converting this dry weight 
concentration to wet weight (assuming 80% moisture), the LOEC/ED11(wet weight)/ED15 (dry 
weight) was 44.1 mg/kg.  This LOER is consistent with the tissue TRV development guidelines 
for Portland Harbor and this value was used without modification in Cr TRV development. 

Conclusions 

Given that only three final species LOERs are available for Cr, the lowest-value approach was 
used, and the final fish tissue TRV for chromium is 1.28 mg/kg ww (the minimum of the 3 final 
species LOERs). 

n which antimony was measured in the test organism’s tissue 
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Tissue TRV for Copper 

Copper was identified as a chemical of potential concern (COPC) for invertebrates only based on 
EPA’s screeing level ecological risk assessment (SLERA - EPA 2008).  Copper toxicity data with 
whole body tissue measurements were identified for 44 invertebrate species in an EPA data base 
maintained by Burt Shephard and the Environmental Residue Effects Data Base maintained by 
the US Army Corps of Engineers (ERED).  The studies that appeared to most strongly influence 
the 10th percentile from the distribution of final species lowest observed effect residue (LOER) 
were critically reviewed to ensure that the values reported in either Burt Shephard’s database or 
ERED are consistent with the methods being used to derive tissue residue toxicity reference 
values (TRVs) for Portland Harbor. The cumulative distribution of final species LOERs, 
following this review of select studies, is provided in Figure 1.  The individual toxicity values 
compiled to derive the final species LOERs are provided in Table 1 and the final species LOERs 
are ranked in Table 2. Table 3 provides the preliminary data compilation before select studies 
were further reviewed.  The select studies are summarized below. 

Mysis relicta (Mysid) 

Zyadah and Abdel-Baky (2000)—ERED cited an LD67 of 5.9 mg/kg wet wt. based on mortality 
in the mysid M. relicta. In this study, mysids were exposed to aqueous Cu for 96 hours, with 
mortality and whole body Cu being measured at different times during the total exposure period.  
Mysids were exposed to nominal Cu concentrations of 500, 2000, 5000, and 10,000 µg/L, which 
resulted in 96-hour mortality levels of 33.3, 80, 100, and 100%, respectively. Consequently, 
these levels were acutely toxic to the fish.  Whole body Cu concentrations were only measured in 
the mysids exposed to 5,000 and 10,000 µg Cu/L; these concentrations ranged from 5.9-9.7 
mg/kg wet wt. in both exposure treatments. The LD67 of 5.9 mg/kg wet wt. cited in ERED is 
based on the level of mortality and Cu bioaccumulation after 24 hours of exposure. However, Cu 
concentrations in mysids were only measured in organisms exposed to extremely high Cu 
exposure concentrations that resulted in that resulted in high levels of mortality within 24 hours, 
and so it is plausible that lower Cu concentrations which would not have been so rapidly lethal 
may have allowed additional time for Cu to accumulate into mysid tissues. Without having 
measured tissue concentrations in mysids from the 500 or 2000 µg/L treatments, this can not be 
confirmed or rejected. Furthermore, similar concentrations were accumulated into mysid tissues 
in both the 5000 and 10,000 µg/L treatments, and so a reliable dose-response can not be 
confirmed. Accordingly, this study was not included in the development of a tissue Cu TRV for 
invertebrates. 

Lumbriculus variegatus (Oligochaete) 

Meyer et al. (2002)—Burt Shephard’s database cited that a whole body Cu concentration of 6.3 
mg/kg wet wt. in L. variegatus was associated with 50% mortality in 48 hours. Oligochaetes 
were exposed to aqueous Cu under varying combinations of pH and hardness.  Whole body Cu 
concentrations were measured after 6 hours of exposure and related to mortality at 48 hours; no 
tissue measurements were taken from the studies used to derive the LA50.  A total of 25 tests 
were conducted, with LA50 values (median lethal accumulation in tissue) ranging from 0.168 to 
0.338 µmol/g dry wt. (10.7 to 21.5 mg/kg dry wt.), with a mean of 0.24 µmol/g dry wt. (15.3 
mg/kg dry wt.).  Based on the 84% moisture content measured in the oligochaetes, the range in 
LA50 values was 1.71 to 3.44 mg/kg wet wt. and the mean LA50 was 2.44 mg/kg wet wt.  
However, as noted by Meyer et al. (2002), tissue Cu concentrations measured at 6 hrs were only 
18-28% of the predicted steady-state whole body Cu concentrations at 48 hours hours based on 
their own empirical measurements of metal accumulation kinetics also conducted in the same 
study. Conservatively, if it is assumed that the mean LA50 of 2.44 mg/kg wet wt. was at 28% of 
steady-state, the mean steady-state LA50 is estimated to be 8.7 mg/kg wet wt. Although the 



 

 

 

 
 

 
 

 

  
 

 

 

 

 

Portland Harbor TRV development guidelines do not recommend use of modeled or predicted  
tissue concentrations, the guidelines do allow for use of empirically-determined bioaccumulation 
factors, and so we considered the accumulation kinetics studies conducted by Meyer et al. (2002) 
to represent an adequate estimate of tissue Cu concentrations at 48 hrs. Because this was an acute 
study, this LA50 was divided by the ACR of 8.3, which results in an estimated chronic LOER of 
1.0 mg/kg wet wt.  

Macoma inquinata (Clam) and Pandalus danae (coon-stripe shrimp) 

Crecelius et al. (1982)—Burt Shephard’s database cited that a whole body Cu concentration of 
7.8 mg/kg wet wt. in M. nasuta was associated with increasing mortality. Note that upon review 
of the original study, the species studied was M. inquinata. Clams were exposed to added aqueous 
Cu concentrations of 0 (control), 5, 10, 17, and 30 µg/L for 30 days.  The objective of the study 
was to evaluate the influence of dissolved substances on the bioavailability of Cu2+ to clams and 
shrimp.  Toxicity was not explicitly evaluated and discussed, although the paper stated that 
“survival of shrimp and clams during the 30-day exposure was high in controls, but markedly 
reduced at 17 and 30 µg/litre.”  Because no additional details are provided on the toxicity results, 
including the levels of mortality observed in each treatment, the results from this study for both 
species was deemed inappropriate for TRV development. 

Soletellina alba (Bivalve) 

King et al. (2004)—ERED cited an LD78 of 8 mg/kg wet wt. based on mortality in the bivalve S. 
alba.  In this study, bivalves were exposed to aqueous Cu for 96 hours.  The aqueous lowest 
observed effect concentration (LOEC) was reported as 90 µg Cu/L.  This aqueous LOEC of 90 
µg Cu/L can only be related to an associated soft tissue Cu concentration via visual interpolation 
of their Figure 4, which visually appeared to be approximately 55 mg/kg dry wt., or 11 mg/kg wet 
wt. assuming 80% moisture. This contradicts the interpretation by ERED, but is relatively similar 
to the ERED value, and highly uncertain because we were restricted to a graphical interpolation. 
Therefore, to be conservative, the ERED LD78 of 8 mg/kg wet wt. was selected, and because the 
study was acute (96 hours), this value was divided by an ACR of 8.3 to estimate a chronic tissue 
LOER of 0.96 mg/kg wet wt. 

Mysella anomala (Bivalve) 

King et al. (2004)—ERED cited an LD25 of 30 mg/kg wet wt. based on mortality in the bivalve 
M. anomala.  As discussed above for the bivalve S. alba, bivalves were exposed to aqueous Cu 
for 96 hours.  The aqueous lowest observed effect concentration (LOEC) was reported as 900 µg 
Cu/L. This aqueous LOEC of 900 µg Cu/L can only be related to an associated soft tissue Cu 
concentration via visual interpolation of their Figure 4, which visually appeared to be 
approximately 240 mg/kg dry wt., or 48 mg/kg wet wt. assuming 80% moisture. This contradicts 
the interpretation by ERED, but is relatively similar to the ERED value, and highly uncertain 
because we were restricted to a graphical interpolation. Therefore, to be conservative, the ERED 
LD 25 of 30 mg/kg wet wt. was selected, and because the study was acute (96 hours), this value 
was divided by an ACR of 8.3 to estimate a chronic tissue LOER of 3.6 mg/kg wet wt. 

Protothaca staminea (Pacific Littleneck Clam) 

Roesijadi (1980)—ERED cited an LD14 of 9.3 mg/kg wet wt. based on mortality in the clam P. 
staminea. In this study, clams were exposed to aqueous Cu concentrations of 0.35 (control), 7, 
18, 39, and 82 µg/L for 30 days; clam survival was 97%, 86%, 83%, 14%, and 3%, respectfully.  
Whether the reduced survival in the 7 and 18 µg Cu/L treatments was statistically significant was 
not reported.  If it is assumed that the 14% reduction in survival in the 18 µg Cu/L treatment is 
significant, then the associated LOER is 46.7 mg/kg dry wt., or 9.3 mg/kg wet wt (which is 



 

 

 

 

 

 

 
 

 

 

 

consistent with the interpretation in ERED).  Because the exposure duration was 30 days, no 
ACR was applied to this value. 

Cirriformia spirabrancha (Polychaete) 

Milanovich et al. (1976)—ERED cited an LD50 of 10.7 mg/kg wet wt. based on mortality in the 
polychaete C. spirabrancha. Polychaetes were exposed to aqueous added Cu concentrations of 0 
(control), 20, 40, 60, 80, 100, 200, and 500 µg/L for up to 34 days.  Mortality was reported as the 
LT50 (time to 50% mortality), which was greater than 34 days in the treatment with 20 µg/L 
added Cu and 26 days in the treatment with 40 µg/L added Cu.  The mortality in the 20 µg/L 
treatment was not reported, but would have been less than 50%.  The 40 µg/L treatment was 
considered the LOEC, with an associated whole body Cu concentration of 53.40 mg/kg dry wt. 
(10.7 mg/kg wet wt. assuming 80% moisture) in the exposed polychaetes.  Because the exposure 
duration was >26 days, no ACR was applied to this value. 

Macoma balthica (Clam) 

Absil et al. (1996)—ERED cited an LD32 of 12 mg/kg wet wt. based on mortality in the clam M. 
balthica. In this experiment, clams were exposed to a nominal Cu concentration of 25 µg/L, with 
and without Cu-enriched algae, for 18 days, followed by a 35 day period with no Cu addition to 
the test systems.  Cumulative mortality in clams exposed to aqueous Cu and Cu-enriched algae 
was 18% following the Cu uptake phase of the experiment and 32% following the elimination 
phase. Because Cu concentrations in the clams and mortality both increased over time, it is 
difficult to identify the tissue concentration “responsible” for the observed mortality.  Further, 
latent mortality continued to occur during the elimination phase of the experiment.  As a 
compromise, the Cu concentration in the clams at the end of the uptake portion of the experiment 
was used to define a LOER of approximately 82 mg/kg dry wt. (16.4 mg/kg wet wt. assuming 
80% moisture).  In the test in which clams were exposed only to aqueous Cu (not Cu-enriched 
algae), cumulative mortality was 45% and the tissue Cu concentration at the end of the 
bioaccumulation phase of the test was approximately 65 mg/kg dry wt. (13 mg/kg wet wt. 
assuming 80% moisture).  Accordingly, 13 mg/kg wet wt. was identified as the lowest LOER 
from this study and used in TRV development.  Because the exposure duration was 18 days, no 
ACR was applied to this value. 

Conclusions 

With the above modifications, the resulting 10th percentile estimate using the BurrliOZ software 
is 2.7 mg/kg wet wt., respectively. 
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From: Blischke.Eric@epamail.epa.gov
 

Date: Fri, 8 Aug 2008 16:23:07
 
To: <rjw@nwnatural.com>; <ricka@bes.ci.portland.or.us>;
 
<Jim.McKenna@portofportland.com>
 
Cc: <johnt@windwardenv.com>; <jworonets@anchorenv.com>
 
Subject: First Batch of Tissue Residue TRVs
 

Attachments to the above e-mail: Antimony Final Tissue TRV Data (7 Aug 2008).xls 

Arsenic Final Tissue TRV Data (7 Aug 2008).xls 

Cadmium Final Tissue TRV Data (7 Aug 2008).xls 

Chromium Final Tissue TRV Data (7 Aug 2008).xls 

Copper Final Tissue TRV Data (8 Aug 2008).xls 

Attached files contain TRV data for antimony, arsenic, cadmium, chromium, and 
copper. 
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John Toll 

Subject: RE: Tissue Residue TRVs for PCBs and Lead 
Attachments: PCBs Tissue TRV (15 Aug 08).pdf; Lead Final Tissue TRV (15 Aug 2008).pdf; Lead Tissue 

TRV Data (15 Aug 08).xls; PCBs Tissue TRV Data (15 Aug 08).xls 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov]
 
Sent: Friday, August 15, 2008 1:02 PM
 
To: Bob Wyatt; Rick Applegate; Jim McKenna
 
Cc: Jennifer Woronets; johnt@windwardenv.com; Keith Pine
 
Subject: Tissue Residue TRVs for PCBs and Lead
 

Here is the latest batch of TRVs. Next up are DDT, Zinc and TBT.
 

Thanks, Eric
 

(See attached file: PCBs Tissue TRV (15 Aug 08).pdf)(See attached file:
 
Lead Final Tissue TRV (15 Aug 2008).pdf)(See attached file: Lead Tissue TRV Data (15 Aug
 
08).xls)(See attached file: PCBs Tissue TRV Data (15 Aug 08).xls)
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Draft Tissue TRV for Lead 

Lead was identified as a COPC for fish only based on EPA’s screening-level ecological risk 
assessment (SLERA – EPA 2008).  From EPA’s database maintained by Burt Shephard and the 
Environmental Residue Effects Database (ERED) maintained by the U.S. Army Corps of 
Engineers, fish toxicity data with whole body tissue measurements were identified for seven fish 
species. The studies that appeared to most strongly influence the 5th and 10th percentiles from the 
distribution of final species lowest observed effect residue (LOER) were critically reviewed to 
ensure that the values reported in either Burt Shephard’s database or ERED are consistent with 
the methods being used to derive tissue TRVs for Portland Harbor.  After review of these studies, 
only three studies proved to be acceptable for use in TRV development, thus the lowest value 
approach was used (Table 1). Table 2 provides the preliminary data compilation before select 
studies were further reviewed.  The select studies are summarized below. 

Carassius auratus (Goldfish) 

Coello and Khan (1996)—Burt Shephard’s database cited a whole body Pb concentration of 180 
mg/kg ww based on mortality to goldfish.  Coello and Kahn (1996) exposed fish to only one 
concentration (250 mg/L) of metallic lead.  For this reason, after considering the tissue TRV 
development guidelines developed for Portland Harbor, it was determined that this study should 
not be included in TRV development. 

Lepomis cyanellus (Green sunfish) 

Coello and Khan (1996)—Burt Shephard’s database cited a whole body Pb concentration of 425 
mg/kg ww based on mortality to green sunfish.  Coello and Kahn (1996) exposed fish to only one 
concentration (250 mg/L) of metallic lead.  For this reason, after considering the tissue TRV 
development guidelines developed for Portland Harbor, it was determined that this study should 
not be included in TRV development. 

Micropterus salmoides (Largemouth bass) 

Coello and Khan (1996)—Burt Shephard’s database cited a whole body Pb concentration of 10 
mg/kg ww based on mortality to largemouth bass.  Coello and Kahn (1996) exposed fish to only 
one concentration (250 mg/L) of metallic lead.  For this reason, after considering the tissue TRV 
development guidelines developed for Portland Harbor, it was determined that this study should 
not be included in TRV development. 

Oncorhynchus mykiss (Rainbow trout) 

Bell et al. (1993)—Burt Shephard’s database cited a whole body Pb concentration of 10 mg/kg 
which was representative of a lethal body burden within 48 hours. Bell et al. (1993) exposed fish 
via intraperitoneal and intravenous injections.  For this reason, after considering the tissue TRV 
development guidelines developed for Portland Harbor, it was determined that this study should 
not be included in TRV development. 

Salmo trutta (Brown trout) 

O’Neill (1981)—Burt Shephard’s database cited that a whole body Pb concentration of 2.0 mg/kg 
ww based on 100% mortality to brown trout in 7 weeks.  O’Neill (1981) exposed fish via 
intraperitoneal injection. For this reason, after considering the tissue TRV development 
guidelines developed for Portland Harbor, it was determined that this study should not be 
included in TRV development. 



 

 Conclusions 

With the above modifications, the minimum of the 2 final species LOERs – 0.4 mg/kg ww – is 
the draft fish tissue TRV for lead for all fish receptors.  This value is based on the effects of lead 
on brook trout survivorship after three generations (Holcombe et al. 1976). 
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Draft Tissue TRV for Total PCBs 

Total PCBs was identified as a COPC for both fish and invertebrates based on EPA’s screening-
level ecological risk assessment (SLERA – EPA 2008).  There are a total of 209 PCB congeners, 
which occur as mixtures in the environment.  Of these 209 congeners, there are 12 that have 
“dioxin-like” properties. Tissue-based toxicity data for any studies specifically focused on 
dioxin-like PCB congeners thus were not considered in this review, as this class of compounds 
would better be addressed using 2,3,7,8 TCDD toxicity equivalents.  Most of the relevant studies 
for tissue TRV derivation evaluated the toxicity of commercial Aroclor® mixtures, which were 
assumed to be a reasonable surrogate for total PCBs.  From EPA’s database maintained by Burt 
Shephard and the Environmental Residue Effects Database (ERED) maintained by the U.S. Army 
Corps of Engineers, total PCB toxicity data (largely represented by Aroclors) with whole body 
tissue measurements were identified for 18 fish species and 12 invertebrate species.  The studies 
that appeared to most strongly influence the 5th and 10th percentiles from the distribution of final 
species lowest observed effect residue (LOER) were critically reviewed to ensure that the values 
reported in either Burt Shephard’s database or ERED are consistent with the methods being used 
to derive tissue TRVs for Portland Harbor. The cumulative distribution of final species LOERs, 
following this review of select studies, is provided in Figures 1a and 1b for fish and invertebrates, 
respectively. The individual toxicity values compiled to derive the final species LOERs are 
provided in Tables 1a and 1b and the final species LOERs are ranked in Table 2. Tables 3a and 
3b provide the preliminary data compilation before select studies were further reviewed.  The 
select studies are summarized below. 

Fish 

Oryzias latipes (Japanese medaka) 

Kim and Copper (1998)—Shephard’s database cited that a whole body PCB concentration of 
0.072 mg/kg wet wt. in O. latipes was associated with increased mortality, decreased growth, jaw 
deformities, fin erosion.  In this study, one month old Japanese medaka were exposed to aqueous 
3,3’,4,4’,5-pentachlorobiphenyl (PCB 126) of 93.8, 143.2, and 171.7 ng/L for 96 hours.  After 96 
hours, 10 fish were sampled to measure the whole body PCB concentration and the remaining 
fish were observed for 4-weeks in a PCB-free flow-through system.  Following the 4-week 
observation period, fish length and weight were significantly (p<0.05) reduced relative to the 
control in all treatments and mortality in PCB treatments ranged from 23.5 to 55.9% compared to 
0% in the control. Fish in PCB treatments also exhibited lower jaw deformations, fin erosion, 
and epidermal edema of the head.  The whole body PCB concentration measured in fish exposed 
to the lowest PCB treatment (93.8 ng/L) was 0.0723 mg/kg wet wt.  This interpretation is 
consistent with that reported in Burt Shephard’s database.  Although the exposure duration was 
short-term (96 hours), an ACR was not applied this value because sublethal effects were also 
measured. Further, since the study was conducted with larval fish, there was no need to account 
for the possible increased sensitivity of reproductive effects.   

It is important to note that PCB 126 is a dioxin-like PCB congener with a mode of action similar 
to 2,3,7,8-TCDD.  As discussed above, and per the guidance document for developing tissue 
TRVs for Portland Harbor, dioxin-like PCBs should only be evaluated as a mixture with other 
dioxin-like compounds (i.e., certain polychlorinated dibenzo-p-dioxin [PCDD] and 
polychlorinated dibenzofuran [PCDF] congeners).  Therefore, this study was not included in 
derivation of the TRV.  

Salmo salar (Atlantic Salmon) 

Niimi et al. (1983)—Burt Shephard’s database cited that a whole body PCB concentration of 0.6
1.9 mg/kg wet wt. in S. salar was associated with reduced fry survivorship.  These values would 



 

 

 

 

 

 

 

 
 

translate to 0.07 to 0.23 mg/kg wet wt. if an ACR of 8.3 were applied.  However, these values are 
from Johansson (1970) which only measured PCBs in eggs or eyed eggs.  Given that egg tissue 
residues are not considered appropriate for TRV derivation, these values were not used.  
However, Meador et al. (2002) recently summarized PCB toxicity and whole body concentrations 
in Atlantic salmon, which is summarized below. 

Meador et al. (2002)—This evaluation summarized studies with salmonids in which PCB toxicity 
and concentrations in fish tissue were measured.  Citing Fisher et al. (1994), Meador et al. (2002) 
reported that a whole body PCB concentration of 1.1 mg/kg wet wt. was associated with 
decreased growth in Atlantic salmon.  This value was used to define the species mean LOER for 
PCBs in Atlantic salmon. 

Brachydanio rerio (Zebra Fish) 

Örn et al. (1998)—ERED cited a whole body LOED of 0.14 mg/kg wet wt. based on reduced 
growth in the zebrafish B. rerio. However, Örn et al. (1998) dissected the livers and ovaries from 
the fish prior to tissue analysis, which likely resulted in an underestimation of the whole body 
concentration of PCBs. Because the whole body PCB concentration was not truly measured, this 
study was excluded from TRV development. 

Salvelinus namaycush (Lake Trout) 

Broyles and Noveck (1979)—Burt Shephard’s database cited that a whole body PCB 
concentration of 2.1 mg/kg wet wt. in S. namaycush was the lethal body burden for fry.  Lake 
trout fry were exposed to an aqueous 2,2’,4,4’,5,5’-hexachlorobiphenyl concentration of 8 µg/L 
for 15 days.  Fry mortality was monitored for an additional 64 days after the PCB exposure was 
terminated.  Fry mortality reach 100% by day 64, over which time the whole body PCB 
concentration decreased from 8.8 mg/kg wet wt. to 2.1 mg/kg wet wt.  Cumulative fry mortality 
reached 32% five days after the last PCB addition to the fish exposure tanks and 87% nine days 
after the last PCB addition.  The whole body PCB concentration averaged 8.7 mg/kg wet wt. over 
the first nine days after PCB exposures were terminated, and then concentrations declined to 2.3 
and 2.1 mg/kg wet wt. on days 41 and 64.  Accordingly, the mean whole body PCB concentration 
of 8.8 mg/kg wet wt. appears to be most closely linked to the high mortality observed during the 
first nine days. Because this value represented an early portion of the PCB exposure duration 
period, an ACR of 8.3 was applied to derive a LOER from this study of 1.06.  

Berlin et al. (1981)—ERED cited a LOED of 1.53 mg/kg wet wt. based on mortality in the lake 
trout S. namaycush. This study was initiated with lake trout fry, which were exposed to a series 
of Aroclor 1254 concentrations in water and plankton for 176 days.  At the end of the exposure 
mortality was significantly reduced in all treatments.  In the lowest treatment survival was 
reduced by 32% relative to the control.  The whole body PCB concentration in the fish in this 
treatment was 1.53 mg/kg wet wt.  Because the exposure duration was 176 days, an ACR was not 
applied to this value. 

The final species LOER for lake trout, therefore, was calculated as the geometric mean of the two 
mortality endpoints of 1.06 mg/kg wet wt. (Broyles and Noveck 1979) and 1.53 mg/kg wet wt. 
(Berlin et al. 1981), or 1.27 mg/kg wet wt. This mean LOER was lower than the individual 
LOERs for either growth or behavior. 

Salvelinus fontinalis (Brook Trout) 

Meador et al. (2002); Berlin et al. (1981)—ERED, based on Meador et al. (2002), cited a PCB 
LOED of 0.15 mg/kg wet wt. for mortality in brook trout.  However, this entry in ERED is 
erroneous as Meador et al. (2002), citing Berlin et al. (1981), reported that this whole body PCB 



 
 

 

 

 

 

 

 

 

 

 

 

  

 

concentration was associated with mortality in lake trout. Therefore, this value was excluded 
from the database for TRV development. 

Reiser et al. (2004); Nebeker et al. (1974)—ERED, based on Reiser et al. (2004), cited a PCB 
LOED of 125 mg/kg wet wt. for mortality in brook trout.  Reiser et al. (2004) is a secondary 
citation; the original citation is Nebeker et al. (1974).  However, upon review of Nebeker et al. 
(1974), the only fish species tested in this study were the fathead minnow (Pimephales promelas) 
and flagfish (Jordanella floridae). Accordingly, there appears to be an error in ERED and the 
brook trout data, cited to be from Reiser et al. (2004) in ERED, were excluded.  

Oncorhynchus tshawytscha (Chinook Salmon) 

Broyles and Noveck (1979)—Burt Shephard’s database cited that a whole body PCB 
concentration of 3.6 mg/kg wet wt. in O. tshawytscha was the lethal body burden for fry.  As 
discussed above for lake trout, fry were exposed to an aqueous 2,2’,4,4’,5,5’-hexachlorobiphenyl 
concentration of 8 µg/L for 15 days.  Fry mortality was monitored for an additional 16 days after 
the PCB exposure was terminated.  Fry mortality reach 100% by day 16, over which time the 
whole body PCB concentration slightly decreased from 3.8 mg/kg wet wt. to 3.6 mg/kg wet wt. 
Although 15 days is longer than a typical acute toxicity study for salmonids (i.e., 96-hr), it is 
shorter than would normally be used for even an early life stage chronic study. Accordingly, an 
ACR of 8.3 was applied to the mean whole body PCB concentration of 3.6 mg/kg wet wt. to 
estimate a LOER of 0.43 mg/kg wet wt. from this study for TRV development. 

Fundulus heteroclitus (Mummichog) 

Black et al. (1998)—Burt Shephard’s database cited that a whole body PCB concentration of 
0.76-19 mg/kg wet wt. in F. heteroclitus was associated with a marginal decline in growth and 
gonadotropin and an altered spawning cycle.  This study was not used for TRV development, 
however, because the exposure route was intraperitoneal injection. 

Matta et al. (2001)—Burt Shephard’s database cited that a whole body PCB concentration of 3.0
4.5 mg/kg wet wt. in F0 fish caused increased weight of F1 generation juvenile fish.  Adult fish 
were provided Aroclor 1268-contaminated food for at least six weeks.  The dietary PCB 
concentrations were 0.71, 3.3, 7.5, and 32 mg/kg.  The only statistically significant (p<0.05) 
effect observed was an increase in F1 juvenile weight in the three highest PCB treatments. The 
increased size of offspring from PCB-exposed parents may represent a stress response (Matta et 
al. 2001).  The whole body PCB concentration in fish from the 3.3 mg/kg dietary treatment was 
1.3 mg/kg in female fish, and so the latter value was used as the final species LOER.   

Invertebrates 

Palaemonetes pugio (Grass Shrimp) 

Hansen et al. (1974)—ERED cited a LOED of 1.1 mg/kg wet wt. based on mortality in the grass 
shrimp P. pugio. Shrimp were exposed to nominal aqueous Aroclor 1016 concentrations of 1, 10, 
and 100 µg/L for 96 hours.  In the lowest PCB treatment survival was reduced by 27% relative to 
the control. The associated whole body PCB concentration in surviving shrimp was 1.1 mg/kg 
wet wt. Because the study was acute (96 hours), the LOED of 1.1 mg/kg wet wt. was divided by 
an ACR of 8.3 to estimate a chronic tissue value LOER of 0.13 mg/kg wet wt. 

Nimmo et al. (1974)—ERED cited a LOED of 27 mg/kg wet wt. based on mortality in the grass 
shrimp P. pugio. Whereas Hansen et al. (1974) exposed grass shrimp to aqueous Aroclor 1016 
for 96 hours, Nimmo et al. (1974) exposed grass shrimp to aqueous Aroclor 1254 for 16 days.  
The aqueous mortality LOEC in Nimmo et al. (1974) was 4.0 µg/L, which resulted in a whole 
body PCB concentration of 27 mg/kg wet wt.  Because the exposure duration of 16 days does not 
represent an acute exposure, an ACR was not applied to this value. 



 

 

  

 

 

  

The final species LOER (1.9 mg/kg wet wt.) was based on the geometric mean of the two 
individual LOERs from Hansen et al. (1974) and Nimmo et al. (1974). 

Penaeus duorarum (Pink Shrimp) 

Duke et al. (1970)—This study was summarized above to facilitate interpretation of the PCB 
toxicity data for grass shrimp.  As discussed, the whole body LOED from this study was 16 
mg/kg wet wt. 

Nimmo et al. (1971)—Burt Shephard’s database cited that a whole body PCB concentration of 37 
mg/kg wet wt. in P. duorarum was associated with increased mortality within 17 days.  Different 
size classes of pink shrimp were exposed to various aqueous Aroclor 1254 concentrations for 15
35 days.  PCB concentrations in whole body tissue were only provided, graphically, for one 
treatment. A whole body PCB concentration of approximately 37 mg/kg wet wt. was associated 
with a 53% reduction in survival relative to the control. 

The final species LOER for PCBs in pink shrimp was calculated as the geometric mean of 16 
mg/kg wet wt. (Duke et al. 1970) and 37 mg/kg wet wt. (Nimmo et al. 1971), or 24 mg/kg wet wt. 

Penaeus aztecus (Brown Shrimp) 

Hansen et al. (1974)—ERED cited a LOED of 3.8 mg/kg wet wt. based on mortality in the brown 
shrimp P. aztecus. The basic study design was previously discussed for pink shrimp.  The LOED 
of 3.8 mg/kg wet wt. was associated with 8% mortality (compared to 0% mortality in the control).  
Statistical significance was not reported, but 8% mortality is within the allowable range of 
mortality typically accepted in acute toxicity tests.  Accordingly, the next highest PCB treatment, 
which resulted in 43% mortality, was identified as the LOED.  The PCB concentration in these 
shrimp was 42 mg/kg wet wt., and because it was a 96-hr test, this value was divided by the ACR 
of 8.3 for an estimated LOER of 5.06 mg/kg wet wt. 

The final species LOER for brown shrimp was calculated as the geometric mean of 5.06 mg/kg 
wet wt. (Hansen et al. 1974) and 0.86 mg/kg wet wt. (Nimmo and Bahner 1974, not reviewed 
here), or 2.1 mg/kg wet wt. 

Hyalella azteca (Amphipod) 

Borgmann et al. (1990)—Burt Shephard’s database cited that a whole body PCB concentration of 
30-180 mg/kg wet wt. in H. azteca was the chronic toxicity range for PCBs.  Although this range 
in values does not suggest that H. azteca is sensitive to PCBs relative to other invertebrates, 
Borgmann et al. (1990) was reviewed further to understand the most appropriate whole body 
concentration from this range to identify as a toxicity threshold.  Borgmann et al. (1990) exposed 
amphipods to either Aroclor 1254, 2,5,2’,5’-tetrachlorobiphenyl (PCB 52), or 3,4,3’,4’
tetrachlorobiphenyl (PCB 77).  PCB 77 is a coplanar PCB with dioxin-like properties, so the data 
for this chemical were not considered for TRV derivation.  Two experiments were conducted 
with Aroclor 1254 and PCB 52: one using acetone as a solvent and the other using 
dimethylsulfoxide (DMSO) as the solvent.  Control survival was very low in both Aroclor 1254 
experiments and in the PCB52 experiment in which acetone was used as the solvent (15-19% 
survival). Accordingly, the results from these experiments were not considered acceptable for 
TRV development. In the second PCB52 experiment, in which DMSO was used as the solvent, 
control survival was much higher (76% through week 6 and 68% through week 10).  In addition, 
gauze was added in this latter experiment, which facilitated growth and reproduction of the 
amphipods.  No effects on survival, growth, or reproduction were observed up to a measured 
aqueous PCB 52 concentration of 10.4 µg/L, but an aqueous concentration of 37.8 µg/L resulted 
in 100% mortality.  The whole body PCB concentration in amphipods exposed to 10.4 µg/L was 
53.9 mg/kg wet wt.  Whole body PCB concentrations were not measured in the 37.8 µg PCB/L 



 
 

 

  

 

 

 

 

 

 

 

treatment, so the whole body concentration associated with the LOEC could not be identified. 
Accordingly, a LOER could not be identified from this study for TRV development. 

Conclusions 

With the above modifications, the resulting 5th and 10th percentile tissue TRV estimates for fish 
using the BurrliOZ software are 0.43 and 0.62 mg/kg wet wt., respectively.  This 5th percentile 
value is equivalent to the most sensitive salmonid LOER of 0.43 mg/kg wet wt for Chinook 
salmon. Therefore, this 5th percentile TRV should be adequately protective of salmonids 
evaluated at the organism level in the BERA. For invertebrates, the 10th percentile TRV estimate 
from BurrliOZ is 1.58 mg/kg wet wt., respectively.   

Literature Cited 

Berlin, W.H., R.J. Hesselberg, and M.J. Mac. 1981. Growth and mortality of fry of Lake 
Michigan lake trout during chronic exposure to PCB’s and DDE. Pages 11-22 in: Chlorinated 
hydrocarbons as a factor in the reproduction and survival of lake trout (Salvelinus namaycush) in 
Lake Michigan. Technical Paper 105, U.S. Fish and Wildlife Service, Ann Arbor, MI. 42 pp. 

Black, D.E., R. Gutjahr-Gobell, R.J. Pruell, B. Bergen, and A.E. McElroy. 1998. Effects of a 
mixture of non-ortho- and mono-ortho-polychlorinated biphenyls on reproduction in Fundulus 
heteroclitus (Linnaeus). Environ. Toxicol. Chem. 17(7):1396-1404. 

Borgmann, U., W.P. Norwood, and K.M. Ralph. 1990. Chronic toxicity and bioaccumulation of 
2,5,2’,5’- and 3,4,3’,4’-tetrachlorobiphenyl and Aroclor® 1254 in the amphipod Hyalella azteca. 
Arch. Environ. Toxicol. Chem. 19:558-564.  

Broyles, R.H. and M.I. Noveck. 1979. Uptake and distribution of 2,4,5,2’,4’,5’
hexachlorobiphenyl in fry of lake trout and Chinook salmon and its effects on viability. Toxicol. 
Appl. Pharmacol. 50:299-308. 

Duke, T.W., J.I. Lowe, and A.J. Wilson, Jr. 1970. A polychlorinated biphenyl (Aroclor 1254®) in 
the water, sediment, and biota of Escambia Bay, Florida. Bull. Environ. Contam. Toxicol. 
5(2):171-180. 

Hansen, D.J., P.R. Parrish, and J. Forester. 1974. Aroclor 1016: Toxicity to and uptake by 
estuarine animals. Environ. Res. 7:363-373. 

Johansson, N. 1970. PCB – Indications of effects on fish. Salmon Research Institute, Alvkarleby, 
Sweden. 

Kim, Y. and K.R. Cooper. 1998. Interactions of 2,3,7,8-tetrachlorodibenzo-p-dioxins (TCDD) 
and 3,3’,4,4’,5-pentachlorobiphenyl (PCB 126) for producing lethal and sublethal effects in the 
Japanese medaka embryos and larvae. Chemosphere 36(2):409-418. 

Matta, M.B., J. Linse, C. Cairncross, L. Francendese, and R.M. Kocan. 2001. Reproductive and 
transgenerational effects of methylmercury or Aroclor 1268 on Fundulus heteroclitus. Environ. 
Toxicol. Chem. 20(2):327-335. 

Meador, J.P., T.K. Collier, and J.E. Stein. 2002. Use of tissue and sediment-based threshold 
concentrations of polychlorinated biphenyls (PCBs) to protect juvenile salmonids listed under the 
US Endangered Species Act. Aquatic Conserv: Mar. Freshw. Ecosyst. 12:493-516. 

Nebeker, A.V., F.A. Puglisi, and D.L. DeFoe. 1974. Effect of polychlorinated biphenyl 
compounds on survival and reproduction of the fathead minnow and flagfish. Trans. Amer. Fish. 
Soc. 3:562-568. 

Niimi, A.J. 1983. Biological and toxicological effects of environmental contaminants in fish and 
their eggs. Can. J. Fish. Aquat. Sci. 40:306-312. 



 

 
 

 

 

Nimmo, D.R., R.R. Blackman, A.J. Wilson, Jr., and J. Forester. 1971. Toxicity and distribution of 
Aroclor® 1254 in the pink shrimp Penaeus duorarum. Mar. Biol. 11:191-197. 

Nimmo, D.R., J. Forester, P.T. Heitmuller, and G.H. Cook. 1974. Accumulation of Aroclor® 
1254 in grass shrimp (Palaemonetes pugio) in laboratory and field exposures. Bull. Environ. 
Contam. Toxicol. 11(4):303-308. 

Örn, S., P.L. Andersson, L. Förlin, M. Tysklind, and L. Norrgren. 1998. The impact on 
reproduction of an orally administered mixture of selected PCBs in zebrafish (Danio rerio). 
Arch. Environ. Contam. Toxicol. 35:52-57. 

Reiser, D.W., E.S. Greenberg, T.E. Helser, M. Branton, and K.D. Jenkins. 2004. In situ 
reproduction, abundance, and growth of young-of-year and adult largemouth bass in a population 
exposed to polychlorinated biphenyls. Environ. Toxicol. Chem. 23(7):1762-1773. 



      
             

             
           

               

 

 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, August 15, 2008 1:02 PM 
To: Bob Wyatt; Rick Applegate; Jim McKenna 
Cc: Jennifer Woronets; johnt@windwardenv.com; Keith Pine 
Subject: Tissue Residue TRVs for PCBs and Lead 

Attachments to the above e-mail: Lead Tissue TRV Data (15 Aug 08).xls 
PCBs Tissue TRV Data (15 Aug 08).xls 

Attached files contain TRV data for lead and PCBs. 



                                     
                          
                                   

                                
                                  

                         
            

 
 
 

                             
                         
                       
                               

                           
                         

                     
                     

                         
                               

                               
                         

                           
       

  
 

   
       
             

               
         

                 
 
 
                                     
                              
                           
                            
               
 

 
 

   
   

 
             

             

Shannon M. Katka 

From: John Toll 
Sent: Wednesday, August 20, 2008 5:21 PM 
To: 'Keith Pine'; 'Bob Wyatt'; 'Rick Applegate'; 'Jim McKenna' 
Cc: 'Jennifer Woronets'; Lisa Saban; Matt Luxon; Helle B. Andersen; Shannon M. Katka; Nancy 

A. Musgrove 
Subject: RE: Tissue Residue TRVs for PCBs and Lead 

Keith et al., I talked to Eric and the answer to your question is a definite no (no TRV 
directive and no possibility of triggering a dispute deadline at this time). Eric 
acknowledged that his team might have cut corners in their rush to get the TRVs done and he's 
not confident that the TRVs would hold up under scrutiny. He came to that conclusion based 
on feedback from his own team and his own inspection of the stuff they're sending us. He 
indicated that he's uncomfortable with letting methodological errors go even if they don't 
affect the ultimate TRV values. John 

This communication is made under the framework of the LWG Participation Agreement and in the 
parties' common interests in meeting LWG member obligations under the Administrative Order on 
Consent and in anticipation of litigation concerning liability for the Portland Harbor 
Superfund site. This communication is intended and believed by the parties to be part of an 
ongoing and joint effort to develop and maintain a common legal strategy and contains 
strategies, work product and legal advice within the "common interest" extension of the 
attorney‐client privilege and the work product doctrine. This communication may include 
attorney‐client communications. With respect to communications by private LWG members to 
public members, those communications are with the expectation that they will be kept 
confidential by the public entities. The information is intended to be for the use of the 
individual or entity named above. If you are not the intended recipient, please be aware that 
any disclosure, copying, distribution or use of the contents of this information is 
prohibited. If you have received this electronic transmission in error, please notify us by 
electronic mail at johnt@windwardenv.com. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Keith Pine [mailto:kpine@anchorenv.com] 
Sent: Wednesday, August 20, 2008 11:08 AM 
To: Blischke.Eric@epamail.epa.gov; Bob Wyatt; Rick Applegate; Jim McKenna 
Cc: Jennifer Woronets; John Toll 
Subject: RE: Tissue Residue TRVs for PCBs and Lead 

Hi Eric‐
The LWG wanted me to let you know that we have some concerns that EPA has not followed the 
agreed on methodology in developing the tissue TRVs. In that regard we'd also like to 
confirm that your provision of these TRVs does not constitute EPA direction that would 
trigger a potential dispute deadline. John Toll will be contacting Burt Shephard soon to 
discuss the LWG's concerns regarding the tissue TRVs. 
Thanks, 
Keith 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov 
[mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, August 15, 2008 1:02 PM 
To: Bob Wyatt; Rick Applegate; Jim McKenna 
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Cc: Jennifer Woronets; johnt@windwardenv.com; Keith Pine 
Subject: Tissue Residue TRVs for PCBs and Lead 

Here is the latest batch of TRVs. Next up are DDT, Zinc and TBT. 

Thanks, Eric 

(See attached file: PCBs Tissue TRV (15 Aug 08).pdf)(See attached file: 
Lead Final Tissue TRV (15 Aug 2008).pdf)(See attached file: Lead Tissue 
TRV Data (15 Aug 08).xls)(See attached file: PCBs Tissue TRV Data (15 
Aug 08).xls) 
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John Toll 

From: Shephard.Burt@epamail.epa.gov 
Sent: Wednesday, August 20, 2008 12:04 PM 
To: John Toll 
Subject: Tissue TRV, water quality TRV 

John, 

Got your call late yesterday, I'm back in the country but tied up in meetings most of today 
and tomorrow. I had also flagged the PCB tissue TRV as having a couple of issues just as I 
left for Australia, sounds like not all of them may have been fixed yet, although I'll need 
to know the specific papers you have concerns about. Don't know if Eric has sent the zinc 
tissue TRV to LWG yet, but I've also flagged its draft as being unacceptable for use as it 
currently stands. I'm also going to want to take a close look at the mercury tissue TRV, 
primarily because a number of papers have been published since Scott Dyer and I published the 
Hg 5th percentile in 2000 that may drive its value substantially lower than the previously 
published value. Should have a little time Thursday morning, also am free all of Friday to 
talk with you. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 
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John Toll 

From: Jay Field [Jay.Field@noaa.gov] 
Sent: Wednesday, August 27, 2008 9:58 AM 
To: Jay Field 
Cc: John Toll; Helle B. Andersen; Lucinda Tear; Burt Shepard; Eric Blischke; Robert Neely 
Subject: Re: Bioassay stats--incomplete message 

John,
 
sorry about the previous incomplete message.
 
my question was about how you calculated biomass for samples where some reps had 0 survival.
 
It appears that those reps were excluded from the calculation. In my view, which is
 
consistent with the approach used by Dave Mount and Chris Ingersoll, the biomass calculation
 
should include the reps with no survival in the calculation.
 
Jay
 

Jay Field wrote:
 
> Hi John,
 
> I have a question about the stats spreadsheet calculation for the
 
> biomass endpoint.
 

Jay Field 
Assessment and Restoration Division 
Office of Response and Restoration, NOAA 7600 Sand Point Way NE Seattle, WA 98115‐6349 
(P) 206‐526‐6404 
(F) 206‐526‐6865 
(E) jay.field@noaa.gov 
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John Toll 

From: Shephard.Burt@epamail.epa.gov 
Sent: Friday, August 29, 2008 10:15 AM 
To: John Toll 
Cc: Nancy Musgrove 
Subject: Re: Olfactory inhibition 
Attachments: Cu effects on fish behavior text June 2008 draft.pdf; Hecht et al 2007 NOAA tech memo 83 

Cu olfaction.pdf 

John, 

Attached is a PDF of the latest draft of my paper on copper effects on fish behavior. You'll 
note that the definition of behavior that I and most behavioral toxicologists subscribe to 
does not include olfaction as a behavior. Therefore, we didn't include olfactory effects in 
the review, although they are discussed in the context of the underlying physiological causes 
of behavioral changes in fish. This is a major point of confusion/disagreement between NOAA 
and EPA. When you get the NOAA folks alone, they'll admit that olfaction is not a behavior, 
yet they consistently refer to their olfactory responses observed in fish as a 
neurobehavioral endpoint. No one has yet been able to demonstrate that the threshold copper 
effect concentrations on olfaction in fish (a suborganismal response) are the same as the 
threshold copper effect concentrations on behavior (an organism level response). In fact, 
NOAA's own work demonstrates the behavioral effect thresholds are higher than the olfactory 
effect thresholds, something they don't point out in their studies and avoid discussing in 
their presentations. You also can't get NOAA to compare their effect concentrations to water 
quality criteria, or to admit they're even comparing their effect levels to criteria, but yet 
they have repeatedly proposed using an olfactory threshold concentration for copper in 
regulatory contexts. These requests included a 0.7 µg/L copper in water value at Portland 
Harbor as a TRV in the BERA. We rejected that request, based in large part on an earlier 
version of the attached review. 

The attached version was written as an appendix to an EPA written biological evaluation of 
our approval of Oregon's revised and updated aquatic life water quality standards. Its part 
of our required Endangered Species Act consultation with NOAA and USFWS on federal actions 
with a potential to affect endangered species (a number of salmon, sucker, minnow species in 
Oregon, and one fairy shrimp species). 
The text will be edited down and modified for the peer reviewed journal articles I'm working 
on, I've also added a behavioral toxicologist as a co‐author for the peer reviewed versions, 
and may add one or two additional authors to beef up the olfactory threshold / behavioral 
threshold discussion. 

Unlike NOAA, who are focused on salmonids only, we were tasked with reviewing behavioral 
studies on multiple taxonomic groups of fish, in keeping with the number of non‐salmonid ESA 
listed fish in Oregon. Thus our review is by its nature more comprehensive than NOAA's 
review of copper effects on neurobehavioral response of fish (Hecht et al. 2007) , I've 
attached Hecht et al as well in case you don't have it. The difference in the number of 
literature citations on fish behavior between Table 1 in the Hecht et al 2007 paper and Table 
1 in my review is very telling, even more so if you just look at only the number of salmonid 
studies in my Table 1 vs. Hecht et al. 

But as I suspect you'll agree after reading this, the weight of evidence is overwhelming that 
behavioral effect LOECs are almost always higher than the current EPA chronic water quality 
copper criterion. I think almost all of the 100+ literature citations are readily available. 

1 



                               
                             

                           
                          

                                  
             

                                 
                              

             
 

   
 

   
     
                     

            
 

      
      

 
    

 
                               
   

              
 

                           
                 

 
 
 
                                                                         
                                                          
                                                                     
                                                                        
                                 
                                                                       
                                                            
                                                  
                                                        
                                                       
                                                          
                                                                     
                                                                         
                                                                         
                                                                         
                                                                         
 
 
 
 
                                  

                     

Since the copper effects on salmonid behavior issue has come up in a number of areas 
(Superfund, RCRA, NPDES permits, stormwater permits to name a few), the attached is no longer 
under the legal restrictions of the Oregon Toxics Biological Evaluation for which it was 
orignially written. Those restrictions limited the distribution of the review until a few 
months ago. We should talk about the best way to use this in the Portland Harbor RI/FS, 
assuming LWG is interested in using it. 
Given that its being converted into two peer reviewed aritcles, we just want to make sure we 
don't get scooped on publication. I doubt the attached will be revised again, our efforts 
are in preparing the peer reviewed papers. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

(See attached file: Cu effects on fish behavior text June 2008 draft.pdf)(See attached file:
 
Hecht et al 2007 NOAA tech memo 83 Cu
 
olfaction.pdf)
 

johnt@windwarden 
v.com 

To 
08/20/2008 09:59 Burt Shephard/R10/USEPA/US@EPA 
AM cc 

"Nancy Musgrove" 
<nancym@windwardenv.com> 

Please respond Subject 
to Olfactory inhibition 

johnt@windwarden 
v.com 

Hi Burt. I was reminded today that we haven't seen your paper on AWQC being protective of 
olfactory inhibition effects. Is that ready to share yet? John 
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Copper Effects on Fish Behavior: A Critical Review and Synopsis of Existing Studies 

Burt Shephard  
U.S. Environmental Protection Agency  

Office of Environmental Assessment  
1200 6th Avenue, Suite 900  

Seattle, WA 98101  

Abstract 

Concerns have been raised by natural resource agencies and others regarding the potential 
adverse effects of copper on fish behavior at concentrations lower than EPA water quality criteria 
for the protection of aquatic life.  To evaluate these concerns, we have reviewed the literature 
describing copper effects on the behavior of both freshwater and marine fish.  A total of 102 
literature citations were identified, describing effects on 52 freshwater and 16 marine species, 
with a combined total of 160 LOEC’s and 45 NOEC’s.  Of these, 60 LOEC’s and 19 NOEC’s are 
for one of 10 salmonid species, with rainbow trout being by far the most studied species. 
Laboratory studies with copper alone, as part of mixtures, and field behavioral studies were all 
reviewed.  Of the 105 available LOEC values for laboratory studies with copper alone in 
freshwater, 102 were higher than the hardness adjusted chronic copper criterion.  None of the 15 
laboratory LOEC’s for marine fish exposed to copper alone were lower than the marine chronic 
criterion.  Avoidance behavior is the most commonly studied behavioral endpoint, has been 
reported as affected by copper at concentrations between 0.1 µg/L and 31,770,000 µg/L, and is 
the only behavioral endpoint with LOEC’s lower than the chronic copper criterion.  Copper 
appears to be nearly unique among chemicals in that low concentrations are actively avoided by 
fish, whereas higher concentrations attract fish in many instances.  Other behavioral endpoints 
with available copper effects data include voluntary and involuntary movement, swimming, 
including critical swimming speed, feeding, social and respiratory behaviors.  Although copper 
undoubtedly contributes to the toxicity of mixtures under both laboratory and field conditions, to 
date none of the mixture or field studies have attributed observed responses solely or primarily to 
copper unless the chronic copper criterion is exceeded within the mixture.  Numerous studies 
have demonstrated that acclimation to low copper concentrations occurs within a period ranging 
between a few hours to months, with behaviors returning to baseline responses.  Comparison of 
the behavioral LOEC’s to chronic MATC’s for reproduction and growth indicate that behavioral 
endpoints as a group are not more sensitive endpoints, at least for copper, than are reproductive 
and growth endpoints.  Many behavioral endpoints have ecological relevance for the survival, 
growth and/or fitness of fish, and should receive increased consideration during the development 
of environmental quality benchmarks and regulatory standards.  However, as has been concluded 
by numerous other reviewers of the behavioral toxicology literature, we find that the lack of 
standardized test methodologies, and limited information on the repeatibility, sensitivity, general 
applicability and ecological realism of the existing tests continues to inhibit the use of behavioral 
endpoints in the development of benchmarks, water quality criteria and standards. 
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Introduction 

During World War II, both the American and Australian governments (Burden 1945, Whitley 
and Payne 1947) attempted to develop effective shark repellents that originally were intended to 
prevent sharks from inadvertently setting off mines, but whose utility was quickly expanded to 
protect sailors and airmen who found themselves adrift at sea.  In the United States, this task was 
assigned to the Office of Strategic Services (OSS), the predecessor of today’s Central Intelligence 
Agency (CIA).  A young OSS officer named Julia Child was one of the lead investigators of the 
studies that eventually determined that copper acetate repelled fish (Burden 1945), and thus 
afforded some protection against sharks: the oldest known experiments designed to quantify the 
effects of copper on fish behavior.  Child, whose later behavioral studies tended towards 
numerous investigations into the attractiveness of prepared foods to humans, thus became one of 
the pioneering investigators into studies designed to quantify copper effects on fish behavior. 

Per a request from the National Oceanic and Atmospheric Administration (NOAA) and the U.S. 
Fish and Wildlife Service (USFWS), the literature describing behavioral changes in fish 
associated with exposure of fish to copper in water was evaluated as part of this biological 
evaluation.  The objectives of this evaluation are to summarize copper concentrations associated 
with adverse effects on fish behavior, compare them to other sublethal copper concentrations 
associated with adverse effects on reproduction and growth, and provide a level of critical review 
of the literature describing copper effects on fish behavior.  This line of evidence is for 
informational purposes only.  It is non-decisional with respect to EPA's calls on the 
protectiveness of copper aquatic life criteria to ESA listed species in Oregon. 

Behavior has been defined by Henry and Atchison (1991) as "the organismal level manifestation 
of the motivational, biochemical, physiological, and environmentally influenced state of the 
organism."  Behavioral toxicity occurs when one or more stressors induces a behavioral change 
that exceeds the normal range of variability (ASTM 2007).  Many behavioral alterations can 
serve as indicators of behavioral toxicity, but only changes that decrease an organism’s fitness, 
adaptability and ability to survive in the environment are ecologically significant (Rand 1985). 

Copper has been known to affect fish behavior for at least 80 years.  Carpenter (1927) was the 
first to observe behavioral alterations in fish exposed to copper.  Her studies were among the 
earliest lethality studies ever performed with aquatic species, with much of the work being 
methods development to demonstrate the utility of toxicity testing procedures with multiple 
species and chemicals.  Among the findings reported by Carpenter (1927) were observations on 
the fish prior to death, including their behavioral responses.  Elevated copper concentrations of 
158,850 µg/L were lethal to Eurasian minnow (Phoxinus phoxinus) in roughly one hour.  Prior to 
death, minnows exposed to copper first exhibited hyperactivity, followed by subsequent 
hypoactivity and loss of equilibrium.  

Before behavioral responses can be successfully used in contaminant evaluations, the behavior 
should meet several criteria (Rand 1985, Henry and Atchison 1991): 

June 2008 DRAFT - DO NOT CITE Page 2 of  104 



1.	 Must be amenable to laboratory or controlled field investigations 
2.	 Must be sensitive to the contaminant of interest 
3.	 The behavior should be well studied so that the effects of major biotic and abiotic 

variables on the behavior are known 
4.	 The behavior should be ecologically relevant for the survival of the species 
5.	 The behavioral test or procedure must be practical to conduct in a routine manner, 

objective, and applicable to a variety of species and chemicals 
6.	 The behavior must integrate or depend on several sensory and/or motor mechanisms 

The definition of behavior by Henry and Atchison (1991) and the above six criteria for 
successfully employing behavioral responses in contaminant evaluations set the boundaries of 
this literature review.  Specifically, to be included in this review, a study needed to describe the 
organismal level behavioral response of the fish to copper.  Numerous studies were identified 
that described copper effects on suborganismic level endpoints such as fish physiology, 
biochemistry, and organ or tissue morphology.  Included among the suborganismic studies 
identified were numerous studies on olfaction (e.g. Baldwin et al. 2003) and lateral line function 
(e.g. Johnson et al. 2007), alterations to either of which can impact fish behavior.  

Contaminant effects at lower levels of biological organization, such as the biochemical, 
morphological and physiological level are necessary precursors to contaminant induced effects 
on higher levels of biological organization, such as organismal level behavioral changes. 
However, many physiological and biochemical studies with copper either did not describe or did 
not observe the organismal level response to copper at the concentrations evaluated in the 
suborganismal studies, and thus did not fall under the definition of behavior used in this review. 
Physiological, morphological and biochemical suborganismal studies were therefore not 
evaluated or included in this review (e.g. Baldwin et al. 2003) unless they also included 
measurements of behavioral alterations (e.g. Johnson et al. 2007).  In fact, Baldwin et al. (2003) 
explicitly state that they could not infer behavioral impacts from their neurophysiological study 
because copper threshold concentrations for neurophysiological and behavioral effects were not 
directly compared.  

It is generally unknown whether effect threshold concentrations for changes in physiological, 
morphological or biochemical measures are the same as the effect threshold concentrations for 
behavioral alterations.  This is partly due to the lack of behavioral and suborganismal threshold 
effect comparisons described by Baldwin et al. (2003), and partly because the non-standardized 
experimental designs and test procedures noted by multiple reviewers of behavioral studies make 
direct comparisons among studies problematic.  Little and Brewer (2001), in their review of 
neurobehavioral toxicity in fish provide a summary of the neural basis of behavior.  Simply put, 
behavioral changes occur when an environmental stimulus is chemically encoded by cells in a 
sensory system (e.g. sight, smell, taste, touch, hearing) as neural impulses that induce responses 
in muscles. Within the nervous system is a network of multiple biochemical reactions that 
potentially provide multiple sites of action for contaminants.  The neural system of fish contains 
sufficient redundancy that it allows fish to compensate for contaminant-induced effects on any of 
the individual biochemical reactions that comprise the nervous system.  Therefore, it is possible 
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to have normal behavioral responses at contaminant concentrations that adversely affect fish 
physiology, morphological and biochemical pathways. 

This review compiled information on threshold effect concentrations (defined as the lowest 
observed effect concentration or LOEC) for copper induced behavioral alterations in fish.  It did 
not compile information on copper threshold concentrations associated with changes in 
physiological, morphological or biochemical endpoints. 

Literature Review Procedures and Types of Behaviors Reviewed 

As the Oregon Toxics BE is evaluating the protectiveness of water quality criteria to all ESA 
listed fish in Oregon, which include representatives of the families Salmonidae (salmon and 
trout), Cyprinidae (minnows) and Catostomidae (suckers), EPA has reviewed all copper effects 
on fish behavior studies identified in a thorough review of the behavioral literature.  The most 
studied fish group is the family Salmonidae, and in particular rainbow trout (Oncorhynchus 
mykiss), the fish species with the largest number of available behavioral studies with copper. 
Concerns have been raised regarding the potential of chemical contaminants to adversely affect 
salmonid homing behavior since the discovery by Wisby and Hasler (1954) that coho salmon 
(Oncorhynchus kisutch) use olfactory cues to return to their natal stream, a basis for an emphasis 
on studies with salmonids in the behavioral toxicology literature.  However, we have also found 
behavioral toxicity studies with fish in the family Cyprinidae and Catostomidae, both of which 
contain species that are ESA listed in Oregon.  None of the behavioral studies with minnows or 
suckers that we have identified, however, are with species that are ESA listed in Oregon. 

Numerous sources were used to compile the literature reviewed.  Starting with information 
provided to EPA by the Services, we first performed a search of the EPA ECOTOX database 
(www.epa.gov/ecotox/).  EPA also utilized information originally identified in a number of 
reviews of behavioral toxicology in aquatic species (Sutterlin 1973, Brown et al. 1982, Atchison 
et al. 1987, Beitinger 1990, Little and Finger 1990, Henry and Atchison 1991, Jones and 
Reynolds 1997, Little and Brewer 2001, Scott and Sloman 2004, City of San Jose 2005, Kane et 
al. 2005).  EPA also reviewed literature citations given in previously identified behavioral effects 
of copper studies to identify additional sources of information.  The original literature was then 
obtained and reviewed in all but one instance (Kumar 1994 being the exception) to compile a 
summary of the information identified in Table 1.  A more detailed presentation of the findings 
of the literature review can be found in Attachment A of this appendix. 

EPA has identified a total of 102 literature citations which present either lowest observed effect 
concentration (LOEC) or no effect concentration (NOEC) information on fish exposed to copper. 
These studies have evaluated a combined 68 species of fish, including 16 marine fish species.  As 
five of the ESA listed salmonid species evaluated in the Oregon Toxics BE are anadromous, EPA 
felt it appropriate to compile both freshwater and marine behavioral toxicity studies. 

Both designed behavioral studies and investigations into other endpoints where changes in 
behavior were observed were compiled in this review.  Observational studies generally do not 
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provide quantitative information on either concentration-response relationships or on the 
magnitude of effects, and thus are not useable in deriving environmental standards or criteria. 
However, reporting of behavioral observations in non-behavioral studies is often an indicator of 
good laboratory practices, and can provide information useful in designing future behavioral 
studies. Observational studies can also provide qualitative confirmatory information for the 
results of designed studies, as well as providing behavioral information for species where 
designed studies have not been performed. 

Numerous types of behavioral impacts of contaminants have been studied, although they can be 
clustered into the general categories of behavioral responses given below.  

! Locomotor 
< Undirected 
< Directed 

! Feeding behavior 
! Predator-prey interactions 
! Social interactions 
! Respiratory responses 
! Learning behavior 
! Reproductive behavior 

The most commonly studied copper-affected behavior in freshwater fish is locomotor response, 
which can be divided into two categories of response: undirected locomotion (e.g. hyper- or 
hypoactivity), and directed locomotion.  Directed locomotion studies include responses to test 
stimuli such as thermal or contaminant gradients, non-contaminant odors such as prey, 
pheromones or alarm substances, and orientation to and maintenance of position in current. 
Included among directed locomotion studies are avoidance-attraction studies, the most 
commonly evaluated behavioral response of fish during exposure to copper, as well as critical 
swimming speed investigations, another commonly evaluated behavioral endpoint.  Other 
behavioral endpoints evaluated during fish exposure to copper include feeding behaviors, social 
interactions, respiratory responses and predator-prey interactions.  No studies that evaluated the 
effects of copper on learning or reproductive behaviors were found during this review. 

It should be noted that all behaviors discussed in this review involve locomotion or movement to 
some extent. But to remain consistent with the terminology historically used in the behavioral 
toxicology literature, EPA has chosen to retain the behavioral groupings utilized by researchers 
in the field. 

Description of Available Behavioral Toxicity Data for Copper Effects on Fish 

Table 1 provides a summary of the information found in the 101 literature citations that describe 
copper effects on fish behavior.  The full information extracted from the literature is compiled in 
Attachment A of this Appendix.  Table 1 provides the following data: 

June 2008 DRAFT - DO NOT CITE Page 5 of  104 



•	 Lowest observed effect concentration (LOEC), or the highest no observed effect 
concentration (NOEC) from a study 

•	 Common and scientific name of the fish species studied 
•	 Brief description of the behavioral effect 
•	 Measurement endpoint (LOEC or NOEC) 
•	 Water hardness (if given) 
•	 Hardness adjusted chronic copper criterion (for marine studies, the chronic criterion for 

Oregon is 3.1 µg/L) 
•	 Literature citation 

A plot of the raw data, showing the range of LOEC and NOEC copper concentrations associated 
with changes in fish behavior is shown in Figure 1.  Freshwater data in Table 1, Figure 1 and 
Attachment A are not normalized to a standard water hardness (i.e. they are the raw data from the 
literature).  During the evaluation of the protectiveness of the chronic copper criteria for 
freshwater (Section 5.2.7.2) and marine (Section 5.3.4.2) species, the original freshwater data 
from the literature was normalized to a hardness of 100 mg/L as CaCO3 so that the toxicity data 
could be compared to a single criterion.  For comparisons of the behavioral effects concentrations 
to copper concentrations that affect reproduction and growth, the freshwater behavioral toxicity 
data was normalized to 100 mg/L hardness using the following equation: 

x ehardness slope x (ln(normalized hardness) - ln(original hardness)) Normalized LC  = Original LC50 50 

This normalization was performed so that the behavioral effect concentrations could be directly 
overlaid on the species sensitivity distribution plots used to compare adverse effect 
concentrations to the chronic copper criteria.  All other text in this Appendix present the data as 
reported in the original literature citation, with a calculation of the chronic copper criterion at the 
study hardness also given if needed for discussion purposes.  Table 2, and Figures 2 and 3 
present copper concentrations normalized to 100 mg/L hardness so the data could be more 
readily compared to the existing Oregon chronic copper criterion of 9.0 µg/L in waters of 100 
mg/L hardness.  Table 3, which presents the range of measured copper concentrations in various 
waters of the Pacific Northwest, compares the measured in situ concentrations to the chronic 
criterion normalized to the hardness of the water body. 

A total of 160 LOEC’s and 45 NOEC’s (205 total records) were identified in the 102 literature 
citations identified as containing information on copper effects on fish behavior.  Most of the 
records (178) are for freshwater fish, the remaining 27 records are studies with marine fish.  All 
but three of the studies of anadromous, catadromous and amphidromous fish species were 
performed in fresh water, and are included with the discussions of copper effects on the obligate 
freshwater species.  The three exceptions, a study of feeding behavior of a striped bass x white 
bass hybrid (Morone saxatilis x M. chrysops) by Bielmyer et al. (2006), an avoidance study by 
Labenia et al. (2006) with seawater adapted cutthroat trout (Oncorhynchus clarki), and a field 
observational study by Barry et al. (2000) on chum salmon (Oncorhynchus keta) avoidance of 
copper are discussed with the marine fish behavioral studies.  

June 2008 DRAFT - DO NOT CITE Page 6 of  104 



 

A number of literature citations report effects (or no effect) on multiple behaviors, thus the total 
number of concentration-response pairs, expressed as copper concentrations affecting individual 
behaviors, is well in excess of 200.  The primary emphasis of this review is on laboratory studies 
where fish were exposed only to copper, as these studies comprise the majority of the available 
copper effects on fish behavior literature.  A total of 105 freshwater LOEC records are available 
from laboratory studies where fish were exposed only to copper.  Of these 105 LOECs, 43 are for 
salmonid species. When the records that report effects on multiple behaviors are tallied, a total 
of 132 freshwater concentration-response pairs describing copper-only effects on fish behavior 
are available.  Additionally, 31 freshwater NOEC records are available from laboratory studies 
where fish were exposed only to copper, which describe a total of 36 behavioral responses not 
affected by copper at the reported NOEC concentration. 

By far the most studied species is rainbow trout (Oncorhynchus mykiss), with a combined 38 
LOEC and NOEC records.  Fathead minnow (Pimephales promelas) with 13 records and 
goldfish (Carassius auratus) with 11 records are the only other freshwater species with more 
than 10 available records.  Freshwater species with between five and ten records include bluegill 
(Lepomis macrochirus) with nine records, Atlantic salmon (Salmo salar) and brown trout (Salmo 
trutta) with eight records, chinook salmon (Oncorhynchus tshawytscha) with seven records, and 
carp (Cyprinus carpio) and coho salmon (Oncorhynchus kisutch) with six records each. 

Ten species within the family Salmonidae have one or more behavioral toxicity records available, 
a list that includes data for six of the seven ESA listed salmonids from Oregon.  In addition to the 
previously mentioned rainbow trout (steelhead), chinook and coho salmon, copper behavioral 
effects data on cutthroat trout (Oncorhynchus clarki) and chum salmon (Oncorhynchus keta) are 
available, as is one observational no effect concentration on bull trout (Salvelinus confluentus) 
feeding.  One of the cutthroat trout studies and a field observational study with chum salmon are 
the only known behavioral response studies of salmonids exposed to copper in saltwater.  A total 
of 80 behavioral records describing copper LOEC or NOEC concentrations are available for 
salmonids, of which 61 are LOEC records. 

No behavioral effects information for copper was found for any of the four ESA listed members 
of the family Cyprinidae (minnows, which includes the ESA listed chubs and dace) from 
Oregon, or for the three ESA listed members of the family Catostomidae (suckers) from Oregon. 
Fifteen cyprinid species have one or more copper behavioral effects records available, which 
when combined comprise 47 individual records.  Although not from Oregon, three records are 
available for two federally listed cyprinids: two for the Rio Grande silvery minnow 
(Hybognathus amarus), native to the Rio Grande river watershed in New Mexico and Texas, and 
one record for Colorado pikeminnow (Ptychocheilus lucius), native to the Colorado River basin. 
Only one record is available for any member of the family Catostomidae (suckers).  Other 
families with a substantial number of records include the Centrarchidae (sunfish) with 14 
records and Percidae (perches) with 11 records. 

Among the marine fish, hardhead catfish (Arius felis) with six records and mummichog 
(Fundulus heteroclitus) with four records are the most studied species.  No other marine fish 
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species has more than two behavioral toxicity studies available. 

Laboratory Studies - Copper Only Exposures 

Copper LOEC concentrations shown to affect various fish behaviors in freshwater fish exposed 
to copper only under laboratory conditions are plotted in Figure 2.  The information in Figure 2 is 
presented by the following effect groups: three types of avoidance/attraction behaviors 
(avoidance, attraction, no preference), feeding, predator-prey, swimming (both critical swimming 
speed and other swimming effects), movement (voluntary and involuntary), and social 
interactions.  All LOECs were first normalized to 100 mg/L hardness so that the effect 
concentrations could be compared to the chronic copper water quality criterion at 100 µg/L, 
which is 9.0 µg/L.  This presentation differs from that in Figure 1, which is a plot of all LOEC 
and NOEC data without normalilzation to a specific water hardness.  For those readers looking to 
quickly obtain a sense of copper concentrations that affect various fish behaviors in freshwater, 
Figure 2 presents a concise description of copper behavioral LOECs in freshwater 

Avoidance/attraction is the most commonly measured behavioral endpoint to assess the effects of 
copper.  Freshwater fish have been reported to avoid copper in 31 studies, attracted to copper in 
17 studies, and seven concentrations are reported to cause fish to have no preference for or 
avoidance of copper, at concentrations intermediate between the lower concentrations that cause 
avoidance and the higher concentrations that are attractive to fish.  Beitinger (1990), in a review 
of the utility of behavioral studies for the assessment of stress in fish, noted that copper and 
malathion were the only two chemicals for which data were available at the time where 
concentrations much higher than the avoidance threshold LOEC were either not avoided or 
actually preferred by fish that would avoid lower concentrations, an observation that is confirmed 
by this review.  This would appear at first to run counter to the dose or concentration-response 
relationships that underly all toxicology.  The avoidance of copper at low concentrations, 
followed by either no preference or attraction to copper at higher concentrations may be due to 
damage to olfactory receptors from elevated copper concentrations  (Baldwin et al. 2003) that 
prevents the fish from recognizing and avoiding elevated copper concentrations. 

A total of 35 LOEC’s on fish movement are available, 18 on voluntary movements, 17 on 
involuntary movements.  Seventeen LOEC’s on feeding behavior are also available.  Swimming 
behaviors also have 17 LOEC’s available, eight of which are measures of critical swimming 
speed, defined as the maximum velocity that can be maintained by a fish for a specific period of 
time (Brett 1964).  Four LOEC’s are available for social interactions, as are three respiratory 
behavior LOEC’s.  One of the feeding behavior studies (Sandheinrich and Atchison 1989) is also 
the only true predator-prey study with copper where both the predator (bluegill) and various 
invertebrate prey species were simultaneously exposed to copper. 

Finally, 22 LOEC concentrations are available that demonstrate the ability of fish to acclimate to 
or recover from exposure to elevated copper concentrations.  The acclimation studies are 
important when evaluating whether adverse behavioral effects observed in laboratory settings 
will occur under field conditions.  For example, nearly all avoidance/attraction studies expose 
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fish to copper for less than one day, most of those exposing fish for less than one hour before 
measuring avoidance.  A fish in its natural environment will of course be exposed to copper over 
its entire lifespan, and its ability to acclimate to changing environmental conditions is directly 
related to individual fitness. 

Comparison of Behavioral Effect Concentrations to Copper Concentrations Affecting 
Reproduction and Growth 

The comparisons discussed in this section are the range of copper concentrations affecting fish 
behavior relative to the concentrations affecting reproduction and growth of freshwater biota 
given in Section 5.2.7.2, and the concentrations affecting reproduction and growth of marine 
biota described in Section 5.3.4.2.  Comparisons between behavioral LOEC data and 
reproduction and growth NOEC data are based on laboratory studies where test species are 
exposed to only the chemical of interest (i.e. field studies and mixture studies are not used either 
for comparative purposes or for criteria derivation).  Effect concentrations of copper when 
introduced as a component of a mixture, or under field conditions are discussed in separate 
sections of this review. 

For comparative purposes, the freshwater LOEC data have been normalized to 100 mg/L as 
CaCO  hardness, as this was the hardness used to normalize reproduction and growth toxicity 3

data for freshwater species prior to comparison to Oregon’s chronic freshwater copper criterion 
at 100 mg/L hardness, which is 9.0 µg/L.  Unlike the toxicity data for copper in Sections 5.2.7 
and Sections 5.3.4, which underwent a data quality review before its inclusion into this BE, the 
behavioral toxicity data has not undergone a data quality review prior to its inclusion in this 
review.  Specific concerns and issues with a number of the individual behavioral studies are 
presented throughout this review, as is a discussion of general issues identified in both this 
review and previous reviews of behavioral toxicity data that serve to limit the utility of 
behavioral data in water quality criteria development. 

To demonstrate the level of protection from adverse behavioral effects provided by the chronic 
copper water quality criteria, EPA has plotted the laboratory measured behavioral LOEC 
concentrations from copper only exposures against the NOEC reproductive and growth species 
sensitivity distributions for freshwater species (Figure 3) and marine species (Figure 4).  This 
comparison is not an exact comparison, because the reproduction and growth endpoints for each 
species represent species mean chronic values, therefore each species is represented only once on 
the reproductive and growth response portions of Figures 2 and 3.  The behavioral LOEC 
concentrations are the raw LOEC data from each behavioral toxicity study, with the freshwater 
data normalized to a water hardness of 100 mg/L.  This results in some species having more than 
one measured behavioral LOEC in Figures 2 and 3.  Despite the inexact nature of the 
comparison, it permits an overlay of the range of copper concentrations that affect fish behavior 
with the range of concentrations that affect the reproduction and growth endpoints used to derive 
chronic water quality criteria.  For studies that did not report water hardness and where the 
hardness could not be found in companion literature citations, we assumed a hardness of 400 
mg/L, the highest hardness where the hardness adjustment equation is useable. 
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For freshwater species, 30 measured copper NOEC’s are available for reproductive and growth 
endpoints, ranging between 0.44 and 6764 µg/L.  Twenty measured copper NOEC’s are available 
for reproduction and growth effects on marine species, ranging between 4.15 - 11,000 µg/L.  The 
remaining reproductive and growth NOEC’s plotted in Figures 2 and 3 are estimated NOEC’s, 
calculated by dividing a measured LC50 by the acute-chronic ratio for copper. 

For freshwater fish, 102 of 105 behavioral LOECs (97.1%) are higher than the chronic copper 
criterion (Figure 3).  Reported behavioral effect concentrations range between 0.1 µg/L and 
3,177,000 µg/L.  Of the three behavioral LOECs lower than the copper criterion at the hardness 
where the study was performed, all three are avoidance studies.  Two are avoidance studies with 
rainbow trout (Folmar 1976, Hansen et al. 1999a), while the third is a avoidance/preference 
response to alarm chemical study with coho salmon (Sandahl et al. 2007).  As some studies 
measured responses of multiple behaviors, there are actually a total of 132 behavioral effects 
associated with the 105 lowest effect concentrations.  The three avoidance studies where 
behavioral changes were observed at copper concentration lower than the chronic criterion only 
reported effects on a single measurement endpoint.  Therefore, for all laboratory lowest effect 
copper concentration endpoints where copper was the only chemical to which fish were exposed, 
129 of 132 effect concentrations (97.7%) are higher than the hardness normalized copper chronic 
criterion. 

Behavioral LOEC’s are scattered throughout the plot of reproductive and growth NOEC’s., with 
the range of behavioral LOEC’s exceeding both the lowest and highest no effect concentrations 
for reproductive and growth effects for freshwater species in Figure 3.  If behavioral endpoints as 
a group were more sensitive to copper effects than reproductive and growth effects, one would 
expect the behavioral effect concentrations to be clustered at the lower copper concentrations. 
An examination of Figure 3 indicates that the behavioral LOEC’s instead are relatively evenly 
distributed throughout the range of reproductive and growth NOEC’s, evidence that behavioral 
endpoints as a group are not more sensitive to copper than are reproductive and growth effects. 

The marine fish behavioral LOEC’s are within the range of reproductive and growth NOEC’s for 
marine species (Figure 4), and tend to be clustered in the higher half of the copper no effect 
concentrations.  The unusual appearance of the behavioral LOEC plot in Figure 4 is due to the 
large number of LOEC’s at 100 µg/L copper for marine fish. 

The data presentations in Figures 2 and 3 indicate that on the whole, behavioral data do not 
appear to be more sensitive to copper effects than are reproductive and growth endpoints. 
Instead, the range and distribution of the freshwater behavioral data is similar to that of the 
reproduction and growth toxicity data (Figure 3).  The marine behavioral data are also distributed 
throughout the range of marine reproduction and growth toxicity data (Figure 4), although there 
is a trend towards the behavioral endpoints being more abundant in the higher adverse effect 
concentrations of the reproduction and growth toxicitydata.  Data evaluations later in this review 
will compare specific behavioral endpoints to assess whether some individual behaviors are more 
sensitive to copper than others, and whether some behavioral endpoints are more sensitive as a 
group to copper than are reproduction and growth. 
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Behavioral Effects of Copper 

Freshwater Species - Copper Only Exposures in the Laboratory 

A total of 100 behavioral LOEC values are available for freshwater fish exposed only to copper 
in laboratory settings, of which 41 are for anadromous, catadromous or amphidromous species. 
An additional 30 NOEC values are available for freshwater fish exposed to copper by itself in the 
laboratory.  A number of the literature citations report concentrations affecting different 
behavioral endpoints (e.g. Kleerekoper 1973 observed that goldfish avoided 5.0 µg/L copper, but 
were attracted to 50 µg/L copper), while other studies report that multiple behaviors are 
adversely affected by the same LOEC concentration.  For example, Drummond et al. 1973 
reported that 6.0 µg/L copper increased cough frequency and general activity levels, but reduced 
feeding of brook trout (Salvelinus fontinalis). As a result of the multiple behaviors affected by 
the same copper concentration reported in some studies, a total of 125 concentration-response 
LOECs are available from the 100 measured concentrations that result in behavioral alterations. 

Locomotor Behavior 

The locomotor behaviors discussed in this section generally follow the outline in the review of 
metals on fish behavior of Atchison et al. (1987).  Avoidance/ attraction studies are the most 
commonly evaluated fish movement studies, with 55 available LOEC values.  Movement 
patterns are the next most studied behavioral response of fish to copper.  Sixteen involuntary 
movement effect endpoints (e.g. hyper- and hypoactivity, loss of equilibrium) and sixteen 
voluntary movement effect endpoints were identified in this review.  Voluntary movements 
encompass a range of behaviors, including alterations in angular orientation to current or copper 
source, fin movements, changes in movement patterns when disturbed, exploratory behaviors and 
turn frequencies. 

Avoidance / Attraction Behaviors 

Avoidance/attraction studies are the most commonly measured behavioral endpoints used to 
describe copper effects, with a total of 55 lowest effect concentrations available.  A total of 31 
avoidance of copper endpoints are reported in the literature.  An additional 17 endpoints report 
attraction of fish to copper, while seven endpoints describe no preference (i.e. no avoidance or 
attraction), usually at concentrations intermediate between the lower copper levels associated 
with avoidance and the higher copper concentrations where fish were attracted to copper.  The 
only three copper concentrations associated with adverse behavioral effects in laboratory studies 
with copper alone at concentrations lower than the hardness adjusted chronic copper criterion are 
three avoidance studies: two with rainbow trout (Folmar 1976, Hansen et al. 1999a) and one with 
coho salmon (Sandahl et al. 2007).  The range of avoidance effect concentrations is 0.1 -
3,177,000 µg/L, the entire behavioral effects concentration range for freshwater fish.  By 
comparison, the range of attraction effect concentrations is 10 - 31,700 µg/L, and the range where 
initial avoidance shifts to attraction is between 10 - 4000 µg/L. 
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Most laboratory avoidance studies with copper have exposed fish to a concentration gradient of 
copper in treated tap water or reconstituted deionized water, with no chemicals present other than 
the contaminant of interest and the major cations (e.g. calcium, magnesium, sodium) and anions 
(e.g. chloride, nitrate, sulfate, carbonate/bicarbonate) present in any surface water.  Little or no 
organic matter, and little or no suspended particulate matter is generally present in these 
behavioral studies.  These studies directly measure avoidance of or attraction to the added 
contaminant by the fish.  

A second type of avoidance/attraction study has also been performed with copper.  These studies 
evaluate the behavioral response of fish to natural stimuli such as pheromones, alarm or fright 
substances, or other stressors such as changes in water temperature, in the presence of a 
contaminant. Such studies add a level of environmental realism to avoidance studies, as many 
normal fish behaviors, such as predator avoidance, location of prey and selection of migration 
routes are dependent on sensory functions.  Within this review, in addition to the usual definition 
of avoidance as the response of a fish to a contaminant, avoidance/attraction studies are 
additionally defined as including copper-induced alterations in fish attraction to or avoidance of 
pheromones, alarm or fright substances, or other physical or biological stimuli such as alterations 
in thermal preferences.  Copper effects on avoidance responses to other anthropogenic 
contaminants are discussed separately within the freshwater mixture section of this review. 

Unlike other adverse contaminant effects on behavior (e.g. reduced feeding or swimming 
capacity, inability to avoid predation), stressor avoidance behavior is clearly adaptive provided 
avoidance thresholds are lower than lethal thresholds (Beitinger 1990).  Contaminant avoidance 
is clearly of survival value to an individual, and is an appropriate response to an environmental 
contaminant (Atchison et al. 1987).  Avoidance by itself, therefore, may not be an adverse effect 
due to its adaptive value.  What can become an adverse effect subsequent to avoidance, 
particularly if multiple individuals avoid a contaminant, are changes to population dynamics, and 
structure and function of aquatic communities.  Also an adverse effect would be an altered 
response (either avoidance of or attraction to) pheromones, alarm substances, or other 
contaminants different from that which would occur in the absence of copper.  Attraction to a 
contaminant, by comparison, is often inappropriate, as it can result in increased contaminant 
exposure, with subsequent adverse effects on survival, reproduction or growth (Atchison et al. 
1987). The remainder of this section groups studies by the effect observed: avoidance of, no 
preference or attraction to copper. 

Avoidance Studies 

Avoidance of copper at concentrations lower than the hardness normalized chronic copper 
criterion has been in observed in three studies.  Folmar (1976) observed significant avoidance of 
copper by rainbow trout fry exposed to 0.1 µg/L for one hour.  At the study hardness of 89.5 
mg/L, the chronic copper criterion is 8.1 µg/L.  The copper concentration avoided by rainbow 
trout in the Folmar (1976) study is a factor of 16x lower than the next lowest measured LOEC for 
any behavioral effect of copper on fish (Hansen et al. 1999a), who also observed rainbow trout 
avoidance of copper, at a LOEC of 1.6 µg/L (hardness = 25 mg/L, hardness adjusted chronic 
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copper criterion = 2.7 µg/L).  The third study that observed behavioral alterations at copper 
concentrations lower than the chronic copper criterion is a study by Sandahl et al. (2007), who 
observed altered freeze response (a type of predator avoidance behavior) of coho salmon when 
exposed to the alarm chemical L-serine and the bile salt taurocholic acid, at a copper 
concentration of 1.9 µg/L (hardness = 120 mg/L, hardness adjusted chronic copper criterion = 
10.5 µg/L).  All other avoidance LOEC’s occur at copper concentrationsin excess of the hardness 
normalized chronic copper criterion at which the studies were performed. 

Six additional avoidance LOEC’s (Hansen et al. 1999a, Giattina et al. 1982, Svecevicius1999, 
Saucier et al. 1991, Birge et al. 1993, Black and Birge 1980) are available for rainbow trout 
(Table 1), ranging from 3.4 µg/L at 25 mg/L hardness in trout previously acclimated to 1.5 µg/L 
copper for 25 - 30 days (Hansen et al. 1999a) to 74 µg/L in water of 112 mg/L hardness (Black 
and Birge 1980).  During the development of national water quality criteria for aquatic life, EPA 
calculates a species mean acute value (SMAV) or species mean chronic value (SMCV) to 
summarize the results if more than one acceptable toxicity test is available for a species.  
SMAV’s and SMCV’s are calculated as the geometric mean of the dataset (Stephan et al. 1985). 

Statistical theory indicates that the most efficient, unbiased and consistent estimate of a 
population mean is a central tendency estimator such as a sample mean.  In most ecotoxicological 
studies, including the generation of toxicity data for use in deriving water quality criteria, 
measurements are made on a sample of individuals drawn from a population, with the intent of 
using the sample to make inferences about the population.  Use of a geometric mean of multiple 
toxicity endpoints, which are generally lognormally distributed, prevents central tendency 
estimates of datasets from being biased by one or a few extremely high or extremely low data 
points. 

The eight avoidance LOEC values for rainbow trout in Table 1 have a geometric mean of 11.8 
µg/L when the data are normalized to 100 mg/L hardness, and this geometric mean is believed to 
provide the most scientifically defensible estimate of the lowest copper concentration that could 
cause rainbow trout to avoid copper.  The 11.8 µg/L species mean chronic value for avoidance 
behavior in rainbow trout is higher than the 100 mg/L hardness normalized chronic copper 
criterion of 9.0 µg/L, therefore, EPA believes that the chronic copper criterion is protective of 
rainbow trout from potential adverse effects from avoidance behavioral changes.  

Unlike the case with rainbow trout, where a number of studies are available that can be used to 
provide a central tendency estimate estimate of a copper LOEC for avoidance responses, only 
two LOEC’s are available for coho salmon: the 1.9 µg/L that inhibited 6 of 12 fish from 
performing freeze response behavior in the presence of an alarm substance, and a study by 
Rehnberg and Schrenk (1986), who observed an increase in L-serine avoidance when exposed to 
6.4 µg/L copper (hardness = 30.5 mg/L, hardness normalized chronic copper criterion = 3.2 
µg/L).  The 100 mg/L hardness normalized effect concentrations for the two coho salmon 
avoidance studies of Sandahl et al. (2007) and Rehnberg and Schrenk (1986) are 1.6 and 17.7 
µg/L, respectively.  The geometric mean of these two LOEC’s is 5.3 µg/L, lower than the 100 
mg/L hardness normalized chronic copper criterion of 9.0 µg/L. 
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The three studies where avoidance was observed at concentrations lower than the chronic copper 
criterion each have one or more issues that affect the interpretation and reliability of the studies. 
The lowest avoidance LOEC, 0.1 µg/L in rainbow trout fry (Folmar 1976) reported only nominal 
chemical concentrations, not measured concentrations.  This effect concentration is not only 16x 
lower than the second lowest LOEC, the 1.6 µg/L affecting rainbow trout avoidance behavior 
(Hansen et al. 1999a), it is also lower than any measured control water copper concentration in 
the entire database where control copper was measured (Attachment A), which leads to a 
question whether the fish studied by Folmar (1976) were actually exposed to a copper 
concentration as low as 0.1 µg/L.  Folmar (1976) also performed his test with a school of 
rainbow trout, instead of with individual fish.  Nearly every other avoidance/attraction study 
tested the response of individual fish, not the response of schools of fish.  

The only other study that evaluated avoidance behaviors of schools of fish is Pedder and Maly 
(1985), who also evaluated rainbow trout, although the juveniles studied were larger than the fry 
used by Folmar (1976).  The avoidance LOEC of Pedder and Maly (1985) was 750 µg/L 
(hardness = 122 mg/L, 100 mg/L hardness normalized effect concentration = 633 µg/L), more 
than three orders of magnitude higher than the Folmar (1976) LOEC.  The studies had different 
objectives, and are not directly comparable, with Pedder and Maly (1985) studying 
avoidance/attraction in lethal concentrations of copper, while Folmar (1976) studied herbicide 
effects at concentrations likely to be found in surface water post application. 

Hansen et al. (1999a) observed avoidance LOEC’s in rainbow trout and chinook salmon between 
1.6 and 3.4 µg/L which, at the study hardness of 25 mg/L, bracket the chronic copper criterion of 
2.7 µg/L.  Discrepancies between the tables, figures and text descriptions of the exposure 
concentrations used during some of the chinook salmon acclimation studies complicate the 
interpretation of portions of Hansen et al. (1999a).  The highest tested concentration according to 
the text and Table 4 of Hansen et al. (1999a) was measured at 21 µg/L, with fish acclimated to a 
nominal 2 µg/L Cu (measured 2.2 µg/L) for 25-30 days prior to test initiation.  The text and 
Figure 4 of Hansen et al. (1999a) are not in agreement, as Figure 4 shows significant avoidance 
between roughly 1 - 40 µg/L, whereas the text states acclimated fish do not avoid copper between 
3.4 - 21 µg/L.  The Hansen et al. (1999a) acclimation study with rainbow trout indicated 25 - 30 
days of acclimation to 1.5 µg/L copper raised the avoidance LOEC to 3.4 µg/L copper, higher 
than the 25 mg/L hardness normalized chronic criterion of 2.7 µg/L, and potentially indication 
that the exposure durations of wild fish would permit them to acclimate to copper so that 
avoidance is not observed at low ambient concentrations.  Interpretation of the chinook salmon 
data was also complicated by the nonmonotonically increasing concentration-response curve for 
the three lowest copper concentrations tested.  Finally, the Hansen et al. (1999a) exposed the fish 
in a very low organic content reconstituted water made by diluting well water with deionized 
water.  The City of San Jose (2005) used the biotic ligand model (DiToro et al. 2001) to estimate 
that with a dissolved organic carbon content of 2.0 mg/L in surface water, the LOEC copper 
concentration required to elicit an avoidance response would be 34 µg/L instead of the observed 
LOEC of 2.8 µg/L in water with an estimated 0.03 mg/L dissolved organic carbon.  The organic 
carbon content of 2.0 mg/L selected for use with the biotic ligand model is at the low end of 
measured dissolved organic carbon concentrations in surface waters of California, and thus is a 
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reasonable estimator for use in toxicity predictions in surface water.  

The study of Sandahl et al. (2007), which observed altered responses of coho salmon to 
introduction of a fright chemical (L-serine) at 1.9 µg/L, also has the limitation of low organic 
carbon content, which can translate in to a much higher copper bioavailability, and subsequently 
higher toxicity in the laboratory than actually occurs in the field.  Sandahl et al. (2007) also 
surgically altered and anaesthetized their fish before making some of their neurobehavioral 
observations, leading to questions regarding whether the fish are behaving normally. 

Most avoidance studies, including all three studies where avoidance has been observed at copper 
concentrations lower than the hardness adjusted chronic criterion (Folmar 1976, Hansen et al. 
1999a, Sandahl 2007) have used what is termed a steep gradient exposure system (Figure 5).  In a 
steep gradient system, a test organism must choose between clean water and contaminated water 
where the chemical concentration increases very rapidly over a short distance.  The steepness of 
the concentration gradient has been demonstrated to alter the response of test species.  In a series 
of studies by Kleerekoper and coworkers with goldfish, avoidance of copper at concentrations as 
low as 5 µg/L was observed in a steep gradient exposure system (Westlake et al. 1974).  But 
when goldfish were exposed to copper in a shallow gradient exposure system, where exposure 
concentrations changed gradually within the exposure chamber, goldfish were attracted to copper 
concentrations of 11-17 µg/L (Kleerekoper et al. 1973).  

Giattina et al. (1982) also used a shallow gradient exposure system to evaluate avoidance 
response of rainbow trout.  The avoidance LOEC was 4.4 µg/L in the shallow gradient exposure, 
6.4 µg/L in the steep exposure gradient system (both tests run at 28.4 mg/L hardness, hardness 
adjusted chronic criterion = 3.1 µg/L).  At elevated copper concentrations of 334 - 386 µg/L, 
rainbow trout were attracted to the higher concentrations under both shallow and steep gradient 
exposures.  The water hardness in the Giattina et al. (1982) was comparable to the 25 mg/L 
hardness used by Hansen et al. (1999a) in their steep gradient rainbow trout avoidance studies, 
where avoidance LOEC’s were between 1.6 and 3.4 µg/L, with the higher LOEC observed in fish 
acclimated to 1.5 µg/L copper for 25 - 30 days before the avoidance test was performed.  If the 
findings of Kleerekoper et al. (1973) and Giattina et al. (1982) are representative of the effects of 
the steepness of a copper concentration gradient on fish avoidance behavior, the implications 
could be significant.  Not only would higher copper concentrations be needed to elicit a response 
in fish, the type of response could possibly shift from avoidance of copper to attraction to copper. 
The effects of the steepness or shallowness of a copper concentration gradient on fish 
avoidance/attraction behavior is an area of behavioral toxicology that would benefit from 
additional research. 

The remaining four avoidance study LOEC’s that are higher than the chronic copper criterion but 
lower than the lowest LOEC for any other behavioral endpoint are a study with lake whitefish 
(Coregonus clupeaformis) by Brown et al. (1982), two studies with Atlantic salmon by Sprague 
(1964) and Sprague et al. (1965), and a study with zebrafish (Danio rerio), the only non-
salmonid with a avoidance LOEC lower than the lowest LOEC for any other behavioral endpoint 
by Steele et al. (1990). 
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Although performed over 40 years ago, the work of Sprague (1964) and Sprague et al. (1965) 
with Atlantic salmon set a high standard for behavioral studies that retains influence on studies 
performed today.  Their studies reported both measured copper added to laboratory dilution water 
as well as the measured copper concentration in the dilution or control water, lifestage and size of 
the fish tested, exposure duration, water hardness and other chemical parameters that could affect 
copper toxicity, and the relationship between behavioral toxicity thresholds and lethal copper 
concentrations, expressed in terms of toxic units.  Finally, they made efforts to confirm their 
laboratory study results by observing Atlantic salmon behavior during their spawning runs in a 
watershed where some tributary streams were contaminated by a metals mine. 

Sprague (1964) found a laboratory avoidance threshold of 2.3 µg/L in water of 18 mg/L hardness. 
The current chronic copper criterion is 2.1 µg/L at 18 mg/L hardness, slightly lower than the 
effects threshold.  When combined with the measured 2 µg/L copper in control water, the total 
copper concentration to which fish were exposed was 4.3 µg/L.  Sprague et al. (1965) found 
similar results.  These avoidance thresholds were lower than the avoidance thresholds found 
during their field investigations of upstream spawning run migrations (Saunders and Sprague 
1967), where the avoidance threshold was 15.4 µg/L in the marginally harder (20 mg/L hardness) 
Miramichi River system in New Brunswick. 

Brown et al. (1982) observed lake whitefish avoiding copper at 6.4 µg/L µg/L.  Their study was 
poorly documented and did not report the hardness at which the study was performed, although 
other toxicity tests performed at the Freshwater Institute in Winnipeg have been run at hardness 
near 66 mg/L.  Assuming Brown et al. (1982) also ran their lake whitefish test at 66 mg/L 
hardness, their LOEC is marginally higher than the hardness adjusted chronic copper criterion of 
6.3 µg/L.  A second lake whitefish avoidance study is available, by Scherer and McNicol (1998), 
who performed one of the few avoidance studies that concurrently evaluated the effects of habitat 
features on avoidance responses.  Their study found that the presence or absence of shade 
affected the concentration of copper avoided by whitefish.  Shaded fish did not avoid copper 
until a concentration of 72 µg/L was reached, but avoided lower copper concentrations when 
shade was not available.  Unfortunately, Scherer and McNicol (1998) did not present information 
in their paper that permitted calculation of a NOEC or LOEC for copper avoidance by unshaded 
whitefish. 

The only non-salmonid fish reported to avoid copper at a concentration lower than that required 
to elicit any other behavioral response is zebrafish.  Steele et al. (1990) observed zebrafish 
avoided 10 µg/L copper at a hardness of 91 mg/L, which yields a 100 mg/L hardness normalized 
avoidance LOEC of 10.8 µg/L.  Steele et al. (1990) evaluated copper effects on the 
avoidance/attraction response of zebrafish to alanine.  The lowest 100 mg/L normalized copper 
concentration to affect a non-avoidance behavior was 11.4 µg/L, at which Petrauskiene (1999) 
observed a 24.4% reduction in swimming activity after a one month exposure to a measured 25 
µg/L copper at a hardness of 250 mg/L.  The Petrauskiene (1999) study is discussed more fully in 
the swimming behavior section of this review. 

Woodward et al. (1997) exposed cutthroat trout to 7.4 µg/L copper (hardness = 50 mg/L, 
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hardness adjusted chronic criterion = 5.0 µg/L).  Initially, the fish spent 86% of their time in the 
control water portion of the exposure chamber.  However, after 90 days acclimation to copper, 
the trout would no longer avoid 7.4 µg/L copper.  Sutterlin and Gray (1973) exposed adult 
Atlantic salmon to 44 µg/L copper (hardness not given in paper, but available from Environment 
Canada and set at 21 mg/L for this review, yielding a chronic copper criterion of 2.4 µg/L), 
which depressed their preference for their native hatchery on the Saint John River, New 
Brunswick.  Baldigo and Baudanza (2001) observed avoidance of 70 µg/L copper by brown trout 
in water of 15.8 mg/L.  Although discussed in more detail in the no preference section of this 
avoidance/attraction review, the normalized to 100 mg/L hardness LOEC of 340 µg/L is higher 
than all but two avoidance concentrations of questionable utility, discussed later in this section. 

The remaining avoidance studies have been performed primarily with cyprinids.  Hartwell et al. 
(1989) observed an avoidance threshold of 26 µg/L at a hardness of 72.2 mg/L (hardness adjusted 
chronic criterion = 6.8 µg/L) in golden shiners (Notemigonus crysoleucas).  Westlake et al. 
(1974) observed goldfish avoidance of copper at 5.0 µg/L at a hardness of 5.4 mg/L, where the 
chronic copper criterion is equal to 0.7 µg/L.  Vimba (Vimba vimba), an anadromous European 
cyprinid, avoided 100 µg/L copper in water with a hardness of 248 mg/L.  The hardness adjusted 
chronic copper criterion at 248 mg/L is 19.5 µg/L. 

Two studies of questionable utility have observed copper avoidance at concentrations orders of 
magnitude higher than observed in all other avoidance studies.  Nielsen et al. (2007) report the 
findings of McGrath (1970), who studied avoidance behavior of European eel (Anguilla 
anguilla).  Eels were reported to have avoided refugia and and left hiding areas after exposure to 
100,000 µg/L copper.  The McGrath citation was not given in Nielsen et al. (2007), and thus 
could not be obtained.  Few details of the study are given in Nielsen et al. (2007), although it is 
clear that at least one higher concentration was also tested.  Also unclear if whether the study was 
done in saltwater or freshwater, although as eels are catadromous, and refugia are generally 
unavailable in pelagic marine systems, it seems likely that the study was done in freshwater.  The 
oldest known designed behavioral study with copper and freshwater fish was performed by Jones 
(1947) with ten-spined stickleback (Pungitius pungitius) exposed to 0.1N copper sulfate, equal to 
3,177,000 µg/L (the oldest known designed behavioral studies describing effects of 
environmental stressors on any fish species were performed by Victor Shelford and coworkers at 
the Illinois Natural History Survey starting around 1913).  The exposure system developed by 
Jones was a glass tube where clean water would be introduced at one end, contaminated water at 
the other end, with a drain in the middle.  This system produced a sharp gradient of chemical 
concentrations.  Multiple observations were made, and the amount of time fish spent in each 
section of the glass tube was recorded and plotted.  The concentration studied was lethal to 
sticklebacks in 55 minutes, but avoidance was observed prior to death.  Although the results of 
Jones (1947) are not in question, the extremely high copper concentrations used, which were 
lethal to sticklebacks in less than one hour are not representative of copper concentrations in 
surface waters. 

No Preference and Change in Preference Studies 
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Seven of the available avoidance studies describe copper concentrations where no preference for 
or avoidance of copper was observed.  The concentrations where lack of preference was observed 
are generally between the lower copper concentrations actively avoided by fish, and the high 
concentrations where attraction to copper is in some cases a precursor to mortality.  Three of the 
no preference LOEC’s are for rainbow trout (Hansen et al. 1999a, Pedder and Maly 1985) at 
measured copper concentrations of 180, 500 and 750 µg/L, which, when normalized to effect 
concentrations at 100 mg/L hardness become 588, 422 and 633 µg/L, respectively.  The 
geometric mean (i.e. species mean chronic value) of the three 100 mg/L hardness normalized 
rainbow trout no preference LOEC’s is 540 µg/L, substantially higher than the SMCV of 11.8 
µg/L for rainbow trout avoidance of copper.  

Hansen et al. (1999a) observed that chinook salmon failed to avoid copper at a measured 
concentration of 44 µg/L (144 µg/L when normalized to 100 mg/L hardness), after they would 
avoid lower copper levels.  Kleerekoper (1973) noted that goldfish avoidance of or attraction to 
copper at a measured 10 µg/L in very soft water of 5.4 mg/L hardness (121 µg/L when 
normalized to 100 mg/L hardness) depended on water temperature, with goldfish attracted to 
copper at warmer temperatures.  Ishio (1965) observed a freshwater minnow (Zacco platypus) to 
initially avoid, then become attracted to a measured 4000 µg/L copper (1223 µg/L when 
normalized to 100 mg/L hardness). 

The most unusual pattern of avoidance/attraction is reported by Baldigo and Baudanza (2001) in 
their study of brown trout exposed to copper sulfate treated water from West Branch Reservoir in 
New York, one of the potable water supply reservoirs for New York City.  Brown trout appeared 
to be attracted to 18 µg/L copper, avoid 70 µg/L, then were attracted to 183 µg/L in waters of 
15.8 mg/L hardness (hardness adjusted chronic copper criterion = 1.9 µg/L).  Although the 
avoidance apparatus appears to be a steep gradient chamber, it may be possible that the exposure 
concentrations were not as steeply separated as desired.  The study fish showed a moderate 
preference for the left channel of the exposure chamber, even in the absence of any copper 
inputs, for reasons unknown to the authors.  This preference for one channel even without any 
added copper may also have skewed the avoidance/attraction results. 

Attraction Studies 

Attraction to or preference for copper has not been observed in any fish species below a 100 
mg/L hardness normalized copper concentration of 46 µg/L.  Included among the studies of fish 
attraction to copper are the oldest designed freshwater behavioral effects study (as opposed to an 
observational study such as Carpenter 1927), the work of Jones (1947) with ten-spined 
stickleback, and the only known study on behavior of a member of the family Catostomidae 
(suckers), several members of which are ESA listed in Oregon. 

Seven of the 17 attraction results are for one of three salmonid species: five rainbow trout 
studies, and one each with brown trout and lake whitefish.  Four LOEC’s with goldfish are 
available, all by Kleerekoper and coworkers.  Three centrarchid LOEC’s are available, two for 
bluegills and one with green sunfish.  The remaining three species where attraction to copper has 
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been observed are white sucker, channel catfish and ten-spined stickleback. 

The five rainbow trout LOEC’s where fish were attracted to copper are from four studies 
(Svecevicius 1999, Black and Birge 1980, Giattina et al. 1982 and Birge et al. 1993), and range 
between 100 µg/L (Svecevicius 1999) and 4600 µg/L (Birge et al. 1993).  When normalized to 
100 mg/L hardness (the five studies were run at hardness values between 28 (Giattina et al. 1982) 
and 248 mg/L (Svecevicius 1999)), the 100 mg/L hardness normalized LOEC’s range between 
46 and 4183 µg/L, with a geometric mean effect concentration for rainbow trout attraction to 
copper of 799 µg/L at 100 mg/L hardness.  When expressed on a 100 mg/L hardness normalized 
basis, the 46 µg/L Svecevicius (1999) observed attracted rainbow trout is nearly an order of 
magnitude lower than the next lowest 100 mg/L hardness normalized copper concentration that 
attracted fish, the 460 µg/L (418 µg/L hardness normalized to 100 mg/L) concentration observed 
by Black and Birge (1980).  The other two 100 mg/L hardness normalized copper concentrations 
that attracted rainbow trout were 979 µg/L (Giattina et al. 1982) and 4127 µg/L (Black and Birge 
1980, after acclimating fish to 140 µg/L copper). 

The remaining two instances where salmonids have been observed to attract fish are the study of 
Baldigo and Baudanza (2001) with brown trout and the work of Brown et al. (1982) with lake 
whitefish.  Brown trout were attracted to 18.1 µg/L (hardness = 15.8 mg/L, LOEC = 87.6 µg/L 
when hardness normalized to 100 mg/L).  Lake whitefish were attracted to 1588 µg/L.  The study 
of Brown et al. (1982) is poorly documented , however, using water hardness of 66 mg/L from 
the lake used as the source water for toxicity tests performed at the Freshwater Institute in 
Winnipeg, Manitoba, where the Brown et al. (1982) study was performed, a 100 mg/L hardness 
normalized attraction LOEC of 2265 µg/L for lake whitefish can be estimated. 

Kleerekoper et al. (1972) and Kleerekoper (1973) observed goldfish were attracted to a shallow 
gradient of copper beginning around 11 µg/L (given as a range of 11 - 17 µg/L in the two 
papers).  Attraction to copper in a steep gradient exposure system did not begin until copper 
concentrations were elevated to 50 µg/L (Kleerekoper 1973).  Water hardness in both studies was 
5.4 mg/L, which when normalized to 100 mg/L hardness give effect concentrations of 133 to 606 
µg/L. 

The centrarchid attraction studies found that green sunfish (Lepomis cyanellus) were attracted to 
50 µg/L copper at a hardness of 5.4 mg/L, which converts to a 100 mg/L hardness normalized 
LOEC of 606 µg/L (Kleerekoper 1973).  This is in contrast to the findings of Summerfelt and 
Lewis (1967), who observed no effect on green sunfish behavior at 100,000 µg/L, the highest 
NOEC concentration for any endpoint in any fish behavioral study available (Table 1).  Bluegills 
were attracted to 8480 and 8500 µg/L in studies by Black and Birge (1980) and Birge et al. 
(1993) in water of 112 mg/L hardness. 

Kleerekoper (1973) also performed the only identified behavioral study with a member of the 
family Catostomidae, a family which has four ESA listed species in Oregon.  White sucker 
(Catostomus commersoni) were attracted to 50 µg/L copper at a hardness of 5.4 mg/L, equivalent 
to 606 µg/L at a hardness of 100 mg/L.  Kleerekoper (1973) found it difficult to quantify changes 
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to white sucker behavior.  Normal sucker behavior in exposure tanks differed from the other four 
fish species tested by Kleerekoper (1973).  Suckers swum almost exclusively along sides of 
tanks, not in the middle of tank away from walls as did the other species, making statistical 
comparisons of normal to copper impacted behavior more difficult.  Kleerekoper (1973) found 
that 50 µg/L copper also yielded similar results for channel catfish (Ictalurus punctatus) except 
that he made no mention of difficulties in evaluating the catfish data as he did for the sucker data. 

Jones (1947) observed that ten-spined stickleback were attracted to copper, and also became 
lethargic when exposed to 0.001N copper, equal to 31,770 µg/L.  The water hardness was not 
given in the study, so if it is assumed that the hardness was 400 mg/L, the normalized effect 
concentration was 9718 µg/L.  However, an earlier study in the same laboratory (Jones 1938) 
reported that the water usually used was extremely soft, with a calcium content on the order of 1 
mg/L, which converts to 2.5 mg/L hardness.  If the hardness was assumed to be 2.5 mg/L, the 
normalized effect concentration becomes greater than 1,625,000 µg/L.  Irregardless of what water 
hardness is assumed, Jones (1947) reported the highest copper concentration at which any fish 
species is attracted to copper.  Jones (1947) is also the only known study where a species avoided 
copper at a higher copper concentration than where attraction was observed. 

Although not predictive of the avoidance response of any particular species, a statistical summary 
of the copper concentrations where fish avoid, show no preference, or are attracted to copper 
demonstrates the general trend of fish avoidance/attraction responses to different copper 
concentrations.  Specifically, fish tend to avoid low copper concentrations, show no preference 
when exposed to intermediate copper concentrations, and are attracted to high copper 
concentrations.  When normalized to water with 100 mg/L hardness, the geometric means of 31 
avoidance LOEC’s, six no preference LOEC’s and 17 attraction to copper LOEC’s for all fish 
species combined are 46, 269 and 765 µg/L, respectively.  

Specific information for two species (rainbow trout and goldfish) are available that demonstrate 
this pattern is not limited to a single species.  Work by Kleerekoper (1973) with goldfish 
demonstrated avoidance at 5.0 µg/L, avoidance of or attraction to copper at 10 µg/L depending 
on water temperature, and attraction to 50 µg/L copper (all three concentrations measured at 5.4 
mg/L hardness, normalized chronic copper criterion = 0.7 µg/L).  Unlike the work of 
Kleerekoper (1973), no one study with rainbow trout demonstrates avoidance, then no 
preference, and finally attraction with increasing copper concentrations.  However, when the 
available rainbow trout avoidance data, normalized to 100 mg/L hardness are statistically 
summarized, the geometric means of eight avoidance LOEC’s, three no preference LOEC’s and 
five attraction LOEC’s are 11.8, 540 and 799 µg/L, respectively.  All three of these mean LOEC 
concentrations, including the sensitive avoidance endpoint, are higher than the 100 mg/L 
hardness normalized chronic copper criterion of 9.0 µg/L.  Additionally, information from 
Hansen et al. (1999a) provides some support for the avoidance/attraction trend demonstrated in 
rainbow trout and goldfish.  Chinook salmon avoid concentrations as low as 2.8 µg/L copper, but 
can acclimate to concentrations as high as 44 µg/L, showing no preference for or avoidance of 
this concentration post acclimation.  We are unaware of any studies with LOEC behavioral 
responses of chinook salmon at copper concentrations higher than 44 µg/L. 
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Interactions Between Copper and Pheromones, Alarm Substances and Thermal Stress 

Several studies have evaluated avoidance/attraction responses of fish to copper in the presence of 
fish attractants, alarm substances, or response to differences in water temperature.  Such studies 
add an element of realism to behavioral investigations, because fish in their natural environment 
are simultaneously exposed to a number of chemical, physical and biological cues that alter their 
behavior in the absence of contaminants.  Included in these responses are chemical compounds 
that indicate presence of other members of a school of fish, predators and reproductive status of 
conspecifics. 

The study of Sandahl et al. (2007), who studied the effects of copper on coho salmon response to 
alarm substance behavior has already been discussed, as the 1.9 µg/L copper which reduced the 
avoidance of alarm substances, including L-serine, is one of the three lowest behavioral LOEC’s 
for copper.  Steele et al. (1990), in addition to studying the avoidance response of zebrafish 
exposed to copper, also studied their response to a combination of copper and alanine, an 
important prey odors component of a number of fish species.  Zebrafish avoided 10 µg/L copper, 
but did not avoid a combination of 10 µg/L copper and 10-3 M alanine. 

Rehnberg and Schreck (1986) exposed coho salmon to L-serine in the presence of 6.4 µg/L 
copper at 30.5 mg/L, at which the chronic copper criterion is 3.2 µg/L.  In contrast to the findings 
of Sandahl et al. (2007), Rehnberg and Schreck (1986) found that copper increased avoidance of 
serine by coho salmon.  Carreau and Pyle (2005) exposed fathead minnows to 10 µg/L copper in 
water of 18.1 mg/L hardness (hardness normalized chronic copper criterion = 2.1 µg/L) and 
monitored their response to alarm cues.  The minnows failed to respond to chemical alarm cues.  

Welch et al. (1989) exposed Mozambique tilapia (Oreochromis mossambicus) to 60 µg/L at a 
hardness of 64.1 mg/L (hardness normalized chronic copper criterion = 6.1 µg/L), then evaluated 
their thermal preferences.  Fish acclimated to 35º C water preferred cooler water (33.5ºC) relative 
to control fish. Copper had no effect on the thermal preference of fish acclimated to 25º C under 
the same eight day copper exposure.  Kleerekoper et al. (1973) evaluated the effects of 10 µg/L 
copper (hardness = 5.4 mg/L, chronic copper criterion = 0.7 µg/L) on the thermal preferences of 
goldfish.  Water of 21° C was avoided, but a small increase of water temperature to 21.4° C 
resulted in attraction of goldfish to the warmer water. 

Summary of Avoidance Studies 

In summary, avoidance/attraction is by far the most studied behavioral response of freshwater 
fish to copper exposures.  Of all the behavioral response data reviewed, avoidance of copper by 
some species is observed at lower copper concentrations than are any other behavioral responses. 
Within the entire database of laboratory studies of fish behavioral responses when exposed to 
only copper, the nine lowest LOEC concentrations are avoidance responses; eight of these nine 
are for one of five salmonid species: rainbow trout, coho salmon, lake whitefish, chinook salmon 
and Atlantic salmon.  Three of these studies, two with rainbow trout and one with coho salmon, 
are the only three laboratory exposures to copper alone where the behavioral LOEC is lower than 

June 2008 DRAFT - DO NOT CITE Page 21 of  104 



the hardness normalized chronic copper concentration. 

Variation in response concentrations is present among the available studies for a given species. 
This variation in response, whether due to differences in experimental procedures or innate 
sensitivity differences among the different stocks of a species tested, precludes the identification 
of the species most sensitive to copper-induced avoidance.  What can be safely concluded is that 
the fish species that have demonstrated avoidance of copper in the laboratory at the lowest 
copper concentrations are salmonids.  When the variation in rainbow trout avoidance LOEC 
concentrations are statistically evaluated, as would be done if copper behavioral data were used 
to calculate a species mean chronic value for use in water quality criteria development, the 
normalized to 100 mg/L hardness geometric mean copper avoidance LOEC for rainbow trout is 
11.8 µg/L, higher than the 100 mg/L hardness normalized chronic copper criterion of 9.0 µg/L. 

Copper is apparently unusual among contaminants in that whereas low concentrations are 
actively avoided, at least some fish species are attracted to higher concentrations.  For all fish 
species combined, the geometric mean avoidance, no preference and attraction concentrations, 
normalized to 100 mg/L hardness, are 46, 269 and 765 µg/L, respectively.  For rainbow trout, the 
comparable 100 mg/L hardness normalized geometric mean LOEC’s are 11.8, 540 and 799 µg/L, 
respectively.  Measured avoidance, no preference and attraction concentrations for goldfish are 5, 
10 and 50 µg/L at 5.4 mg/L hardness, equivalent to 60.6, 121 and 606 µg/L at 100 mg/L 
hardness.  Copper concentrations that attract fish may cause other, more serious toxic effects if 
fish were to remain in elevated copper concentrations for extended periods of time. 

Activity Patterns - Involuntary Movement 

The oldest known effects of copper on fish behavior are the observations of Carpenter (1927) that 
Eurasian minnows first became hyperactive, then became hypoactive and lost equilibrium, and 
eventually died within an hour of initial exposure to extremely elevated copper concentrations 
(158,850 µg/L).  In addition to being of interest from a historical perspective, Carpenter (1927) 
observed the three primary categories of involuntary movement behaviors within a single study. 
Hyperactivity and hypoactivity are observed roughly equally among the 18 available involuntary 
movement LOEC’s.  Not reported as often as the other involuntary movements, loss of 
equilibrium can occur with respect to current (rheotaxis), light (phototaxis) or by generalized 
narcotic behavior. 

Hyperactivity 

Hyperactivity has been observed in 10 species, at measured copper concentrations between 16 
and 158,850 µg/L.  Excluding the previously discussed study of Carpenter (1927), the highest 
measured concentrations inducing hyperactivity are with two Indian fish species: banded gourami 
(Colisa fasciatus) and striped dwarf catfish (Mystus vittatus), both of which began to exhibit 
hyperactivity in 400 µg/L at a hardness of 50 mg/L (Pande and Shukla 1992).  Kleerekoper 
(1973) observed hyperactivity in both white sucker and channel catfish exposed to 50 µg/L 
copper at 5.4 mg/L hardness (hardness normalized chronic copper criterion = 0.7 µg/L). 
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Kleerekoper (1973) also observed hyperactivity in goldfish, but only at 100 µg/L in 5.4 mg/L 
hardness water.  Goldfish movement was inconsistent, with both hyper- and hypoactivity 
observed by Kleerekoper (1973) at 100 µg/L.  Collvin (1985) noted that European perch (Perca 
fluviatilis) at 55 µg/L in water with a hardness of 194 mg/L, at which the hardness normalized 
chronic copper criterion is 15.8 µg/L. 

Morgan (1979) reported hyperactivity in largemouth bass at 48 µg/L, while Ali et al. (2003) 
observed Nile tilapia were hyperactive at 150 µg/L.  Neither Morgan (1979) or Ali et al. (2003) 
reported the hardness at which their tests were run, but the chronic copper criterion at 400 mg/L, 
the highest hardness recommended by EPA to be used in hardness adjusted criteria equations, is 
29.3 µg/L, lower than either the largemouth bass or Nile tilapia LOEC concentrations.  Ali et al. 
(2003) did report their control water copper concentration as 29 µg/L, the highest control water 
copper level in any study in this review that reported control water copper. 

The lowest copper concentration observed to elicit hyperactivity is 16 µg/L in a South American 
species, the streaked prochilod (Prochilodus scrofa), also called the curimbatá in Brazil.  Mazon 
and Fernandes (1999) noted that hyperactivity occurred almost immediately after the fish were 
exposed to copper. Hyperactivity was observed at approximately half of the calculated LC50 of 
29 µg/L in the study, which was performed in water of 24 mg/L hardness (hardness adjusted 
chronic copper criterion of 2.6 µg/L). 

Hypoactivity 

Copper induced hypoactivity, also termed lethargy by some investigators, has been reported as 
the primary involuntary movement endpoint in eight species, at measured concentrations between 
16.8 - 31,770 µg/L.  The highest copper concentration inducing hypoactivity was observed by 
Jones (1947) in his pioneering designed behavioral tests with freshwater fish.  Ten-spined 
sticklebacks died within 75 minutes of exposure to the lowest copper concentration tested by 
Jones (1947), which was 0.001 N copper sulfate (31,770 µg/L).  Except for the results of Jones 
(1947), hypoactivity has been observed at measured copper concentrations no higher than 276 
µg/L. 

The two lowest measured concentrations where hypoactivity has been reported are both with 
salmonids.  Sandahl et al. (2007) noted lethargy in juvenile coho salmon exposed to 16.8 µg/L in 
water of 120 mg/L hardness, somewhat higher than the hardness adjusted chronic criterion of 
10.5 µg/L.  McKim and Benoit (1971) reported hypoactivity in brook trout alevins at 32.6 µg/L 
copper at 45 mg/L hardness.  The hardness normalized chronic copper criterion at 45 mg/L 
hardness is 4.5 µg/L. 

An ESA listed minnow, the Rio Grande silvery minnow (Hybognathus amarus) became 
hypoactive when exposed to 250 µg/L copper at a hardness of 141 mg/L (Buhl 2002).  For 
comparative purposes Buhl (2002) also ran his test with fathead minnows, and observed 
hypoactivity at the slightly higher copper concentration of 276 µg/L at the same hardness used in 
the Rio Grande silvery minnow test.  The hardness normalized chronic copper criterion at 141 
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mg/L hardness is 12 µg/L.  Interpretation of the results was somewhat confounded by the 
combined behavioral/mortality endpoint used, combined with only EC50 values reported by Buhl 
(2002), which was used as the study LOEC for this review.  The true LOEC’s are undoubtedly 
lower than reported here.  A third cyprinid, carp has also been shown to become lethargic when 
exposed to elevated copper levels.  DeBoeck et al. (2005) noted carp became lethargic at 50.8 
µg/L, in water of 85 mg/L hardness (hardness normalized chronic criterion = 7.8 µg/L). 

Hypoactivity and convulsions were observed in blue tilapia (Oreochromis aureus) within 96 
hours in acute mortality studies performed by Straus (2003).  The effects were observed in fish 
prior to death at copper concentrations of 290 µg/L and higher (hardness = 7 mg/L, hardness 
adjusted chronic criterion = 0.92 µg/L). 

Loss of Equilibrium 

Loss of equilibrium can be used to describe one of several behaviors.  Most fish face forward in 
waters with a current .  Fish can lose the ability to maintain position in a current, termed 
rheotaxis.  Fish can also lose the ability to maintain orientation with respect to light, which is 
termed phototaxis. Finally, fish can lose their overall sense of balance and orientation in the 
water, a symptom of narcosis. 

The only studies that reported loss of equilibrium are those of Straus (2003), Buhl (2002) and 
Carpenter (1927).  Both Rio Grande silvery minnow and fathead minnow lost equilibrium, most 
likely from narcosis, at concentrations of 250 and 276 µg/L, respectively (Buhl 2002).  These 
concentrations are similar to the 290 µg/L copper observed to induce loss of equilibrium in blue 
tilapia by Straus (2003).  Carpenter (1927) observed that Eurasian minnow lost equilibrium when 
exposed to lethal copper concentrations of 158,850 µg/L.  

Activity Patterns - Voluntary Movement 

Voluntary movement patterns encompass a number of behaviors.  Included among voluntary 
behaviors are several of what Rand (1985) terms oriented locomotor behaviors, where a fish 
changes its orientation in the water in response to a stressor or stimulus.  Responses can be to 
stimuli as varied as temperature, food, light, current, salinity or contaminants.  Many of the 
voluntary behaviors evaluated here can be considered components of more complex behaviors 
such as the avoidance or feeding responses discussed elsewhere in this review.  Included among 
these voluntary behaviors are turning frequency, angular orientation to a stressor or stimulus, and 
movements when disturbed or frightened.  But as many of the voluntary behaviors were not 
specifically described as more complex behaviors, a “catch-all” category is required for 
movements that do not easily fit into one of the other behavioral categories described in this 
review. 

Voluntary behavior LOEC’s range between 6.0 - 500 µg/L, which when normalized to 100 mg/L 
hardness, yields a LOEC range of 11.9 - 2164 µg/L.  Effect concentrations for voluntary 
movements appear to be somewhat bimodal, with seven of the 17 LOEC’s occurring between 
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11.9 - 65.8 µg/L on a 100 mg/L hardness normalized basis, the 10 remaining LOEC’s are 
observed at much higher concentrations, between 133 - 2164 µg/L. 

The lowest copper concentration observed to alter locomotor activity was recorded by 
Drummond et al. (1973), who observed that locomotor activity, expressed as the percentage of 
time brook trout were active increased after introduction of 6 µg/L copper (hardness = 45 mg/L, 
hardness adjusted chronic criterion = 4.5 µg/L).  The specific types of activity were not 
described, but were instead measured as irregularities in the potential difference between 
electrodes as recorded on a polygraph.  Drummond et al. (1973) did state that the locomotor 
activity monitored was not feeding activity.  Copper exposed brook trout were four to six times 
as active as controls for six to eight hours after copper introduction, but then subsided towards 
control levels. 

Two studies with salmonids observed movement alterations at a measured 20 µg/L copper, 
although the normalized to 100 mg/L hardness LOEC’s were very different due to differences in 
the test hardnesses.  Grande (1967) exposed Atlantic salmon to 20 µg/L copper in waters of 7.8 
mg/L hardness (100 mg/L hardness adjusted LOEC = 177 µg/L), and observed alterations in 
movement when the fish were disturbed.  The alterations were described as horizontal wiggling 
movements that were not made by disturbed control fish.  Saucier and Astic (1995) evaluated 
copper effects on rainbow trout, and also noted a change in voluntary movement at a measured 
20 µg/L.  However, their rainbow trout tests were performed in water of 60.9 mg/L hardness, 
which results in a 100 mg/L hardness normalized LOEC of 30.6 µg/L.  No significant difference 
in the total time spent in locomotor activities was observed in exposed fish and controls, but a 
higher frequency of activity changes was observed in the exposed fish. 

Copper induced changes in voluntary behavior have been most often described in cyprinid fish. 
Buhl (2002) described a generalized impairment of mobility in both Rio Grande silvery minnows 
and fathead minnows at measured copper concentrations of 250 µg/L and 276 µg/L, respectively 
(hardness = 141 mg/L, hardness normalized chronic copper criterion = 12 µg/L).  The impaired 
mobility was described separately from the lethargy and loss of equilibrium effects previously 
discussed in the involuntary movement section of this review. 

Beyers and Farmer (2001) describe the effects of copper on the fright reaction of Colorado 
pikeminnow, in the presence of a skin homogenate of pikeminnows assumed to contain a fright 
pheromone.  Normal fright behavior in unexposed fish was characterized by one of three 
behaviors: cover seeking; agitation, described as rapid movement and frequent turning; and 
dashing, characterized as frenzied behavior such as jumping out of water.  Fright reactions were 
inhibited by 16.6 µg/L copper (100 mg/L hardness normalized LOEC = 14.5 µg/L).  Beyers and 
Farmer (2001) did not subject their fish to actual predation from a predatory fish. 

Several studies are available that describe copper effects on goldfish movements in soft water of 
5.4 mg/L hardness, where the hardness normalized chronic criterion is equal to 0.7 µg/L. 
Kleerekoper et al. (1972) observed that 11 - 17 µg/L copper (LOEC = 133 - 206 µg/L when 
normalized to 100 mg/L copper) in a shallow gradient exposure system caused goldfish to orient 
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towards a copper source and increase the number of turns made.  Kleerekoper (1973) observed 
50 µg/L (LOEC = 606 µg/L at 100 mg/L hardness) caused an increased frequency of turns, and 
also altered exploratory behavior.  Timms et al. (1972) reported that goldfish altered their 
orientation and locomotor tracks when facing a copper source of 50 µg/L.  Goldfish results in 
this series of papers clearly demonstrated changed voluntary movements, which resulted in a 
shift from attraction to copper to avoidance of copper at the same exposure concentration.  The 
behavioral changes were due to the shallowness (attraction) or steepness (avoidance) of the 
copper concentration gradient, with intermediate concentration gradients resulting in mixture of 
individual fish being attracted to or avoiding copper, all mediated by changes in goldfish 
movement patterns. 

In addition to goldfish, Kleerekoper (1973) also evaluated effects of 50 µg/L copper on the 
behavior of green sunfish, and Timms et al. (1972) observed effects of 50 µg/L copper on 
channel catfish.  Test conditions were the same as described above for goldfish.  Green sunfish 
turning frequency was increased, while channel catfish altered their orientation and locomotor 
tracks to face the source of copper. 

Two studies have evaluated copper effects on bluegill movements.  Although primarily a social 
behavior study, Henry and Atchison (1986) studied the response of 10 different behaviors expsed 
to three concentrations of copper.  Several of the behaviors described voluntary movements, such 
as fin flicks (repeated extension and contraction of fin spines and rays) and chafing (rubbing 
against inanimate objects).  Fin flick frequency increased at 34 µg/L (hardness = 273 mg/L, 
hardness adjusted chronic criterion = 21.1 µg/L), but 1300 µg/L was required to elicit an increase 
in chafing behavior.  Ellgaard and Guillot (1988) calculated rate constants for dispersion and 
movement of bluegill schools into two chambers of an exposure tank.  Three concentrations were 
evaluated.  The lowest concentration tested (40 µg/Lat 119 mg/L hardness, chronic copper 
criterion = 10.4 µg/L) reduced movement and dispersion by 33%, with larger reductions in 
movement at the two higher concentrations.  Ellgaard and Guillot (1988) is one of the few 
behavioral studies identified in this review that was able to quantify a concentration-response 
relationship between increasing copper concentrations and the magnitude of the behavioral 
response.  It is also one of the few behavioral studies with copper to concurrently measure a 96-
hour LC50  against which behavioral effect concentrations can be compared.  The LC50 was 
reported as being between 4000 - 8000 µg/L, the estimation of which was complicated by 
formation of an insoluble copper precipitate at all concentrations greater than 4000 µg/L.  The 
behavioral LOEC observed by Ellgaard and Guillot (1988) is 0.01 or less of the 96-hour LC50. 

Khunyakari et al. (2001) also observed alterations in fin movements of guppies (Poecilia 
reticulata), described as a significant increase in fin movement, at a copper concentration of 500 
µg/L in water of 18 mg/L hardness (hardness adjusted chronic criterion = 2.1 µg/L).  The 
increases in fin movement were concentration dependent, with movement increasing as copper 
concentrations increased.  The 500 µg/L exposure concentration was approximately the 8-day 
LC20 for guppies, as measured in the same study. 

A 25% reduction in the ability of zebrafish to orient to current when exposed to 68 µg/L 
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(hardness = 33 mg/L, hardness adjusted chronic criterion = 3.4 µg/L) was observed by Johnson et 
al. (2007).  Two observational studies provide limited information on copper effects on fish 
movement. Sanchez et al. (2005), in a study of copper effects on hepatic biomarker induction, 
observed reduced mobility in threespine stickleback exposed to 200 µg/L copper at 367 mg/L 
hardness (chronic criterion = 27.2 µg/L), the hardest water used in any freshwater fish behavioral 
test identified in this review.  Ali et al. (2003) reported reduced exploratory behavior in Nile 
tilapia exposed to 150 µg/L.  The water hardness of this study was not reported, although the 150 
µg/L LOEC is substantially higher than the chronic copper criterion at 400 mg/L hardness (29.3 
µg/L), the highest hardness recommended for use with the hardness adjustment equation. 

Voluntary movement encompasses a number of different behaviors measured or recorded with a 
variety of experimental procedures or observational methods, thus making comparisons between 
voluntary movement LOEC’s and other behavioral endpoint LOEC’s difficult.  But as only three 
of the 17 available 100 mg/L hardness normalized LOEC’s are lower than 30 µg/L, voluntary 
movement does not appear to be one of the more sensitive behavioral endpoints. 

Critical Swimming Speed 

Critical swimming speed (Ucrit) studies have their basis is fish physiology investigations (Brett 
1964). It is a commonly used measure of sustained swimming performance.  Critical swimming 
speed is measured by placing a fish in a water tunnel or flume, then forcing it to swim against 
water current at different velocities.  Water velocity is increased at a prescribed increment, 
usually 0.5 - 1 fish body length per second for a prescribed exposure duration (usually 10 - 60 
minutes). At the end of this duration water velocity is increased again by the prescribed 
increment.  After several velocity increments, the fish becomes fatigued, is no longer able to 
maintain its position in the current, and is swept downstream.  Once this occurs, the test is 
terminated and critical swimming speed is calculated by the following formula: 

 = U  + [U  (T  /T )] Ucrit i ii i ii 

where: Ucrit = critical swimming speed (cm/sec) 
U  = highest velocity maintained for the whole interval (cm/sec) i

U  = velocity increment by which each subject velocity is increased (cm/sec) ii

T  = time elapsed at fatigue velocity (min.) i

T  = defined interval time (min.) ii

The eight available critical swimming speed measured LOEC values are between 5 - 150 µg/L 
(Table 1).  Normalized to 100 mg/L hardness, the LOEC’s convert to a range of 28 - 95 µg/L, all 
above the 100 mg/L hardness normalized chronic copper criterion of 9.0 µg/L.  Three of the eight 
LOEC’s are for rainbow trout: 10 µg/L at 30 mg/L hardness (Waiwood and Beamish 1978); 64.8 
µg/L at 250 mg/L hardness (DeBoeck et al. 2006); and 73.7 µg/L at 140 mg/L hardness (McGeer 
et al. 2000). Normalized to 100 mg/L hardness, the rainbow trout species mean chronic value for 
reductions in Ucrit is 35.8 µg/L. 
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Two critical swimming speed studies are available for brown trout (Beaumont et al. 2000, 
Beaumont et al. 1995), with similar measured LOEC’s (5.1 and 5.0 µg/L, respectively).  These 
studies are the two lowest LOEC’s of any of the available Ucrit data for fish exposed to copper, 
reducing Ucrit by 50% or more.  The utility of the two Beaumont et al. (2000, 1995) studies for 
defining copper effects on critical swimming speed is confounded by the acidic conditions under 
which the studies were performed (pH = 5.0, hardness .10 mg/L).  The tests were deliberately 
performed at pH 5.0, to assess affects of acidification of surface waters on brown trout.  The low 
study pH is outside of the EPA water quality criterion for pH (6.5 - 9.0), whereas the copper 
concentrations were lower than the hardness normalized chronic copper criterion of 1.3 µg/L. 

The remaining three critical swimming speed studies were all performed with cyprinids: carp and 
goldfish (DeBoeck et al. 2006); and fathead minnow (Kolok et al. 2002).  Carp and goldfish 
exhibited 31% and 13% reductions, respectively, when exposed for 12 hours to 64.8 µg/L copper 
(hardness = 230 mg/L).  Fathead minnow critical swimming speed was reduced by an average of 
12% when exposed to 150 µg/L copper (hardness = 170 mg/L) for eight days prior to testing. 
Kolok et al. (2002) also observed that eight of the 31 fathead minnows tested showed no 
reduction of or an actual increase in critical swimming speed during the study. 

Of all of the behavioral methodologies reviewed, critical swimming speed comes closest to 
having a standardized, repeatable experimental design that can be used with a wide variety of 
species.  Plaut (2001) reviewed the ecological relevance of critical swimming speed, and 
concluded that while it has yet to be proven that critical swimming speed can be directly 
correlated to individual fitness and survival, it can be assumed to be a reasonable measure of the 
ability of a fish to conduct activities in which swimming is involved.  Plaut (2001) also 
concluded that critical swimming speed is a standard method whose data are individually 
repeatable, reflect a consistent measurement endpoint (maximum aerobic capacity), and yield 
comparable data on the swimming ability of fish, thus meeting most if not all of the criteria of 
Rand (1985) for behavioral study use in contaminant evaluations.  Despite these positive 
considerations for the utility of critical swimming speed, the available information indicates that 
U , at least with respect to copper exposures, is not as sensitive a measurement endpoint (U crit crit 

LOEC’s between 28 - 95 µg/L when normalized to 100 mg/L hardness) as are other behaviors 
such as avoidance, where 13 of the 31 LOEC’s normalized to 100 mg/L hardness are lower than 
the lowest Ucrit LOEC. 

Among the concerns raised regarding the ecological relevance of critical swimming speed is that 
it measures prolonged swimming performance under conditions that rarely, if ever, are 
encountered by fish in their natural environment.  Critical swimming speed is considered by 
Plaut (2001) to be the most convenient method currently available to measure swimming 
performance without harming the fish, making Ucrit the best currently available method to 
evaluate swimming and predict ecological effects. 

Other Swimming Behaviors 

Nine LOEC’s are available for other swimming behaviors that are not measures of critical 
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swimming speed.  Several different behaviors that fall into this category have been observed by 
various investigators, including changes in path swum, alterations in the number of turns made 
during a given exposure period, and alterations in swimming speed and activity.  Although 
perhaps not appreciably different from hyper- or hypoactivity, alterations in swimming speed or 
activity are not included in the involuntary movement category unless specifically described as 
such by study authors. 

The study of Petrauskiene (1999) with rainbow trout is notable, as when the measured LOEC of 
25 µg/L (study hardness was 250 mg/L) is expressed on a normalized to 100 mg/L hardness 
basis, the hardness normalized LOEC of 11.4 µg/L is the lowest copper concentration to have an 
effect on any behavior other than avoidance in freshwater fish exposed only to copper in a 
laboratory study.  Petrauskiene (1999) observed a 24.4% reduction in swimming activity one 
month after copper exposure was initiated.  Swimming activity was expressed in terms of both 
frequency of turns and of the number of times fish would touch the sides, bottom or water 
surface of the test aquarium.  After two months, swimming activity had returned to control 
levels. After three months, fish swimming activity had actually increased over that of the control 
fish by 21.4%. 

Kleerekoper (1973) studied the swimming ability of several species of fish, including goldfish, 
white sucker and channel catfish, all in extremely soft water of 5.4 mg/L hardness.  Copper 
affected the swimming of each species in a different manner.  Goldfish increased their distance 
swum upstream against the current in the exposure system at 11 µg/L (133 µg/L when 
normalized to 100 mg/L hardness).  White sucker changed their path swum in control exposures, 
which normally was along the sides and bottom of the tank after exposure to 50 µg/L (606 µg/L 
after normalization to 100 mg/L hardness).  Channel catfish, also exposed to 50 µg/L, responded 
by increasing the number of turns made and the distance swum during a given time period. 

Sandahl et al. (2007) observed a 59% reduction in coho salmon swimming speed after exposure 
to 16.8 µg/L within three hours.  At the 120 mg/L hardness of the study, the swimming LOEC 
was higher than the hardness adjusted chronic criterion of 10.5 µg/L, and was also higher than 
the 1.9 µg/L from the same study observed to alter the response of coho salmon to alarm 
substances. 

The remaining four swimming measured concentration LOEC’s are substantially higher than the 
measured LOEC’s discussed so far in this section.  Anderson and Weber (1975) observed 
increased swimming activities in guppies (Poecilia reticulata) exposed to 139 µg/L at 124 mg/L 
hardness.  A second study with guppies (Khunyakari et al. 2001) observed a reduction in 
swimming speed within eight days,  with swimming largely limited to the periphery of the 
exposure tanks, at a LOEC of 500 µg/L (hardness = 18 mg/L, hardness normalized to 100 mg/L 
LOEC of 2164 µg/L).  Garcia et al. (2004) observed reduced swimming speed in tambaqui 
(Colossoma macropomum), a South American fish related to piranha, at a copper concentration 
of 200 µg/L.  Kumar (1994) reported a loss of rheotaxis (reduced swimming ability) EC50 in 
stinging catfish (Heteropneustes fossilis) at 128,000 µg/L, one of the highest effect 
concentrations for behavioral effects on any freshwater fish.  Kumar (1994) is the only study 
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where the original paper was not evaluated during this review, instead, the record from EPA’s 
ECOTOX database was used. 

A NOEC study on swimming of note is the work of Geist et al. (2007), who studied the effects of 
copper on swimming behavior of 90 day old juvenile striped bass (Morone saxatilis). In 7-day 
exposures, no significant effects of copper on swimming behavior were observed at a copper 
concentration of 160 µg/L at a study hardness of 200 mg/L (hardness adjusted chronic copper 
criterion of 16.2 µg/L).  The Geist et al. (2007) study is notable in that it supports inferences 
drawn by Finger and Bulak (1988) in their study of the effects of a mixture of chemicals found in 
the Santee River, South Carolina on larval striped bass swimming behavior.  Finger and Bulak 
(1988) observed reduced swimming activity and lethargy in striped bass exposed to a mixture 
containing 3.5 µg/L copper at a hardness of 25 mg/L (hardness normalized chronic copper 
criterion of 2.7 µg/L).  Finger and Bulak (1988) attributed the observed effects on striped bass 
swimming behavior to organic chemicals in the mixture, not metals.   

Feeding Behavior 

No feeding behavior LOEC’s are lower than the chronic copper criterion.  Most of the 17 
available LOEC’s describing copper effects on feeding behavior report decreases in the amount 
of food ingested, including several studies where increased difficulty in handling or capturing 
prey was observed.  This is not surprising given the adverse effects of copper on fish movements 
and swimming ability discussed earlier in this review, and their potential to reduce the ability of 
fish to locate, capture and handle prey.  It may therefore come as a surprise that two studies 
(McGeer et al. 2000, DeBoeck et al. 1997) reported increases in feeding as a response to chronic 
copper exposure.  

The basis for increased food consumption was described similarly by both McGeer et al. (2000) 
and DeBoeck et al. (1997), and is related to the increased physiological and energetic costs 
encountered by fish to compensate for adverse copper effects on low levels of biological 
organization.  McGeer et al. (2000) noted that feeding increased in rainbow trout exposed to an 
average of 73.7 µg/L copper (hardness = 140 mg/L, hardness adjusted chronic criterion = 11.9 
µg/L) for 65 days.  A pattern of disturbance, recovery and stabilization observed during the study 
was attributed to acclimation, which came at an increased physiological cost, requiring the 
observed increase in feeding.  McGeer et al. (2000) only exposed rainbow trout to the one copper 
concentration.  DeBoeck et al. (1997) noted a similar pattern in carp, in that low copper 
concentrations (12.7 µg/L, hardness = 85 mg/L, hardness normalized chronic criterion = 7.8 
µg/L) in increased feeding by carp.  Unlike the McGeer et al. (2000) study, DeBoeck et al. (1997) 
also exposed carp to two higher copper concentrations: 34.9 and 50.8 µg/L.  No changes in food 
consumption were observed in carp exposed to 34.9 µg/L.  Food consumption of carp exposed to 
the highest concentration declined to 36% of that of controls during the first two weeks of the 
experiment, but gradually returned to normal by the end of the 28 day exposure period: the more 
typically observed feeding behavior pattern of fish exposed to copper.  

The McGeer et al. (2000) and DeBoeck et al. (1997) feeding studies provide evidence that copper 
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exposures may not always result in reduced feeding by fish, particularly if the concentrations are 
not highly elevated above the normal copper concentrations to which the fish are exposed.  As 
copper concentrations increase, the ability of increased food consumption to keep pace with the 
elevated metabolic requirements for tissue repair and enhancement of copper excretion and 
detoxification pathways is exceeded.  At this point, increases in tissue damage, biochemical 
and/or physiological changes in the fish can be manifested in several ways, including as a 
reduction in appetite. 

The 15 available LOEC’s where copper reduced feeding or adversely affected prey capture or 
handling ability of fish occurred at measured concentrations between 6 - 500 µg/L.  When the 
effect concentrations are normalized to a hardness of 100 mg/L, all but three of the LOEC’s fall 
between 11.9 - 65.8 µg/L.  Among salmonids, the lowest copper concentration that reduced 
feeding was observed in brook trout by Drummond et al. (1973).  Feeding was reduced at 6.0 
µg/L at a hardness of 45 mg/L, where the hardness normalized chronic copper criterion is 4.5 
µg/L.  

Three LOEC’s are available for copper effects on rainbow trout feeding.  When expressed on a 
100 mg/L hardness normalized basis, two of the studies (Marr et al. 1996, Lett et al. 1976) have 
comparable LOEC’s of 24.8 and 29.8 µg/L, respectively.  This is in spite of the vastly different 
water hardnesses used by Marr et al. (1996) of 24.6 mg/L and by Lett et al. (1976) of 365 mg/L. 
The third study of copper effects on rainbow trout feeding (Pedder and Maly 1985) exposed fish 
to copper in a water of intermediate hardness (122 mg/L), but report a reduced feeding LOEC of 
500 µg/L (LOEC of 422 µg/L when normalized to 100 mg/L hardness). 

Buckley et al. (1982) observed a reduction in feeding of coho salmon at a concentration of 70 
µg/L (hardness = 280 mg/L, LOEC normalized to 100 mg/L hardness = 29 µg/L).  The 
normalized to 100 mg/L hardness LOEC for coho salmon feeding is comparable to the 
normalized feeding reduction LOEC’s for rainbow trout of Marr et al. (1996) and Lett et al. 
(1976). Grande (1967) reported Atlantic salmon were unwilling to feed at 20 µg/L and a 
hardness of 7.8 mg/L.  Normalized to 100 mg/L, the LOEC is predicted to be 177 µg/L, the 
second highest 100 mg/L normalized LOEC of the available 16 feeding LOEC’s. 

The most comprehensive study of copper effects on fish feeding behavior is that of Sandheinrich 
and Atchison (1989), who monitored the feeding of bluegill exposed to three copper 
concentrations (31, 180 and 1710 µg/L, plus control, in water of 157 mg/L hardness) in two sets 
of tests. One set observed feeding on invertebrates not previously exposed to copper, the second 
monitored feeding on invertebrates previously exposed to 31 and, in some cases, 180 µg/L 
copper prior to the introduction of feeding bluegill.  Copper exposed bluegill exhibited a 
concentration related decrease in consumption rates of untreated invertebrate prey at copper 
concentrations of 31 µg/L and higher.  By comparison, copper exposed bluegill prey 
consumption rates did not decline when feeding on copper exposed invertebrates.  Sandheinrich 
and Atchison (1989) is the only known study where copper effects on feeding of a predatory fish 
was evaluated with both copper exposed and unexposed prey.  In addition to a decline in the 
number of prey individuals consumed per unit time, the handling time per prey individual 
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increased, and was the most consistently sensitive to copper behavioral endpoint monitored. 
Copper had no effect on bluegill ability to visually locate prey. 

In addition to the DeBoeck et al. (1997) study with carp, Jezierska et al. (2006) observed a 20 -
67% reduction in feeding activity of carp at 200 µg/L (hardness = 178 mg/L, hardness adjusted 
chronic criterion = 14.7 µg/L).  When normalized to 100 mg/L hardness, the LOEC is estimated 
to be 122 µg/L, one of only three feeding LOEC’s greater than 100 µg/L when the original 
measured LOEC is adjusted to 100 mg/L hardness.  Kasumvan and Morsi (1998) observed a 
decrease in carp feeding and a reduction in carp attempts to taste their prey when exposed to 63.5 
µg/L copper (water hardness not given). 

Bielmyer et al. (2006, 2005) has performed several investigations of copper effects on hybrid 
striped bass x white bass.  The freshwater portions of both studies were performed at 100 mg/L 
hardness, where the chronic copper criterion equals 9.0 µg/L.  Both studies report qualitative 
observations of reduced feeding during the first two weeks of exposure, at concentrations of 22 
µg/L (Bielmyer et al. 2005) and 53 µg/L (Bielmyer et al. 2006), with eventual recovery to normal 
feeding.  The 53 µg/L feeding LOEC from Bielmyer et al. (2006) in freshwater was a copper 
concentration observed to have no effect on feeding when the hybrid fish were exposed in water 
of 15‰ salinity (approximately 43% of full seawater salinity). 

European perch feeding and prey capture rates were depressed at 81 µg/L at a hardness of 194 
mg/L (Collvin 1985).  Threespine stickleback (Gasterosteus aculeatus) feeding was reduced at 
200 µg/L copper (100 mg/L hardness adjusted LOEC of 65.8 µg/L) in a water of 367 mg/L 
hardness (Sanchez et al. 2005).  This study was performed in the hardest water used for any of 
the freshwater behavioral tests compiled in this review. 

Another feeding study performed in very hard water (304 mg/L hardness, hardness adjusted 
chronic criterion of 23.2 µg/L) was the study by James et al. (2003) with the green swordtail 
(Xiphophorus helleri). During a 140 day study, no effect was observed on feeding rate at 40 
µg/L, but feeding rate was reduced at 80 µg/L (30.9 µg/L if normalized to 100 mg/L hardness). 

When expressed on a 100 mg/L hardness normalized basis, copper effects on fish feeding 
generally occur in a range of approximately 12 to 66 µg/L, with several studies requiring 
hardness normalized copper concentrations greater than 120 µg/L before reductions in feeding 
are observed.  As a group, feeding behaviors do not appear to be as sensitive an endpoint to 
copper as avoidance behaviors, but are generally as or somewhat more sensitive than critical 
swimming speed responses. 

Respiratory Behavior 

Four studies have evaluated copper effects on respiratory behaviors.  Drummond et al. (1973) 
reported increased cough frequency in brook trout exposed to 6 µg/L copper (hardness = 45 
mg/L, hardness adjusted chronic criterion = 4.5 µg/L).  Coughing in fish is a reversal of water 
flow across the gills in an effort to purge the gills of irritants.  Anderson and Webb (1975) 
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observed guppies (Poecilia reticulata) gulping for air at the water surface after exposure to 139 
µg/L copper.  Khunyakari et al. (2001), also working with guppies, observed respiratory distress, 
described as an increased distance between the gills and the operculum, at a concentration of 500 
µg/L, the approximate eight day LC20 observed in the same study.  Unlike the quantitative 
observations of fin movement behavior, the respiratory behavior observations of the Khunyakari 
et al. (2001) study were qualitative in nature.  Morgan (1979) observed alterations in opercular 
rhythms of largemouth bass exposed to 48 µg/L.  Water hardness was not reported by Morgan 
(1979), but the hardness adjusted chronic copper criterion at 400 mg/L hardness, the highest 
hardness at which the hardness adjustment equation is recommended for use, is 29.3 µg/L. 
Alterations in cough response or ventilation rates have not been evaluated for their ecological 
significance, but have been demonstrated to be among the most sensitive measures of behavior 
for some chemicals (Atchison et al. 1987). 

Social Interactions 

Social interaction modifications have been observed in three studies with copper.  Sloman et al. 
(2003) noted that 30 µg/L copper (hardness = 120 mg/L, hardness adjusted chronic criterion = 
10.5 µg/L) caused reduced agression among juvenile rainbow trout during dominance hierarchy 
establishment.  Henry and Atchison (1986) monitored copper effects on 10 different bluegill 
behaviors.  Different behaviors were affected at different copper concentrations.  Higher rates of 
aggression between adults were observed at 34 µg/L copper (hardness = 273 mg/L, hardness 
adjusted chronic criterion = 14.4 µg/L), the lowest copper concentration studied.  Copper 
concentrations as high as 1300 µg/L were required to alter chafing and rubbing behaviors of 
bluegill.  Beyers and Farmer (2001) described the effects of copper on fright reactions of 
Colorado pikeminnow, which are facilitated by social interactions.  A copper concentration of 
16.8 µg/L (hardness = 117 mg/L, hardness adjusted chronic criterion = 10.2 µg/L) inhibited cover 
seeking, which included normally dispersed fish assembling into a school, then moving towards 
the bottom and reducing movement.  An insufficient amount of information regarding copper 
effects on social interactions of fish is available to judge the sensitivity of this endpoint relative 
to other behavioral endpoints. 

Predator-Prey Relationships 

Several studies describe potential copper effects on predator-prey relationships (Sandahl et al. 
2007, Beyers and Farmer 2001, Carreau and Pyle 2005).  However, none of these studies that 
discuss copper effects on predator avoidance actually tested the response of prey fish in the 
presence of predatory fish, or the ability of copper exposed predators to capture copper exposed 
prey.  Instead, they evaluated the response of prey to alarm or fright substances such as L-serine, 
an amino acid released by physically damaged cells in some fish species as a result of predation 
or injury.  Such studies are considered avoidance studies in this review, and are not true predator-
prey studies such as the study of Sullivan et al. (1978), who exposed fathead minnows to 
cadmium, then evaluated their ability to avoid predation by placing the exposed minnows in a 
tank with largemouth bass (Micropterus salmoides). 
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The Sandheinrich and Atchison (1989) study with bluegills is also an example of a true predator-
prey study, where both predator and prey were exposed to copper.  However, the prey were five 
invertebrate species, not fish, and is discussed more fully in the copper effects on feeding portion 
of this review.  As discussed in the earlier feeding section, copper exposed bluegill exhibited a 
concentration related decrease in consumption rates of untreated invertebrate prey at copper 
concentrations of 31 µg/L and higher.  By comparison, copper exposed bluegill prey 
consumption rates did not decline when feeding on copper exposed invertebrates.  The findings 
of the Sandheinrich and Atchison (1989) study may indicate that the conclusions drawn from 
predator-prey studies will differ depending on whether only the predator, only the prey, or both 
predator and prey are exposed to a contaminant of interest. 

Acclimation to Copper - Freshwater Species 

Rand (1995) provides the following definition of acclimation:  Steady-state compensatory 
adjustments by an organism to the alteration of environmental conditions, where the adjustments 
can be behavioral, physiological or biochemical.  Acclimation of fish to copper, where fish have 
been pre-exposed to certain elevated concentration above a acclimation threshold concentration, 
has been demonstrated to enhance fish tolerance of otherwise toxic concentrations (Dixon and 
Sprague 1981).  The enhanced tolerance increases with increasing acclimation concentration only 
to a certain point, beyond which toxicity from the acclimation concentration begins to occur, with 
tolerance subsequently decreasing in the pre-exposed fish.  Previous reviews of behavioral 
toxicity have generally not discussed contaminant acclimation as a mitigating factor of the 
concentrations observed to elicit adverse behavioral effects during laboratory exposures. 
Acclimation, therefore, is a factor that could modify copper concentrations found to adversely 
affect fish behavior in laboratory studies. 

Nineteen of the literature citations on copper effects on behavior of fish also provide information 
on acclimation of fish to elevated copper concentrations (Table 2).  Observation of acclimation to 
copper or recovery from the initial adverse effects of copper requires longer exposure durations 
than needed to observe many behavioral effects.  Unlike the adverse behavioral effects literature, 
where avoidance is the most commonly studied effect, feeding and swimming, primarily critical 
swimming speed measurements, are the effects where acclimation to copper has most often been 
observed.  Most likely, this is due to the short duration (minutes to hours) of exposure to copper 
in most avoidance studies, whereas it appears to require one day to several months for fish to 
fully acclimate to elevated copper concentrations. 

Behavioral acclimation to copper generally appears to be unlikely to occur at concentrations 
higher than roughly 70 µg/L, expressed as either the original measured data, or when normalized 
to a hardness of 100 mg/L (Table 2).  Only two studies, one with Nile tilapia (Ali et al. 2003) and 
one with rainbow trout (McGeer et al. 2000) observed recovery of behavior to control levels at 
measured copper concentrations higher than 70 µg/L irregardless of hardness, and only the study 
of Grande (1967) with Atlantic salmon observed recovery in a hardness normalized to 100 mg/L 
hardness copper concentration greater than 70 µg/L.  All but one of the hardness normalized 
copper concentrations at which acclimation or recovery occured are between 4 - 58 µg/L. 
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Feeding is the behavioral endpoint most commonly reported as recovering to control fish levels 
as a result of acclimation to copper exposure.  Recovery of feeding to normal levels during 
extended copper exposure has been most often observed in salmonids (Drummond et al. 1973, 
Lett et al. 1976, Buckley et al. 1982, Grande 1967) and cyprinids (DeBoeck et al. 1997, Beyers 
and Farmer 2001).  

After an initial reduction in food intake, brook trout exposed to 6 µg/L recovered to normal 
feeding rates within one day, but sluggishly recovered in two weeks when exposed to 12 µg/L 
(Drummond et al. 1973).  Coho salmon exposed to 70 and 140 µg/L exhibited reduced appetite, 
but recovered to normal feeding levels within two weeks at 70 µg/L, and within four weeks at 
140 µg/L (Buckley et al. 1982).  Atlantic salmon were observed to recover from initially 
depressed feeding rates within 21 days after initial exposure to 20 µg/L copper (Grande 1967). 
Lett et al. (1976) observed that rainbow trout food intake was depressed by exposure to 75 µg/L 
and higher levels of copper.  Rainbow trout food intake gradually returned to normal, with the 
recovery rate dependent on copper concentration and ration level.  When exposure concentrations 
were normalized to 100 mg/L hardness, the brook trout, rainbow trout and coho salmon hardness 
normalized concentrations at which feeding could acclimate were within a relatively narrow 
range of 11.9 - 29 µg/L (Table 2).  Atlantic salmon feeding recovered at a 100 mg/L hardness 
normalized copper concentration of 177 µg/L, the highest hardness normalized concentration at 
which any fish species or behavior was able to acclimate to copper. 

Among cyprinids, food consumption of carp returned to control levels within 21 days after initial 
exposure to 12.7 µg/L copper (DeBoeck et al. 1997).  Feeding of a striped bass x white bass 
hybrid was initially reduced for two weeks at 22 µg/L copper, followed by recovery (Bielmyer et 
al. 2005). Nile tilapia (Oreochromis niloticus) feeding was initially depressed after exposure to 
150 µg/L, but returned to normal within 24 hours (Ali et al. 2003).  This is the highest measured 
concentration for any fish species and behavioral endpoint where acclimation was observed, 
although the 100 mg/L hardness normalized copper acclimation concentration could not be 
calculated because Ali et al. (2003) did not report water hardness, calcium or magnesium 
concentrations. 

Involuntary movements (hyperactivity, hypoactivity, loss of equilibrium) have also been 
frequently demonstrated as returning to normal levels as fish acclimate to copper.  Brook trout 
hyperactivity induced by exposure to 12 µg/L copper was no longer observed within three days 
after initial exposure (Drummond et al. 1973).  This acclimation concentration was higher than 
the hyperactivity LOEC of 6.0 µg/L.  Copper induced hyperactivity is also observed in rainbow 
trout (Saucier and Astic 1995), European perch (Collvin 1985) and Nile tilapia (Ali et al. 2003). 
Normal activity patterns returned within two weeks in rainbow trout exposed to 20 µg/L copper, 
within five days in European perch exposed to 55 µg/L, and within one day in Nile tilapia 
exposed to 150 µg/L.  When normalized to 100 mg/L hardness, the wide range of measured 
acclimation concentrations for rainbow trout, European perch and Nile tilapia was reduced to a 
relatively narrow range between 30.6 - 45.9 µg/L.  In contrast, bluegill exposed to 40 µg/L 
became hypoactive for between 4 - 6 days, then started to return to normal activity levels by the 
conclusion of the eight day exposure. 
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Critical swimming speed (Ucrit) studies by their design lend themselves to investigations of 
contaminant acclimation.  Waiwood and Beamish (1978) held rainbow trout in 10 µg/L copper, 
which initially reduced U , but recovered to control U  within 10 days.  A second study of U crit crit crit 

with rainbow trout (McGeer et al. 2000) found a pattern of reduction, recovery and stabilization 
of Ucrit in trout exposed to 73.7 µg/L copper.  McGeer et al. (2000) attributed the observed 
pattern to acclimation, which came at an increased physiological cost to the fish.  DeBoeck et al. 
(2006) exposed three species of fish (rainbow trout, carp, goldfish) to 64.8 µg/L copper, and 
demonstrated acclimation in all three species, although the time to recover to control Ucrit varied 
by species.  Goldfish Ucrit  recovered to control levels within 24 hours of exposure initiation.  Ucrit 

for rainbow trout recovered after 28 days of exposure, for carp, recovery occurred within three 
days. 

Petrauskiene (1999) exposed rainbow trout to 25 µg/L copper for 90 days.  Swimming activity 
decreased 24% after exposure for one month, but recovered to control levels after two months 
exposure. A slight 2.14% increase in swimming activity was observed at the end of the 90 day 
exposure. 

Although avoidance is the most commonly studied behavioral response of fish exposed to 
copper, acclimation concentrations at which avoidance responses are mitigated have not been 
documented as commonly as have other acclimation responses.  This is in all likelihood because 
the short duration of most avoidance studies does not lend itself well to the longer time periods 
needed for fish to acclimate to copper exposure. 

All of the available studies that document the ability of fish to acclimate to copper concentrations 
they initially avoid have been performed with salmonids.  After 25 - 30 days exposure to 2.2 
µg/L copper, Hansen et al. (1999a) noted that chinook salmon would no longer avoid up to 21 
µg/L copper, in comparison to the 2.8 µg/L copper that was avoided after the initial 20 minute 
exposure. Hansen et al. (1999a) also observed that acclimating rainbow trout to 1.5 µg/L copper 
for 25 - 30 days raised the avoidance LOEC from 1.6 to 3.4 µg/L, which, at the 25 mg/L hardness 
water used in the study, raised the LOEC above the 25 mg/L hardness normalized chronic copper 
criterion of 2.7 µg/L.  Cutthroat trout initially avoided copper after a 30 minute exposure to 7.4 
µg/L, but would no longer avoid 7.4 µg/L after a 90 day exposure (Woodward et al. 1997). 
Saucier et al. (1991) observed that rainbow trout exposed to 22 µg/L copper initially lost their 
ability to prefer water in which they were reared, but recovered their ability to prefer their rearing 
water within two weeks (alevins) to 10 weeks (embryos). 

Two other behaviors have also been observed to recover to normal levels with extended exposure 
to copper.  Henry and Atchison (1986) observed that some bluegill social behaviors such as fin 
flicks returned to normal within four days after initial exposure to 57 µg/L copper.  The LOEC 
for alterations in fin flick behavior was 34 µg/L.  Colorado pikeminnow were observed to 
recover their ability to exhibit fright response at 33 µg/L copper (Beyers and Farmer 2001), 
higher than the LOEC of 16.6 µg/L. 

The existence of a substantial amount of information that indicates fish behaviors can acclimate 
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to copper concentrations within the range of concentrations found within surface waters leaves 
open to question whether the adverse behavioral effects predicted to occur at low copper 
concentrations in a number of the behavioral studies actually occur under field exposures at the 
same concentrations observed in the laboratory.  This question is particularly pertinent for 
avoidance studies, which are generally performed with copper exposure durations of minutes, a 
minuscule fraction of the lifespan of fish species.  The discussion of field studies later in this 
review indicates that behaviors are not adversely affected in most field studies until copper 
concentrations exceeded the chronic copper criterion, a conclusion also reached from the review 
of laboratory copper containing mixture studies.  

It is clear that acclimation has physiological and energetic costs for fish (McGeer et al. 2000). 
Acclimation mechanisms include a variety of methods that increase excretion, decrease 
contaminant uptake, immobilize or detoxify contaminants.  Fish utilize a combination of 
increased excretion, sequestation of metals in granules or bone, or induction of metal binding 
proteins such as metallothionein. (Handy et al. 2005) to acclimate to metals, all of which require 
energy that could otherwise be used to increase organism fitness.  Although copper effects on 
fish olfaction are not part of this review (olfaction per se is not a behavior), several studies have 
shown that fish can acclimate to contaminant induced adverse effects on olfaction, and thus 
presumably olfaction-mediated behaviors, by regenerating lost cells or damaged neurons, thus 
regaining olfactory function. 

Marine Species - Copper Only Exposures in the Laboratory 

Thirteen literature citations are available that describe the effects of copper on the behavior of 
marine fish when exposed under laboratory conditions.  This does not include studies on 
anadromous, catadromous or amphidromous species (amphidromous fish migrate between fresh 
and salt water, but not for reproductive purposes as is the case for anadromous and catadromous 
species), nor does it include field studies of copper effects on fish behavior.  A total of 21 records 
(15 LOEC’s, 6 NOEC’s) are available for the 11 marine fish species whose behavioral responses 
to copper exposure have been studied.  None of the 15 LOEC’s available from 10 species of 
marine fish with behavioral effects data are lower than the marine chronic copper criterion of 3.1 
µg/L.  Nor are any of the six NOEC values from four marine species lower than the marine 
chronic copper criterion.  The available information therefore indicates that the chronic marine 
copper criterion is protective of marine fish species from adverse effects on their behavior. 

As was the case for freshwater investigations, most behavioral studies with marine fish evaluated 
copper effects on locomotor behavior.  Undirected locomotor activity (hypoactivity or 
hyperactivity), turning behavior and angular orientation to a copper source are the locomotor 
activities most commonly studied with marine fish.  Copper effects on schooling behavior, prey 
capture ability, swimming speed, and ability to swim out of egg casings have also been studied 
with marine fish. 

Unlike freshwater data, avoidance behavior has not been commonly studied with marine species, 
with the studies of Labenia et al. (2007) on cutthroat trout and Hiatt et al. (1953) on Hawaiian 
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flagtail (Kuhlia sandvicensis) the only laboratory avoidance studies with marine fish.  Hiatt et al. 
(1953) found that 10,000 µg/L copper had no effect on avoidance behavior, but that 20,000 µg/L 
resulted in flagtail avoiding copper, as well as resulting in altered swimming patterns and 
dispersal of flagtail schools.  These are the highest laboratory NOEC and LOEC values in any of 
the marine fish for which copper effects on behavior have been studied. 

Labenia et al. (2007) used seawater adapted cutthroat trout exposed to copper as a positive 
control in a study of carbaryl effects on cutthroat trout behaviors.  Cutthroat trout avoided 40 
µg/L copper in seawater, the only concentration tested, spending approximately 38% of their 
exposure time in the side of the avoidance chamber with elevated copper.  The study of Labenia 
et al. (2007) is the only known designed marine behavioral study found that evaluated copper 
effects on an ESA listed fish species in Oregon.  It is also one of only two studies found in this 
review that used copper as a positive control in a behavioral study, a step towards standardization 
of behavioral toxicity test methods.  

The lowest copper concentration demonstrated to have any adverse behavioral effect on marine 
fish is 7.4 µg/L, which Koltes (1985) observed to increase swimming speed and alter schooling 
organization of Atlantic silverside (Menidia menidia).  With the exception of a study by Steele 
(1983) that observed a decreased frequency in turning behavior of hardhead catfish (Arius felis) 
exposed to 10 µg/L copper (the NOEC from Steele 1983 was 5 µg/L), all remaining LOEC 
concentrations of copper effects on marine fish behavior were 100 µg/L or greater.  The range of 
copper concentrations that affected marine fish behavior is 7.4 - 20,000 µg/L. 

A number of the behavioral studies with marine fish were performed by a group of researchers at 
Texas A&M University during the early and mid-1980's (Scarfe et al. 1982, Steele 1983, Steele 
1985, Steele 1989). Their primary test species was hardhead catfish (Arius felis), although they 
also investigated the behavioral responses of Atlantic croaker (Micropogon undulatus), pinfish 
(Lagodon rhomboides), and sheepshead porgy (Archosargus probatocephalus).  The studies all 
had similar experimental designs, in that fish were exposed to copper for 3 days, with general 
activity levels, swimming speed and angular orientation to the source of copper the behaviors 
monitored. Steele (1985) and Scarfe et al. (1982) also monitored behavior of the fish during 7 or 
14 day recovery periods after termination of the copper exposure.  All four fish species 
demonstrated alterations in angular orientation to the copper source when exposed to 100 µg/L 
copper.  The species activity patterns and swimming speeds demonstrated different responses to 
the 3-day 100 µg/L copper exposure.  Hardhead catfish and sheepshead porgy both became 
hyperactive, Atlantic croaker became hypoactive, while pinfish activity was unaffected.  Both 
Steele (1985) and Scarfe et al. (1982) found that the initial hyperactivity of hardhead catfish 
when exposed to copper became hypoactivity, with reduced swimming speeds during the 
recovery period.  The authors believed this response pattern was a precursor to eventual 
mortality.  In contrast, Scarfe et al. (1982) observed that sheepshead porgy returned to normal 
activity patterns and swimming speeds during the recovery period. 

Larsen et al. (1997) also observed hyperactivity in Atlantic cod (Gadus morhua) exposed to 400 
µg/L copper for two days.  Other copper effects on marine fish locomotion include loss of 
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coordination and jerky movements of winter flounder (Pseudopleuronectes americanus) exposed 
to 560 µg/L copper (Baker 1969), and an inability of mummichog (Fundulus heteroclitus) larvae 
to gain complete freedom from egg casings when exposed to 1000 µg/L copper (Gardner and 
LaRoche 1973). 

Two studies have evaluated copper effects on feeding or prey capture ability of marine fish. 
Bielmyer et al. (2006) observed that 53 µg/L copper had no effect on feeding of juvenile striped 
bass x white bass hybrids.  Sue (2003) found that 2000 µg/L copper reduced the prey capture 
efficiency of mummichog by 50%, whereas 1000 µg/L copper had no effect on their prey capture 
ability. 

The 15 LOEC studies available describing copper effects on marine fish behavior are limited in 
number relative to the amount of freshwater fish data available.  It is notable, however, that none 
of the LOEC copper concentrations associated with adverse effects on fish behavior are lower 
than either the 4.8 µg/L acute (CMC) or the 3.1 µg/L chronic (CCC) copper criteria for Oregon’s 
marine waters.  Additionally, none of the six NOEC values available for marine fish are lower 
than either the acute or chronic copper criteria.  These observations provide evidence that the 
copper criteria for Oregon’s marine waters, if not exceeded, are protective of fish from 
potentially adverse behavioral impacts of copper. 

Acclimation to Copper - Marine Species 

One marine behavioral study has demonstrated that marine fish can acclimate to elevated copper 
concentrations, with behavior returning to baseline levels despite continued exposure to copper. 
Sue (2003) exposed mummichog to three copper concentrations: 670, 2000 and 6010 µg/L for 16 
days and observed their ability to capture prey.  The lowest concentration had no effect on prey 
capture ability, while 2000 µg/L initially reduced prey capture ability by 50%.  But within 6 days, 
the prey capture ability of mummichog returned to control fish levels. 

Scarfe et al. (1982) demonstrated that sheepshead porgy exposed to 100 µg/L copper for three 
days became hyperactive, increased their swimming speed and altered their angular orientation to 
the copper source.  Within two weeks after the copper exposure was terminated, porgy returned 
to their pre-exposure activity levels, swimming speeds and angular orientation in the water, 
demonstrating the ability of porgy to recover from short term exposures to elevated copper levels. 

Laboratory-Field Comparisons 

An objective of any laboratory toxicity study is to provide information useful in defining 
contaminant effects on aquatic species in the environment.  Two groups of studies have been 
performed specifically to permit comparisons of copper concentrations that affect fish behavior 
in the laboratory with copper concentrations affecting behavior in the field.  A series of studies 
by Sprague and coworkers (Sprague 1964, Sprague et al. 1965, Saunders and Sprague 1967) with 
Atlantic salmon, and by Hartwell et al. (1987a, 1987b) with fathead minnows provide the most 
directly comparable information on copper concentrations required to affect fish behavior in the 
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field relative to laboratory effect concentrations. 

Sprague (1964) and Sprague et al. (1965) evaluated the avoidance response of Atlantic salmon 
(Salmo salar) parr to copper in water of 18 mg/L hardness (chronic copper criterion 2.1 µg/L at 
18 mg/L hardness) in the laboratory, and found the avoidance thresholds to be 2.3 and 2.4 µg/L, 
respectively (hardness = 18 mg/L, hardness adjusted chronic copper criterion = 2.1 µg/L).  The 
avoidance threshold for copper was 0.05 of the incipient lethal level (ILL) concentration of 48 
µg/L copper.  The field measurements of Sprague et al. (1965) on spawning adult Atlantic 
salmon returns to the Northwest Miramichi River in New Brunswick, parts of which were 
impacted by discharges from a copper-zinc mine, observed a threshold of 16.8 µg/L that reduced 
the numbers of returning fish.  At or above this concentration, returning fish counts were reduced 
by 10-22%, measured by the proportion of fish that turned around and went back downstream, 
relative to the 1-3% of returning fish that would turn around and go back downstream prior to the 
opening of a copper and zinc mine upstream of the spawning grounds.  Complete blockage of 
upstream migration occurred at copper concentrations of 35.2 µg/L or greater.  Hardness of 
Northwest Miramichi River water averaged 20 mg/L (hardness adjusted chronic copper criterion 
= 2.3 µg/L).  

Sprague et al. (1965) attributed the higher copper concentrations required to affect field fish 
behavior to the motivational state of the fish to complete their spawning run or to maintain 
territories, a factor which was absent from the fish employed in their laboratory studies.  The 
different sizes and age fish studied by Sprague et al. (1965) in their laboratory (parr) and field 
(adult) studies may also have accounted for some of the observed differences.  A third study in 
the series, by Saunders and Sprague (1967) found a slightly lower threshold effect concentration 
on migration of 15.4 µg/L, and also reported copper concentrations of roughly 3 µg/L in streams 
within the Miramichi River watershed unimpacted by the copper mine.  Sprague et al. (1965) 
found that the avoidance threshold for zinc alone was 54 µg/L, which was 0.09 of the incipient 
lethal level for zinc of 600 µg/L.  Sprague et al. (1965) also studied the effects of a copper-zinc 
mixture on avoidance behavior of Atlantic salmon parr.  The mixture avoidance threshold 
occurred at only 0.02 of the ILL above the 0.05 of the ILL of copper and zinc concentrations in 
laboratory control water, at concentrations of 3.4 µg/L copper and 42 µg/L zinc. 

Hartwell and coworkers performed a series of studies with fathead minnows exposed to a 
mixture of metals from a power plant fly ash slurry in laboratory (Hartwell et al. 1987a), as well 
as in an artificial stream and Adair Run (Hartwell et al. 1987b), a second order tributary of the 
New River in Virginia.  In addition to copper, the mixture contained elevated levels of 
chromium, arsenic and selenium, in some instances at concentrations exceeding the chronic 
criteria values for copper, chromium and selenium.  Mixture avoidance was measured by 
decreased residence time of fish in the contaminant containing portion of a steep gradient 
avoidance chamber.  The laboratory study (Hartwell et al. 1987a) also acclimated some fish to 
elevated concentrations of the mixture (26 µg/L Cu, 14 µg/L Cr, 48 µg/L As and 10 µg/L Se) for 
periods of 3, 6 or 9 months prior to performing the avoidance studies.  Laboratory studies were 
performed at a hardness of 79 mg/L, where the chronic copper criterion is 7.3 µg/L.  Water 
hardness in the artificial stream and Adair Run portions of the studies (Hartwell et al. 1987b) 

June 2008 DRAFT - DO NOT CITE Page 40 of  104 



 

 

ranged between 67.5 and 141.3 mg/L, yielding hardness adjusted chronic copper criterion values 
of between 6.4 and 12.0 µg/L. 

Under laboratory exposure condition, Hartwell et al. (1987a) observed a 50% reduction in 
residence time (i.e. avoidance) of the mixture at a concentration of 8.2 µg/L copper. 
Concentrations of the other mixture components were 7 µg/L Cr, 24 µg/L As, and 5 µg/L Se.  By 
comparison, Hartwell et al. (1987b) found avoidance LOECs for copper concentrations in the 
mixture were higher than the laboratory LOEC for exposures in both the artificial stream (9.1 
µg/L copper) and in Adair Run (19.5 µg/L copper). 

The copper acclimation portion of the Hartwell et al. (1987a, 1987b) studies yielded even higher 
behavioral LOEC concentrations, although avoidance was not always the first response observed. 
Fathead minnows acclimated to the mixture containing 26 µg/L copper for three months prior to 
avoidance studies were attracted to a mixture with 78 µg/L copper under laboratory exposure 
conditions. Six month acclimation to the mixture containing 26 µg/L copper resulted in an 
avoidance LOEC of a mixture containing 104 µg/L copper, a different behavioral response than 
the attraction response observed after the three month acclimation.  A nine month acclimation to 
the mixture containing 26 µg/L copper resulted in still different behavioral responses.  Fathead 
minnows showed no avoidance of or preference for a mixture containing 156 µg/L copper after 
the nine month acclimation period, but were attracted to a mixture containing 195 µg/L copper 
after the nine month acclimation period.  Finally, Hartwell et al. (1987b) found that fathead 
minnows acclimated for three months prior to exposure in artificial streams or Adair Run did not 
avoid the simulated fly ash slurry mixture until the copper concentration reached 390 µg/L in the 
artificial stream, and 780 µg/L in Adair Run.  

It is notable that the laboratory-field comparative studies with both Atlantic salmon and fathead 
minnows found that the copper concentrations required to elicit behavioral responses in the field 
were higher than the copper concentrations affecting the same behaviors in laboratory settings. 
Although it is unknown why this is the case, one possible explanation is differences between 
water chemistries in the laboratory and field tests.  Laboratory studies are often with either 
treated tap water or reconstituted deionized water, neither of which have appreciable levels of 
organic matter that can bind to copper and reduce its bioavailability.  The City of San Jose 
(2005), in a review of copper effects on salmonid olfaction, have predicted the effect of 
waterborne dissolved organic carbon (DOC) on copper toxicity.  Using the biotic ligand model 
(DiToro et al. 2001) the City of San Jose (2005) found that the lowest copper concentration in 
their review associated with any adverse effect on either salmonid olfaction or behavior (chinook 

1salmon avoidance of 0.8 µg/L copper , hardness of 25 mg/L, DOC estimated at 0.03 mg/L,

1 - This review reported the chinook salmon LOEC from Hansen et al. 1999a as 2.8 µg/L, not 0.8 µg/L as did City of San Jose 
(2005). The difference is because of a non-monotonically increasing concentration-response curve in Hansen et al. 1999a, with avoidance 

observed at 0.8 and 2.8 µg/L, but not at 1.6 µg/L.  The selection of NOEC and LOEC values is severely compromised when a concentration-
response curve is non-monotonic (EPA 2000, Chapman et al. 1996) and is even more severely compromised when an unbalanced experimental 
design such as that used by Hansen et al. 1999a is employed.  A strict reading of the definition of a NOEC (the highest tested concentration of an 
effluent or a toxicant at which no adverse effects are observed on the aquatic test organisms at a specific time of observation, determined using 
hypothesis testing) argues for using 2.8 µg/L, not 0.8 µg/L, as the NOEC of the Hansen et al. 1999a study. 
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Hansen et al. 1999a), would have required 34 µg/L copper, a 42-fold increase in copper 
concentration, to elicit the same behavioral effect if the DOC concentration were elevated to 2 
mg/L, at the low end of the range of DOC in surface waters in California.  The hardness adjusted 
chronic copper criterion at the 25 mg/L hardness studied by Hansen et al. (1999a) is 2.7 µg/L, 
marginally lower than the LOEC concentration of 2.8 µg/L used in this review. 

Sprague et al. (1965) speculated that another reason for higher effect concentrations under field 
exposures was the motivational state of the fish to complete their spawning run.  Motivational 
states of fish in their natural environment cannot be measured in laboratory toxicity tests, but 
may outweigh the desire of fish to avoid contaminant concentrations they would otherwise avoid 
in the absence of motivation.  The observations by Sprague, Hartwell and their coworkers are 
consistent with the general conclusions of the behavioral toxicology review by Beitinger (1990), 
who concluded that naive fish exposed to stressors for short periods of time (one hour or less, the 
duration of most laboratory avoidance studies) will have lower behavioral thresholds than do fish 
tested over longer exposure periods, or which are acclimated to some concentration of the 
stressor prior to testing.  Beitinger (1990) also noted, based on his review of several studies, 
including Hartwell 1987a, that avoidance thresholds increase with increasing concentrations of 
pre-exposure to stressors, and suggested the increased avoidance thresholds may be due to an 
internal change in the fish, although he did not specifically term the change contaminant 
acclimation. 

Although not direct comparisons of copper effects on fish behavior under laboratory and field 
comparisons, two other studies bear mentioning as providing some laboratory-field comparisons. 
Geckler et al. (1976) performed a multiyear copper addition study on Shayler Run, Ohio, a small 
stream whose only continuous discharge came from the effluent of a small sewage plant.  Copper 
introductions into Shayler Run at 120 µg/L resulted in numerous fish species, including several 
minnow and darter species,  avoiding the copper introductions by moving to downstream refugia 
and areas of lower copper concentrations.  Many species became acclimated to copper in the 2nd 
and 3rd years of the study.  A major finding of the Geckler et al. (1976) study was that laboratory 
chronic toxicity tests underestimated in-stream toxicity by 2x, because avoidance was not 
measured in the laboratory toxicity tests, whereas avoidance was a significant effect in the 
stream. 

Also of note in the Geckler et al. (1976) study was the observation that bluntnose minnows 
(Pimephales notatus) would reproduce in Shalyer Run at copper concentrations lower than 35 -
77 µg/L, but not at higher concentrations in the creek.  The instream reproductive NOEC 
concentrations were lower than the chronic growth LOEC of 115 µg/L observed in thelaboratory 
portion of the study.  Although not a designed reproductive behavior study, this aspect of Geckler 
et al. (1976) comes closest of any of the available fish behavior studies with copper to describing 
effects on reproductive behavior. 
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Unique among all studies designed to evaluate copper effects on fish behavior is the study of 
Lorz and McPherson (1976) on coho salmon downstream migration behavior.  Coho salmon parr 
were collected from the Alsea River in Oregon, taken back into a laboratory, exposed to a series 
of copper concentrations between 5 and 30 µg/L for 165 days, then released back into the Alsea 
River, where the proportion of exposed fish who successfully completed their downstream 
migration to the Pacific Ocean was monitored.  The lowest laboratory copper concentration 
tested, 5 µg/L, resulted in a reduction in the percentage of fish that successfully completed the 
downstream migration from the control fish percentage of 90% to 70% in the exposed fish. 
Higher copper concentrations resulted in concentration related decline in the percentage of fish 
that successfully completed their outmigration.  Fish acclimated to 30 µg/L copper prior to their 
release to the river recovered some downstream migration ability, with the success percentage 
increasing from 30% in unacclimated fish to 60% successful downstream migration in the 30 
µg/L acclimated fish.  Lorz and McPherson (1976) is the only study to have exposed fish to 
copper in the laboratory, but who monitored the behavior effects of the laboratory copper 
exposure only in the field.  

Two factors, one of which was under the control of the authors, one of which was not, 
complicate the interpretation of the Lorz and McPherson (1976) results.  The authors provided no 
statistical significance tests of their results, nor did they provide the raw data that could be used 
to perform post hoc statistical tests on their findings. Therefore, it is unknown whether the 
reductions in successful outmigration observed at the lower copper concentrations were 
significantly lower than than the outmigration success of the control fish.  Second, the Alsea 
River watershed was extensively treated with 2,4-D and 2,4,5-T by the U.S. Forest Service 
during the period of the study, thus making it difficult to attribute the observed outmigration 
reductions solely to copper.  Despite these difficulties in interpretation, Lorz and McPherson 
(1976) remains one of the few behavioral studies that attemped to link laboratory exposure 
copper concentrations with adverse, ecologically significant behavioral impacts in the field. 

Field Studies 

Results of several field investigations with freshwater fish have already been discussed in the 
laboratory to field comparison section of this review (Sprague et al. 1965, Saunders and Sprague 
1967, Geckler et al. 1976, Lorz and McPherson 1976, Hartwell et al. 1987a, 1987b).  The 
remainder of this section discusses the findings of field studies on behavioral changes associated 
with elevated copper concentrations that have not been previously discussed in this review. 

Field Studies - Freshwater Fish 

Twelve studies have been identified that present information on the effects of copper on fish 
behavior during field or in situ exposures. Three of the 12 studies also report no effect 
concentrations.  A total of 20 measured copper LOEC values associated with alterations in fish 
behavior in their natural environment are available from the 12 literature citations.  Of the 20 
LOEC’s, three of the LOEC copper concentrations are lower than the hardness adjusted chronic 
copper criterion for the hardness at which the field observations were made. 
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The lowest copper concentration observed to affect fish behavior in the field was 2.0 µg/L, 
reported by Goldstein et al. (1999) in the Coeur d’Alene River, Idaho, during the spawning run of 
chinook salmon. Sixteen of 23 fish monitored chose to swam upstream a tributary with lower 
metal concentrations (North Fork Coeur d’Alene River) than a tributary with elevated metals 
(South Fork Coeur d’Alene River).  The hardness adjusted chronic copper criterion in the 
mainstem Coeur d’Alene River was 9.6 µg/L (hardness = 108 mg/L).  The proportion of fish 
choosing the less contaminated tributary was not statistically significantly elevated above the 
number of fish that chose the more contaminated tributary (P = 0.07).  Copper did not exceed 
chronic water quality criterion in the more contaminated tributary.  In the more contaminated 
tributary, however, zinc consistently exceeded the acute water quality criterion, cadmium 
occasionally exceeded acute criterion, and lead consistently exceeded the chronic criterion.  Zinc 
was discussed by the authors (Goldstein et al. 1999) as the reason for the observed avoidance. 

The Lorz and McPherson (1976) study of copper effects on downstream migration of coho 
salmon parr in the Alsea River, Oregon has been previously discussed.  The lack of statistical 
significance testing and the spraying of the watershed with 2,4-D and 2,4,5-T combine to make it 
difficult to attribute the observed reductions in downstream migration success to copper at the 
LOEC concentration of 5.0 µg/L (hardness = 78 mg/L, copper chronic criterion = 7.2 µg/L).  The 
third field study where copper at concentrations lower than the hardness normalized chronic 
criterion affected fish behavior is that of Svecevicius (1999), who observed that a mixture 
including 10 µg/L copper at 120 mg/L hardness (hardness adjusted chronic copper criterion = 
10.5 µg/L) caused adult vimba to avoid the mixture.  Svecevicius did not report the concentration 
of any other components of the mixtue, thus it is not possible to attribute the observed response 
to solely to copper. 

All other field investigations of fish behavioral responses to copper exposure did not note 
adverse effects at copper concentrations lower than the hardness adjusted chronic criterion for 
copper.  These investigations include studies with two of the ESA listed salmonids from Oregon: 
rainbow trout and chinook salmon.  Todd et al. (2007) observed reduced feeding of rainbow trout 
caged in the Snake River watershed of Colorado.  The study LOEC of 7.84 µg/L was higher than 
the hardness adjusted chronic copper criterion of 5.2 µg/L (hardness = 53 mg/L).  Todd et al. 
(2007) also observed that the cadmium and zinc concentrations both exceeded the hardness 
adjusted acute criteria for those two metals.  Mebane (1994) observed that chinook salmon 
spawning runs were interrupted in Panther Creek, Idaho at a concentration of 10 to 25 µg/L 
copper (hardness = 40 mg/L, hardness adjusted chronic copper criterion = 4.1 µg/L).  Panther 
Creek was also observed to have elevated concentrations of cobalt and arsenic, making it difficult 
to attribute the observed effects on upstream migration to any single contaminant. 

Two field studies have taken place in lakes near Sudbury, Ontario, the location of extensive 
metal mining and smelting activities.  Rajotte and Couture (2002) observed that 11.2 µg/L copper 
(hardness = 24.9 mg/L, chronic copper criterion = 2.7 µg/L) reduced the critical swimming speed 
of yellow perch (Perca flavescens) by 15%.  In addition to copper exceeding the chronic 
criterion, aluminum, cadmium and nickel also exceeded provincial water quality guidelines. 
McPherson et al. 2004 observed that 15 µg/L copper (hardness = 51 mg/L, chronic copper 
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criterion = 5.0 µg/L) caused both Iowa darter (Etheostoma exile) and Johnny darter (Etheostoma 
nigrum) failure to avoid portions of the study lakes where chemical alarm stimulus was placed in 
the lake. No effect on the response of the two darter species to chemical alarm stimulus was 
observed in a lake with 1.2 µg/L copper (hardness = 37.9 mg/L, chronic copper criterion = 3.9 
µg/L). 

Damkaer and Dey (1986) reported that Columbia River water containing 13.5 µg/L copper 
delayed the upstream migration of chinook salmon by approximately one week in a field study 
performed at John Day Dam.  Once fish resumed their upstream migration, they preferred the 
south fishway of the dam.  The fishway preferred by chinook salmon actually had marginally 
higher copper concentrations (14.8 µg/L) than the 13.5 µg/L Cu at the fishway avoided by fish. 
Observed effects were related by the authors to elevated fluoride, not copper or other measured 
inorganic and organic contaminants.  Observed preference for south fishway may be due to 
confluence of the John Day and Columbia Rivers immediately upstream of the dam, on the south 
bank of the Columbia.  Water hardness was not reported by Damkaer and Dey (1986), but typical 
mid-Columbia River water hardness as reported by the U.S. Geological Survey is in the vicinity 
of 60 mg/L, which yields a hardness adjusted chronic copper criterion of 5.2 µg/L, lower than the 
measured copper concentrations in either of the John Day Dam fishways. 

Field Studies - Marine Fish 

Only one designed study is available with marine fish where both copper concentrations and 
effects on fish behavior were reported.  Whitley and Payne (1947) tested the effectiveness of 
World War II era shark repellent, which consisted of copper acetate to repel the shark and a 
nigrosine dye to prevent the swimmer from being seen by the shark.  A concentration of 1N 
copper acetate (31,770,000 µg/L copper) successfully repelled four species of sharks in field tests 
performed in Australian waters, although it was uncertain whether the copper or the acetate anion 
was responsible for the repellent action.  This concentration is the highest reported copper 
concentration described as affecting fish behavior, and given the experimental design of the 
Whitley and Payne (1947) study, which added the shark repellent mixture to baited hooks, likely 
occurred only in the immediate vicinity of the bait.  The original shark repellent study of Burden 
(1945) reported the effectiveness of the copper acetate-nigrosine dye mixture in repelling spiny 
dogfish (Squalus acanthias), but did not report the effective waterborne copper concentration, 
possibly due to military secrecy requirements. 

Barry et al. (2000) observed that chum salmon (Oncorhynchus keta) fry abundance was 
significantly reduced near the mouth of Britannia Creek, Howe Sound, British Columbia 
compared to that of nearby reference areas.  A plume of copper-containing acid mine drainage 
from an abandoned copper mine flowing down Britannia Creek to Howe Sound was considered 
the worst point source of pollution from any mine in British Columbia during the time the study 
was performed.  The observation of reduced fry abundance was confirmed with biweekly beach 
seine surveys and water quality monitoring during the periods corresponding to fry outmigration 
in a two year period.  Barry et al. (2000) believed the most likely cause for their observations was 
that chum salmon fry avoided the copper mine drainage plume.  This conclusion was based both 
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on catch per unit effort (CPUE) statistics from the biweekly seine samples and a concurrent chum 
salmon fry mark-recapture study by Emmett (1997).  Emmett (1997) observed that no marked 
chum fry were recaptured from the mouth of Britannia Creek more than two hours after release, 
whereas marked fry released at the same reference site used by Barry et al. (2000) remained in 
the vicinity of their release for up to 11 days.  During the period of chum salmon fry 
outmigration, copper concentrations in Howe Sound immediately offshore of the mouth of 
Britannia Creek ranged between 166 - 918 µg/L. 

Laboratory Studies with Mixtures 

By definition, field studies expose fish to a mixture of contaminants.  As not all conditions and 
variables of field experiments can be controlled to the extent they can be under laboratory 
conditions, all field studies suffer to some extent an inability to determine the chemical(s) 
causing the observed effect.  Laboratory studies with contaminant mixtures are an attempt to 
identify adverse effects under exposure conditions more realistic than can be obtained by 
exposure to individual chemicals, while at the same time providing a level of control over some 
test conditions that cannot be controlled in the field. 

Freshwater Fish 

A total of eight literature citations have been found that included copper as part of a chemical 
mixture used to evaluate behavioral toxicity to fish during laboratory exposures.  All eight of the 
studies contain information that can be used to describe the lowest copper concentrations within 
the mixtures associated with adverse effects.  Additionally, three of the studies evaluated 
multiple mixture concentrations that permitted identification of both NOEC and LOEC mixture 
concentrations.  None of the mixture studies were able to explicitly identify copper (or any other 
chemical) as the specific causal factor responsible for the observed toxicity, although several 
studies attempted to make qualitative estimates of chemicals either responsible for or not 
responsible for the observed behavioral effects. 

Fifteen mixture LOEC’s and three mixture NOEC’s are available from the eight literature 
citations for which copper was a quantifiable component of the mixture.  Of the 15 mixture 
behavioral LOEC’s, two of the mixtures contained copper at concentrations lower than the 
hardness adjusted chronic copper criterion. 

Woodward et al. (1995) exposed juvenile brown trout to a series of Cu, Cd, Pb and Zn containing 
mixtures designed to simulate various dilutions of water from the Clark Fork River, Montana, a 
federal Superfund site containing elevated concentrations of mining wastes.  Measured Cu, Cd, 
Pb and Zn concentrations in the 1x mixture that most closely simulated ambient river water were 
11, 1.0, 3.1 and 54 µg/L, respectively.  Three of four avoidance metrics (total time in test water, 
percentage of time in test water, and mean duration of trip into test water. ) were significantly 
different from controls at the 0.5x dilution, which contained Cu, Cd, Pb and Zn at 6.5, 0.6, <1.7 
and 32 µg/L, respectively.  The fourth avoidance metric tested, number of trips into test water, 
was not significantly reduced until fish were exposed to a 2x dilution of Clark Fork water 
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containing Cu, Cd, Pb and Zn at 22, 2.1, 9.0 and 105 µg/L, respectively. 

A companion study to Woodward et al. (1995) was performed by Hansen et al. (1999b), who 
observed that juvenile rainbow trout spent a statistically significantly reduced time in water 
containing a mixture of Cu, Cd, Pb and Zn at concentrations of 1.6, <0.4, <1.7 and 14 µg/L, 
respectively at a pH of 8.0, simulating a 0.1x dilution of water in the Clark Fork River, Montana. 
Fish were exposed to the mixture in a steep gradient exposure chamber.  The study was 
performed at 100 mg/L hardness, at which the chronic copper criterion is 9.0 µg/L.  A somewhat 
different avoidance metric, the number of entries into the elevated copper water, was not 
significantly reduced in a 0.1x dilution, but was reduced when exposed to a 0.5x dilution 
containing 7.4 µg/L copper.  Hansen et al. (1999b) also performed avoidance studies after 
acclimating juvenile rainbow trout to the 1x mixture for 45 days, then repeated the avoidance 
studies previously performed on unacclimated fish.  After the acclimation period, fish 
significantly avoided higher metal concentrations (4x metals), and significantly preferred control 
water (0x) when the alternative (reference) water was 1x metals.  

A qualitative discussion of the presence and abundance of both brown trout and rainbow trout in 
mining impacted sections of the Clark Fork River in Hansen et al. (1999b) noted that both 
species were present in the mining impacted sections of the river, but at lower abundances than 
they were found in reference reaches of the Clark Fork River.  Rainbow trout abundances were 
more reduced than were brown trout abundances, consistent with the greater behavioral 
sensitivity of rainbow trout.  The presence of both species in the Clark Fork River at metal 
concentrations avoided in laboratory studies was attributed in part to clean water refugia from 
springs or tributaries.  Motivational preference for food or habitat in the metal impacted sections 
of the river may have also predominated over the metal avoidance behavior observed in the 
laboratory.  Although Hansen et al. (1999b) discussed several contaminants that could be 
responsible for their observations, including copper and changes in pH, they made no effort to 
attribute their findings to a single chemical. 

With the exception of the two Clark Fork River avoidance studies (Woodward et al. 1995, 
Hansen et al. 1999b), none of the other copper containing laboratory mixture studies have 
observed behavioral alterations at mixture concentrations where the copper concentration was 
lower than the hardness adjusted chronic copper criterion.  A study similar to the Woodward et 
al. (1995) and Hansen et al. (1999b) studies was performed by Woodward et al. (1997) in a 
second mining impacted river designated as a federal Superfund site, the Coeur d’Alene River in 
Idaho.  Woodward et al. (1997) assessed the avoidance behavior of cutthroat trout exposed to 
various dilutions of a 1x mixture of Coeur d’Alene River water.  Fish significantly avoided a 
mixture of 0.61 µg/L Cd, 7.1 µg/L Cu, 1.7 µg/L Pb and 68 µg/L Zn.  The study was performed at 
a hardness of 50 mg/L, for which the hardness normalized copper chronic criterion is 5.0 µg/L, 
lower than the 7.1 µg/L copper concentration within the mixture LOEC for cutthroat trout.  Zinc 
and copper were believed responsible for observed avoidance by Woodward et al. (1997). 

Finger and Bulak (1988) studied the effects of Santee River (South Carolina) water on striped 
bass. The 3.5 µg/L copper concentration in a 50% dilution of river water resulted in reduced 
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swimming activity and lethargy, while a 25% dilution of river water containing 1.75 µg/L copper 
had no effect on the activity of the fish.  At the study hardness of 25 mg/L, the chronic copper 
criterion is 2.7 µg/L, between the NOEC and LOEC of the study.  Finger and Bulak (1988) 
attributed the observed effects to organic contaminants in the river, not metals, consistent with 
the findings of Geist et al. (2007), who found no effect of copper on swimming behavior of 
juvenile striped bass at copper concentrations as high as 160 µg/L (hardness adjusted chronic 
copper criterion of 16.2 µg/L).  

The remaining four laboratory copper containing mixture studies on behavioral impacts to fish 
have all been performed with members of the family Cyprinidae, including one ESA listed 
species, the Rio Grande silvery minnow, native to northern Mexico, New Mexico and Texas. 
Buhl (2002) performed a series of studies with fathead minnow and Rio Grande silvery minnow 
that evaluated a combined mortality/behavior endpoint.  Fish responses were only given at the 
EC50 concentration, not the individual concentrations tested.  Both minnow species had nearly 
identical responses to the mixtures of copper, aluminum, ammonia, arsenic and nitrate tested. 
Impaired mobility, loss of equilibrium, and lethargy were observed in both species at 77 - 78 
µg/L copper, well in excess of the 141 mg/L hardness normalized copper chronic criterion of 12 
µg/L.  The observed behavioral responses were primarily associated with ammonia and copper, 
less associated with the other components of the mixture.  Copper concentrations in the mixture 
tested were between 3 - 4x lower than the copper concentrations (276 and 250 µg/L at a hardness 
of 141 mg/L) required to elicit adverse effects on mobility, equilibrium and lethargy when 
fathead minnows and Rio Grande silvery minnows, respectively, were exposed to only copper by 
Buhl (2002). 

As part of the combined laboratory and field investigations into fly ash associated metals by 
Hartwell et al. (1987a, 1987b), laboratory studies with fathead minnows on mixtures containing 
elevated copper, arsenic, chromium and selenium were performed.  The studies evaluated 
behavioral responses of both unacclimated and minnows acclimated to a mixture containing 26 
µg/L copper, 14 µg/L Cr, 48 µg/L As and 10 µg/L Se for 6 months prior to the behavior tests.  In 
addition to copper exceeding chronic water quality criteria, chromium and selenium 
concentrations also exceeded their respective chronic water quality criteria in the acclimation 
water.  Tests were performed in waters from the New River and tributaries, Virginia with 79 
mg/L hardness (hardness normalized copper chronic criteria = 7.3 µg/L).  Unacclimated fish 
avoided waters containing between 8.2 - 9.1 µg/L copper.  Acclimated fish avoided water 
containing 104 µg/L copper, were attracted to water containing 195 µg/L copper, and neither 
preferred or avoided water containing 156 µg/L copper. 

Several of the authors of laboratory mixture studies attributed the behavioral alterations observed 
in their studies in part to copper (Woodward et al. 1997, Buhl 2002, Hartwell et al. 1987a, 
1987b) to copper, but only at concentrations higher than the hardness adjusted chronic copper 
criterion.  While it can be concluded with reasonable certainty that copper contributes to mixture 
toxicity to fish in laboratory settings, it has yet to be definitively demonstrated that copper, when 
present at concentrations lower than hardness adjusted chronic copper criterion concentrations, is 
the primary causative agent in the mixtures studied.  The proportion of the observed toxicity 
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attributable to copper is undoubtedly affected by the composition of the mixture, the 
concentrations of other mixture components, and the concentrations of other chemicals that 
either compete with copper for biological binding and uptake sites in fish, or with chemicals that 
form complexes with copper, thus limiting or eliminating the bioavailability, and thus the 
toxicity of copper to fish. 

Marine Fish 

We were unable to find any laboratory studies of mixture effects on marine fish behavior where 
the mixture included copper. 

Effects of Copper on Behavior of Non-Salmonid Migratory Fish 

As some behaviors of anadromous salmonid species, particularly avoidance behavior in steep 
gradient exposures are adversely affected by copper concentrations near or in several cases 
slightly below the chronic copper criterion in freshwater, it appeared reasonable to evaluate 
whether the behavior of other anadromous, catadromous or amphidromous fish are as sensitive to 
copper as are some salmonid behaviors.  Information on copper effects on fish behavior is 
available for four non-salmonid anadromous species: striped bass (Morone saxatilis), striped bass 
x white bass hybrid (M. saxatilis x M. chrysops), vimba (Vimba vimba), and common smelt 
(Retropinna retropinna). Behavioral effects of copper have been studied with three catadromous 
species: barramundi (Lates calcarifer), European eel (Anguilla anguilla) and inanga (Galaxias 
maculatus). Finally, behavioral toxicity information on one amphidromous species from New 
Zealand , the common bully (Gobiomorphus cotidianus) is available. 

Svecevicius (1999) performed several studies with both juvenile and adult vimba, an anadromous 
member of the family Cyprinidae (minnows) native to Europe.  Juvenile vimba avoidance 
behavior was not affected in the laboratory by 10 µg/L copper (hardness = 248 mg/L), but 
significant avoidance was observed at 100 µg/L (copper chronic criterion = 19.5 µg/L at 248 
mg/L hardness).  A steep gradient avoidance chamber was used in this study.  Adult vimba 
exposed in the field to a mixture including 10 µg/L copper (hardness = 120 mg/L) significantly 
avoided the mixture, whose copper concentration was slightly lower than the chronic copper 
criterion at 120 mg/L hardness (10.5 µg/L copper).  The composition of the mixture was not 
given.  

Richardson et al. (2001), in a study with three migratory fish species native to New Zealand, 
found that both the anadromous common smelt (Retropinna retropinna) and the amphidromous 
common bully (Gobiomorphus cotidianus) avoided 50 µg/L copper (50 mg/L hardness, chronic 
copper criterion = 5.0 µg/L) when exposed to a steep copper concentration gradient.  The 50 
µg/L copper concentration was the only concentration tested by Richardson et al. (2001).  A 
slightly higher copper concentration of 57 µg/L elicited an avoidance response in the 
catadromous inanga (Galaxias maculatus). The study of Richardson et al. (2001), who used 
copper as a positive control for fish avoidance studies with other chemicals, is one of only two 
known examples of copper used as a positive control in avoidance studies (the study of Labenia 
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et al. 2007 with cutthroat trout is the other).  These two studies can be considered early attempts 
to standardize avoidance methodologies through the use of a reference toxicant against which 
fish behavior results for other chemicals can be compared. 

The remaining two catadromous fish species for which behavioral response information is 
available are barramundi (Lates calcarifer) and European eel (Anguilla anguilla). AWT (2002) 
made observations on barramundi behavior during a series of toxicity tests performed to measure 
the 96-hour LC50 copper concentration.  No effect on either aggression of the fish towards other 
individuals in the exposure chambers, or on the swimming or movement of the fish was observed 
at copper concentrations as high as 1412 µg/L, higher than the mean 96-hour LC50 of 340 µg/L. 
Nielsen et al. (2007) report the results of an earlier study on European eel use of refugia as 
impacted by exposure to copper.  Eels exposed to 100,000 µg/L copper avoided refugia, and left 
hiding areas if the fish initially hid in refugia after copper introduction.  The full citation for the 
original study (McGrath 1970) was not given in Nielsen et al. (2007), which makes it difficult to 
have a high level of confidence in the reported results. 

Finger and Bulak (1988) studied the effects of a mixture of chemicals found in the Santee River, 
South Carolina on striped bass swimming behavior and general activity levels.  No effect was 
observed when larval striped bass were exposed to a mixture containing 1.75 µg/L copper for 
four days, but reduced swimming activity and lethargy was observed in fish exposed to a mixture 
containing 3.5 µg/L copper.  Water hardness in both instances was 25 mg/L, yielding a hardness 
normalized chronic copper criterion of 2.7 µg/L.  The striped bass NOEC and LOEC copper 
concentrations in the mixture bracket the chronic copper criterion.  Finger and Bulak (1988) 
attributed the observed effects to organic chemicals in the mixture, not metals, although they give 
no basis for their assertion.  The attribution of Finger and Bulak (1988) that copper was not 
responsible for the observed behavioral effects is consistent with the findings of Geist et al. 
(2007), who concluded that copper concentrations in freshwater as high as 160 µg/L at a 
hardness of 200 mg/L (hardness normalized chronic copper criterion of 16.2 µg/L) had no effect 
on striped bass swimming after a seven day exposure.  

Two studies by Bielmyer and coworkers (Bielmyer et al. 2006, Bielmyer et al. 2005) evaluated 
copper effects on feeding of a striped bass x white bass hybrid in freshwater, and found reduced 
feeding at between 22 - 53 µg/L (hardness = 100 mg/L, chronic copper criterion = 9.0 µg/L), with 
recovery of feeding to normal levels in fish exposed to 22 µg/L (Bielmyer et al. 2005).  The 53 
µg/L LOEC copper concentration that reduced hybrid fish feeding in freshwater (Bielmyer et al. 
2006) was a NOEC for striped bass x white bass hybrid feeding in water of 15‰ salinity in the 
same study. 

With the possible exceptions of anadromous striped bass and vimba, where the LOEC’s of 3.5 
and 10 µg/L, respectively were found in mixture studies, the limited available information tends 
to indicate that non-salmonid migratory fish behaviors are no more sensitive to copper than are 
the behaviors of other, non-migratory non-salmonid fish species.  The studies with migratory 
non-salmonids includes a number of avoidance studies, with vimba, common smelt, inanga, and 
common bully, as well as the avoidance of refugia study with European eel.  Although the data 
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are limited, it appears that as a group, salmonid avoidance behavior may be affected at lower 
copper concentrations that are avoidance or other behaviors of migratory non-salmonid fish. 

Copper Concentrations in Pacific Northwest Surface Waters Inhabited by Salmonids 

Brooks (2004) has summarized copper concentrations fresh waters of the Pacific Northwest 
inhabited by salmonids, derived from roughly 9000 measured dissolved copper measurements 
compiled in the U.S. Geological Survey (USGS) National Water Quality Assessment Program 
(NAWQA).  Brooks (2004) defined waters inhabited by salmonids as aquatic systems in 
California, Oregon, British Columbia and Alaska (Washington data were not available in 
NAWQA at the time of his review).  A modified version of his summary is presented in Table 3, 
with some updated data and information on additional rivers relative to the original table in 
Brooks (2004).  Table 3 includes Superfund remedial investigation data from two of the most 
industrialized, salmonid inhabited rivers in the Pacific Northwest: the Willamette River at 
Portland Harbor, Oregon and the Duwamish River, Seattle, Washington.  

Brooks (2004) appears to have performed two sets of evaluations on dissolved copper 
concentrations in Pacific Northwest rivers.  First, he summarized all available data within the 
USGS database.  This evaluation is the source of most of his higher reported copper 
concentrations, including the highest single dissolved copper concentration he identified: 23 µg/L 
from the Copper River near Chitina, Alaska on May 24, 1985.  Second, he reviewed more recent 
data collected between 1996 and 2003, which did not have dissolved copper concentrations as 
high as the older data. 

Of the dissolved copper data retrieved by Brooks (2004), only 1.62% of the data collected 
between 1996 and 2003 (146 records) reported dissolved copper levels > 2.0 µg/L, the highest of 
which was 6.06 µg/L. Of the 146 instances where dissolved copper exceeded 2.0 µg/L, 63 were 
associated with the Sacramento River or its tributaries, which have been historically impacted by 
mining operations.  Brooks (2004) found only nine instances outside of California in the 1996 -
2003 dataset where dissolved copper exceeded 2.0 µg/L.  Brooks (2004) concluded these data 
suggest dissolved copper in western rivers is not a significant problem except for the Sacramento 
River, despite these rivers passing through many urban areas with significant copper inputs.  It 
does not appear as though Brooks (2004) attempted to compile data collected specifically during 
stormwater runoff events, which can be a source of elevated copper concentrations in surface 
waters. 

With respect to this Oregon Toxics BE, the most industrialized aquatic system in Oregon, 
Portland Harbor on the Willamette River in the vicinity of Portland, Oregon, has been designated 
a federal Superfund site since 2000.  The extensive monitoring data (74 samples) of the 
Willamette River at Portland Harbor during the remedial investigation / feasibility study (RI / FS) 
performed as part of the Superfund investigations has measured dissolved copper concentrations 
between 0.37 and 1.6 µg/L, with a mean of 0.7 µg/L (Lower Willamette Group 2007). 
Monitoring data from USGS collected between 2000 and 2006 yields a comparable range of 0.7 -
2.0 µg/L for dissolved copper.  Given that the water hardness in the Willamette River at Portland 
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averages between 25 - 30 mg/L, this range of copper concentrations is below the chronic criterion 
of 2.7 - 3.2 µg/L at 25 - 30 mg/L hardness. 

Salmonids appear to successfully complete both outmigrations and spawning runs in rivers 
containing naturally occurring dissolved copper concentrations in the 1 - 3 µg/L range, in which 
they may occasionally encounter concentrations higher than 3 µg/L, and historically have 
successfully completed spawning runs during periods of copper exposures elevated above these 
levels. Both sockeye and chinook salmon successfully complete their spawning runs in the 
complex Copper River, Alaska system despite exposure to copper concentrations as high as 23 
µg/L.  The maximum measured dissolved copper concentration detected in the Copper River, 
found on May 24, 1985, coincides with the peak return of chinook and the early stages of the 
sockeye runs in the Copper River (Hollowell and Taube 2005).  

That perhaps the most famous of all salmon runs in the Pacific Northwest thrives in a river with 
naturally elevated copper concentrations suggests that 1.) Naturally occurring copper 
concentrations in the 1 - 3 µg/L range, and occasionally higher, do not impair salmonid migration 
or homing, and 2.) Salmonids have the ability to acclimate from the low copper concentrations 
found in oceanic waters to the more elevated concentrations in estuarine and freshwater systems. 
One of the lowest copper concentrations observed to elicit behavioral alteration in fish, the 2.8 
µg/L copper avoided by chinook salmon (Hansen et al. 1999a), is no longer avoided (nor were 
copper conentrations up to 21 µg/L) after a 25-30 day acclimation period in 2.2 µg/L copper. 
Salmon returning from the ocean to freshwater require several days to weeks to fully reacclimate 
to freshwater (Shrimpton et al. 2005, Battram and Eddy 1990), comparable to the time required 
for chinook salmon (Hansen et al. 1999) and rainbow trout (Saucier and Astic 1991) avoidance 
responses to copper to acclimate so that low copper concentrations are no longer avoided. 
Finally, the ability of salmonids to survive in rivers with 1 - 3 µg/L or higher copper is not 
limited to Alaskan fish genotypes, as documented by successful spawning runs throughout 
Pacific Northwest rivers, including rivers through industrialized harbors in Seattle and Portland, 
or in rivers with historical mining activities such as the Sacramento River in California.  

Summary and Conclusions 

The often stated conclusion of many reviewers of behavioral toxicity is that behavioral endpoints 
are a sensitive measure of effects on aquatic life (Little and Brewer 2001, Beitinger 1990, 
Atchison et al. 1987). In contrast, this review has found that, at least for copper, the behavioral 
endpoints for which data are available, with the possible exception of avoidance behavior in 
some salmonids, are no more sensitive on the whole to adverse effects of copper to freshwater 
fish than are the reproduction and growth endpoints used by EPA to derive its national water 
quality criteria.  And even avoidance behavior in a well studied, sensitive species such as 
rainbow trout, when the variation between tests is evaluated by calculation of a species mean 
chronic value, can be shown to be protected by the existing copper chronic water quality 
criterion. 

Although individual studies have observed avoidance at copper concentrations lower than the 
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chronic criterion, on balance, the weight of evidence, where 97 of 100 LOEC’s and 122 of 125 
concentration-behavioral response pairs are higher than the chronic copper criterion, clearly 
indicates that the existing chronic copper aquatic life criterion is protective of adverse behavioral 
alterations in fish.  Copper clearly contributes to the toxicity of mixtures and to observed effects 
in field situations. To date, however, none of the laboratory mixture or field studies have 
attributed observed behavioral responses solely or primarily to copper unless the chronic criterion 
is exceeded (e.g. Buhl 2002).  In fact, several mixture and field studies (e.g. Goldstein et al. 
1999, Finger and Bulak 1988) have attributed observed toxicity to chemicals other than copper in 
the mixture. 

Acclimation to copper results in many behaviors returning to baseline conditions within a few 
hours to months, depending on the copper effects concentration.  This has direct implications for 
predicting effects on field populations, which are exposed to copper in natural waters for their 
entire lifetime, not just a few minutes or days as is the case for most laboratory behavioral tests. 
However, acclimation has yet to be systematically evaluated in behavioral studies, is rarely even 
mentioned in reviews of behavioral toxicology, with Beitinger (1990) being a notable exception. 
Specifically in avoidance studies, which are generally performed for short duration exposures 
(i.e. less than an hour), the investigators who have extended the duration of their studies past the 
exposure times of minutes required for copper to initially elicit avoidance have observed 
acclimation to copper (Woodward et al. 1997, Hansen et al. 1999a). 

Although many innovative and imaginative procedures have been developed to evaluate copper 
effects on behavior, issues with behavioral toxicity tests have to date limited their use in the 
development of environmental benchmarks, including water quality criteria.  Concentration-
response behavioral studies that demonstrate an increasing magnitude of behavioral response 
with increasing copper concentrations are rare in the literature.  Many studies exposed fish to 
only one copper concentration, and do not provide information on either the range of 
concentrations associated with behavioral changes, or a quantitative description of the magnitude 
of the response at a given concentration.  Other studies only report nominal copper 
concentrations instead of measured concentrations.  Among the studies reporting only nominal 
copper levels is the Folmar (1976) study that is the lowest LOEC observed for any behavioral 
endpoint (0.1 µg/L associated with avoidance by rainbow trout).  Exposure durations of 
behavioral tests are not standardized, and vary between 2 minutes and 988 days (Table 1).  The 
same variation in experimental methods that demonstrate the innovation that goes into many 
behavioral studies also inhibits development of standardized test methods.  The variation in 
behavioral toxicity test methods and exposure durations also conflicts with the data quality 
requirements for toxicity tests used in the derivation of EPA’s ambient water quality criteria 
(Stephan et al. 1985).  This lack of concordance with data quality requirements for criteria 
development is perhaps the primary reason behavioral toxicity test results have not been used in 
the derivation of water quality criteria. 

All reviewers of behavioral toxicity lament the lack of standardized behavioral test procedures, 
including the most recent behavioral toxicity review of which we are aware (Gerhardt 2007). 
Figure 5 of this review, which illustrates some of the exposure chambers used in avoidance 
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studies, provides a summary of just one of the areas where behavioral study design has yet to be 
standardized.   The efforts of investigators such as Labenia et al. (2007) and Richardson et al. 
(2001), who have used copper as a positive control (i.e. reference toxicant) against which the 
response of test species to other chemicals can be compared is a start towards standardizing 
behavioral tests.  Continuation of such standardization efforts should help answer questions 
regarding species sensitivity to contaminants, as well as issues regarding the reliability of the 
various experimental designs currently used in behavioral toxicity studies and the sensitivity of 
various behavioral measurement endpoints.  

But for now, the criticisms raised by Atchison et al. (1987) in their review of metal effects on 
fish behavior appear nearly as applicable today as they were 20 years ago.  Atchison et al. (1987) 
concluded that no behavioral tests have been adequately tested for overall utility in providing 
data suitable for hazard assessment or water quality criteria development.  They found no 
standard tests, a conclusion confirmed by the most recent ASTM (2007) standard for behavioral 
toxicity tests, which provides only general guidance, and explicitly states that no standardized 
behavioral test methods currently exist.  Finally, Atchison et al. (1987) concluded that no 
behavioral tests have been systematically examined to determine their replicability, 
reproducibility, sensitivity, standardizability, realism or general applicability., all of which are 
criteria by which a toxicity test can be judged.  

Previous reviews of behavioral toxicity have identified questions about the ecological relevance 
of behavioral endpoints.  Some behaviors (e.g. reductions in feeding) clearly have ecological 
relevance, whereas other behaviors such as cough response have less clearly defined relevance. 
Avoidance behavior ecological relevance may be exposure scenario or context specific.  Clear 
survival and adaptive value is gained by avoidance of copper provided avoidance thresholds are 
lower than lethal threshold concentrations.  Avoidance therefore may not be an adverese effect 
under some exposure scenarios, but instead is a behavior used by fish to minimize or eliminate 
exposure to stressors. 

Ecologically relevant behavior must be directly related to the survival, reproduction and growth 
of an individual. Before a behavior can be used in the development of environmental 
benchmarks, it should meet the criteria of Rand (1985) identified in the beginning of this review. 
The behavioral response of an organism must vary as a function of the concentration and 
exposure duration of a contaminant (Beitinger 1990).  It is not sufficient to simply demonstrate a 
given concentration of copper causes an alteration in behavior for a study to be useful in criteria 
or standard development.  Instead, the concentration-response relationship between copper levels 
and the magnitude of ecologically relevant adverse behavioral effects must be quantified. The 
lack of standardized behavioral test protocols and the limited number of concentrations tested in 
many of the existing behavioral studies combine to severely restrict the utility of behavioral 
endpoints in environmental benchmark, criteria and standard development.  Until these 
shortcomings of behavioral toxicity testing can be overcome, behavioral endpoints will remain an 
underutilized measurement endpoint in ecotoxicological research. 
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Table 1.  Copper LOEC and NOEC concentrations associated with behavioral alterations on freshwater and marine fish. 

Hardness Hardness 
Effect (mg/L as adjusted 

Concentration 3CaCO ) chronic Cu 
(ì g/L) Species Behavioral Effect Endpoint criterion (ì g/L) Citation 

0.1 Rainbow trout Avoidance of toxicant LOEC 89.5 8.1 Folmar 1976 
(Oncorhynchus 
mykiss) 

0.6 Rainbow trout No aviodance of copper NOEC 25 2.7 Hansen et al. 
(Oncorhynchus 1999a 
mykiss) 

1.0 Rainbow trout No aviodance of copper NOEC 248 19.5 Svecevicius 
(Oncorhynchus 1999 
mykiss) 

1.2 Iowa darter No effect on avoidance NOEC 37.9 3.9 McPherson et al. 
(Etheostoma exile) of chemical alarm 2004 

stimulus 

1.2 Johnny darter No effect on avoidance NOEC 37.9 3.9 McPherson et al. 
(Etheostoma of chemical alarm 2004 
nigrum) stimulus 

1.6 Chinook salmon No significant aviodance NOEC 25 2.7 Hansen et al. 
(Oncorhynchus of copper 1999a 
tshawytscha) 
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Hardness Hardness 
Effect (mg/L as adjusted 

Concentration 3CaCO ) chronic Cu 
(ì g/L) Species Behavioral Effect Endpoint criterion (ì g/L) Citation 

1.6 Rainbow trout 
(Oncorhynchus 
mykiss) 

Significant aviodance of 
copper 

LOEC 25 2.7 Hansen et al. 
1999a 

1.6 Rainbow trout Reduced time spent in LOEC 100 9.0 Hansen et al. 
(Oncorhynchus water with metal 1999b 
mykiss) mixture, pH 8 

1.75 Striped bass 
(Morone saxatilis) 

No effect on swimming 
activity 

NOEC 25 2.7 Finger and 
Bulak 1988 

1.9 Brown trout (Salmo 
trutta) 

No avoidance of Cu 
containing mixture 

NOEC 100 9.0 Woodward et al. 
1995 

1.9 Coho salmon Altered response to LOEC 120 10.5 Sandahl et al. 
(Oncorhynchus alarm substance 2007 
kisutch) 

2.0 Chinook salmon Avoided metal LOEC 108 9.6 Goldstein et al. 
(Oncorhynchus contaminated river 1999 
tshawytscha) during spawning run 

2.3 Atlantic salmon 
(Salmo salar) 

Threshold for avoidance 
of copper 

LOEC 18 2.1 Sprague 1964 

2.4 Atlantic salmon Threshold for avoidance LOEC 18 2.1 Sprague et al. 
(Salmo salar) of copper, laboratory 1965 

study 
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Hardness Hardness 
Effect (mg/L as adjusted 

Concentration 3CaCO ) chronic Cu 
(ì g/L) Species Behavioral Effect Endpoint criterion (ì g/L) Citation 

2.8 Chinook salmon 
(Oncorhynchus 
tshawytscha) 

Significant aviodance of 
copper 

LOEC 25 2.7 Hansen et al. 
1999a 

3.4 Atlantic salmon Avoidance threshold, LOEC 18 2.1 Sprague et al. 
(Salmo salar) laboratory study of 1965 

Cu-Zn mixture 

3.4 Rainbow trout Significant aviodance of LOEC 25 2.7 Hansen et al. 
(Oncorhynchus Cu after acclimation to 1999a 
mykiss) 1.5 ì g/L 

3.5 Striped bass 
(Morone saxatilis) 

Reduced swimming 
activity, lethargy 

LOEC 25 2.7 Finger and 
Bulak 1988 

4.1 Rainbow trout No effect on feeding NOEC 47 4.7 Todd et al. 2007 
(Oncorhynchus 
mykiss) 

4.6 Rainbow trout No effect on feeding NOEC 24.6 2.7 Marr et al. 1996 
(Oncorhynchus activity 
mykiss) 

5.0 Brown trout (Salmo 
trutta) 

50% reduction in critical 
swimming speed at 5ºC 

LOEC 9 1.1 Beaumont et al. 
1995 
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Hardness Hardness 
Effect (mg/L as adjusted 

Concentration 3CaCO ) chronic Cu 
(ì g/L) Species Behavioral Effect Endpoint criterion (ì g/L) Citation 

5.0 Coho salmon Reduced successful LOEC 78 7.2 Lorz and 
(Oncorhynchus downstream migration McPherson 
kisutch) by 22% 1976 

5.0 Goldfish (Carassius 
auratus) 

Avoidance of toxicant LOEC 5.4 0.7 Westlake et al. 
1974 

5.0 Goldfish (Carassius 
auratus) 

Avoidance of toxicant LOEC 5.4 0.7 Kleerekoper 
1973 

5.0 Hardhead catfish 
(Arius felis) 

No effect on frequency 
of turning behavior 

NOEC Saltwater 3.1 Steele 1983 

5.1 Brown trout (Salmo 
trutta) 

55% reduction in critical 
swimming speed 

LOEC 10.4 1.3 Beaumont et al. 
2000 

6.0 Brook trout Increased locomotion LOEC 45 4.5 Drummond et 
(Salvelinus and cough, reduced al. 1973 
fontinalis) feeding 

6.4 Lake whitefish Avoidance of toxicant LOEC 66 6.3 Brown et al. 
(Coregonus 1982 
clupeaformis) 

6.4 Coho salmon Serine avoidance LOEC 30.5 3.2 Rehnberg and 
(Oncorhynchus increased after copper Schreck 1986 
kisutch) exposure 
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6.4 Rainbow trout Avoidance, shallow and LOEC 28.4 3.1 Giattina et al. 
(Oncorhynchus steep concentration 1982 
mykiss) gradient 

6.5 Brown trout (Salmo 
trutta) 

Avoidance of Cu 
containing mixture 

LOEC 100 9.0 Woodward et al. 
1995 

7.1 Cutthroat trout Avoidance, exposed to LOEC 50 5.0 Woodward et al. 
(Oncorhynchus mixture of Cd, Cu, Pb, 1997 
clarki) Zn 

7.4 Atlantic silverside Increased swimming LOEC Saltwater 3.1 Koltes 1985 
(Menidia menidia) speed, school 

organization 

7.4 Cutthroat trout Avoidance, spent 86% of LOEC 50 5.0 Woodward et al. 
(Oncorhynchus time in water with less 1997 
clarki) Cu 

7.84 Rainbow trout Reduced feeding LOEC 53 5.2 Todd et al. 2007 
(Oncorhynchus 
mykiss) 

8.2 Fathead minnow 50% reduction in LOEC 79 7.3 Hartwell et al. 
(Pimephales residence time in 1987a 
promelas) contaminated water 
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9.0 Rainbow trout Slight reduction in LOEC 24.6 2.7 Marr et al. 1996 
(Oncorhynchus feeding activity 
mykiss) 

9.1 Fathead minnow Avoidance of Cu, Cr, As, LOEC 78 7.2 Hartwell et al. 
(Pimephales Se mixture in artificial 1987b 
promelas) stream 

10 Chinook salmon Interruption of spawning LOEC 40 4.1 Mebane 1994 
(Oncorhynchus run of wild fish 
tshawytscha) 

10 Fathead minnow Failure to respond to LOEC 18.1 2.1 Carreau and 
(Pimephales chemical alarm cues Pyle 2005 
promelas) 

10 Goldfish (Carassius 
auratus) 

Avoidance when water 
temperature = 21ºC 

LOEC 5.4 0.7 Kleerekoper et 
al. 1973 

10 Goldfish (Carassius Attraction when water LOEC 5.4 0.7 Kleerekoper et 
auratus) temperature increased to al. 1973 

21.4ºC 

10 Goldfish (Carassius Attraction or avoidance LOEC 5.4 0.7 Kleerekoper 
auratus) depending on water 1973 

temperature 
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10 Hardhead catfish 
(Arius felis) 

Decreased frequency of 
turning behavior 

LOEC Saltwater 3.1 Steele 1983 

10 Rainbow trout 34% reduction in critical LOEC 30 3.2 Waiwood and 
(Oncorhynchus swimming speed in 5 Beamish 1978 
mykiss) days 

10 Vimba (Vimba 
vimba) 

No aviodance of copper NOEC 248 19.5 Svecevicius 
1999 

10 Vimba (Vimba 
vimba) 

Significant aviodance of 
copper 

LOEC 120 10.5 Svecevicius 
1999 

10 Zebrafish (Danio 
rerio) 

Significant aviodance of 
copper 

LOEC 91 8.3 Steele et al. 
1990 

10.2 Coho salmon No effect on swimming NOEC 120 10.5 Sandahl et al. 
(Oncorhynchus speed 2007 
kisutch) 

11 Goldfish (Carassius Attraction and LOEC 5.4 0.7 Kleerekoper et 
auratus) orientation to Cu in al. 1972 

shallow gradient 

11 Goldfish (Carassius Increased distance swum LOEC 5.4 0.7 Kleerekoper 
auratus) in upstream direction, 1973 

attraction 
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11 Rainbow trout Decreased movement LOEC 100 9.0 Hansen et al. 
(Oncorhynchus into water with metal 1999b 
mykiss) mixture, pH 7 

11.2 Yellow perch (Perca 
flavescens) 

Reduced critical 
swimming speed by 15% 

LOEC 24.9 2.7 Rajotte and 
Couture 2002 

12.7 Carp (Cyprinus 
carpio) 

Increased food 
consumption 

LOEC 85 7.8 De Boeck et al. 
1997 

13.18 Rainbow trout No effect on competitive NOEC 120 10.5 Sloman et al. 
(Oncorhynchus ability, social hierarchy 2003 
mykiss) 

13.5 Chinook salmon Delayed upstream LOEC 60 5.8 Damkaer and 
(Oncorhynchus migration by roughly one Dey 1986 
tshawytscha) week 

14.5 Golden shiner Threshold for copper NOEC 72.2 6.8 Hartwell et al. 
(Notemigonus avoidance 1989 
crysoleucas) 

15 Iowa darter Failure to avoid areas LOEC 51 5.0 McPherson et al. 
(Etheostoma exile) with chemical alarm 2004 

stimulus 
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15 Johnny darter Failure to avoid areas LOEC 51 5.0 McPherson et al. 
(Etheostoma with chemical alarm 2004 
nigrum) stimulus 

15.4 Atlantic salmon Avoidance threshold, LOEC 20 2.3 Saunders and 
(Salmo salar) reduction in upstream Sprague 1967 

migration 

16 Streaked prochilod 
(Prochilodus scrofa) 

Hyperactivity LOEC 24 2.6 Mazon and 
Fernandes 1999 

16.6 Colorado Inhibition of fright LOEC 117 10.2 Beyers and 
pikeminnow 
(Ptychocheilus 
lucius) 

reaction Farmer 2001 

16.8 Atlantic salmon Threshold for avoidance LOEC 20 2.3 Sprague et al. 
(Salmo salar) of copper, field 1965 

observations 

16.8 Coho salmon 59% reduction in LOEC 120 10.5 Sandahl et al. 
(Oncorhynchus swimming speed, 2007 
kisutch) lethargy 

17.4 Brook trout No effect on alevin NOEC 45 4.5 McKim and 
(Salvelinus activity Benoit 1971 
fontinalis) 
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18.1 Brown trout (Salmo 
trutta) 

Attraction to elevated Cu LOEC 15.8 1.9 Baldigo and 
Baudanza 2001 

19.5 Fathead minnow Avoidance of Cu, Cr, As, LOEC 100.3 9.0 Hartwell et al. 
(Pimephales Se mixture in a natural 1987b 
promelas) stream 

20 Atlantic salmon Unwillingness to feed, LOEC 7.8 1.0 Grande 1967 
(Salmo salar) altered movements when 

disturbed 

20 Rainbow trout Frequent activity change, LOEC 60.9 5.9 Saucier and 
(Oncorhynchus lost preference for native Astic 1995 
mykiss) water 

21 Chinook salmon Failed to avoid elevated NOEC 25 2.7 Hansen et al. 
(Oncorhynchus Cu after acclimation to 1999a 
tshawytscha) 2.2 ì g/L 

22 Brown trout (Salmo 
trutta) 

Avoidance of Cu 
containing mixture 

LOEC 100 9.0 Woodward et al. 
1995 

22 Rainbow trout Reduced preference for LOEC 64 6.1 Saucier et al. 
(Oncorhynchus rearing waters 1991 
mykiss) 
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22 Striped bass Reduced feeding for 2 LOEC 100 9.0 Bielmyer et al. 
(Morone chrysops x weeks, followed by 2005 
M. saxatilis) recovery 

25 Rainbow trout 24.4% reduction in LOEC 250 19.6 Petrauskiene 
(Oncorhynchus swimming activity after 1999 
mykiss) one month 

25 Roach (Rutilus Significant avoidance to LOEC 120 10.5 Svecevicius 
rutilus) Cu, Zn, Ni, Cr, Fe 1999 

mixture 

25 Threespine 
stickleback 

Significant avoidance to 
Cu, Zn, Ni, Cr, Fe 

LOEC 120 10.5 Svecevicius 
1999 

(Gasterosteus 
aculeatus) 

mixture 

26 Golden shiner Threshold for copper LOEC 72.2 6.8 Hartwell et al. 
(Notemigonus avoidance 1989 
crysoleucas) 

29.1 Rainbow trout No effect on dominance NOEC 120 10.5 Sloman et al. 
(Oncorhynchus hierarchy 2002 
mykiss) 

30 Atlantic salmon 
(Salmo salar) 

No effect on thermal 
preference 

NOEC Not given <29.3 Peterson 1976 
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30 Rainbow trout Less aggression during LOEC 120 10.5 Sloman et al. 
(Oncorhynchus dominance establishment 2003 
mykiss) 

30.69 Rainbow trout No effect on social NOEC 120 10.5 Sloman et al. 
(Oncorhynchus hierarchy or feeding by 2002 
mykiss) dominant 

31 Bluegill (Lepomis Decline in prey captured, LOEC 157 13.2 Sandheinrich 
macrochirus) increased prey handling and Atchison 

time 1989 

32.5 Brook trout Reduced activity of LOEC 45 4.5 McKim and 
(Salvelinus alevins Benoit 1971 
fontinalis) 

34 Bluegill (Lepomis Higher rates of LOEC 273.3 21.1 Henry and 
macrochirus) aggression, fin flicks, Atchison 1986 

other movements 

35 Carp (Cyprinus 
carpio) 

No effect on food 
consumption 

NOEC 85 7.8 De Boeck et al. 
1997 

39 European perch 
(Perca fluviatilis) 

No effect on feeding rate 
and prey capture 

NOEC 194 15.8 Collvin 1985 
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40 Bluegill (Lepomis 33% drop in locomotor LOEC 119 10.4 Ellgaard and 
macrochirus) activity, response dose Guillot 1988 

dependent 

40 Cutthroat trout 
(Oncorhynchus 
clarki) 

Significant avoidance of 
copper 

LOEC Saltwater 3.1 Labenia et al. 
2007 

40 Green swordtail No effect on feeding rate NOEC 304 23.2 James et al. 
(Xiphophorus within 140 days 2003 
helleri) 

40 Lake whitefish No effect on copper NOEC 90 8.2 Scherer and 
(Coregonus avoidance in shaded McNicol 1998 
clupeaformis) water 

40 Rainbow trout No effect on mean NOEC 60.9 5.9 Saucier and 
(Oncorhynchus duration of swimming Astic 1995 
mykiss) 

40.4 Brown trout (Salmo 
trutta) 

Avoidance of elevated 
Cu 

NOEC 15.8 1.9 Baldigo and 
Baudanza 2001 

44 Atlantic salmon 
(Salmo salar) 

Depressed preference for 
native hatchery water 

LOEC 21 2.4 Sutterlin and 
Gray 1973 
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44 Chinook salmon Failure to avoid elevated LOEC 25 2.7 Hansen et al. 
(Oncorhynchus Cu levels 1999a 
tshawytscha) 

47 Rainbow trout Avoided mixture after 45 LOEC 100 9.0 Hansen et al. 
(Oncorhynchus day exposure to elevated 1999b 
mykiss) metals 

48 Largemouth bass Hyperactivity in 60% of LOEC Not given <29.3 Morgan 1979 
(Micropterus fish tested 
salmoides) 

50 Channel catfish Altered orientation and LOEC 5.4 0.7 Timms et al. 
(Ictalurus locomotor tracks to face 1972 
punctatus) source 

50 Channel catfish Preference for Cu, LOEC 5.4 0.7 Kleerekoper 
(Ictalurus increased turns and 1973 
punctatus) distance swum 

50 Common bully Statistically significant LOEC 50 5.0 Richardson et al. 
(Gobiomorphus avoidance of copper 2001 
cotidianus) 

50 Common smelt Statistically significant LOEC 50 5.0 Richardson et al. 
(Retropinna avoidance of copper 2001 
retropinna) 
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50 Goldfish (Carassius Altered orientation and LOEC 5.4 0.7 Timms et al. 
auratus) locomotor tracks to face 1972 

source 

50 Goldfish (Carassius Weak attraction to LOEC 5.4 0.7 Kleerekoper 
auratus) steeper Cu gradient, 1973 

increased turns 

50 Green sunfish Attracted to Cu, LOEC 5.4 0.7 Kleerekoper 
(Lepomis cyanellus) increased turn frequency 1973 

and total activity 

50 Hardhead catfish 
(Arius felis) 

No effect on activity or 
normal diel activity cycle 

NOEC Saltwater 3.1 Steele 1989 

50 Largemouth bass Altered orientation and NOEC 5.4 0.7 Timms et al. 
(Micropterus locomotor tracks to face 1972 
salmoides) source 

50 Largemouth bass No preference for or NOEC 5.4 0.7 Kleerekoper 
(Micropterus avoidance of copper 1973 
salmoides) 

50 Rainbow trout 
(Oncorhynchus 
mykiss) 

Significant aviodance of 
copper 

LOEC 248 19.5 Svecevicius 
1999 
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50 White sucker Attraction to Cu, LOEC 5.4 0.7 Kleerekoper 
(Catostomus hyperactivity, change in 1973 
commersoni) path swum 

50.8 Carp (Cyprinus 
carpio) 

64% decline in food 
consumption, lethargy 

LOEC 85 7.8 De Boeck et al. 
1997 

53 Striped bass Reduced feeding during LOEC 100 9.0 Bielmyer et al. 
(Morone chrysops x first two weeks exposure 2006 
M. saxatilis) 

53 Striped bass No effect on feeding NOEC Saltwater 3.1 Bielmyer et al. 
(Morone chrysops x 2006 
M. saxatilis) 

55 European perch 
(Perca fluviatilis) 

Hyperactivity for first 2 
to 5 days of exposure 

LOEC 194 15.8 Collvin 1985 

57 Inanga (Galaxias 
maculatus) 

Statistically significant 
avoidance of copper 

LOEC 50 5.0 Richardson et al. 
2001 

60 Mozambique tilapia Altered thermal LOEC 64.1 6.1 Welch et al. 
(Oreochromis preference behavior 1989 
mossambicus) 

63.5 Carp (Cyprinus 
carpio) 

Decrease in feeding and 
attempts to taste prey 

LOEC Not given <29.3 Kasumyan and 
Morsi 1998 
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64.8 Carp (Cyprinus 31% reduction in critical LOEC 250 19.6 De Boeck et al. 
carpio) swimming speed in 12 2006 

hours 

64.8 Goldfish (Carassius 13% reduction in critical LOEC 250 19.6 De Boeck et al. 
auratus) swimming speed in 12 2006 

hours 

64.8 Rainbow trout 48% reduction in critical LOEC 250 19.6 De Boeck et al. 
(Oncorhynchus swimming speed in 24 2006 
mykiss) hours 

68.35 Zebrafish (Danio 
rerio) 

25% reduction in ability 
to orient to water current 

LOEC 32.7 3.4 Johnson et al. 
2007 

70 Coho salmon Reduction in feeding LOEC 280 21.6 Buckley et al. 
(Oncorhynchus 1982 
kisutch) 

70 Rainbow trout Avoidance of Cu LOEC 112.4 9.9 Birge et al. 1993 
(Oncorhynchus 
mykiss) 

70.2 Brown trout (Salmo 
trutta) 

Avoidance of elevated 
Cu 

LOEC 15.8 1.9 Baldigo and 
Baudanza 2001 
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72 Lake whitefish Copper avoidance in LOEC 90 8.2 Scherer and 
(Coregonus shaded water McNicol 1998 
clupeaformis) 

73.7 Rainbow trout Increased feeding, poorer LOEC 140 11.9 McGeer et al. 
(Oncorhynchus critical swimming 2000 
mykiss) performance 

74 Rainbow trout Avoidance of copper LOEC 112.4 9.9 Black and Birge 
(Oncorhynchus 1980 
mykiss) 

75 Rainbow trout Suppression of appetite LOEC 365 27.1 Lett et al. 1976 
(Oncorhynchus 
mykiss) 

77 Fathead minnow Impaired mobility, loss LOEC 141 12.0 Buhl 2002 
(Pimephales of equilibrium, lethargy 
promelas) 

78 Fathead minnow Attracted to mixture of LOEC 79 7.3 Hartwell et al. 
(Pimephales Cu, Cr, As and Se 1987a 
promelas) 

78 Rio Grande silvery Impaired mobility, loss LOEC 141 12.0 Buhl 2002 
minnow 
(Hybognathus 

of equilibrium, lethargy 

amarus) 
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80 Green swordtail Statistically significant LOEC 304 23.2 James et al. 
(Xiphophorus reduction in feeding rate 2003 
helleri) 

81 European perch 
(Perca fluviatilis) 

Feeding rate and prey 
capture depressed 

LOEC 194 15.8 Collvin 1985 

100 Atlantic croaker Altered angular LOEC Saltwater 3.1 Scarfe et al. 
(Micropogon orientation to Cu source, 1982 
undulatus) hypoactivity 

100 Goldfish (Carassius Both hyper- and LOEC 5.4 0.7 Kleerekoper 
auratus) hypoactivity, 1973 

inconsistent results 

100 Hardhead catfish 
(Arius felis) 

Hyperactive, eliminated 
normal diel activity cycle 

LOEC Saltwater 3.1 Steele 1989 

100 Hardhead catfish 
(Arius felis) 

Hyperactivity, altered 
angular orientation 

LOEC Saltwater 3.1 Steele 1985 

100 Hardhead catfish 
(Arius felis) 

Hyperactivity, altered 
angular orientation 

LOEC Saltwater 3.1 Scarfe et al. 
1982 

100 Pinfish (Lagodon 
rhomboides) 

Altered angular 
orientation to Cu source 

LOEC Saltwater 3.1 Scarfe et al. 
1982 
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100 Rainbow trout 
(Oncorhynchus 
mykiss) 

Significant preference of 
copper, pre-exposure to 
Cu 

LOEC 248 19.5 Svecevicius 
1999 

100 Sheepshead porgy Hyperactivity, increased LOEC Saltwater 3.1 Scarfe et al. 
(Archosargus swimming speed 1982 
probatocephalus) 

100 Sheepshead porgy Hyperactivity, altered LOEC Saltwater 3.1 Steele 1985 
(Archosargus angular orientation 
probatocephalus) 

100 Threespine Reduced mobility and NOEC 367 27.2 Sanchez et al. 
stickleback 
(Gasterosteus 
aculeatus) 

feeding 2005 

100 Vimba (Vimba 
vimba) 

Significant aviodance of 
copper 

LOEC 248 19.5 Svecevicius 
1999 

104 Fathead minnow Mild avoidance of LOEC 79 7.3 Hartwell et al. 
(Pimephales mixture of Cu, Cr, As 1987a 
promelas) and Se 

120 Bluntnose minnow Avoidance, exposure LOEC 200 16.2 Geckler et al. 
(Pimephales limited by moving to low 1976 
notatus) Cu areas 
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120 Fantail darter Avoidance, exposure LOEC 200 16.2 Geckler et al. 
(Etheostoma limited by moving to low 1976 
flabellare) Cu areas 

120 Rainbow darter Avoidance, exposure LOEC 200 16.2 Geckler et al. 
(Etheostoma limited by moving to low 1976 
caeruleum) Cu areas 

120 Stoneroller Avoidance, exposure LOEC 200 16.2 Geckler et al. 
(Campostoma limited by moving to low 1976 
anomalum) Cu areas 

120 Striped shiner Avoidance, exposure LOEC 200 16.2 Geckler et al. 
(Notropis limited by moving to low 1976 
chrysocephalus) Cu areas 

125 Common dace Significant avoidance to LOEC 120 10.5 Svecevicius 
(Leuciscus Cu, Zn, Ni, Cr, Fe 1999 
leuciscus) mixture 

139 Guppy (Poecilia Increased swimming LOEC 124 10.8 Anderson and 
reticulata) activity, gulping at Weber 1975. 

surface 

150 Fathead minnow 12% reduction in critical LOEC 170 14.1 Kolok et al. 
(Pimephales swimming speed 2002 
promelas) 
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150 Nile tilapia Hyperactivity, reduced LOEC Not given <29.3 Ali et al. 2003 
(Oreochromis exploratory activity, then 
niloticus) lethargy 

156 Fathead minnow No avoidance of or NOEC 79 7.3 Hartwell et al. 
(Pimephales preference to mixture of 1987a 
promelas) Cu, Cr, As, Se 

160 Striped bass 
(Morone saxatilis) 

No effect on swimming 
behavior in 7 days 

NOEC 200 16.2 Geist et al. 2007 

166 Chum salmon Avoidance of copper LOEC Saltwater 3.1 Barry et al. 2000 
(Oncorhynchus mine drainage plume by 
keta) outmigrating fry 

173 Bull trout No effect on feeding NOEC 220 17.6 Hansen et al. 
(Salvelinus activity 2002 
confluentus) 

180 Rainbow trout Failure to avoid elevated LOEC 25 2.7 Hansen et al. 
(Oncorhynchus Cu levels 1999a 
mykiss) 

195 Fathead minnow Mild attraction to LOEC 79 7.3 Hartwell et al. 
(Pimephales mixture of Cu, Cr, As 1987a 
promelas) and Se 
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200 Carp (Cyprinus 
carpio) 

20 - 67% reduction in 
feeding activity 

LOEC 178 14.7 Jezierska et al. 
2006 

200 Tambaqui Reduced swimming LOEC Not given <29.3 Garcia et al. 
(Colossoma speed, lethargy 2004 
macropomum) 

200 Threespine Reduced mobility and LOEC 367 27.2 Sanchez et al. 
stickleback 
(Gasterosteus 
aculeatus) 

feeding 2005 

250 Rio Grande silvery Impaired mobility, loss LOEC 141 12.0 Buhl 2002 
minnow 
(Hybognathus 

of equilibrium, lethargy 

amarus) 

276 Fathead minnow Impaired mobility, loss LOEC 141 12.0 Buhl 2002 
(Pimephales of equilibrium, lethargy 
promelas) 

290 Blue tilapia Convulsions, lethargy, LOEC 7 0.92 Straus 2003 
(Oreochromis loss of equilibrium 
aureus) 

334 Rainbow trout Attracted to copper LOEC 28.4 3.1 Giattina et al. 
(Oncorhynchus 1982 
mykiss) 

June 2008 DRAFT - DO NOT CITE Page 89 of  104 



Hardness Hardness 
Effect (mg/L as adjusted 

Concentration 3CaCO ) chronic Cu 
(ì g/L) Species Behavioral Effect Endpoint criterion (ì g/L) Citation 

390 Fathead minnow Avoidance of Cu, Cr, As, NOEC 67.5 6.4 Hartwell et al. 
(Pimephales Se mixture in an artificial 1987b 
promelas) stream 

400 Atlantic cod (Gadus 
morhua) 

Increased activity 
relative to control 

LOEC Saltwater 3.1 Larsen et al. 
1997 

400 Banded gourami 
(Colisa fasciatus) 

Erratic swimming 
behavior, restlessness 

LOEC 50 5.0 Pande and 
Shukla 1992 

400 Striped dwarf catfish 
(Mystus vittatus) 

Erratic swimming 
behavior, restlessness 

LOEC 50 5.0 Pande and 
Shukla 1992 

460 Rainbow trout Attraction to copper LOEC 112 9.9 Black and Birge 
(Oncorhynchus 1980 
mykiss) 

500 European perch Significant avoidance to LOEC 120 10.5 Svecevicius 
(Perca fluviatilis) Cu, Zn, Ni, Cr, Fe 1999 

mixture 

500 Guppy (Poecilia Slowed swimming speed, LOEC 18 2.1 Khunyakari et 
reticulata) increased fin movement, al. 2001 

respiratory distress 

500 Mummichog Ability to swim out of NOEC Saltwater 3.1 Gardner and 
(Fundulus egg casing LaRoche 1973 
heteroclitus) 
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500 Rainbow trout Reduced feeding LOEC 122 10.6 Pedder and 
(Oncorhynchus Maly 1985 
mykiss) 

560 Winter flounder Loss of coordination, LOEC Saltwater 3.1 Baker 1969 
(Pseudopleuronectes jerky, spontaneous 
americanus) movement 

660 Bluegill (Lepomis No effect on NOEC 112.4 9.9 Black and Birge 
macrochirus) avoidance/preference 1980 

response 

670 Mummichog No effect on prey capture NOEC Saltwater 3.1 Sue 2003 
(Fundulus efficiency 
heteroclitus) 

750 Rainbow trout Initial attraction, then LOEC 122 10.6 Pedder and 
(Oncorhynchus avoidance, then no Maly 1985 
mykiss) preference 

770 Rainbow trout Attraction to Cu NOEC 112.4 9.9 Birge et al. 1993 
(Oncorhynchus 
mykiss) 

770 Rainbow trout No effect on NOEC 112.4 9.9 Black and Birge 
(Oncorhynchus avoidance/preference 1980 
mykiss) response 
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780 Fathead minnow Avoidance of Cu, Cr, As, NOEC 141.3 12.0 Hartwell et al. 
(Pimephales Se mixture in a natural 1987b 
promelas) stream 

1000 Mummichog Fry could not gain LOEC Saltwater 3.1 Gardner and 
(Fundulus complete freedom from LaRoche 1973 
heteroclitus) egg casings 

1300 Bluegill (Lepomis 
macrochirus) 

No effect on burst 
swimming 

NOEC 273.3 21.1 Henry and 
Atchison 1986 

1300 Bluegill (Lepomis Increased chafing, LOEC 273.3 21.1 Henry and 
macrochirus) rubbing against Atchison 1986 

inanimate objects 

1412 Barramundi (Lates 
calcarifer) 

No effect on aggression 
or movement 

NOEC 158 13.2 AWT 2002 

1588 Lake whitefish Attracted to copper LOEC 66 6.3 Brown et al. 
(Coregonus 1982 
clupeaformis) 

1710 Bluegill (Lepomis No effect on ability to NOEC 157 13.2 Sandheinrich 
macrochirus) visually locate prey and Atchison 

1989 
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Hardness Hardness 
Effect (mg/L as adjusted 

Concentration 3CaCO ) chronic Cu 
(ì g/L) Species Behavioral Effect Endpoint criterion (ì g/L) Citation 

2000 Mummichog 50% reduction in prey LOEC Saltwater 3.1 Sue 2003 
(Fundulus capture efficiency 
heteroclitus) 

4000 Freshwater minnow Initial avoidance, LOEC Not given <29.3 Ishio 1965 
(Zacco platypus) followed by attraction to 

copper 

4560 Rainbow trout Attraction to copper LOEC 112.4 9.9 Black and Birge 
(Oncorhynchus 1980 
mykiss) 

4600 Rainbow trout Attraction to Cu LOEC 112.4 9.9 Birge et al. 1993 
(Oncorhynchus 
mykiss) 

8480 Bluegill (Lepomis 
macrochirus) 

Attraction to Cu LOEC 112.4 9.9 Black and Birge 
1980 

8500 Bluegill (Lepomis 
macrochirus) 

Attraction to Cu LOEC 112.4 9.9 Birge et al. 1993 

10,000 Hawaiian flagtail No effect on avoidance, NOEC Saltwater 3.1 Hiatt et al. 1953 
(Kuhlia swimming or schooling 
sandvicensis) 
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Hardness Hardness 
Effect (mg/L as adjusted 

Concentration 3CaCO ) chronic Cu 
(ì g/L) Species Behavioral Effect Endpoint criterion (ì g/L) Citation 

20,000 Hawaiian flagtail Avoidance, altered LOEC Saltwater 3.1 Hiatt et al. 1953 
(Kuhlia swimming, school 
sandvicensis) dispersal 

31,770 Ten-spined 
stickleback 
(Pungitius 
pungitius) 

Attraction to 0.001 N Cu, 
lethargy 

LOEC Not given <29.3 Jones 1947 

100,000 European eel 
(Anguilla anguilla) 

Avoidance of refugia, 
left hiding areas 

LOEC Not given <29.3 Nielsen et al. 
2007 

100,000 Green sunfish 
(Lepomis cyanellus) 

No effect on avoidance 
behavior 

NOEC 180 14.8 Summerfelt and 
Lewis 1967 

128,000 Stinging catfish Loss of rheotaxis EC50 LOEC Not given <29.3 Kumar 1994 
(Heteropneustes (reduced swimming 
fossilis) ability) 

158,850 Eurasian minnow Initial hyperactivity, then LOEC 2.4 0.4 Carpenter 1927 
(Phoxinus phoxinus) hypoactivity, loss of 

equilibrium 

3,177,000 Ten-spined Avoidance of 0.1 N LOEC Not given <29.3 Jones 1947 
stickleback 
(Pungitius 
pungitius) 

copper sulfate 
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Hardness Hardness 
Effect (mg/L as adjusted 

Concentration 3CaCO ) chronic Cu 
(ì g/L) Species Behavioral Effect Endpoint criterion (ì g/L) Citation 

31,770,000 Spinner shark Avoidance of Cu treated LOEC Saltwater 3.1 Whitley and 
(Carcharhinus water and food Payne 1947 
brevipinna) 

31,770,000 Sandbar shark Avoidance of Cu treated LOEC Saltwater 3.1 Whitley and 
(Carcharhinus water and food Payne 1947 
plumbeus) 

31,770,000 Tiger shark 
(Galeocerdo cuvier) 

Avoidance of Cu treated 
water and food 

LOEC Saltwater 3.1 Whitley and 
Payne 1947 

31,770,000 Nervous shark Avoidance of Cu treated LOEC Saltwater 3.1 Whitley and 
(Carcharhinus water and food Payne 1947 
cautus) 
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Table 2.  Copper concentrations at which acclimation to or recovery from adverse behavioral effects of copper occurs. 

Acclimation 
Measured Acclimation concentration 

LOEC concentration normalized to 100 
(µg/L) (ì g/L) mg/L hardness Species Acclimation or recovery response Citation 

3.4 1.5 4.9 Rainbow trout 
(Oncorhynchus mykiss) 

After 25-30 days acclimation to 1.5 
µg/L Cu, fish no longer avoided 1.6 
µg/L Cu, avoidance LOEC became 3.4 
µg/L 

Hansen et al. 
1999a 

2.8 2.2 7.2 Chinook salmon 
(Oncorhynchus 
tshawytscha) 

After 25-30 days acclimation to 2.2 
µg/L Cu, fish no longer avoided up to 
21 µg/L Cu 

Hansen et al. 
1999a 

25 25 11.4 Rainbow trout No difference in swimming from Petrauskiene 
(Oncorhynchus mykiss) controls after 2 months 1999 

6.0 6.0 11.9 Brook trout (Salvelinus Rapid recovery of feeding to normal in Drummond et 
fontinalis) one day at 6 ì g/L. al. 1973 

7.4 7.4 13.4 Cutthroat trout 
(Oncorhynchus clarki) 

No longer avoided 7.4 ì g/L after 90 day 
exposure 

Woodward et 
al. 1997 

12.7 12.7 14.6 Carp (Cyprinus carpio) Food consumption returned to control De Boeck et 
levels within 21 days al. 1997 

22 22 22.0 Striped bass (Morone Reduced feeding for 2 weeks, followed Bielmyer et 
chrysops x M. saxatilis) by recovery al. 2005 

6.0 12.0 23.7 Brook trout (Salvelinus 
fontinalis) 

Locomotor activity recovered to normal 
in 3 days at 12 ì g/L, sluggish recovery 
of feeding in 2 weeks at 12 ì g/L 

Drummond et 
al. 1973 

34 57 24.1 Bluegill (Lepomis Some behaviors returned to normal (e.g. Henry and 
macrochirus) fin flicks) after 4 days Atchison 1986 
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Acclimation 
Measured Acclimation concentration 

LOEC concentration normalized to 100 
(µg/L) (ì g/L) mg/L hardness Species Acclimation or recovery response Citation 

75 75 24.8 Rainbow trout 
(Oncorhynchus mykiss) 

Food intake gradually recovered to 
control levels, with recovery rate 
dependent on copper concentration and 
ration level 

Lett et al. 
1976 

10 10 28.0 Rainbow trout Critical swimming speed recovered to Waiwood and 
(Oncorhynchus mykiss) normal in 10 days Beamish 1978 

16.6 33 28.9 Colorado pikeminnow Adaptation, recovery of fright response Beyers and 
(Ptychocheilus lucius) ability Farmer 2001 

70 70 29.0 Coho salmon Appetite recovered to control level in 2 Buckley et al. 
(Oncorhynchus kisutch) weeks at 70 ì g/L, 4 weeks at 140 ì g/L 1982 

64.8 64.8 29.6 Carp (Cyprinus carpio) Recovery to within 10% of control De Boeck et 
critical swimming speed within 3 days al. 2006 

64.8 64.8 29.6 Goldfish (Carassius Recovery to control critical swimming De Boeck et 
auratus) speed within 24 hours al. 2006 

64.8 64.8 29.6 Rainbow trout Recovery to control critical swimming De Boeck et 
(Oncorhynchus mykiss) speed within 28 days al. 2006 

20 20 30.6 Rainbow trout Fish recovered olfactory discrimination Saucier and 
(Oncorhynchus mykiss) ability after 2 weeks in clean water. Astic 1995 

55 55 31.2 European perch (Perca Return to control activity levels after 5 Collvin 1985 
fluviatilis) days 

22 22 32.2 Rainbow trout 
(Oncorhynchus mykiss) 

Recovered ability to prefer water in 
which fish were reared within 2 weeks 
(alevins) to 10 weeks (embryos) 

Saucier et al. 
1991 
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Measured 
LOEC 
(µg/L) 

Acclimation 
concentration 

(ì g/L) 

Acclimation 
concentration 

normalized to 100 
mg/L hardness Species Acclimation or recovery response Citation 

40 40 34.5 Bluegill (Lepomis 
macrochirus) 

Evidence that reduction in locomotor 
activity decreased for 4-6 days, then 
plateaued and possibly started to 
recover to control levels at lowest 0.04 
ppm exposure concentration. 

Ellgaard and 
Guillot 1988 

150 150 45.9* Nile tilapia (Oreochromis 
niloticus) 

Fish mobility and feeding returned to 
control levels within 24 hours of initial 
exposure. 

Ali et al. 2003 

73.7 73.7 55.3 Rainbow trout 
(Oncorhynchus mykiss) 

A pattern of disturbance, recovery and 
stabilization of critical swimming speed 
observed during the study attributed to 
acclimation, which came at in increased 
physiological cost 

McGeer et al. 
2000 

50.8 50.8 58.4 Carp (Cyprinus carpio) Food consumption returned to control 
levels within 21 days 

De Boeck et 
al. 1997 

20 20 176.9 Atlantic salmon (Salmo 
salar) 

Some acclimation to lower Cu 
concentrations resulting in recovery in 
feeding and normal movements from 
observed effects occurred by the end of 
the 21 day exposure period. 

Grande 1967 

* - Water hardness not given in Ali et al. (2003), hardness for calculation purposes assumed to be 400 mg/L, highest hardness at which 
EPA hardness adjustment is recommended for use. 
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Table 3.  Summary of dissolved copper concentrations in salmon producing rivers of the Pacific Northwest (modified from 
Brooks 2004). 

River Dissolved copper (µg/L) Hardness (mg/L as 
3CaCO ) 

Hardness normalized chronic 
copper criterion (µg/L) 

Sacramento River, California <11.5, 1.6 - 2.6 at West 
Sacramento 

68 6.4 

Columbia River, Washington - Oregon <3.0, generally 1.8 - 2.2 60 5.8 

Willamette River, Oregon 0.37 - 1.6 (RI/FS)* 
0.7 - 2.0 (NAWQA)† 

28 3.0 

Alsea River, Oregon <1 - 3, mean <2.1 19 2.2 

John Day River, Oregon 1 - 6 97 8.7 

Duwamish River, Washington 0.384 - 1.54 Estuarine 3.1 (marine chronic) 

Copper River, Alaska <23, mean 6.4 82 7.6 

Pacific Ocean 0.3 - 0.5 Saltwater 3.1 (marine chronic) 

* - From Round 2 Data Report, Portland Harbor RI/FS 
† - From USGS NAWQA database, Water Years 2000 - 2006 
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Figure 1.  Lowest observed effect concentrations (LOEC) and no observed effect concentrations of copper associated with 
behavioral responses of freshwater and marine fish. 
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Figure 2.  Lowest observed effect concentrations for copper effects on freshwater fish behavior, laboratory exposure to copper 
only, sorted by type of behavioral effect. 
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Figure 3.  Comparison of behavioral effects on freshwater fish from copper only LOEC exposures to reproduction and growth 
no effect concentrations for freshwater species.  All concentrations normalized to 100 mg/L hardness. 
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Figure 4.  Comparison of behavioral effects on marine fish from copper only LOEC exposures to reproduction and growth no 
effect concentrations for marine species.  
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Figure 5.  Examples of the variety of exposure systems used in avoidance studies (Nielsen et al. 2007). 
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Executive Summary 

Dissolved copper (dCu) is a ubiquitous surface water pollutant that causes a range of 
adverse effects in fish as well as in aquatic invertebrates and algae. This technical memorandum 
is a summary and targeted synthesis regarding sensory effects to juvenile salmonids from low-
level exposures to dCu. As such, the material presented here serves to summarize scientific 
research on dCu and its impacts on salmonid sensory systems.  In addition, this document 
provides a benchmark analysis of empirical data generated in recent National Marine Fisheries 
Service investigations that have focused on salmon olfactory function.  The review section, 
Appendix A, discusses peer reviewed and gray literature on the effects of dCu on salmonid 
sensory systems, associated sensory-mediated behaviors, and physiology.  It is intended to 
facilitate understanding of the effects of dCu on sensory system–mediated behaviors that are 
important to survival, reproduction, and distribution of salmonids.  The review does not address 
the effects of dCu on salmonid habitats, although copper is also highly toxic at low µg/L 
concentrations to aquatic primary producers and invertebrates (i.e., the aquatic food web).  
Undoubtedly, new information will become available that enhances our current understanding of 
copper’s effect on threatened and endangered salmonids and their supporting habitats. 

A large body of scientific literature has shown that fish behaviors can be disrupted at 
concentrations of dCu that are at or slightly above ambient concentrations (i.e., background).  In 
this document, background is operationally defined as surface waters with less than 3 µg/L dCu, 
as experimental water had background dCu concentrations as high as 3 µg/L dCu.  Sensory 
system effects are generally among the more sensitive fish responses and underlie important 
behaviors involved in growth, reproduction, and (ultimately) survival (i.e., predator avoidance).  
Recent experiments on the sensory systems and corresponding behavior of juvenile salmonids 
contribute to more than four decades of research and show that dCu is a neurotoxicant that 
directly damages the sensory capabilities of salmonids at low concentrations.  These effects can 
manifest over a period of minutes to hours and can persist for weeks. 

To estimate toxicological effect thresholds for dCu in surface waters, benchmark 
concentrations (BMCs) were calculated using a U.S. Environmental Protection Agency 
methodology.  This paper presents examples of BMCs for juvenile salmonid olfactory function 
based on recent data. BMCs ranged 0.18–2.1 µg/L, corresponding to reductions in predator 
avoidance behavior of approximately 8–57%.  The BMC examples represent the dCu 
concentration (above background) expected to affect the ability of juvenile salmonids to avoid 
predators in freshwater.  These concentration thresholds for juvenile salmonid sensory and 
behavioral responses fall within the range of other sublethal endpoints affected by dCu such as 
behavior, growth, and primary production, which is 0.75–2.5 µg/L. 

The paper also discusses the influence of water chemistry on the bioavailability and 
toxicity of copper to fish sensory systems.  Studies exploring behavioral avoidance as well as 
representative studies of other effects to salmonids are also summarized.  Salmon may be able to 
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avoid dCu in environmental situations where distinct gradients occur.  However, avoidance of 
dCu originating from nonpoint sources appears unlikely.  Given the large body of literature on 
copper and responses of aquatic ecosystems, we focused on a subset of fish sensory system 
studies relevant to anadromous salmonids. 

Point and nonpoint source discharges from anthropogenic activities frequently exceed 
these thresholds by one, two, and sometimes three orders of magnitude, and can occur for hours 
to days. The U.S. Geological Survey ambient monitoring results for dCu representing 811 sites 
across the United States detected concentrations ranging 1–51 µg/L, with a median of 1.2 µg/L.  
Additionally, typical dCu concentrations originating from road runoff from a California study 
were 3.4–64.5 µg/L, with a mean of 15.8 µg/L.  Taken together, the information reviewed and 
presented herein indicates that impairment of sensory functions important to survival of juvenile 
salmonids is likely to be widespread in many freshwater aquatic habitats.  Impairment of these 
essential behaviors may manifest within minutes and continue for hours to days depending on 
concentration and exposure duration.  Therefore, dCu has the potential to limit the productivity 
and intrinsic growth potential of wild salmon populations by reducing the survival and lifetime 
reproductive success of individual salmonids. 
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Introduction 

Copper, a naturally occurring element, is an essential micronutrient for plants and 
animals.  However, copper is also recognized as a priority pollutant under the U.S. Clean Water 
Act. Historical and current anthropogenic activities have mobilized significant quantities of 
copper. Vehicle emissions and brake pad dust (Drapper et al. 2000), pesticides (USEPA 2005), 
industrial processes, municipal discharges, mining, and rooftops (Good 1993, Thomas and 
Greene 1993) are a few of the sources of copper in the environment.  These various human 
activities may lead to the unintended and, in some circumstances, intended introduction of 
copper into aquatic ecosytems (Sansalone and Buchberger 1997, Wheeler et al. 2005).  Once in 
the aquatic environment, copper is detected in multiple forms.  It can be dissolved, or bound to 
organic and inorganic materials either in suspension or in sediment.  This so called speciation of 
copper is dependent on site specific abiotic and biotic factors.  As an element, copper will persist 
and cycle through ecosystems.  Copper in its dissolved state is worthy of particular scrutiny as it 
is highly toxic to a broad range of aquatic species including algae, macrophytes, aquatic 
invertebrates, and fishes. The latter include anadromous salmon and steelhead within the 
Oncorhynchus and Salmo genera that are, in part, managed by the National Marine Fisheries 
Service. 

Currently, anadromous salmonid populations inhabit waters of Alaska, Oregon, 
Washington, California, Idaho (Oncorhynchus spp.), and Maine (Atlantic salmon [Salmo salar]). 
Dissolved copper (referred to as dCu herein) is consistently detected in salmonid habitats 
including areas important for rearing, migrating, and spawning (Alpers et al. 2000, Soller et al. 
2005). Dissolved copper is known to affect a variety of biological endpoints in fish (e.g., 
survival, growth, behavior, osmoregulation, sensory function, and others, as reviewed in Eisler 
1998). More than three decades of experimental results have shown that the sensory systems of 
salmonids are particularly vulnerable to the neurotoxic effects of dCu.  Recent experimental 
evidence showed that juvenile sensory system–mediated behaviors are also affected by short-
term exposures to dCu. 

Given the ecological significance of these behaviors to salmonids, it is important to 
characterize the potential effects from dCu.  The growing body of scientific literature indicates 
that dCu is a potent neurotoxicant that directly damages the sensory capabilities of salmonids at 
low concentrations (see the Previous Studies on the Effects of Copper section).  These 
concentrations may stem from anthropogenic inputs of dCu to salmonid habitats.  Salmonid 
sensory systems mediate ecologically important behaviors involved in predator avoidance, 
migration, and reproduction.  Impairment of these behaviors can limit an individual salmonid’s 
potential to complete its life cycle and thus may have adverse consequences at the scale of wild 
populations. 

The purpose of this paper is to: (1) summarize information on the effects of dCu to the 
sensory systems of juvenile salmonids in freshwater (also see Appendix A), (2) conduct a 



 

 

benchmark concentration analysis to generate examples of dCu effect thresholds, and (3) to 
discuss site-specific considerations for sensory system effects.  As such, it focuses on a single 
contaminant (dCu), two relevant sensory system endpoints (olfaction and alarm response 
behavior), and a single salmonid life stage (juvenile, <10 months old). 
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Previous Studies on the Effects of Copper 

Examples of copper’s effects on a suite of selected biological endpoints from laboratory 
and field exposures are presented in Table 1.  Additionally, Appendix A contains a targeted 
review and summary of some of the previous studies showing copper’s effect on salmonid 
behavior, including avoidance and migratory disruptions.  Appendix B is a supplementary 
bibliography that provides further information sources on salmonid sensory systems.  The 
following analysis of sensory effects on juvenile salmonids primarily emphasizes recent and 
ongoing research conducted at the National Marine Fisheries Service’s Northwest Fisheries 
Science Center. However, the phenomenon that copper and some other trace metals can interfere 
with chemoreception, alter behaviors, and influence the movements of fish was first described at 
least 40 years ago, and a large body of knowledge on the adverse effects of dCu has subsequently 
developed (Table 1). 

The salmonid olfactory sensory system relies on olfactory receptor neurons (ciliated 
ORNs) to detect and respond to cues in the aquatic environment.  The receptors are in direct 
contact with the aqueous environment.  Olfactory receptors detect chemical cues that are 
important in finding food, avoiding predators, navigating migratory routes, recognizing kin, 
reproducing, and avoiding pollution.  The architecture of the salmon olfactory system consists of 
a pair of olfactory rosettes, each positioned within an olfactory chamber near the midline of the 
fish’s rostrum (Figure 1A). Each rosette contains ORNs that respond to dissolved odorants as 
water passes through the olfactory chamber (Figure 1B) and over the surface of the rosette in 
which the receptor neurons are embedded (Figure 1C).  These chemical cues convey important 
information about the surrounding aquatic environment. 

Direct exposure to dCu can impair and destroy olfactory sensory neurons, although the 
precise mechanism by which dCu interferes with the normal function of ORNs remains unknown 
(Hansen et al. 1999b, Baldwin et al. 2003, Sandahl et al. 2006, Sandahl et al. 2007).  Impairment 
of olfaction (i.e., smell) can be measured by an electrophysiological technique called the 
electro-olfactogram (EOG) (Figure 1) (Scott and Scott-Johnson 2002, Baldwin and Scholz 2005, 
Sandahl et al. 2006). The EOG measures olfactory response of a population of receptor neurons 
in fish. Reductions in the EOG amplitude of copper-exposed fish compared to unexposed fish 
reflect functional losses in sensory capacity.  Dissolved copper’s toxic effect to olfactory sensory 
neurons is observable as a reduction in or elimination of the EOG amplitude to a recognizable 
odor (Figure 1D). 

Several recent studies highlight some important aspects of copper olfactory toxicity 
(Baldwin et al. 2003, Sandahl et al. 2004, 2007).  Baldwin et al. (2003) found that the neurotoxic 
effects of copper in coho salmon (Oncorhynchus kisutch) manifest over a timescale of minutes.  
At 10 minutes, EOG amplitude reductions were observed in juvenile coho exposed to 2, 5, 10, 
and 20 µg/L dCu above experimental background (3 µg/L).  After 30 minutes at 2 µg/L dCu 
above experimental background, the EOG amplitude from juvenile coho to odors was reduced by 
approximately 25% compared to controls; in 20 µg/L dCu after 30 minutes by approximately 
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80%. Sandahl et al. (2004) found similar effects following 7 days of exposure (both in EOG 
reductions and copper concentrations). This result indicated that the juvenile olfactory system 
does not appear to be able to adapt or otherwise compensate for continuous copper exposure for 
durations up to 7 days. 

Table 1. Selected examples of adverse effects with copper to salmonids or their prey.a 

Effect 
Species 
(lifestage) Effect 

concentra
tion (µg/L)b 

Effect 
statistic 

Hardness 
(mg/L)c 

Exposure 
duration Source 

Sensory and behavioral effects 
Coho salmon Reduced olfaction and 0.18–2.1 EC10 to 120 3 hours Sandahl et al. 
(juvenile) compromised alarm EC50 2007 

response  
Chinook salmon Avoidance in laboratory 0.75 LOEC 25 20 minutes Hansen et al. 
(O. tshawytscha) exposures 1999a 
(juvenile) 
Rainbow trout Avoidance in laboratory 1.6 LOEC 25 20 minutes Hansen et al. 
(O, mykiss) exposures 1999a 
(juvenile) 
Chinook salmon Loss of avoidance ability 2 LOEC 25 21 days Hansen et al. 
(juvenile) 1999a 
Atlantic salmon Avoidance in laboratory 2.4 LOEC 20 20 minutes Sprague et al. 
(juvenile) exposures 1965 
Atlantic salmon Spawning migrations in 20 LOEC 20 Indefinite Sprague et al. 
(adult) the wild interrupted 1965 
Chinook salmon Spawning migrations in 10–25 LOEC 40 Indefinite Mebane 2000 
(adult) the wild apparently 

interrupted 
Coho salmon Delays and reduced 5 LOEC 95 6 days Lorz and 

downstream migration of McPherson 1976, 
dCu-exposed juveniles 1977 

Rainbow trout Loss of homing ability 22 LOEC 63 40 weeks Saucier et al. 
1991 

Ecosystem effects 
NAd Ecosystem function: 2.5 LOEC 49 ≈ 1 year Leland and Carter 

Reduced photosynthesis 1985 
NAd Ecosystem structure: loss 5 LOEC 49 ≈ 1 year Leland et al. 1989 

of invertebrate taxa 
richness in a mountain 
stream 

Other sublethal effects 
Chinook salmon Reduced growth 1.9 EC10 25 120 days Chapman 1982 

(as weight) 
Rainbow trout Reduced growth 2.8 EC10 25 120 days Marr et al. 1996 

(as weight) 
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Table 1 continued.  Selected examples of adverse effects with copper to salmonids or their prey.a 

Effect 
Species 
(lifestage) Effect 

concentra
tion (µg/L)b 

Effect 
statistic 

Hardness 
(mg/L)c 

Exposure 
duration Source 

Other sublethal effects (cont.) 
Coho salmon Reduced growth 21–22 NOEC 24–32 60 days Mudge et al. 1993 

(as weight) 
Steelhead Reduced growth 45 to >51 NOEC 24–32 60 days Mudge et al. 1993 
(O. mykiss) (as weight) 

Direct lethalitye 

Chinook salmon Death 19 LC50 24 96 hours Chapman 1978 
(fry) 
Coho salmon  Death 28–38 LC50 20–25 96 hours Lorz and 
(fry) McPherson 1976 
Steelhead/rain- Death 9–17 LC50 24–25 96 hours Chapman 1978, 
bow trout (fry) Marr et al. 1999 
Coho salmon Death 46 LC50 20 96 hours Chapman and 
(adult) Stevens 1978 
Steelhead Death 57 LC50 42 96 hours Chapman and 
(adult) Stevens 1978 
Coho salmon Death 21–22 NOEC 24–32 60 days Mudge et al. 1993 
(juvenile) 
Steelhead Death 24–28 NOEC 24–32 60 days Mudge et al. 1993 
(juvenile) 
Steelhead Death 11.9 EC10 25 120 days Chapman 1982 
(egg-to-fry) 

a Abbreviations: LOEC = Lowest observed adverse effect concentration (and most LOEC values given are not
 
thresholds, but were simply the lowest concentration tested); NOEC = No observed adverse effect concentration; 

LC50 = the concentration that kills 50% of the test population; ECp = effective concentration adversely affecting (p) 

percent of the test population or percent of measured response, e.g., 10% for an EC10, etc.; and Indefinite = field 

exposures without defined starting and ending times. NA = not applicable.

b Effects and exposure durations stem from laboratory and field experiments, therefore in some experiments multiple
 
routes of exposure may be present (i.e., aqueous and dietary) and water chemistry conditions will likely differ (see 

reference for details).
 
c Hardness is reported, as it can influence the toxicity of copper. 

d This study examined ecosystems consisting of a number of species or unidentified species.
 
e Acute sensitivity of salmonids to copper probably varies by life stage, and the swim-up fry stage is probably more
 
sensitive than older juvenile life stages such as parr and smolts or adults.
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Figure 1. Recording methods and features of the salmon 
peripheral olfactory system.  A) Photograph 
showing the rostrum of a coho salmon during the 
recording of electro-olfactograms (EOGs).  The 
mouthpiece provides chilled, anaesthetized water 
to the gills, while the perfusion tube delivers odor-
containing solutions to the olfactory chamber.  
The recording electrode in the olfactory chamber 
and reference electrode in the skin monitor the 
response of the olfactory system to an odor.  B) 
Scanning electron micrograph showing a rosette, 
located within an olfactory chamber of a juvenile 
coho salmon.  Each rosette consists of lamellae 
(lobes) covered by an epithelium containing 
regions of sensory neurons.  The open circle 
denotes the location and approximate size of the 
tip of the recording microelectrode.  C) Scanning 
electron micrograph showing a cross section from 
a region of sensory epithelium of a lamella.  In the 
upper left is the apical surface containing the cilia 
and microvilli of the olfactory receptor neurons 
(ORNs). The dendrites and somata of the ORNs 
appear in the center within the epithelium, while 
the axons of the ORNs emerge from the basal 
surface at the lower right to produce the olfactory 
nerve. D) Typical odor-evoked EOGs obtained 
from a salmon before and after exposure to 
copper. A 10-second switch to a solution 
containing 10-5 M L-serine is shown with a 
horizontal bar.  The EOG evoked by the odor 
pulse consists of a negative deflection in the 
voltage. A 30-minute exposure to copper reduced 
the amplitude of the EOG evoked in the same fish 
by 57%.  (Photos courtesy of Carla Stehr.  Figure 
adapted from Baldwin and Scholz 2005). 
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Recently, using EOG measurements in combination with a predator avoidance assay, 
Sandahl et al. (2007) presented the first evidence that impaired olfaction (smell) resulted in a 
direct suppression of predator avoidance behavior (alarm response) by juvenile coho salmon at 
environmentally relevant dCu exposures (≥2.0 µg/L; 3 hr exposure). Unexposed juveniles 
(control treatment) reduced their swimming speed on average by 74% (alarm response) in 
response to an alarm odor (conspecific skin extract).  A reduction in swimming speed is a typical 
predator avoidance response for salmonids and many other fish.  In unexposed fish, the alarm 
odor elicited a mean EOG response of 1.2 mV.  Juvenile coho salmon exposed to 2-20 µg/L 
copper exhibited measurable reductions in both EOG (50–92%) and alarm response (47 to 
>100%) (derived from data in Figure 2 of Sandahl et al. 2007).  Juvenile coho exhibited 
statistically significant decline in antipredator behavior at 5, 10, and 20 µg/L dCu (Figure 2). 

Importantly, concentrations of dCu below 2 µg/L were not tested in Sandahl et al. (2007).  
This is notable because all concentrations tested (between 2 and 20 µg/L) significantly affected 
olfaction with reductions in EOG ranging ≈50–92%.  Because individual juvenile coho were 
significantly affected at the lowest concentration tested (2 µg/L), uncertainty remains with 
respect to the precise threshold for olfactory impairment.  The results of this last study provide 
evidence that juvenile salmon exposed to sublethal dCu concentrations at 2 µg/L (resulting in 
approximately 50% reductions in EOG), and likely even lower, might not recognize and respond 
to a predation threat, and therefore have an increased risk of being eaten by other fishes or birds 
(a form of ecological death, Kruzynski and Birtwell 1994). 

Typically dCu concentrations in road runoff are well within the range affecting 
antipredator behavior, for example, 3.4–64.5 µg/L, with a mean of 15.8 µg/L (Soller et al. 2005).  
A 3 hour exposure is also likely to be environmentally relevant, as stormwater runoff durations 
from roads typically range from a few minutes to several hours (Sansalone and Buchberger 
1997). Fish may regain their capacity to detect odors fairly quickly in some cases; physiological 
recovery of olfactory neuron function is dose-dependent and occurs within a few hours at low 
copper concentrations (i.e., <25 µg/L dCu, Baldwin et al. 2003).  However, long-term damage to 
the sensory epithelia has also been documented.  Where cell death occurs (i.e., ≥25 µg/l copper, 
Hansen et al. 1999a, 1999b) recovery is on the order of weeks (Moran et al. 1992) and in some 
cases months (Evans and Hara 1985). 

Interestingly, another fish sensory system, the lateral line, is also a target for the 
neurotoxic effects of dCu. It is composed of mechanosensory neurons (hair cells) that respond to 
surface water vibrations, flow, and other types of mechanical cues in the aquatic environment.  
The lateral line system thereby mediates shoaling, pursuit of prey, predator avoidance, and 
rheotaxis (orientation to flow).  In a recent study, dCu (i.e., ≥20 µg/L; 3 hour exposure) killed 
20% of hair cells in zebrafish (Danio rerio) (Linbo et al. 2006). As mentioned earlier, juvenile 
salmon ORNs may also be killed at higher concentrations of dCu, highlighting the similar 
sensitivity of olfactory and lateral line receptors to this toxic metal.  Consequently, dCu may 
damage or destroy either or both of these important sensory systems. Currently, we are not 
aware of any research on the effects of dCu to the lateral line of salmonids, although the 
comparable sensitivity of the olfactory system across species suggests that the salmon lateral line 
is likely to be vulnerable as well. 
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Figure 2. Copper-induced reductions in juvenile salmonid olfactory response and behavior are 
significantly correlated.  Fish exposed to dCu (3 hours) showed reduced olfactory sensitivity and 
corresponding reduction in predator avoidance behavior.  Values represent treatment means (with 
copper exposure concentration labeled to the right); error bars represent one standard error; 
n = 8–12 individual coho salmon; asterisk (*) represents a statistically significant difference in 
olfactory response (EOG data) compared to controls (one-way ANOVA with Dunnett post hoc 
test, p < 0.05); †represents statistically significant difference in behavioral response to skin extract 
(% reduction in swimming) compared to controls (one-way ANOVA with Dunnett post hoc test, 
p < 0.05). The line represents a statistically significant linear regression based on treatment 
means (n = 5; p < 0.0001; r2 = 0.94). 1 ppb = 1 µg/l.  (Adapted from Figure 2C in Sandahl et al. 
2007.) 

In this paper, a benchmark dose (concentration) analysis (USEPA 1995) is applied to 
recent data from dose-response experiments on juvenile salmonids exposed to dCu (Sandahl et 
al. 2007) to determine the exposure concentrations that may adversely affect salmonid sensory 
systems.  In previous studies, benchmark concentrations (BMCs) were determined for olfactory 
responses, however, concomitant behavioral responses were not measured (Baldwin et al. 2003, 
Sandahl et al. 2004). The BMC analysis conducted herein determined concentrations of dCu that 
could be expected to affect juvenile salmonid olfaction and, by extension, alarm response 
behavior involved in predator avoidance. 
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Application of the Benchmark 

Concentration Analysis 


The BMC, also referred to as a benchmark dose, is a method that has been used since 
1995 by agencies such as the U.S. Environmental Protection Agency (EPA) to determine no 
observable adverse effect level (NOAEL) values.  The method statistically fits dose-response 
data to determine NOAEL values (EPA 1995).  This is in contrast to other methods (e.g., using 
an analysis of variance) that rely on finding a no observable effect concentration (NOEC) and 
lowest observable effect concentration (LOEC) to establish the NOAEL.  Multiple difficulties 
arising from the traditional approach of selecting a NOAEL from dose-response data were 
previously identified by the EPA.  Specific shortcomings associated with traditional methods 
included: 1) arbitrary selection of a NOAEL based on scientific judgments; 2) experiments 
involving fewer animals produced higher NOAELs; 3) dose-response slopes were largely 
ignored; and 4) the NOAEL was limited to the doses tested experimentally (EPA 1995).  These 
as well as other concerns with selection of a NOAEL led to the development of an alternative 
approach, the BMC analysis. The BMC approach uses the complete dose-response data set to 
identify a NOAEL, thereby selecting an exposure concentration that may not have been tested 
experimentally. 

The BMC is statistically defined as the lower confidence limit for a dose that produces a 
predetermined adverse effect relative to controls.  This effect is referred to as the benchmark 
response (BMR) (EPA 1995). Unlike the traditional method of selecting the NOAEL (e.g., 
establishing a NOEC), the BMC takes into account the full range of dose-response data by fitting 
it with an appropriate regression equation.  These can be linear, logarithmic, sigmoidal, etc.  The 
BMR is generally set near the lower limit of responses (e.g., an effect concentration of 10%) that 
can be measured directly in exposed or affected animals. 

In the present context, a BMC approach was used to estimate thresholds for dCu’s 
sublethal effects on the chemosensory physiology and predator avoidance behaviors of juvenile 
coho salmon (Sandahl et al. 2007).  An example of this approach is shown in Figure 3.  This 
methodology has been used previously to determine toxicity thresholds in Pacific salmon 
(Sandahl and Jenkins 2002, Baldwin et al. 2003, Sandahl et al. 2004). The dose-response 
relationship for copper’s effect on the EOG was described by fitting the data with a sigmoid 
logistic model: 

y = m/[1+(x/k)n] 

where m is maximum EOG amplitude (fixed at the control mean of 1.2 mV), y is EOG 
amplitude, x is copper concentration, k is copper concentration at half-maximum EOG amplitude 
(EC50), and n is slope. 
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For this nonlinear regression, the average olfactory response of the control fish to a 
natural odor was used to constrain the maximum odor evoked EOG (m in the above equation).  
Consequently, the control fish were not used in the regression other than to set m.  The 
regression incorporated the individual response of each exposed fish (n = 44 total) rather than the 
average values for each exposure group.  As shown in Figure 3, the sigmoid logistic model was a 
very good fit for both the sensory and behavioral data (r2 = 0.94, p < 0.0001). Benchmark 
concentrations were then determined based on the concentration at which the estimated curve 
intersected benchmark responses. 

10
 



 

 

Results of the Benchmark 

Concentration Analysis 


Examples of benchmark concentrations and responses are presented in Figure 3 and 
Table 2. The EPA methodology recommends using the concentration that represents a 10% 
reduction in response compared to controls when limited biological effects data are available 
(EPA 1995). This is the BMC10 and is synonymous with the concentration producing an effect of 
10% (EC10), in this case a 10% reduction in the recorded amplitude of the salmon’s 
chemosensory response (EOG).  Since the predicted fish EOG response at the BMC10 falls well 
within the olfactory response of unexposed juveniles, that is, 95% CI (control fish, Figure 3), it is 
more than likely that this individual response (1.08 mV) at the BMC10 (0.18 µg/L) would not be 
detectable or biologically significant as an adverse response. 

Other BMCs were derived using statistical criteria to determine benchmark responses.  
For example, Table 2 shows two BMCs that were determined using the statistical departure of 
the lower-bound confidence interval (CI) of the control mean (unexposed fish), 1.2 mV (either 
the 90 or 95% CI). The selection of different CIs results in different BMCs.  The CI-derived 
BMCs represent a reasonable estimate of when an individual salmonid is likely to have a 
biologically significant reduction in olfaction and a concomitant reduction in predator avoidance 
behavior. The relative departures from controls in Table 2 are equivalent to effective 
concentrations for olfactory inhibition, that is, at the lower-bound 90% CI a BMC of 0.59 µg/L 
equates to a BMC24.2. Put another way, the BMC analysis predicts a substantial 24.2 % 
reduction in olfaction (i.e., EOG amplitude) at 0.59 µg/L dCu.  At the lower-bound 95% CI a 
29.2% reduction in olfaction is predicted to occur at 0.79 µg/L. 

The BMC50 is equivalent to the EC50 for olfactory responses (2.1 µg/L) and is very 
similar to the lowest observable effect concentration (LOEC) of 2 µg/L.  Since the EC50 
approximately equals the LOEC, it is almost certain that effects to juvenile salmonid olfaction 
will occur at lower concentrations than those measured.  Therefore it is appropriate and useful to 
apply a BMC analysis to these data to predict effects occurring between 0 and 2 µg/L dCu.  The 
predicted effect thresholds for sensory responses in juvenile coho salmon ranged 0.18–2.1 µg/L, 
which corresponded to reductions in predator avoidance behavior (i.e., reduced alarm response) 
of 8–57%. Comparatively, the other two studies that conducted a BMC approach with salmon 
olfaction data sets (e.g., EOG measures) estimated dCu BMCs of 3.6–10.7 µg/L (BMC20– 
BMC50) (Sandahl et al. 2004) and 2.3–3.0 µg/L (BMC25) (Baldwin et al. 2003). 

Together these three studies highlight that different experimental conditions including 
age of fish, exposure duration, and experimental background of dCu may influence BMCs.  
Importantly, of the three experiments that derived BMCs for olfactory impairment, the data set 
used in this technical memorandum from Sandahl et al. (2007) empirically linked impaired 
olfaction to an ecologically relevant behavior, that is, reduced alarm behavior (Figure 2).  

11
 



 
 

 

 

 

  

 
 

 

Therefore, we believe that the dCu BMC analysis herein is derived from the most ecologically 
relevant of the three studies. 

Figure 3. Using a benchmark concentration approach to estimate a threshold for dCu toxicity in the 
salmonid olfactory system.  Filled circles represent treatment means; error bars represent the 95% 
confidence interval for each mean (n = 8–12 individual coho salmon).  An asterisk (*) indicates a 
statistically significant difference in the size of the olfactory response (EOG data) compared to 
controls (one-way ANOVA with Dunnett post hoc test, p < 0.05).  The line represents a 
statistically significant nonlinear regression based on individual fish (n = 44, p < 0.0001,  
r2 = 0.55). The gray shading shows the 95% confidence band for the nonlinear regression.  The 
regression used a standard sigmoid function with the maximum constrained to the control mean 
(1.2 mV, indicated by the upper horizontal dashed line).  Therefore, the control fish were not 
included in the nonlinear regression.  The lower bound of the 95% confidence interval of the 
control mean (0.85 mV) is indicated by the lower horizontal dashed line and is an example of a 
BMR. The large open circle shows where the regression line crosses the BMR and denotes the 
corresponding BMC, which in this case is a dCu concentration of 0.79 µg/L.  Horizontal and 
vertical lines through the open circle highlight the 95% confidence intervals for the BMC based 
on the results of the nonlinear regression.  The small open circle shows where the regression line 
crosses the BMR (1.08 mV) and denotes the corresponding BMC10 (0.18 µg/L) at which a 10% 
reduction in olfactory capacity is expected.  (Data from Sandahl et al. 2007.) 
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Table 2. Benchmark responses and benchmark concentrations for juvenile salmon exposed to dCu for 
3 hours. Benchmark response values represent a reduction in olfactory response to an alarm 
pheromone as measured via EOG recordings.  Behavioral impairment indicates a predicted 
decrease in predator recognition and avoidance as indicated by a reduced alarm response.  CI = 
confidence interval; NA = not applicable. 

Benchmark responsesa 

Departure from mean of controls 
Statisticald 

(CI of control 
mean) 

Relativee 

(% reduction in 
olfactory response) 

Benchmark 
concentrationsb 

Valuef 

(µg/l) 
95% CIg 

(µg/l) 

Behavioral impairment 
(predicted)c 

Departure from mean  
of controls 
Relativeh 

(% reduction in alarm 
response) 

NA 10.0 0.18 0.06–0.52 8.3 

Lower 90% 24.2 0.59 0.30–1.16 25.6 

Lower 95% 29.2 0.79 0.44–1.42 31.8 

NA 50.0 2.10 1.60–2.90 57.2 

a The predetermined level of altered response or risk at which the benchmark dose (concentration) is calculated 

(EPA/630/R-94/007, 02/1995). 

b The dose (concentration) producing a predetermined, altered response for an effect (EPA/630/R-94/007; 02/1995). 

c Based on the linear regression shown in Figure 2; note behavioral responses were determined by inputting the 

Benchmark response value (EOG, mV) into the regression equation. 

d Location of the value with respect to a confidence interval of the mean of the controls. 

e Amount of reduction in the olfactory response represented by the value relative to the mean of the controls. 

f Corresponding concentration; see Figure 3 and text for calculation method. 

g Confidence interval for the value based on the nonlinear regression. 

h Amount of reduction in alarm response represented by the value relative to the mean of the controls. 
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Discussion of Site Specific Considerations 
for Sensory System Effects 

Below we identify several issues to consider when using the BMCs to evaluate dCu 
concentrations under natural conditions. 

Impairment from Short-term Increases of dCu 

These BMCs reflect expected impairment of chemosensory systems from short-term 
increases of dCu above ambient concentrations (defined here as < 3 µg/L) (Baldwin et al. 2003, 
Sandahl et al. 2004, 2007) and are not expected to be alleviated by homeostatic mechanisms.  
Specifically, the BMCs are predicated on increases of dCu in salmon habitats that result from 
specific human activities.  Effects to juvenile salmonid olfaction are expected following a few 
minutes of exposure.  Salmonids are capable of regulating the amount of internal copper via 
uptake and elimination processes.  These so called homeostatic mechanisms (such as 
metallothionein induction) can reduce copper’s toxic effects and may result in acclimation.  
Consequently, fish may tolerate certain dCu exposures without showing overt toxicological 
responses; however, at higher levels these mechanisms could ultimately fail. 

Initial evidence indicates that homeostatic mechanisms are not likely to reduce copper 
toxicity to the olfactory sensory system for pulsed or short-term exposures lasting less than a 
week (Hansen et al. 1999a) or for chronically exposed fish (McPherson et al. 2004).  Moreover, 
lateral line neurons exposed continuously to dCu for 72 hours showed no signs of acclimation 
within this exposure interval (Linbo et al. 2006).  For other measures of copper toxicity from 
long-term exposures, evidence suggests that olfactory acclimation may not occur (Table 1, 
Appendix A). Fish exposed to higher dCu concentrations for longer periods may lose much of 
their olfactory function. For example, field evidence suggests that wild fish living in heavy 
metal contaminated lakes where total copper concentrations ranged 9.7–15 µg/L showed reduced 
olfactory-mediated predator avoidance behavior; that is, homeostatic mechanisms appeared 
insufficient to alleviate metal toxicity, including copper (McPherson et al. 2004). 

Calculating an Acute Criterion Maximum Concentration 

The EPA sets acute water quality criteria by calculating an acute criterion maximum 
concentration (CMC) (Stephan et al. 1985). The CMC is an estimate of the highest 
concentration of a substance in surface water to which an aquatic community can be exposed 
briefly without resulting in an unacceptable effect (EPA 2002).We calculated an acute CMC 
using the Biotic Ligand Model (BLM) (EPA 2007).  Interestingly, the estimated acute CMC 
based on the BLM using measured and estimated water quality parameters from Sandahl et. al. 
(2007) was 0.63 µg/L with a range from 0.34 to 3.2 µg/L, while the EPA hardness-based acute 
CMC (EPA 2002) was 6.7 µg/L. Because the BLM-based acute criterion is sensitive to pH and 
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DOC, the range of measured test pH values (6.5–7.1) and the range of estimated DOC values 
(0.3–1.5 mg/L) produced this range of BLM-based acute criterion values.  It is also interesting 
that the acute CMC range (0.34–3.2 µg/L) overlapped with the olfactory-based BMC range 
(0.18–2.1 µg/L). 

Salmonids Are Typically Exposed to Multiple Stressors 

These BMCs are specifically focused on the impact of dissolved copper alone on 
olfaction and predator avoidance behavior. Salmonids are rarely exposed to dCu only under 
natural conditions. In fact, exposure to complex environmental mixtures of other toxic 
compounds (e.g., metals, pesticides, PAHs, etc.) in conjunction with other stressors (e.g., 
elevated temperatures, low dissolved oxygen, etc.,) is the norm for many salmonid-bearing 
habitats. Equally important are exposure routes other than the water column, such as 
consumption of contaminated prey items (dietary) or direct contact with contaminated sediments.  
Threshold examples (BMCs) presented here are based solely on juvenile salmonids exposed to 
dCu. Presently, these thresholds do not take into account multiple routes of exposure or the 
potential impacts of complex mixtures of contaminants on olfaction.  That said, several studies 
have shown a greater than expected toxicity (i.e., nonadditive) to other fish endpoints from 
mixtures of metals (Sprague et al. 1965, Norwood et al. 2003).  For example, mixtures 
containing zinc and copper were found to have greater than additive toxicity to a wide variety of 
aquatic organisms including freshwater fish (Eisler 1998).  Other metal mixtures also yielded 
greater than additive toxic effects at low dissolved concentrations (Playle 2004).  The toxic 
effects of metals to salmonids may also be exacerbated by other types of contaminants such as 
pesticides (Forget et al. 1999).  While interactions among multiple stressors, including 
contaminant mixtures, are beyond the scope of this document, they warrant careful consideration 
in site-specific assessments. 

Bioavailability of dCu 

These BMCs were derived from experiments using a single freshwater source 
(dechlorinated, soft municipal water).  Hardness, alkalinity, and dissolved organic carbon (DOC) 
are known to alter the bioavailability of dissolved copper in surface waters to ligands in the fish 
gill. These water chemistry parameters can therefore influence the potential for dCu exposure in 
the field to cause an acute fish kill.  Acute copper lethality mediated via the gill route of 
exposure is typically estimated using the Biotic Ligand Model (BLM; reviewed by Niyogi and 
Wood 2004). However, recent unpublished research by McIntyre et al. (in press) suggest that 
these parameters may have less of an influence on salmonid olfactory function across 
environmentally realistic ranges of hardness, alkalinity, and DOC. 

To date, the U.S. Geological Survey (USGS) has monitored hardness, alkalinity, and 
DOC for more than 10 years in many West Coast river basins including the Willamette River 
basin, Puget Sound basin, Yakima River basin, and the Sacramento-San Joaquin River basin 
(USGS no date). Several at-risk species of anadromous salmonids inhabit these basins.  The 
monitoring data indicate that surface waters within these basins typically have very low hardness 
and alkalinity and seasonally affected DOC concentrations.  Hardness, alkalinity, and DOC 
levels found in most freshwater habitats occupied by Pacific salmonids would be unlikely to 

15
 



 

confer substantial protection against dCu olfactory toxicity (Winberg et al. 1992, Bjerselius et al. 
1993, Baldwin et al. 2003, McIntyre et al. in press). 

Recent experimental results suggest that significant amelioration of olfactory toxicity due 
to hardness is unlikely in typical Pacific salmonid freshwater habitats.  The experiment showed 
that hardness at 20, 120, and 240 mg/L Ca (experimentally introduced as CaCl2) did not 
significantly protect juvenile coho salmon from olfactory toxicity following 30 minute laboratory 
exposures to 10 µg dCu/L above an experimental background of  3 µg/L  (Baldwin et al. 2003). 
In another experiment, a 20 µg dCu/L exposure (30 minutes) in water with low hardness and 
alkalinity and no DOC produced an 82% inhibition in juvenile coho olfactory function (McIntyre 
et al. in press). A hardness of ≥82 mg/L Ca was needed to reduce the level of olfactory 
inhibition to ≤50% at 20 µg/L dCu ( McIntyre et al. in press).  However, 82 mg/L was never 
exceeded in any of the surface water samples from USGS-sampled NAWQA basins (McIntyre et 
al. in press). 

Typical alkalinity values from Pacific Northwest and California freshwater surface waters 
are also unlikely to protect salmonids from olfactory toxicity (USGS no date).  Some reduction 
in dCu olfactory toxicity was observed in a recent study (McIntyre et al. in press).  However, 
only 0.4% of stream samples contained alkalinity levels sufficient to reduce olfactory toxicity of 
dCu by half (McIntyre et al. in press).  Bjerselius et al. (1993) and Winberg et al. (1992) also 
found that hardness and alkalinity provided limited amelioration of olfactory responses in 
juvenile Atlantic salmon exposed to dCu. 

Increases in DOC showed greater protection to dCu compared to increases in alkalinity 
and hardness.  Twenty-nine percent of USGS surface water samples from West Coast basins had 
a DOC concentration sufficient to limit olfactory impairment to 50% or less at 20 µg dCu /L 
(McIntyre et al. in press).  Only a small fraction (6%) of all samples contained DOC levels 
(greater or equal to 6 mg/L) sufficient to completely protect the olfactory responses of juvenile 
coho salmon from the toxic effect of 20 µg dCu /L (McIntyre et al. in press).  This information 
underscores the importance of evaluating site-specific DOC data to address the potential 
influence of this water quality parameter on olfactory toxicity. 

Because the typical range of hardness, alkalinity, and DOC concentrations are unlikely to 
confer substantial protection against dCu toxicity, we expect that the BMC thresholds presented 
in this document will be applicable for most of the freshwater environments that provide 
migrating, spawning, and rearing habitats for salmonids. 

Olfactory Toxicity in Saltwater 

Dissolved copper’s effect on salmonid olfaction in saltwater environments remains a 
recognized data gap and it is presently uncertain whether the BMC thresholds derived in this 
document apply to salt water environments.  Estuarine and nearshore salt water environments, 
despite their higher salinity (in part due to increased cation concentrations) and hardness may or 
may not confer protection against dCu-induced olfactory toxicity.  One source of this uncertainty 
is whether or not free copper (Cu2+) is the sole species of copper responsible for olfactory 
toxicity. In freshwater, evidence suggests that Cu2+ is not the only toxic species that adversely 
affects olfaction in fish (McIntyre et al. in press) as well as more conventional endpoints such as 
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mortality (Niyogi and Wood 2004).  Other copper species (e.g., CuOH; Cu1+) will also bind to 
the gill, thereby causing toxicity (Niyogi and Wood 2004).  While the physiological basis for 
salmonid olfaction is well characterized, the transition to saltwater may involve important 
changes in olfactory receptor neuron function that ultimately influence the expression of the as 
yet unidentified ligands for dCu. 

Avoiding Short-term Increases in dCu 

Salmonids may or may not avoid short-term increases in dCu.  Salmonids will actively 
avoid water containing dCu if they can detect it.  As a consequence, fish may not use otherwise 
high quality rearing and spawning habitats.  In addition, the presence of dCu may affect 
migratory routes of juveniles and adults.  Smith and Bailey (1990) and Mebane (2000) derived 
regulatory “zones of passage” around wastewater discharges that were based on salmonid 
avoidance responses. However, in areas with diffuse, nonpoint source pollution, or multiple 
point source discharges, it may be difficult to apply “zones of passage”, and in some cases 
available zones of passage may not exist.  Despite a fish’s preference to avoid dCu, 
circumstances may force migrating juveniles and adults to be exposed.  For dCu contaminated, 
high quality rearing habitats, juveniles could either remain and be exposed or move to lower 
quality habitats. Juveniles could therefore suffer either reduced predator avoidance or reduced 
growth. For contaminated spawning habitats, adult salmon may either remain and be exposed as 
well as their offspring or move to lower quality habitats.  Both of these scenarios result in 
potential reductions in reproductive success. 

Coho Salmon–derived BMCs Should Apply to Other Salmonids 

These BMCs were derived using data from juvenile coho salmon, but should apply to 
other fish species. The examples of BMC thresholds were derived from data based on juvenile 
coho salmon (4–5 month old, mean of 0.9 grams wet weight).  However, we expect these BMC 
examples to be generally applicable to other species of salmon, trout, and steelhead in freshwater 
habitats. For example, 3 hour exposures of 4-month-old steelhead to a similar range of dCu 
produced comparable olfactory toxicity to that reported for 4-month-old coho salmon (Baldwin 
et al. in prep.). Studies on 10-month-old juvenile coho had similar reductions in olfaction 
compared to 4-month-old fish (Baldwin et al. 2003, Sandahl et al. 2004).  Juvenile chum salmon 
(O. keta) (2–3 month old) also showed a dose dependent reduction in EOG amplitude following 
exposure to dCu (3–58 µg/L) (Sandahl et al. 2006).  Taken together these findings suggest that 
the BMC threshold derived herein should be applicable to juvenile life stages of coho, Chinook, 
sockeye (O. nerka), and pink salmon (O. gorbuscha) as well as steelhead, bull trout (Salvelinus 
confluentus), and other members of the family Salmonidae.  As noted earlier, the toxicity of dCu 
to other life stages (particularly marine phases of life) remains to be determined. 
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Conclusions 

Dissolved copper (dCu) is a ubiquitous, bioavailable pollutant that can directly interfere 
with fish sensory systems and by extension important behaviors that underlie predator avoidance, 
juvenile growth, and migratory success (see Appendix A).  Recent research shows that dCu not 
only impairs sensory neurons in a salmonid’s nose, but also impairs juvenile salmonids’ ability 
to detect and respond to predation cues. A juvenile salmonid with disrupted predator avoidance 
behaviors stands a greater risk of mortality and by extension a reduction in the likelihood of 
surviving to reproduce. The degree to which effects on individual behavior and survival impact 
a given population will depend in part on the number of the individuals affected and the status of 
the population (numbers, distribution, growth rate, etc.). 

In this report, BMCs were calculated using an EPA methodology to provide examples of 
effect thresholds of dCu’s impacts on salmonid sensory biology and behavior.  The BMC 
examples represent increases in the dCu concentration above background or ambient levels 
(where background is less than or equal to 3 µg/L) expected to affect juvenile salmonid ability to 
avoid predators in fresh water. Benchmark concentrations ranged 0.18–2.1 µg/L, corresponding 
to reductions in predator avoidance behavior (alarm reaction) that ranged approximately 8–57%.  
Taking into account the olfactory responses of unexposed fish, a more biologically relevant 
range of BMCs is 0.59–2.1 µg/L (Table 2). This second range of BMC thresholds is similar to or 
slightly less than documented effects to other copper-affected sublethal endpoints such as 
behavior and growth that range 0.75–2.5 µg/L (see Table 1). 

The primary objective of this report was to present examples of threshold concentrations 
for effects of dCu on a critical aspect of salmonid biology: olfaction.  A secondary objective of 
this paper was to summarize a selection of recent and historical information related to the effects 
of dCu on salmonid sensory systems.  This document is based on the current state of the science.  
Importantly, this overview is not a comprehensive summary of the myriad effects of copper to 
anadromous salmonids.  As such, new information will undoubtedly become available that 
enhances our understanding of copper’s effect on salmonid populations and their supporting 
habitats. The information reviewed and presented herein indicates that significant impairment of 
sensory functions important to survival of threatened and endangered juvenile salmonids is likely 
to be widespread in many freshwater aquatic habitats.  Impairment of these essential behaviors 
may occur following 10 minutes of exposure and continue for hours to weeks depending on 
concentration and duration. 
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Glossary 


Acute exposure.  Short-term continuous exposure usually lasting 96 hours or less. 

BLM.  Biotic Ligand Model 

Chronic exposure.  Longer-term continuous or pulsed exposures generally lasting greater than 
96 hours. 

Confidence interval (CI).  A random interval constructed from data in such a way that the 
probability that the interval contains the true value can be specified before the data are 
collected. 

dCu.  dissolved copper. 

DOC. dissolved organic carbon. 

ECp.  Effective concentration adversely affecting (p) percent of the test population or percent of 
measured response, for example, 10% for an EC10 and so forth. 

EOG. electro-olfactogram. 

LC50.   The aqueous concentration of a substance that kills 50% of the test population. 

Lower-bound 90% confidence interval.  The lower half of the 90% confidence interval of the 
mean. 

Lower-bound 95% confidence interval. The lower half of the 95% confidence interval of the 
mean. 

LOEC. lowest observable effect concentration. 

Mean. The average of the response values in a treatment population.  Numerically the mean 
represents the sum of the individual response values divided by the number of individuals in 
a treatment. 

mV.  millivolts. 

NOAEL.  no observable adverse effect level. 

NOEC.  no observable effect concentration. 

ORN.  olfactory receptor neuron. 

ppb.  part(s) per billion, equivalent to µg/L. 

19
 



 

Relative departure from control response.  A user selected level of response compared to 
control response; for example, a 10% reduction from the control response (unexposed 
individuals). 

Statistical departure from control response. Uses statistical methods to select a response 
based on the distribution of responses seen in unexposed individuals.  For example, the 95% 
lower bound confidence interval of the mean response from controls (unexposed individuals). 
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Appendix A: 
Other Salmonid Sensory Effects of dCu 

In this appendix, results are highlighted from several studies that we thought were 
particularly relevant, including comparing the concentrations that have caused sensory effects to 
concentrations causing lethality or growth reductions in field and laboratory experiments.  As 
such, the following review is not an exhaustive summary of copper’s adverse effects to 
anadromous salmonids.  We emphasize studies that were conducted in waters with low alkalinity 
and hardness (<50 mg/L as calcium carbonate), and if reported, low concentrations of dissolved 
organic material.  These conditions were emphasized since we believe these are the most 
relevant water quality conditions for an area of particular concern to us—freshwater habitats 
used by juvenile salmonids in the Pacific Northwest and California. 

Migratory Disruption 

Laboratory and field experiments with salmonids have shown avoidance of low 
concentrations of copper, disruption of downstream migration by juvenile salmonids, loss of 
homing ability, and loss of avoidance response to even acutely lethal concentrations of copper 
following long-term habituation to low level copper exposure.  Saucier et al. (1991) examined 
the impact of a long-term sublethal copper exposure (22 µg/L, 37–41 weeks in duration) on the 
olfactory discrimination performance in rainbow trout (Oncorhynchus mykiss). When controls 
were given a choice between their own rearing water or other waters, they significantly preferred 
their own rearing water, whereas both copper-exposed groups showed no preference.  They 
concluded that their results demonstrate that a long-term sublethal exposure to copper, as it 
commonly occurs under “natural” conditions, may result in olfactory dysfunction with potential 
impacts on fish survival and reproduction. 

Field studies have reported that copper impairs both upstream spawning migration of 
salmonids and downstream outmigration of juveniles.  Avoidance of copper in the wild has been 
demonstrated to delay upstream passage of Atlantic salmon (Salmo salar) moving past copper-
contaminated reaches of the river to their upstream spawning grounds, cause unnatural 
downstream movement by adults away from the spawning grounds, and increase straying from 
their contaminated home stream into uncontaminated tributaries.  Avoidance thresholds in the 
wild of 0.35 to 0.43 toxic units were about seven times higher than laboratory avoidance 
thresholds (0.05 toxic units), perhaps because the laboratory tests used juvenile fish rather than 
more motivated spawning adults.  For this study 1.0 toxic unit was defined as an incipient lethal 
level (ILL, essentially a time independent LC50), of 48 µg/L in soft water (Sprague et al. 1965, 
Saunders and Sprague 1967). Studies of home water selection with returning adult salmon 
showed that addition of 44 µg/L copper to their home water reduced the selection of their home 
stream by 90% (Sutterlin and Gray 1973).  Releases of about 20 µg/L from a mine drainage into 
a salmon spawning river resulted in 10–22% repulsion of ascending salmon during four 
consecutive years compared to 1–2% prior to mining (Sutterlin and Gray 1973).  The upstream 
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spawning migration of Chinook salmon (O. tshawytscha) in Panther Creek, Idaho, may have 
been interrupted during the 1980s and early 1990s when the fish encountered dCu concentrations 
of 10–25 µg/L. In Panther Creek, the majority of spawning habitat and historical locations of 
Chinook salmon spawning were high in the watershed, upstream of copper discharges.  
However, Chinook salmon were only observed spawning below the first major diluting tributary, 
a point above which copper concentrations averaged about 10–25 µg/L during the times of the 
spawning observations (Mebane 1994, 2000). 

Sublethal copper exposure has been shown to interfere with the downstream migration to 
the ocean of yearling coho salmon (O. kisutch). Lorz and McPherson (1976, 1977) and Lorz et 
al. (1978) evaluated the effects of copper exposure on salmon smolts’ downstream migration 
success in a series of 14 field experiments.  Lorz and McPherson (1976, 1977) exposed yearling 
coho salmon for six to 165 days to nominal copper concentrations varying from 0–30 µg/L.  
They then marked and released the fish during the normal coho salmon migration period and 
monitored downstream migration success.  The fish were released simultaneously, allowing for 
evaluation of both copper exposure concentrations and exposure duration on migration success.  
All dCu exposures resulted in reduction of migration compared with unexposed control fish.  
Migration success decreased with both increasing copper concentrations and increased exposure 
time for each respective concentration.  Exposure to 30 µg/L dCu for as little as 72 hours caused 
a considerable reduction in migration (≈60%) compared to control fish. The reductions in 
migration following short-term exposures to dCu are illustrated in Figure A-1.  Following 
exposure to 30 µg/L dCu, 80% of coho did not reach the migratory point in 49 days.  These 
concentrations (5-20 µg/L) were one-tenth to one-third the 96-hour LC50 for the same stock of 
juvenile coho salmon in the same water.  Lorz et al. (1978) further tested downstream migration 
with yearling coho salmon previously exposed to copper, cadmium, copper-cadmium mixtures, 
zinc, and copper-zinc mixtures.  Copper concentrations in all tests were held at 10 µg/L.  In all 
cases, the copper exposed fish again had poorer migratory success than did controls.  The other 
metals did not show the dose-dependent result found for copper.  These studies suggest that 
exposure to copper concentrations at levels found in streams subject to nonpoint copper pollution 
may impair downstream migration, a result of direct and indirect effects to salmon smolts, 
including reproductive success. 

Laboratory Avoidance Studies 

Studies have shown that salmonids can detect and avoid copper at low concentrations 
when tested in troughs or streams that allow them to choose between concentration gradients.  To 
our knowledge, the lowest copper concentration reported to cause avoidance in laboratory 
conditions was 0.1 µg/L (Folmar 1976).  However, these results may have low applicability to 
ambient conditions because copper exposure concentrations were not analytically verified.  
Avoidance thresholds of 2 µg/L copper have been reported for Atlantic salmon (Salmo salar), 
concentrations that are less than one-tenth of acute LC50 values (Saunders and Sprague 1967). 
Giattina et al. (1982) reported that rainbow trout appeared to detect copper concentrations down 
to 1.4–2.7 µg/L, because declines in residence time started to occur at these lower 
concentrations. However, the responses were only statistically significant at 4.4 to 6.4 µg/L 
depending on whether fish were exposed to a gradually increasing or abruptly increasing 
concentration gradient respectively. At exposure to extremely high dCu levels, for example,  
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Figure A-1. Reduction in downstream migration of yearling coho salmon following 6 days of exposure to 
copper at various concentrations. (Redrawn from Lorz and McPherson 1977, their Figure 19.) 

330–390 µg/L, trout showed diminished avoidance and sometimes attraction to acutely lethal 
concentrations (Giattina et al. 1982, Hansen et al. 1999a, Chapman unpubl. data). 

Chapman (unpubl. data) reported that long-term sublethal copper exposures had impaired 
the avoidance performance of salmonids.  Steelhead (O. mykiss), acclimated to low copper levels 
by surviving about 3 months early life stage toxicity testing, subsequently failed to avoid much 
higher, acutely lethal concentrations.  Following about 3 month continuous exposure to 9 µg/L 
copper (from fertilization to about 1 month after swim up) the copper-acclimated fish and control 
fish with no previous copper exposure were exposed to a range of copper concentrations from 
10 to 80 µg/L in avoidance-preference testing. The tests used the same counter flow avoidance-
preference test chambers described by Giattina et al. (1982).  The acclimated steelhead failed to 
avoid even the highest copper concentrations while most of the unexposed fish avoided all 
concentrations. 

Hansen et al. (1999a) and Marr et al. (1995) conducted a variety of behavioral and other 
toxicity studies with Chinook salmon and rainbow trout exposed to copper.  In these studies they 
used well water that was diluted with deionized water and spiked with copper to obtain a 
hardness, alkalinity, and pH that simulated those in Panther Creek, a mine-affected stream in 
Idaho. The avoidance response of the Chinook salmon was statistically significant for 0.8 and 
2.8–22.5 µg/L copper but was not significant for a 1.6 µg/L copper treatment.  Since the 
avoidance responses (percent time spent in test water) were similar between the 0.8, 1.6, and 3 
µg/L treatments, but the 1.6 µg/L treatment had fewer replicates than the other treatments (10 vs. 
20), the lack of statistical significance for the 1.6 µg/L treatment was probably an artifact of the 
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different sample sizes rather than a true lack of response.  Rainbow trout consistently avoided 
copper at concentrations of 1.6 µg/L and above.  To simulate avoidance responses that might 
result on exposing fish to background levels of copper, Hansen et al. (1999a) acclimated both 
Chinook salmon and rainbow trout to 2 µg/L copper for 25 days, and repeated the avoidance 
experiments.  They observed that the avoidance response of Chinook salmon was greatly 
dampened such that no copper treatments resulted in statistically significant responses.  In 
contrast, the avoidance response of rainbow trout was unaffected by the acclimation.  This 
dramatic difference between Chinook salmon and rainbow trout avoidance was so unexpected 
that Hansen et al. (1999a) ran a second set of experiments that yielded the same results.  
Background dCu concentrations (<4 µg/L) are commonly observed in natural waterways, yet 
Chinook salmon failed to avoid any higher dCu concentrations following an acclimation to a 
nominal 2 µg dCu/L.  Importantly, if Chinook salmon will not avoid any dCu concentrations 
following acclimation to low dCu concentrations, the behavioral defense against chronic and 
acute exposures to dCu is lost, and high mortality or chronic physiological effects are probable if 
subsequent higher levels of dCu exposure occur.  Unlike Chinook salmon, dCu-acclimated 
rainbow trout preferred clean water and avoided higher dCu concentrations.  Other differences 
between Chinook salmon and rainbow trout avoidance responses to copper were that addition of 
4 and 8 mg/L dissolved organic carbon (DOC) did not appreciably affect the avoidance response 
of Chinook salmon to copper, nor did altering pH across a range of 6.5 to 8.5.  In contrast, the 
addition of DOC (4 and 8 mg/L) did reduce the avoidance response of rainbow trout to copper.  
Although variable, avoidance responses of rainbow trout were slightly stronger at pH 7.5 and 8.5 
than at 6.5 (Marr et al. 1995). 

A further repeated finding from these laboratory avoidance tests was that although 
rainbow trout, steelhead, and Chinook salmon avoided low concentrations of dCu, they were 
apparently intoxicated and sometimes attracted to very high concentrations (Giattina et al. 1982, 
Hansen et al. 1999a, Chapman unpubl. data).  The direct relevance of laboratory avoidance 
studies to the behaviors of fish in the wild is debatable since in natural waters fish likely select 
and move among habitats based on myriad reasons such as access to prey, shelter from predators, 
shade, velocity, temperature, and interactions with other fish.  In contrast, laboratory 
preference/avoidance tests are commonly conducted under simple, highly artificial conditions to 
eliminate or minimize confounding variables other than the water characteristic of interest.  
Laboratory tests may overestimate the actual protection this behavior provides fish in 
heterogeneous, natural environments (Hartwell et al. 1987, Korver and Sprague 1989, Scherer 
and McNoil 1998). 

However, at least one study suggested that experimental avoidance responses observed 
with salmonids are relevant to fish behaviors in the wild.  From 1980 to 1982, sublethal levels of 
a contaminant (fluoride) from an aluminum mill at the John Day Dam on the Columbia River 
were associated with a significant delay in salmon passage and decreased survival (Damkaer and 
Dey 1989). Salmon took an average of 36 hours to pass up the fish ladder at the Bonneville and 
McNary dams compared to 157 hours delay at the John Day Dam.  Greater than 50% mortality 
occurred between the Bonneville and McNary dams (above and below the John Day dam), 
compared to about 2% mortality associated with the other dams.  Damkaer and Dey (1989) 
introduced similar levels of the contaminant in streamside test flumes alongside a salmon 
spawning stream (Big Beef Creek, Washington).  Significant numbers of adult Chinook salmon 
failed to move out of their holding area and continue upstream; those that did move upstream 
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chose the noncontaminated side of the flume. By adjusting the dose, Damkaer and Dey (1989) 
predicted a threshold detection limit for avoidance by salmon.  The mill subsequently reduced its 
release of the contaminant to below these experimental threshold levels, which did not show a 
response in the streamside tests.  Afterwards, fish passage delays and salmon mortality between 
the dams decreased to 28 hours and <5%, respectively (Damkaer and Dey 1989).  This study 
suggested that the delay due to avoidance of a chemical affected the spawning success of 
migrating adult salmonids.  These results are also consistent with the field studies of salmon 
migration in copper-contaminated streams and from laboratory avoidance/preference testing.  
Experimental avoidance/preference testing thus appears to be relevant to fish behavior in nature. 

Other Adverse Effects 

The focus of this literature synthesis is sensory effects of copper on juvenile salmonids.  
However, other adverse effects of copper to salmonids reported in the literature include 
weakened immune function and disease resistance, increased susceptibility to stress, liver 
damage, reduced growth, impaired swimming performance, weakened eggshells, and direct 
mortality (McKim and Benoit 1971, Stevens 1977, Schreck and Lorz 1978, Waiwood and 
Beamish 1978a, 1978b, Chapman 1982, Farag et al. 1994, Marr et al. 1996, Farag et al. 2003).  
While a comprehensive review of other adverse effects of copper on fish is beyond the scope of 
this synthesis, we discuss several studies of interest below. 

Stevens (1977) reported that preexposure to sublethal levels of dCu interfered with the 
immune response and reduced the disease resistance in yearling coho salmon.  Juvenile coho 
salmon were vaccinated with the bacterial pathogen Vibrio anguillarum prior to copper exposure 
to investigate the effects of copper upon the immune response and survival.  Following copper 
exposure (9.6–40 µg/L), surviving juveniles were challenged under natural conditions to V. 
anguillarum, the causative agent of vibriosis in fish.  Vibriosis is a disease commonly found in 
wild and captive fish from marine environments and has caused deaths of coho and Chinook 
salmon.  Coho salmon were exposed to constant concentrations of dCu for about one month at 
levels that covered the range from no effect to causing 100% mortality, 9.6–40 µg/L.  The 
antibody titer level against V. anguillarum was significantly reduced in fish exposed to 13.9 µg/L 
of dCu when compared to that developed in control fish.  The survivors of the dCu bioassays 
were then exposed in saltwater holding ponds for an additional 24 days to the V. anguillarum 
pathogen. The unvaccinated, non-dCu exposed control fish had 100% mortality and the 
vaccinated, non-dCu exposed fish had the lowest mortality.  The vaccinated, dCu-exposed fish 
had increasing mortality corresponding to the lower antibody titer levels which in turn 
corresponded to the increasing dCu exposure levels.  Therefore, dCu exposure can significantly 
reduce a fish's immune function and disease resistance at concentrations as low as 13.9 µg/L 
following 30 days of exposure (Stevens 1977). 

Schreck and Lorz (1978) studied the effects of copper exposure to stress resistance in 
yearling coho salmon.  Fish that were exposed for 7 days to 15 µg/L dCu and unexposed control 
fish were subjected to severe handling and confinement stress. Copper-exposed fish survived 
this additional stress for a median of 12–15 hours while control fish experienced no mortality at 
36 hours. Schreck and Lorz (1978) concluded that exposure to copper placed a sublethal stress 
on the fish which made them more vulnerable to handling and saltwater adaptation.  Further, 
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they hypothesized that dCu exposure may make salmonids more vulnerable to secondary stresses 
such as disease and pursuit by predators. 

Exposure of brook trout (Salvelinus fontinalis) eggs to 17.4 µg dCu/L for 90 days 
resulted in weakened chorions (eggshells) and embryo deformities.  After hatching, poor yolk 
utilization and reduced growth were demonstrated.  These overall weakened conditions may 
reduce survival chances in the wild (McKim and Benoit 1971, McKim 1985).  Copper 
accumulation in the liver of rainbow trout caused degeneration of liver hepatocytes, which 
resulted in reduced ability to metabolize food, reduced growth, or eventual death (Leland and 
Carter 1985, Farag et al. 1994, Meyer 2005).  Waiwood and Beamish (1978a), Chapman (1982), 
Seim et al. (1984), McKim and Benoit (1971), and Marr (1996) have also observed reduced 
growth of salmonids in response to chronic copper exposures as low as 1.9 µg/L.  Waiwood and 
Beamish (1978b) reported that rainbow trout exposed to copper levels had reduced swimming 
performance (10, 15, 20, 30 µg/L dCu) and reduced oxygen consumption (25, 40 µg/L dCu) 
apparently due to gill damage and decreased efficiency of gas exchange. 

In sum, there is a large body of literature showing that behavior of salmonids and other 
fishes can be disrupted at concentrations of dCu that are only slightly elevated above background 
concentrations. Further, dCu stress has been shown to increase the cost of maintenance to fish 
and to limit oxygen consumption and food metabolism.  Reduced growth may result in increased 
susceptibility to predation, and impaired swimming ability may result in reduced escape reaction 
and prey hunting, with a possible consequence of reduced survival at the population level.  We 
summarize selected examples of effect concentrations reported with copper for several different 
types of effects in Table 1 of this technical memorandum.  In general, typical copper exposures 
probably do not kill juvenile salmonids directly until concentrations greater than about 10 times 
that of sensory thresholds, and then only if the concentrations are sustained for at least several 
hours. In selecting these examples, we sought to list representative effects and concentrations 
rather than extreme values that could be gleaned from the literature.  However, the selected 
examples do not constitute an exhaustive review of the effects of copper to fish; more general 
reviews of effects of copper to fish and other aquatic organisms are available elsewhere (Leland 
and Carter 1985, Sorensen 1991, Eisler 1998, USEPA 2007). 
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Recent NOAA Technical Memorandums 
published by the 
Northwest Fisheries Science Center 
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Most NOAA Technical Memorandums NMFS-NWFSC are available online at the 
Northwest Fisheries Science Center web site (http://www.nwfsc.noaa.gov) 



     
             

     
       

 
 

 
                               
                                   

                                    
                               

                           
                                
                                 
                               

                             
                       
                   

 
                       

                     
       

                            
                                       

                                
                               
                       
                            

                             
                         
                            

                                
                                   
                       
                   

 
                                 

                               
                                    
                         
                                 

 
 

   
 

   
     
                     

            
 

      

John Toll 

Subject: arsenic TRV 

From: Shephard.Burt@epamail.epa.gov [mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Wednesday, September 03, 2008 5:21 PM 
To: John Toll 
Subject: Re: arsenic TRV 

John, 

The quick answer is that the endpoints and procedures used to derive the 5th percentiles from 
the data we had on hand in 2000 differed from what we're using today (aside from the obvious 
difference of eight more years of data to select from). One of the objectives of the Dyer et 
al. 2000 paper in Environmental Science and Technology was to see if we could find an 
association between contaminant body burdens in fish from Ohio streams and rivers and indices 
of fish community health and habitat quality. Ohio EPA (the state agency, not a branch of 
the federal EPA) has for a long time maintained and operated one of the best statewide fish 
and habitat monitoring programs of any state in the country, so we had a big historical 
database collected over multiple years of field collected data against which to try out the 
then relatively new tissue screening concentrations for use in screening level ecological 
risk assessment I had developed a couple of years earlier. 

The toxicological endpoints we included in the 5th percentile data derivation included 
laboratory only, single chemical exposures resulting in effects on survival, reproduction, 
growth, behavior and morphology. 
The first three toxicological endpoints are no surprise. Behavior is explanable if you know 
Scott Dyer and I both went to grad school at Iowa State in the mid 1980s (I actually was his 
TA in limnology while he was an undergrad, which is where we first met). Iowa State 
emphasizes the use of behavioral endpoints in toxicology, so both Scott and I like to use 
behavioral endpoints and see their ecological relevance, thus explaining the inclusion of 
behavior. Morphology was included because one of the 12 metrics within Ohio's fish community 
health assessment protocol, which was a Jim Karr (now at Univ. of Washington) developed index 
of biotic integrity approach, was termed the DELT index (Deformities, fin Erosion, Lesions 
and Tumors). These type of effects are all lumped into the morphological effects endpoint 
category by both my database and ERED. Thus, to have the fish community health and tissue 
residue indices match up as well as possible in Dyer et al. 2000, we thought it necessary to 
include all residue‐effect studies that affected the tissue or organ level morphological 
endpoints, in additional to the more standard organism level endpoints. 

The actual dataset from which we derived the 5th percentiles is long gone, it has been much 
amended down through the years, although it still lives as the database we sent you earlier 
this year so you could track some of the tissue TRV sources and references. FYI, in my URS 
days we called the database the TREAD database (tissue residue effects association database), 
maybe we should dust off TREAD instead of Burt Shephard's database in the text of the TRV 
development? 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
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Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Burt Shephard/R10/USEPA/US@EPA 
09/03/2008 04:46 cc 
PM 

Subject 
arsenic TRV 

Hi Burt. I was looking at the draft arsenic tissue TRV for aquatic invertebrates and was 
curious about how it compared to the screening level TRV. I discovered that the screening‐
level TRV comes from your 2000 ES&T paper with Scott Dyer and Charlotte White‐Hull. There 
it’s described as follows: “(c)orresponds to literature‐based fifth percentile of effects 
residues, calculated from all single chemical laboratory tests focusing on community and 
population effects, such as mortality, growth, reproduction, behavior, and morphology.” 
Unfortunately the paper doesn’t site the literature studies that were used to derive the 5th 
percentile. Do you know what studies were used? 
I’d be interested in knowing whether they’ve been included in the baseline tissue TRV 
development process. I’m also interested in the methods used to estimate the 5th percentile 
and in what the corresponding 10th percentile would be. John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 
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John Toll 

Subject: RE: Tissue Residue TRVs 
Attachments: WinZip Compressed Attachments.zip; About WinZip Compressed Attachments.txt 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov]
 
Sent: Friday, September 05, 2008 1:47 PM
 
To: Bob Wyatt; Rick Applegate; Jim McKenna
 
Cc: Keith Pine; Jennifer Woronets
 
Subject: Tissue Residue TRVs
 

Attached are the Tissue Residue TRVs for the following chemicals:
 

Zinc, Mercury, Lead, Di‐n‐butyl phthalate, Butylbenzyl phthalate, Bis
 
(2‐ethylhexyl) phthalate, Lindane, Endrin, Hexachlorobutadiene and TBT.
 

We have four more tissue residue TRVs to submit ‐ DDT and related chemicals,
 
hexachlorocyclohexane isomers, cadmium (fish only) and copper (fish only). In addition,
 
please note that the lead TRV is a resubmittal; we found an error with our previous
 
submission.
 

Please let me know if you have any questions.
 

Thanks, Eric
 

(See attached file: TBT Tissue TRV (05 Sep 08).pdf)(See attached file:
 
Hexachlorobutadiene Tissue TRV (05 Sep 08).pdf)(See attached file:
 
Mercury Tissue TRV (05 Sep 08).pdf)(See attached file: Endrin Tissue TRV
 
(05 Sep 08).pdf)(See attached file: Lead Tissue TRV (05 Sep 08).pdf)(See attached file:
 
bis(2‐ethylhexyl)phthalate Tissue TRV (05 Sep 08).pdf) (See attached file:
 
Butylbenzylphthalate Tissue TRV (05 Sep 08).pdf)(See attached file: Di‐n‐butylphthalate
 
Tissue TRV (05 Sep 08).pdf)(See attached file: Lindane Tissue TRV (05 Sep 08).pdf)(See
 
attached file:
 
Zinc Tissue TRV (05 Sep 2008).pdf)(See attached file: Zinc Tissue TRV Data (05 Sep 2008).xls)
 
(See attached file: Mercury Tissue TRV (05 Sep 08).xls)(See attached
 
file: Endrin Tissue TRV (05 Sep 08).xls)(See attached file: Lindane Tissue TRV (05 Sep
 
08).xls)(See attached file: Lead Tissue TRV Data (05 Sep 08).xls)(See attached file: Di‐n‐
butylphthalate Tissue TRV (05 Sep
 
08).xls)
 
(See attached file: bis(2‐ethylhexyl)phthalate Tissue TRV (05 Sep 08).xls)(See attached file:
 
Butylbenzylphthalate Tissue TRV (05 Sep 08).xls)(See attached file: TBT Tissue TRV Data (05
 
Sep 08).xls)(See attached file: Hexachlorobutadiene Tissue TRV (05 Sep 08).xls)
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Tissue TRV for Tributyltin 

Tributyltin (TBT) was identified as a COPC for invertebrates only from EPA’s screening-level ecological 
risk assessment (SLERA – EPA 2008). From EPA’s database maintained by Burt Shephard and the 
Environmental Residue Effects Database (ERED) maintained by the U.S. Army Corps of Engineers, 
tributyltin toxicity data with whole body tissue measurements were identified for 16 invertebrate species.  
The studies that appeared to most strongly influence the 5th and 10th percentiles from the distribution of 
final species LOERs were critically reviewed to ensure that the values reported in either Burt Shephard’s 
database or ERED are consistent with the methods being used to derive tissue TRVs for Portland Harbor.  
The cumulative distribution of final species LOERs, following this review of select studies, is provided in 
Figure 1. The individual toxicity values compiled to derive the final species LOERs are provided in 
Table 1 and the final species LOERs are ranked in Table 2.  Table 3 provides the preliminary data 
compilation before select studies were further reviewed.  The select studies are summarized below. 

Ilyanassa obsoleta (Mud snail) 

Hyde et al. (1974)—ERED cited a LOED of 0.02 mg/kg ww based on reproductive effects in the mud 
snail Ilyanassa obsoleta. Upon reviewing this study however, it was apparent that the citation in ERED 
was incorrect (Hyde et al. 1974 evaluated the effects of mirex on channel catfish production). A different 
entry in ERED with the exact same data (besides citation) was found referencing Meador et al. (2002); 
therefore, the reproductive effects of TBT on mud snails were evaluated in this study instead.  Meador et 
al. (2002) is a review paper and the mud snail LOED contained therein refers to Bryan et al. (1989). 
Since the Bryan et al. (1989) study was already included in the invertebrate TBT database (reproduction 
ED100 of 0.124 mg/kg ww as cited by ERED), preference was given to the primary study and the review 
paper endpoint from Meador et al. (2002) was not included in TRV derivation. 

Neanthes arenaceodentata (Neanthes) 

Moore et al. (1991)—ERED cited an ED100 of 0.00094 mg/kg ww based on reproductive effects in the 
polychaete Neanthes arenaceodentata.  Moore et al. (1991) exposed juvenile Neanthes via a Tetramin
alfalfa food slurry containing TBT concentrations ranging from 0 – 500 ng/L under static-renewal 
conditions for ten weeks.  The LOECs were as follows: 500 ng/L for survival, 100 ng/L for growth, and 
100 ng/L for reproduction.  TBT whole body tissue residues associated with these effects concentrations 
were 16.8 and 6.27 µg/g dw for the 500 and 100 ng/L treatments, respectively. Assuming 80% moisture, 
these LOEDs were 3.36 and 1.25 mg/kg ww, respectively.  The origin of the 0.00094 mg/kg ww value 
cited in ERED is unclear; accordingly, 1.25 mg/kg ww (the lower of the two LOEDs and representative of 
both growth and reproductive effects) was selected as the species LOER for this study. 

Meador et al. (2002)—ERED cited a LOED of 1.26 mg/kg ww based on TBT effects on growth of the 
polychaete Neanthes arenaceodentata.  Meador et al. (2002) is a review paper and the Neanthes LOED 
contained therein refers to Moore et al. (1991), described above.  That Meador et al. (2002) derived the 
same value for the growth LOED discussed above further supports the unsubstantiated value of 0.00094 
mg/kg ww cited for Moore et al (1991) in ERED.  So, to prevent including this study twice, the Meador et 
al. (2002) record was not included in TRV derivation in favor of the primary literature citation. 

Armandia brevis (Polychaete) 

Meador et al. (2002)—ERED cited a LOED of 0.48 mg/kg ww based on TBT effects on growth of the 
polychaete Armandia brevis. Meador et al. (2002) is a review paper and the Armandia brevis LOED 
contained therein refers to Meador and Rice (2001). Since the Meador and Rice (2001) study was already 
included in the invertebrate TBT database (42-day growth LOER of 0.54 mg/kg ww as cited by Burt 
Shephard), preference was given to the primary study and the review paper endpoint from Meador et al 
(2002) was not included in TRV derivation. 
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Crassostrea gigas (Pacific oyster) 

Meador et al. (2002)—ERED cited a LOED of 0.66 mg/kg ww based on TBT effects on growth of the 
Pacific oyster Crassostrea gigas. Meador et al. (2002) is a review paper and the Pacific oyster LOED 
contained therein refers to Davies et al. (1987).  Since the Davies et al. (1987) study was already included 
in the invertebrate TBT database (growth LOER of 0.75 mg/kg ww as cited by ERED), preference was 
given to the primary study and the review paper endpoint from Meador et al (2002) was not included in 
TRV derivation. 

Mytilus edulis (Mussel) 

Meador et al. (2002)—ERED cited a LOED of 0.6 mg/kg ww based on TBT effects on growth of the 
mussel Mytilus edulis. Meador et al. (2002) is a review paper and the mussel LOED contained therein 
refers to Guolan and Yong (1995). Guolan and Yong (1995) exposed mussels to 0, 0.020, 0.064, 0.10 and 
0.50 µg TBT/L under flow-through conditions for 60 days.  The lowest concentration affecting shell 
length, width and weight was 0.10 µg/L.  The corresponding soft tissue TBT concentration (3.25 mg/kg 
dw or 0.65 mg/kg ww) was estimated by adding the TBT concentrations represented graphically in gill, 
viscera, muscle and mantle measured at test termination (day 60).  This LOED is slightly higher than that 
reported by Meador (3.0 mg/kg dw or 0.60 mg/kg ww), but TBT tissue concentrations were presented 
graphically (not in tabular form), and from our examination of the figures in Guolan and Yong (1995), a 
slightly higher value (3.25 mg/kg dw or 0.65 mg/kg ww) appeared to be more correct. Therefore, 0.65 
mg/kg ww was selected from this study for use in deriving the final species LOER. 

Hinia reticulata (Netted dogwhelk) 

Stroben et al. (1992). This study exposed H. reticulata to a series of TBT concentrations in water ranging 
from 5 to 100 ng TBT/L for six months. Although statistical significance was not reported, significant 
imposex symptoms (as detected by vas deferens sequence index) were observed even at the lowest 
exposure level of 5 ng TBT/L. At the end of the 6-month exposure period, the organisms had accumulated 
TBT in whole-body tissues at a reported empirical bioaccumulation factor of 7,270 (on a wet wt. basis), 
and so the final LOER would be 0.036 mg/kg wet wt. 

Nassarius reticulatus (Mussel) 

Pessoa et al. (2001)—ERED cited an LD100 for N. reticulatus of 11.75 mg/kg wet wt. However, 
organisms were collected in the field, and no laboratory TBT exposures were conducted. Therefore, the 
study was not used in TRV derivation. 

Conclusions 

With the above modifications, the 10th percentile tissue TRV estimate using the BurrliOZ software is 0.05 
mg/kg wet wt.. 
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Tissue TRV for Mercury 

Mercury was identified as a COPC for fish only based on EPA’s screening level ecological risk 
assessment (SLERA – EPA 2008).  As summarized in Wiener and Spry (1996), little of the total mercury 
present in water and sediment of freshwater systems is present as organic methyl mercury (MeHg), but 
95-99% of the mercury in fish is present as MeHg.  Fish largely obtain MeHg from their diet, and a lesser 
amount from surface water via the gills.  Inorganic mercury is absorbed much less efficiently from the gut 
and gills than MeHg, and is eliminated much more rapidly (Wiener and Spry 1996).  Mercury toxicity 
studies in which whole body residues were measured have been conducted with multiple mercury forms 
(e.g., MeHg and inorganic mercuric chloride [HgCl2]) and exposure routes (i.e., diet, water, sediment).  
Although the mercury form and exposure route may influence the toxicokinetics and toxicodynamics of 
mercury in fish, all study types were considered in developing a mercury TRV for whole body fish tissue. 

From the EPA database maintained by Burt Shephard and the Environmental Residue Effects Database  
(ERED) maintained by the U.S. Army Corps of Engineers, mercury toxicity data with whole body tissue 
measurements were identified for 17 fish species.  The studies that appeared to most strongly influence 
the 5th and 10th percentiles from the distribution of final species LOERs were critically reviewed to ensure 
that the values reported in either Burt Shephard’s database or ERED are consistent with the methods 
being used to derive tissue TRVs for Portland Harbor.  The cumulative distribution of final species 
LOERs following this review of select studies is provided in Figure 1.  The individual toxicity values 
compiled to derive the final species LOERs are provided in Table 1 and the final species LOERs are 
ranked in Table 2. Table 3 provides the preliminary data compilation before the select studies were 
further reviewed. The select studies are summarized below. 

Ictalurus punctatus (Channel Catfish) 

Birge et al. (1979)—ERED cites a mercury LD50 of 0.06 mg/kg wet wt. based on mortality in the catfish 
I. punctatus. This study was initiated with channel catfish eggs exposed to aqueous HgCl2 concentrations 
of 0.19, 0.26, 0.30, 0.32, and 0.78 µg/L through 4 days post-hatch.  The average hatching time was 6 
days, which resulted in a total exposure duration of approximately 10 days.  Percent survival in the 
controls was >90%, but was reduced to 68, 59, 30, 48, and 35% with increasing mercury concentrations.  
The associated mercury concentrations in catfish tissues were 0.014, 0.017, 0.06, 0.03, and 0.34 mg/kg 
wet wt. From a direct examination of the study, it is not clear whether these concentrations were 
measured in eggs or larvae.  Statistical significance is not reported, but the aqueous LC50 was identified 
as 0.30 µg/L, which would correspond to a tissue concentration of 0.06 mg/kg wet wt. (the value cited in 
ERED). The paper does not state whether results are dry weight or wet weight, but previous 
communication with the author indicated the study reported dry weight results.  Because it was also not 
possible to determine whether egg or embryo tissues were measured, the LOER from this study was not 
considered for tissue TRV development. 

Oncorhynchus mykiss (Rainbow Trout) 

Wobeser (1975)—ERED cites a mercury LOED of 10 mg/kg wet wt. based on mortality in the rainbow 
trout O. mykiss. This value appears to be based on data from a preliminary study briefly discussed in the 
paper. Rainbow trout were injected with MeHg to provide fish tissue concentrations of 10, 15, and 20 mg 
Hg/kg body weight.  These fish all died or were sacrificed when moribund.  Because the mercury 
exposure route was via injection, this preliminary study was excluded from TRV development.  In the 
primary study presented in Wobeser (1975), rainbow trout were exposed to dietary MeHg concentrations 
of 4, 8, 16, and 24 mg/kg.  However, whole body mercury concentrations in fish were not analyzed (only 
muscle).  Accordingly, the results from the primary study were also excluded from TRV development. 

Birge et al. (1979)—ERED cites a mercury LD76 of 26.9 mg/kg wet wt. based on mortality in the 
rainbow trout O. mykiss. The LD76 of 26.9 mg/kg wet wt. cited in ERED could not be independently 
verified. In one test, eyed trout eggs were exposed to sediment-bound mercury through 10 days post
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hatch, for a total exposure duration of 20 days.  In one treatment, 77% mortality was observed and the 
associated mercury concentration in tissue was 269 ng/g wet wt., or 0.27 mg/kg wet wt.  It is possible that 
ERED erroneously reported this result as an LD76 of 26.9 mg/kg wet wt. Similar to the I. punctatus study 
described above, it was not possible to determine whether these concentrations were measured in eggs or 
larvae. Because it was not possible to determine whether egg or embryo tissues were measured, the 
LOER from this study was not considered for tissue TRV development. 

Niimi and Kissoon (1994)—Burt Shephard’s database cites that a whole body mercury concentration of 
11.2 mg/kg wet wt. in O. mykiss was associated with mortality in 12 to 33 days. In this study, whole 
body mercury concentrations were measured in rainbow trout that were exposed to an aqueous methyl 
mercuric chloride (CH3HgCl) concentration of 9 µg/L (fish were also exposed to CH3HgCl concentrations 
of 4, 10, 13, and 34 µg/L and HgCl2 concentrations of 64-426 µg/L, but whole body mercury 
concentrations were not measured in any of these fish).  All of the fish exposed to the CH3HgCl 
concentration of 9 µg/L died between day 12 and 33 of exposure.  Accordingly, because all of the 
mortality occurred over an exposure duration that is not truly chronic, an ACR of 8.3 was applied to the 
whole body mercury concentration of 11.2 mg/kg wet wt., which results in a whole body concentration of 
1.3 mg/kg wet wt.  This latter value was used in developing the final species LOER for mercury in 
rainbow trout. 

Danio rerio (Zebrafish) 

de Carvalho et al. (2006)—Burt Shephard’s database cited that a whole body mercury concentration of 
0.09 mg/kg wet wt. in D. rerio was associated with 16.66% mortality in 7 days (which was not 
statistically elevated above control mortality).  Zebrafish were exposed to either (1) mercury-spiked 
sediment, (2) sediment continuously exposed to mercury-contaminated dilution water, or (3) mercury-
contaminated water for 7 days.  Mercury concentrations were measured in fish that survived the 7 day 
exposure period. Mortality did not differ significantly (p<0.05) between the control and any of the 
mercury treatments (control mortality was less than 10%, and was 16.66% in fish exposed to mercury in 
the water-only treatment).  The mean mercury concentration in this treatment was shown graphically, and 
appears to fall between approximately 0.08-0.09 mg/kg wet wt.  As discussed in the guidance document 
for tissue TRV development, “no effect” concentrations are not being considered for TRV development in 
the baseline risk assessment (BERA).  Because statistically significant effects were not observed in this 
study, these data were excluded from TRV development. 

Oreochromis niloticus (Nile tilapia) 

de Carvalho et al. (2006)—Burt Shephard’s database cited that a whole body mercury concentration of 
0.14 mg/kg wet wt. in D. rerio was associated with 23.33% mortality in 7 days (which was not 
statistically elevated above control mortality).  The basic study design for Nile tilapia is the same as that 
summarized above for zebrafish.  As for zebrafish, mortality in Nile tilapaia did not differ significantly 
(p<0.05) between the control and any of the mercury treatments (control mortality was less than 10%, and 
was 23.33% in fish exposed to mercury in the water-only treatment).  The mean mercury concentration in 
this treatment was shown graphically, and appears to be approximately 0.14 mg/kg wet wt.  However, 
because statistically significant effects were not observed in this study, these data were excluded from 
TRV development. 

Pimephales promelas (Fathead Minnow) 

Handy (2005)—Burt Shephard’s database cited that a whole body mercury concentration of 0.37 mg/kg 
wet wt. in the fathead minnow was associated with 7% lethality when intermittently exposed to mercury 
for 120 hours.  Fathead minnows were exposed to a nominal peak mercuric chloride concentration of 3 
µg/L, either continuously or intermittently, for 120 hours.  In the intermittent mercury exposure 
experiment, fish were subjected to three intermittent pulses in which the mercury pulse lasted for 24 
hours. In between the mercury pulses fish were exposed for 24 hours to mercury-free water.  The 
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mercury concentrations in the fish continuously and intermittently exposed to mercury were 0.77 and 0.37 
mg/kg wet wt., respectively, and the associated mortality in each experiment was 14% and 7%.  Control 
fish were not maintained during the 120-hour exposure.  Since 7% mortality is within the limits of 
generally accepted control mortality in acute studies, this level was not assumed to be sufficiently high for 
defining a LOER.  Although it could not be tested whether 14% was a statistically significant level of 
effect due to the absence of a control, this level of effect was assumed to be representative of a LOER.  
Accordingly, a whole body mercury concentration of 0.77 mg/kg wet wt. was assumed to be the tissue-
based LOER from this study.  Because the exposure duration was 120 hours, an ACR of 8.3 was applied 
to estimate a whole body concentration of 0.093 mg/kg wet wt.  This latter value was used for TRV 
development. 

Sandheinrich and Miller (2006)—ERED cites a mercury ED50 of 0.143 mg/kg wet wt. based on 
behavioral effects in the fathead minnow P. promelas. Juvenile fish were fed dietary MeHg 
concentrations of 0.058 (control), 0.87, and 3.93 mg/kg dry wt.  After the fish became sexually mature, 
one male and one female was selected from each exposure aquarium and placed in an aquarium with a 
spawning substrate. These fish were maintained on the same diet that they were previously provided. 
The fish were maintained and monitored in these spawning aquaria for 21 days or until spawning, 
whichever came first. Dietary MeHg was found to suppress mating behavior (p=0.07), as fish on the 
control, 0.87, and 3.93 mg/kg MeHg diets spent 5, 0.6, and 0.4% of their time in spawning behavior, 
respectively. The total mercury concentrations in whole body fish did not correlate with any individual 
reproductive parameters, but concentrations did correlate (p=0.02) with the total amount of time that male 
fish spent hovering (a non-reproductive behavior during which the fish is relatively inactive).  Spawning 
success was also significantly reduced (p<0.05) in both MeHg treatments by 50% relative to the control.  
The whole body mercury concentration in fish from the lowest dietary MeHg treatment was 0.714 mg/kg 
dry wt., or 0.143 mg/kg wet wt. (assuming 80% moisture).  Accordingly, 0.143 mg/kg wet wt. was 
identified as the LOER from this study. 

Fundulus heteroclitus (Mummichog) 

Matta et al. (2001)—ERED cites a mercury LD43 of 0.46 mg/kg wet wt. based on mortality in the 
mummichog F. heteroclitus. Adult fish were provided MeHg-contaminated food for at least six weeks.  
The dietary MeHg concentrations were 0.50, 1.9, 5.6, and 54 mg/kg.  Adult male survival was 
significantly reduced (p<0.05) relative to the control in the three highest mercury treatments. In the F1 
generation, the female:male sex ratio was significantly increased (p<0.05) in fish from parents provided a 
dietary mercury concentration of 5.6 and 54 mg/kg and fertilization success was significantly reduced 
(p<0.05) in parents fed the highest mercury diet of 54 mg/kg. Overall, therefore, the lowest dietary 
mercury treatment in which statistically significant effects were observed was the 1.9 mg/kg treatment, 
which was associated with reduced survival of adult males.  The mean total mercury concentration in the 
male fish was 0.47 mg/kg wet wt.  Because the adults were exposed to MeHg for at least 6 weeks, and 
effects on offspring were also evaluated, an ACR was not applied to this value. 

Stizostedion vitreum (Walleye) 

Friedmann et al. (1996)—ERED cites a mercury LOED of 0.25 mg/kg wet wt. based on development in 
the walleye S. vitreum. In this study, approximately 8.5-month-old walleye were fed MeHg-spiked diets 
of 0.137 and 0.987 mg/kg (the control diet contained 0.04 mg/kg mercury).  Fish were exposed to MeHg 
for 6 months.  Fish length and weight were both significantly reduced (p<0.02 and p<0.004, respectively) 
in fish fed the 0.987 mg/kg mercury diet.  Survival in fish fed the 0.137 and 0.987 mercury diets was 
reduced by 24 and 6%, respectively, but these decreased survival rates were not significantly significant 
(control mortality was 28%, which was attributed to difficulties in maintaining this species under 
laboratory conditions).  The mean gonadosomatic indices (GSIs) of fish fed the MeHg diets were lower 
than the controls, but not significantly different.  When the data for the mercury-treated fish were 
combined from each treatment, the statistical power was increased and the mean GSI was significantly 
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lower in the mercury-treated males relative to the control males (but not in the mercury-treated females 
relative to control females).  Histological analyses showed that male fish provided the 0.987 mg/kg 
mercury diet exhibited serious disruption of the normal architecture of the testes and significant, 
multifocal cell atrophy.  The fish fed the lower mercury diet had a lesser degree of testicular atrophy, and 
no testicular atrophy was observed in the controls.  Overall, growth was significantly reduced in the high 
mercury diet and testicular atrophy was significant.  The GSI score in male fish were statistically 
significant when the data were pooled from both mercury treatments.  However, mercury analyses in the 
fish tissue were conducted on the whole fish minus the viscera.  Because it is unknown how this 
measurement relates to a true whole body estimate of total mercury, the results of this study were not 
included in TRV development. 

Serranus cabrilla (Comber) 

Radoux and Bouquegneau (1979)—Burt Shephard’s database cites that a whole body mercury 
concentration of 2.2 mg/kg wet wt. in S. cabrillo was associated with mortality in 9 days.  However, only 
a single mercury treatment was tested and no control was included in the study.  Accordingly, this study 
was excluded from TRV development.   

Thymallus thymallus (Grayling) 

Fjeld et al. (1998)—ERED cites a mercury ED15 of 0.27 mg/kg wet wt. based on behavioral effects in the 
grayling T. thymallus. Grayling embryos were exposed to aqueous MeHg concentrations of 0.16, 0.8, 4.0, 
and 20 µg/L during the first 10 days of development, which resulted in total mercury concentrations in 
newly hatched fry of 0.09, 0.27, 0.63, and 3.8 mg/kg wet wt., respectively.  Numerous embryos in the 
highest mercury treatment were unable to successfully hatch and several were malformed.  Mortality in 
the highest mercury treatment (60%) was also higher than in the control and lower mercury treatments 
(15-30%). The surviving fish in each treatment were then held in mercury-free water and on a mercury-
free diet for a 3 year long breeding period, prior to feeding studies.  In a feeding efficiency experiment, 
the number of prey (Daphnia magna) caught decreased with increasing MeHg exposure.  Fish that were 
previously exposed to aqueous MeHg concentrations of 0.8, 4.0, and 20 µg/L as developing embryos 
consumed a significant lower (p<0.05) number of prey than the control.  In a second feeding experiment, 
fish from a mercury treatment were placed in the same tank as control fish, and their competitive ability 
to capture prey was evaluated. The control fish caught 2 to 6 times as many daphnids as the fish from the 
three highest mercury treatment groups.  Accordingly, yolk-sac fry with whole body mercury 
concentrations ≥0.27 mg/kg wet wt. had significantly reduced feeding efficiency and reduced ability to 
compete for prey relative to control fish. The authors hypothesize that MeHg caused neurotoxicity during 
development that ultimately affected their ability to locate, capture, handle, and ingest prey.  Because of 
the duration of the study, an ACR was not applied to the whole body LOER of 0.27 mg/kg wet wt. 

Conclusions 

With the above modifications, the resulting 5th and 10th percentile estimates for fish using the BurrliOZ 
software are 0.05 and 0.14 mg/kg wet wt., respectively.     
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Tissue TRV for Lindane 

Lindane was identified as a COPC for both fish and invertebrates based on EPA’s screening level 
ecological risk assessment (SLERA – EPA 2008).  From an EPA database maintained by Burt Shephard, 
and the Environmental Residue Effects Database (ERED) maintained by the U.S. Army Corps of 
Engineers, lindane toxicity data with whole body tissue measurements were identified for seven fish 
species and five invertebrate species.  The studies that appeared to most strongly influence the 5th and 10th 

percentiles from the distribution of final species LOERs were critically reviewed to ensure that the values 
reported in either Burt Shephard’s database or ERED are consistent with the methods being used to derive 
tissue TRVs for Portland Harbor.  The cumulative distribution of final species LOERs, following this 
review of select studies, is provided in Figures 1a and 1b for fish and invertebrates, respectively. For 
comparison, TRVs used or considered for use in the SLERA are also presented on Figures 1a and 1b. The 
individual toxicity values compiled to derive the final species LOERs are provided in Tables 1a and 1b 
for fish and invertebrates, respectively, and the final species LOERs are ranked in Tables 2a and 2b for 
fish and invertebrates, respectively.  Tables 3a and 3b provide the preliminary data compilation before 
select studies were further reviewed. The select studies are summarized below. 

Fish 

Oncorhynchus mykiss (Rainbow Trout) 

Ramamoorthy (1985)—Burt Shephard’s database cites an effects concentration of 0.14 mg/kg wet wt. 
based on lethargy in fry within 27 days.  The study was initiated with rainbow trout eggs exposed to 
nominal aqueous lindane concentrations of 35, 350, and 700 µg/L for five weeks.  The exposure system 
contained river water and bottom sediment.  The eggs were placed in nylon mesh baskets suspended in 
the water, which hatched 7-14 days after they were place in the baskets.  The trout fry were then also 
reared in the baskets for the remainder of the 5-week exposure period.  The author noted that the lindane 
levels were not acutely toxic, but fry in the lindane treatments containing measured lindane 
concentrations of 0.2-0.6 µg/L were lethargic compared to the control.  No other details are provided on 
how lethargy was evaluated.  Based on the measured lindane concentration range reported to result in 
lethargy, the measured whole body lindane concentrations in fry were 160.6 and 124.5 (mean = 142.6) 
µg/kg wet wt. in exposure chamber #1 and 41.5 and 86.4 (mean = 63.95) µg/kg wet wt. in exposure 
chamber #2.  The value cited in Burt Shephard’s database is based on the whole body lindane 
concentration in exposure chamber #1 (i.e., 0.14 mg/kg wet wt.); however, the whole body lindane 
concentrations from both exposure chambers should probably be averaged to reflect all of the data.  The 
resulting overall mean whole body concentration was 103 µg/kg wet wt., or 0.103 mg/kg wet wt.  This 
latter value was used as the LOER from this study for TRV development. 

Salmo salar (Atlantic Salmon) 

Carlberg et al. (1986)—Burt Shephard’s database cites an effects concentration of 1.2 mg/kg wet wt. 
based on increased mortality.  Atlantic salmon underyearlings were exposed to aqueous lindane for 15 
days.  The overall objective of the study was to evaluate the influence of natural humic water on the 
uptake of lindane, and other organic compounds, in Atlantic salmon.  In one set of experiments, the 
authors noted that “some of the fish died, both in the test and the control aquariums.”  The authors 
hypothesized that the deaths were due to differences in the general nutritional status between fish used in 
the experiment, rather than the toxicity of lindane. Because mortalities were not quantified and because 
the study authors could not link mortality to lindane exposure, this study was excluded from TRV 
development. 

Lagodon rhomboides (Pinfish) 

Schimmel et al. (1977)—ERED cites an LD50 of 5.22 mg/kg wet wt. based on mortality of the pinfish L. 
rhomboides. Pinfish were exposed to measured aqueous lindane concentrations of 18.4, 23.0, and 31.3 
µg/L for 96 hours.  At the end of the 96-hour exposure period, surviving fish were rinsed and analyzed for 
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whole body lindane. Pinfish mortality in each treatment was not reported, but the aqueous LC50 was 
30.6 µg/L.  The whole body lindane concentration in pinfish exposed to an aqueous lindane concentration 
of 31.3 µg/L (essentially equivalent to the aqueous LC50) was 5.22 mg/kg wet wt.  Because of the acute 
exposure duration used in the study, an ACR of 8.3 was applied to the approximate ED50 of 5.22 mg/kg 
wet wt. to estimate a whole body LOER of 0.63 mg/kg wet wt. for TRV development. 

Cyprinodon variegates (Sheepshead Minnow) 

Schimmel et al. (1977)—ERED cites an LD50 of 79 mg/kg wet wt. based on mortality of the sheepshead 
minnow C. variegatus. The test methods are the same as those described above for the pinfish.  The 
aqueous lindane LC50 for the sheepshead minnow was 103.9 µg/L.  The whole body lindane 
concentration in sheepshead minnows exposed to an aqueous lindane concentration of 108.7 µg/L 
(essentially equivalent to the aqueous LC50) was 79.0 mg/kg wet wt.  Accordingly, a whole body lindane 
concentration of 79.0 mg/kg wet wt was identified as the ED50.  Because of the acute exposure duration 
of the study, an ACR of 8.3 was applied to this acute ED50 to estimate a whole body LOER of 9.5 mg/kg 
wet wt. for TRV development. 

Invertebrates 

Penaeus duorarum (Pink Shrimp) 

Schimmel et al. (1977)—ERED cites an LD50 of 0.02 mg/kg wet wt. based on mortality of the pink 
shrimp P. duorarum. The test methods are the same as those described above for the pinfish and 
sheepshead minnow.  The aqueous lindane LC50 for pink shrimp was 0.17 µg/L.  The whole body 
Lindane concentration in pink shrimp exposed to aqueous lindane concentrations of 0.13 and 0.23 µg/L, 
which bracket the aqueous LC50, were 0.01 and 0.033 mg/kg wet wt.  The geometric mean of these two 
whole body concentrations is 0.02 mg/kg wet wt.  The whole body lindane concentration in pink shrimp 
exposed to an aqueous lindane concentration of 0.62 µg/L was also 0.02 mg/kg wet wt.  Accordingly, a 
whole body lindane concentration of 0.02 mg/kg wet wt. was identified as the ED50.  Because of the 
acute exposure duration of the study, an ACR of 8.3 was applied to this acute ED50 to estimate a whole 
body LOER of 0.0024 mg/kg wet wt. for TRV development. 

Mytilus edulis (Mussel) 

Hermsen et al. (1994)—ERED cites a LOED of 0.0136 mg/kg wet wt. based on behavioral effects in the 
mussel M. edulis. Mussels were exposed to suspended sediments with a lindane concentration of 150 
µg/kg for seven days.  After seven days, mussels were placed individually in a cylindrical vessel that 
received seawater containing a suspension of the marine diatom Phaeodactylum tricornutum. The 
number of diatom cells per mL of water that entered the cylinder versus the number of cells that left the 
cylinder was counted and the mean clearance rate was calculated.  The mean clearance rate of lindane-
exposed mussels (2.04 L/hr) was significantly reduced (p=0.019) relative to control mussels (2.51 L/hr).  
The reduced clearance rate is directly translatable to a reduced feeding rate by the mussels, which is 
relevant to potential effects on growth, survival, or reproduction.  The concentrations of lindane in the 
soft tissues of the mussels were 13.6, 28.2, and 31.0 µg/kg wet wt.  The lower of these values (0.0136 
mg/kg wet wt. as cited in ERED) was used as the LOER from this study for TRV development. 

Palaemonetes pugio (Grass Shrimp) 

Schimmel et al. (1977)—ERED cites an LD50 of 0.19 mg/kg wet wt. based on mortality of the grass 
shrimp P. pugio. The test methods are the same as those described above for the pinfish, sheepshead 
minnow, and pink shrimp.  The aqueous lindane LC50 for grass shrimp was 4.44 µg/L.  The whole body 
Lindane concentration in grass shrimp exposed to aqueous lindane concentrations of 3.1 and 5.5 µg/L, 
which bracket the aqueous LC50, were 0.24 and 0.14 mg/kg wet wt.  The geometric mean of these two 
whole body concentrations is 0.18 mg/kg wet wt.  Accordingly, a whole body lindane concentration of 
0.18 mg/kg wet wt. (rather than 0.19 as cited in ERED) was identified as the ED50.  Because of the acute 
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exposure duration of the study, an ACR of 8.3 was applied to this acute ED50 to estimate a whole body 
LOER of 0.022 mg/kg wet wt. for TRV development. 

Conclusions 

With the above modifications, the resulting 5th and 10th percentile estimates for fish using the BurrliOZ 
software are 0.06 and 0.24 mg/kg wet wt., respectively.  For invertebrates, the 10th percentile estimate 
from BurrliOZ is 0.0032 mg/kg wet wt.  
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Tissue TRV for Lead 

Lead was identified as a COPC for fish only from EPA’s screening-level ecological risk assessment 
(SLERA – EPA 2008).  From EPA’s database maintained by Burt Shephard and the Environmental 
Residue Effects Database (ERED) maintained by the U.S. Army Corps of Engineers, fish toxicity data 
with whole body tissue measurements were identified for seven fish species.  The studies that appeared to 
most strongly influence the 5th and 10th percentiles from the distribution of final species LOERs were 
critically reviewed to ensure that the values reported in either Burt Shephard’s database or ERED are 
consistent with the methods being used to derive tissue TRVs for Portland Harbor.  After review of these 
studies, only two studies proved to be acceptable for use in TRV development.  Accordingly, per the 
guidance document for tissue TRV development for Portland Harbor, invertebrate and larval amphibian 
toxicity data were also compiled to develop a distribution of aquatic life TRVs.  The cumulative 
distribution of final species LOERs following review of select studies with fish, and addition of LOERs 
for invertebrates and larval amphibians, is provided in Figure 1.  The individual toxicity values compiled 
to derive the final species LOERs are provided in Table 1 and the final species LOERs are ranked in 
Table 2. Table 3 provides the preliminary data compilation before the select studies were further 
reviewed. The select studies are summarized below. 

Fish 

Carassius auratus (Goldfish) 

Coello and Khan (1996)—Burt Shephard’s database cited a whole body Pb concentration of 180 mg/kg 
ww based on mortality to goldfish.  Coello and Kahn (1996) exposed fish to only one concentration (250 
mg/L) of metallic lead.  For this reason, after considering the tissue TRV development guidelines 
developed for Portland Harbor, it was determined that this study should not be included in TRV 
development. 

Lepomis cyanellus (Green sunfish) 

Coello and Khan (1996)—Burt Shephard’s database cited a whole body Pb concentration of 425 mg/kg 
ww based on mortality to green sunfish.  Coello and Kahn (1996) exposed fish to only one concentration 
(250 mg/L) of metallic lead.  For this reason, after considering the tissue TRV development guidelines 
developed for Portland Harbor, it was determined that this study should not be included in TRV 
development. 

Micropterus salmoides (Largemouth bass) 

Coello and Khan (1996)—Burt Shephard’s database cited a whole body Pb concentration of 10 mg/kg 
ww based on mortality to largemouth bass.  Coello and Kahn (1996) exposed fish to only one 
concentration (250 mg/L) of metallic lead.  For this reason, after considering the tissue TRV development 
guidelines developed for Portland Harbor, it was determined that this study should not be included in 
TRV development. 

Oncorhynchus mykiss (Rainbow trout) 

Bell et al. (1993)—Burt Shephard’s database cited a whole body Pb concentration of 10 mg/kg which was 
representative of a lethal body burden within 48 hours.  Bell et al. (1993) exposed fish via intraperitoneal 
and intravenous injections.  For this reason, after considering the tissue TRV development guidelines 
developed for Portland Harbor, it was determined that this study should not be included in TRV 
development. 

Salmo trutta (Brown trout) 

O’Neill (1981)—Burt Shephard’s database cited that a whole body Pb concentration of 2.0 mg/kg ww 
based on 100% mortality to brown trout in 7 weeks. O’Neill (1981) exposed fish via intraperitoneal 
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injection. For this reason, after considering the tissue TRV development guidelines developed for 
Portland Harbor, it was determined that this study should not be included in TRV development. 

Invertebrates 

Hyalella azteca (Amphipod) 

Borgmann et al. (1993)—Burt Shephard’s database cited that a whole body Pb concentration of 3.16 
mg/kg ww was associated with reduced survivorship after 10 weeks.  In this study, amphipods were 
exposed to aqueous Pb concentrations of 18, 32, 56, 100, 180, or 320 µg/L for up to 10 weeks.  
Amphipods exposed to aqueous Pb concentrations of 56 µg/L and greater had significantly redueced 
(p<0.05) survival relative to the control amphipods. The whole body Pb concentration in amphipods 
exposed to 56 µg Pb/L was 15.8 mg/kg dw or 3.16 mg/kg ww assuming 80% moisture.  This value is 
consistent with that reported in Burt Shephard’s database.  Because the exposure duration was 10 weeks, 
an ACR was not applied to this value. 

MacLean et al. (1996)—ERED cited that the whole body LOED from this study was 68.4 mg/kg ww.  
Amphipods were exposed to nominal Pb concentrations of 0 (control), 50, or 100 µg/L for eight days.  
The lowest whole body LOEC reported, for 4-5 week old organisms, was 330 nmol/g dw or 68.4 mg/kg 
dw. ERED reports the same value, but defines the concentration as being on a wet weight basis.  
Although the study does not clearly state whether the concentration is on a wet or dry weight basis, the 
methods section of the paper clearly states that the organisms were dried at 60°C and digested with nitric 
acid for a minimum of six days prior to chemical analysis.  Accordingly, it was assumed that the Pb 
concentration in amphipod tissue was reported on a dry weight basis, which results in a concentration of 
13.7 mg/kg wet weight.  Because the exposure duration in the study was only eight days, an ACR of 8.3 
was applied to the concentration of 13.7 mg/kg ww, which results in a value of 1.7 mg/kg wet wt. 

Borgmann and Norwood (1999)—ERED cited that the whole body LD25 from this study was 5.22 mg/kg 
ww. In this study, amphipods were exposed to sediment collected from Hamilton Harbour (Lake 
Ontario), which, as noted by the authors, is not “clean”, but consistently supports high amphipod survival 
in 4-week tests. Nevertheless, because amphipods were exposed to a mixture of metals in these sediment, 
this study was not considered for TRV development. 

Borgmann et al. (2001)—ERED cited that the whole body LD25 from this study was 26.1 mg/kg ww.  In 
this study, amphipods were exposed to sediments from the Sudbury region of Ontario, Canada, which are 
contaminated with a variety of metals.  Accordingly, this study was not used to develop a tissue TRV for 
Pb. 

Conclusions 

The lowest final species LOER for fish was 4 mg/kg wet wt., which is based on the effects of lead on 
brook trout survivorship after three generations (Holcombe et al. 1976).  Inclusion of LOERs for 
invertebrates and larval amphibians allows for development of an aquatic life species sensitivity 
distribution (SSD).  The 5th and 10th percentiles from the aquatic life SSD are 2.9 and 4.3 mg/kg wet wt., 
respectively, which bracket the lowest final species LOER of 4 mg/kg wet wt. for fish.  In accordance 
with the tissue residue TRV methodology, the aquatic life TRVs should be used in the baseline ecological 
risk assessment. 
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Tissue TRV for Hexachlorobutadiene 

Hexachlorobutadiene was identified as a COPC for fish only based on EPA’s screening level 
ecological risk assessment (SLERA – EPA 2008).  From an EPA database maintained by Burt 
Shephard and the Environmental Residue Effects Database (ERED), toxicity data with whole 
body tissue measurements were identified for two species and from three studies (two studies 
with goldfish and one study with Gulf killifish).  The studies resulting in the lowest tissue-based 
toxicity values are summarized below.  Table 1 summarizes the tissue-based toxicity data 
following the review of these studies; Table 2 summarizes the toxicity data as compiled from 
Burt Shephard’s database and ERED.   

Carassius auratus (Goldfish) 

Leeuwange et al. (1975)—ERED cites that a whole body hexachlorobutadiene concentration of 
34.8 mg/kg wet wt. was associated with mortality in the goldfish (C. auratus). Goldfish were 
exposed to nominal aqueous hexachlorobutadiene concentrations of 0 (control), 50, 160, 280, and 
500 µg/L for 96 hours.  The aqueous LC50 was 90 µg/L.  The authors stated that a total of 10 fish 
died at various concentrations and exposure times.  The mean hexachlorobutadiene concentration 
in the dead fish was 34.8±13.7 mg/kg wet wt. (13.7 is presumably the standard deviation on the 
mean, although this was not clearly noted in the paper).  This mean whole body concentration, 
therefore, represented fish from a variety of exposure levels.  Without additional study details, 
however, the true whole body hexachlorobutadiene concentration associated with the mortality 
LOEC or LC50 cannot be determined.  Accordingly, a whole body concentration of 34.8 mg/kg 
wet wt. was assumed to adequately represent the LOER.  Because the study was acute, an ACR of 
8.3 was applied to this value, which results in a whole body concentration of 4.2 mg/kg wet wt. 

Fundulus grandis (Gulf Killifish) 

Laska et al. (1978)—Burt Shephard’s database cites that a whole body hexachlorobutadiene 
concentration of 800 mg/kg wet wt. was associated with mortality in the Gulf killifish (F. 
grandis). However, upon review of the original study, killifish were injected with 
hexachlorobutadiene at doses of 200, 800, 1,700, and 3,400 mg/kg body weight. Per the TRV 
development methods, studies in which organisms were exposed to the test chemical via injection 
were excluded from further analysis. 

Conclusions 

Because hexachlorobutadiene bioaccumulation and effects data are available for less than five 
species, a TRV could not be developed using the species sensitivity distribution (SSD) approach 
(in addition, insufficient data for invertebrates are available for invertebrates to develop a 
combined aquatic life SSD).  Therefore, based on the review provided above, a whole body-based 
fish TRV of 4.2 mg/kg wet wt. was derived for hexachlorobutadiene using the lowest-value 
approach. For comparison, the hexachlorobutadiene TRV used in the SLERA was 0.026 mg/kg 
wet wt., which was based on the ambient water quality criterion times a bioconcentration factor. 
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Tissue TRV for Endrin 

Endrin was identified as a COPC for invertebrates only based on EPA’s screening level ecological risk 
assessment (SLERA – EPA 2008).  From EPA’s database maintained by Burt Shephard and the 
Environmental Residue Effects Database (ERED) maintained by the U.S. Army Corps of Engineers, 
toxicity data with whole body tissue measurements were identified for seven invertebrate species.  The 
studies resulting in the lowest tissue-based toxicity values are summarized below.  The cumulative 
distribution of final species LOERs, following this review of select studies, is provided in Figure 1.  The 
individual toxicity values compiled to derive the final species LOERs are provided in Table 1 and the 
final species LOERs are ranked in Table 2.  Table 3 provides the preliminary data compilation before 
select studies were reviewed. 

Penaeus duorarum (Pink shrimp) 

Schimmel et al. (1975)—ERED cites that a whole body endrin concentration of 0.01 mg/kg wet wt. 
resulted in 30% mortality in the pink shrimp (P. duorarum). Pink shrimp were exposed to measured 
aqueous endrin concentrations of <0.004 (control), 0.009, 0.023, 0.077, 0.28, and 0.88 mg/kg wet wt. for 
96 hours, which resulted in 0, 5, 30, 80, 100, and 100% mortality, respectively. The whole body endrin 
concentrations in the shrimp alive after 96 hours in the control and three lowest endrin treatments were 
<0.01 mg/kg wet wt., “trace”, 0.025 mg/kg wet wt., and 0.067 mg/kg wet wt., respectively.  The basis for 
the ED30 of 0.01 mg/kg wet wt. cited in ERED is unclear, as this value is the same as the detection limit 
for endrin in the study.  Accordingly, a whole body concentration of 0.025 mg/kg wet wt., associated with 
30% mortality and the lowest measurable endrin tissue concentration, was assumed to adequately 
represent the LOER (although statistical differences in mortality between the controls and endrin 
treatments were not reported).  Because the study was of an acute duration, an ACR of 8.3 was applied to 
this value, which results in a whole body concentration of 0.003 mg/kg wet wt. 

Palaemonetes pugio (Grass Shrimp) 

Schimmel et al. (1975)—ERED cites that a whole body endrin concentration of 0.02 mg/kg wet wt. 
resulted in 60% mortality in the grass shrimp (P. pugio). The basic study design for grass shrimp is the 
same as that summarized above for pink shrimp.  Grass shrimp were exposed to measured aqueous endrin 
concentrations of <0.004 (control), 0.024, 0.081, 0.24, 0.96, and 2.4 mg/kg wet wt. for 96 hours, which 
resulted in 0, 0, 5, 25, 60, and 100% mortality, respectively.  The whole body endrin concentrations in the 
shrimp alive after 96 hours in the control and four lowest endrin treatments were <0.01, 0.02, 0.07, 0.19, 
and 0.02 mg/kg wet wt., respectively.  The whole body endrin concentrations increased with increasing 
exposure concentration, and then declined by almost a factor of 10 (from 0.19 to 0.02 mg/kg wet wt. at 
aqueous endrin concentrations of 0.24 and 0.96 mg/kg wet wt.).  It is unclear why the whole body endrin 
concentration declined so dramatically in this treatment.  Because the whole body endrin concentration of 
0.02 mg/kg wet wt. was also measured in the lowest endrin treatment that resulted in 0% mortality, this 
was not selected as the LOER from this study. In the next highest treatment, only 5% mortality was 
observed, which was unlikely to be measurably different from controls (although no statistics are 
provided). Therefore, the next highest treatment of 0.19 mg/kg wet wt. was identified as the LOER (25% 
mortality was observed in this treatment).  Because the study was of an acute duration, an ACR of 8.3 was 
applied to this value, which results in a whole body concentration of 0.023 mg/kg wet wt. 

Limnodrilus hoffmeisteri (Oligochaete) 

Keilty et al. (1988a)—ERED cites that a whole body endrin concentration of 0.003 mg/kg wet wt. 
resulted in a LOED for behavioral effects in the oligochaete L. hoffmeisteri. Test organisms were 
exposed to endrin in sediment in four different experiments, which ranged in duration from approximately 
41 days to 55 days.  The primary endpoint was sediment reworking rates, which was determined 
radiometrically. The mortality and growth endpoints were less sensitive.  Oligochaetes exposed to 
sediment endrin concentrations of 17.6, 1,700, or 15,000 ng/g in Experiment 2 all had significantly 
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(p<0.05) slower sediment reworking rates relative to the control. The whole body endrin concentration in 
oligochaetes exposed to a sediment endrin concentration of 17.6 ng/g was 0.059 mg/kg dry wt., or 0.012 
mg/kg wet wt. assuming 80% moisture.  In experiment 1, the sediment reworking rate was only 
significantly slower than oligochaetes exposed to the highest sediment endrin concentration of 81,400 
ng/g.  The whole body endrin concentration in these organisms was 742 mg/kg dry wt., or 148 mg/kg wet 
wt. assuming 80% moisture.  Accordingly, there was not a clear relationship between sediment reworking 
rate and whole body endrin concentrations in the oligochaetes.  Further, it is unclear how the LOED of 
0.003 mg/kg wet wt. in ERED was derived since the lowest endrin concentration measured in any of the 
treatments was the value of 0.012 mg/kg wet wt., as discussed above.  Accordingly, the value of 0.012 
mg/kg wet wt. was identified as the LOER from this study, although it should be noted that a clear 
relationship between whole body endrin and sediment reworking was not readily apparent in this study. 

Conclusions 

With the above modifications, the resulting 10th percentile estimate for invertebrates using the BurrliOZ 
software is 0.0037 mg/kg wet wt.   
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Tissue TRV for Di-n-butylphthalate 

Di-n-butylphthalate (DBP) was identified as a COPC for fish and invertebrates based on EPA’s screening 
level ecological risk assessment (SLERA – EPA 2008).  From EPA’s database maintained by Burt 
Shephard and the Environmental Residue Effects Database (ERED) maintained by the U.S. Army Corps 
of Engineers, toxicity data with whole body tissue DBP measurements were identified for three 
invertebrate species and no fish species.  The studies resulting in the lowest tissue-based toxicity values 
are summarized below.  Table 1 summarizes the tissue-based toxicity data following the review of these 
studies; Table 2 summarizes the toxicity data as compiled from Burt Shephard’s database and ERED.   

Palaemonetes pugio (Grass Shrimp) 

Laughlin et al. (1978)—ERED cites that a whole body DBP concentration of <0.5 mg/kg wet wt. was 
associated with mortality in the grass shrimp (P. pugio). ERED notes that significant mortality occurred 
in this study, but DBP was not detected in grass shrimp at a detection limit of 0.5 to 2.0 mg/kg wet wt.  
Grass shrimp larvae (<1-day-old at test initiation) were exposed to nominal aqueous DBP concentrations 
of 0 (control), 100, 500, 1,000, 10,000, and 50,000 µg/L for up to 37 days.  Control survival was just 51% 
in the DBP experiment (compared to 71-75% control survival in tests with other phthatlates).  Mortality 
in larvae exposed to aqueous DBP concentrations of 100, 500, 1,000, 10,000, and 50,000 µg/L was 45, 
64, 41, 100, and 100%, respectively.  As noted in ERED, DBP was not detected in the shrimp larvae at a 
detection limit of 0.5 to 2.0 mg/kg wet wt.  The study authors stated that active metabolism of DBP (and 
the other phthalates they tested) may have resulted in the inability to detect DBP in the larvae.  Due to the 
high control mortality and because a relationship between the DBP concentration in the larvae and 
survival could not be empirically determined, this study was excluded from TRV development. 

Gammarus pulex (Amphipod)  

Thurén and Woin (1991)—ERED cites that a whole body DBP concentration of 32 mg/kg wet wt. was 
associated with a significant reduction in overall locomotor activity in the amphipod G. pulex. 
Amphipods were exposed to a nominal aqueous DBP concentration of either 100 or 500 µg/L.  
Locomotor activity was measured using a photocell that measured the number of lightbeam interruptions 
per hour.  The study was conducted for 25 days, which consisted of a 5 day pre-exposure, a 10 day 
exposure, and a 10 day post-exposure period.  The effect of DBP on locomotor activity was evaluated 
based on the total activity sums over the 25 day study period.  Likewise, the DBP concentrations in 
amphipods were measured at the end of the 25 day test period.  At the end of 25 days there was no 
difference in mortality between control and DBP-treated amphipods.  The overall locomotor activity of 
amphipods exposed to a DBP concentration of 100 µg/L was not significantly different from the controls 
(p=0.248).  After the DBP exposure was completed, activity returned to that of the pre-exposure period.  
In the 500 µg/L DBP treatment, overall locomotor activity was decreased relative to the control (p=0.083) 
and the effect persisted during the post-exposure period.  This latter treatment was considered the LOER 
from this study.  The DBP concentration in these amphipods was 32 mg/kg wet wt. (compared to 14 
mg/kg wet wt. in amphipods exposed to a DBP concentration of 100 µg/L). 

Conclusions 

Because DBP bioaccumulation and effects data are available for less than five species, a TRV could not 
be developed using the species sensitivity distribution (SSD) approach (no toxicity data for fish are 
available from Burt Shephard’s database or ERED, so a combined aquatic life SSD could not be 
developed). Based on the review provided above, a whole body-based invertebrate TRV of 32 mg/kg wet 
wt. was selected using the lowest-value approach for DBP.  For comparison, the DBP TRV used in the 
SLERA was 0.27 mg/kg wet wt., which was based on the ambient water quality criterion and 
bioconcentration factor. Because tissue-based toxicity data were not identified for fish, the invertebrate 
TRV of 32 mg/kg wet wt. was also identified as the TRV for fish. 
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Tissue TRV for Butylbenzylphthalate 

Butylbenzylphthalate (BBP) was identified as a COPC for fish only based on EPA’s screening level 
ecological risk assessment.  From an EPA database maintained by Burt Shephard and the Environmental 
Residue Effects Database (ERED) maintained by the U.S. Army Corps of Engineers, fish toxicity data 
with whole body tissue measurements were identified from one study with the threespine stickleback 
(Gasterosteus aculeatus) and two studies with the bluegill (Lepomis macrochirus). In all three of these 
studies, no adverse effects were observed, and only a no observed effect residue (NOER) was identified.  
As discussed in the guidance document for tissue TRV development, the toxicity values used should be 
based on a lowest observed effect residues (LOERs) or some other effect level.  Nevertheless, the NOERs 
were considered for BBP TRV development since no effect-based data were identified.  The following 
summarizes these three studies further (the data are also summarized in Table 1).   

Gasterosteus aculeatus (Threespine Stickleback)  

Wibe et al. (2004)—Burt Shephard’s database cited that a whole body BBP concentration of <0.1 mg/kg 
wet wt. had no effect on stickleback feeding behavior after a 31 day exposure to BBP.  Threespine 
sticklebacks were exposed to nominal aqueous BBP concentrations of 10 and 100 µg/L.  A feeding 
behavior study was conducted five weeks after the BBP exposures were terminated.  In each feeding trial, 
one control fish and one BBP-treated fish were placed in an aquarium with three equally sized 
compartments separated by two transparent removable Plexiglas plates.  Fish were acclimated for five 
minutes, at which time a food item (frozen mosquito larvae) was placed in the center compartment.  The 
two Plexiglass plates were then simultaneously removed from the aquarium.  Feeding behavior was then 
videotaped for five minutes.  The behaviors monitored were (1) the fish that initiated the feeding and (2) 
the latency time from the start of the trial to when each fish began to feed.  Due to laboratory error, BBP 
concentrations in fish were only analyzed in the 10 µg/L treatment. The BBP concentration in these fish 
was <0.1 mg/kg wet wt.  No significant effects on initiating feeding behavior were observed relative to 
the control (p=0.9) or on latency time to feeding (p=0.73).  Accordingly, the whole body based NOER 
from this study is >0.1 mg/kg wet wt.   

Lepomis macrochirus (Bluegill) 

Carr et al. (1997)—Burt Shephard’s database cited that a whole body BBP concentration of 0.42 mg/kg 
wet wt. was not associated with mortality in bluegill.  Bluegills were exposed to a mean aqueous BBP 
concentration of 70 µg/L for 3.27 days.  No mortality was observed during the exposure.  The BBP 
concentration measured in whole body bluegill was 0.42 mg/kg wet wt.   

Barrows et al. (1980)—ERED cited that a whole body BBP concentration of 6.45 mg/kg wet wt. was not 
associated with mortality in bluegill.  Bluegills were exposed to aqueous BBP for 21 days, at which point 
an apparent equilibrium between tissue concentration and water concentration was observed.  The whole 
body BBP concentration was 6.45 mg/kg wet wt.  No effects on survival were observed. 

Conclusions 

BBP bioaccumulation data are only available for two fish species.  We have been unable to find any 
residue-effects studies with fish exposed to BBP.  Therefore, a TRV could not be developed using the 
species sensitivity distribution (SSD) approach with measured LOERs.  Also, no toxicity data for 
invertebrates are available from Burt Shephard’s database or ERED, so a combined aquatic life SSD 
could not be developed.  Further, since no adverse effects were observed in either of the studies, the TRV 
was identified as the highest NOER (as opposed to the lowest LOER).  Accordingly, the whole body-
based TRV for BBP in fish is >6.45 mg/kg wet wt.  For comparison, the BBP TRV used in the SLERA 
was 1.2 mg/kg wet wt., which was based on the product of the ambient water quality criterion and a 
bioconcentration factor. 

1
 



 

Literature Cited 

Barrows, M.E., S.R. Petrocelli, K.J. Macek, and J.J. Carroll. 1980. Bioconcentration and elimination of 
selected water pollutants by bluegill sunfish (Lepomis macrochirus). Pages 379-392 in R. Haque, ed. 
Dynamics, exposure and hazard assessment of toxic chemicals. Ann Arbor Science Publ., Inc., Ann 
Arbor, MI. 

Carr, K.H., G.T. Coyle, and R.A. Kimerle. 1997. Bioconcentration of [14C]butyl benzyl phthalate in 
bluegill sunfish (Lepomis macrochirus). Environ. Toxicol. Chem. 16(10):2200-2203.  

Wibe, Å.E., E. Fjeld, G. Rosenqvist, and B.M. Jenssen. 2004. Postexposure effects of DDE and 
butylbenzylphthalate on feeding behavior in threespine stickleback. Ecotoxicol Environ. Saf. 57:213-219. 

2
 



 

 

 

 
  

 

 

 

 

 

 
  

 

 

  

 

 

 

Draft Tissue TRV for bis(2-Ethylhexyl)phthalate 

bis(2-Ethylhexyl)phthalate (BEHP) was identified as a COPC for both fish and invertebrates based on 
EPA’s screening level ecological risk assessment (SLERA – EPA 2008).  No fish toxicity data were 
identified from and EPA database maintained by Burt Shephard and the Environmental Residue Effects 
Database (ERED) maintained by the U.S. Army Corps of Engineers that met the guidelines for Portland 
Harbor TRV development.  In the SLERA, the Lower Willamette Group (LWG) identified three toxicity 
studies (Tarr et al. 1990; Mehrle and Mayer 1976; Wofford et al. 1981) from which they derived NOERs 
or LOERs for BEHP in fish. For invertebrates, toxicity data with whole body tissue measurements were 
identified for four species.  The studies resulting in the lowest tissue-based toxicity values are 
summarized below.  Tables 1a and 1b summarize the tissue-based toxicity data for fish and invertebrates, 
respectively, following the review of these studies; Table 2 summarizes the invertebrate toxicity data as 
originally compiled from Burt Shephard’s database and ERED (as noted, no BEHP toxicity data were 
identified for fish from these databases). 

Fish 

Oncorhynchus mykiss (Rainbow Trout) 

Tarr et al. (1990)—Rainbow trout (3, 61, or 441 g) were exposed to aqueous BEHP for up to 96 hours.  
The primary objective of the study was to evaluate the influence of trout body size on the uptake and 
bioconcentration of BEHP.  No effects on rainbow trout survival were observed in this acute study and, 
accordingly, this study was not considered for tissue TRV development. 

Mehrle and Mayer (1976)—Beginning with eyed eggs, rainbow trout were exposed to aqueous BEHP 
concentrations of 0 (control), 5, 14, and 54 µg/L through 90 days post-hatch.  The toxicity endpoints 
measured during the test included hatchability, survival, and growth.  None of the BEHP concentrations 
resulted in egg mortality or reduced hatchability relative to the control.  Sac fry mortality in the 14 and 54 
µg BEHP/L treatments was significantly increased (p<0.05) relative to the control within five days of 
hatch. After yolk absorption, no significant (p<0.05) effects on survival or growth were observed for the 
remainder of the exposure.  The authors noted that most of the 14C residue was associated with the body 
of the sac fry at five days post-hatch, but with the yolk at 12 days post-hatch (except in the 5 µg/L BEHP 
treatment). Within five days post-hatch, BEHP was metabolized to the mono(2-ethylhexyl)phthalate 
(MEHP), phthalic acid, and conjugates of each (i.e., combined with another compound).  Although whole 
body BEHP concentrations were not directly reported in the study, accumulation factors for swim-up fry 
were reported.  In the 14 µg/L BEHP treatment, the accumulation factor was 113.  Multiplication of this 
factor by the aqueous BEHP concentration of 0.014 mg/L results in a tissue concentration of 1.6 mg/kg 
wet wt. (assuming the accumulation factor was reported on a wet wt. basis).  Because no significant 
mortality or growth effects were observed in swim up fry, this measurement is a surrogate for the BEHP 
concentration in yolk sac fry exposed to 14 µg BEHP/L.  This concentration is likely lower than the 
concentration that was present in yolk sac fry since the BEHP was substantially metabolized over time.  
This value is lower than the LOAEL of 10.6 mg/kg wet wt. developed by the LWG in the SLERA 
because they estimated an adult concentration of BEHP using a conversion factor of 7.02. Because BEHP 
is metabolized in fish over time, the TRV developed here did not attempt to estimate a higher BEHP 
concentration in adult fish.  Rather, it is likely that the BEHP concentration in adult fish would be lower 
than the concentration in the sac fry that experience mortality beginning at five days post-hatch. 

Cyprinodon variegatus (Sheepshead Minnow) 

Wofford et al. (1981)—Sheepshead minnows were exposed to aqueous BEHP concentrations of 100 or 
500 µg/L for 24 hours.  There were no effects on survival during this acute exposure and, accordingly, 
this study was not considered for TRV development. 
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Invertebrates 

Daphnia magna (Cladoceran) 

Sanders et al. (1973)—ERED cites that a whole body BEHP concentration of 3.0 mg/kg wet wt. was 
associated with reproductive effects in the cladoceran D. magna. Daphnids were exposed to an aqueous 
BEHP concentration of 0.3 µg/L in a bioaccumulation experiment and nominal aqueous concentrations of 
3, 10, and 30 µg/L in a reproductive toxicity experiment. Reproduction was significantly reduced at all 
three exposure concentrations. ERED states that the whole body residue of 3.0 mg/kg wet wt. was derived 
using the “biological magnification factor” of 5000 for di-n-butylphthalate. The term biological 
magnification factor is defined as the tissue concentration divided by the water concentration (which is 
now typically termed a bioconcentration factor, or BCF).  However, it is unclear why the BCF for di-n
butylphthalate was used by ERED because a BCF for BEHP was also reported in the study. Multiplying 
the BEHP exposure concentration of 3 µg/L (lowest concentration where a significant effect on 
reproduction was observed) by a BCF for BEHP of 5200 L/kg results in an estimated tissue concentration 
of 15.6 mg/kg dry wt., or 3.12 mg/kg wet wt. assuming 80% moisture. Because this tissue concentration 
was based on an empirical BCF measurement from the same study, a LOER of 3.12 mg/kg wet wt. was 
selected for TRV development. 

Aeshna sp. (Dragonfly) 

Woin and Larsson (1987)—Burt Shephard’s database cites that a whole body BEHP concentration of 14.7 
mg/kg wet wt. resulted in a reduced capture rate of live prey by the dragonfly Aeshna sp.  In this study, 
BEHP was mixed into sediment in aquaria and allowed to equilibrate for three days.  Twenty dragonfly 
larvae were then added to the exposure system and allowed to acclimate for three weeks.  Approximately 
200 midges (Chaoborus) were added to each aquarium and feeding observations were made for 10 
minutes. The numbers of successful and unsuccessful strikes were recorded.  Every aquarium was 
observed 8-10 times for 40 days.  After 9 weeks, dragonflies were sampled for tissue analysis.  Dragonfly 
larvae exposed to BEHP caught significantly (p<0.01) fewer prey than unexposed dragonfly larvae.  The 
BEHP concentration in the exposed dragonfly larvae was 14.7 mg/kg wet wt.  This LOER was used in 
TRV development. 

Pacifastacus leniusculus (Crayfish) 

Woin and Larsson (1987)—ERED cites that a whole body BEHP concentration of 14.7 mg/kg wet wt. 
resulted in behavioral effects in the crayfish P. leniusculus. However, this entry appears to be in error 
because Woin and Larsson (1987) only tested the effects of BEHP on the dragonfly Aeshna sp. (discussed 
above). Accordingly, toxicity data for the crayfish P. leniusculus were not included in TRV development. 

Conclusions 

Because BEHP bioaccumulation and toxicity data are limited for both fish and invertebrates, the species 
sensitivity distribution (SSD) approach could not be used to develop TRVs for each.  Further, combining 
the LOERs for each still results in a sample size less than five.  Accordingly, the fish and invertebrate 
tissue TRVs were identified based on the lowest LOERs for each: 1.6 and 3.1 mg/kg wet wt., 
respectively. 
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Tissue TRV for Zinc 

Zinc was identified as a COPC for both fish and invertebrates from EPA’s screening level ecological risk 
assessment (SLERA – EPA 2008).  From EPA’s database maintained by Burt Shephard and the 
Environmental Residue Effects Database (ERED), zinc toxicity data with whole body tissue 
measurements were identified for eight fish species and 26 invertebrate species.  The studies that 
appeared to most strongly influence the 5th and 10th percentiles from the distribution of final species 
LOERs were critically reviewed to ensure that the values reported in either Burt Shephard’s database or 
ERED are consistent with the methods being used to derive tissue TRVs for Portland Harbor. The 
cumulative distribution of final species LOERs, following this review of select studies, is provided in 
Figures 1a and 1b for fish and invertebrates, respectively. For comparison, TRVs used or considered for 
use in the SLERA are also presented on Figures 1a and 1b. The individual toxicity values compiled to 
derive the final species LOERs are provided in Tables 1a and 1b and the final species LOERs are ranked 
in Table 2. Tables 3a and 3b present the preliminary compilation of data before select studies were 
reviewed. The select studies are summarized below to indicate where we recommended an alternate 
LOER interpretation to those given in ERED or Burt Shephard’s database, where ACRs may or may not 
be appropriately applied to mortality-based LOERs, or where we recommend that certain studies be 
omitted from consideration for TRV derivation.   

The ACR for zinc is generally considered to be low based on aqueous zinc exposures.  For example, the 
USEPA uses an ACR of 2 in deriving chronic ambient water quality criteria (AWQC) for zinc.  For 
consistency, and to reduce the possibility of using an overly conservative ACR that results in a tissue 
concentration that is within essentiality or background ranges, an ACR of 2 was used in developing tissue 
TRVs for zinc. 

Ensuring that the zinc TRV is not set within the nutritional deficiency range of fish is particularly 
important for one of the target ecological receptors for the BERA, juvenile Chinook salmon.  Richardson 
et al. (1985) studied the effects and interactions of dietary zinc, calcium, phosphorus and phytic acid on 
growth, cataract incidence and histopathology of juvenile chinook salmon.  The fish were studied for 105 
days, and had a body weight averaging 0.85 gram at study initiation.  High levels of phytic acid (a mineral 
binding agent present in plant protein sources contained within the study diets fed to the Chinook salmon) 
reduced zinc bioavailability in the diet.  At the high levels of phytic acid (25.8 mg/g dry weight feed), 50 
mg/kg dry weight zinc in the fish diet (10 mg/kg wet weight zinc in diet assuming 80% water content) 
was nutritionally deficient for Chinook, resulting in elevated cataract incidence in the fish that would 
adversely affect their vision. 

Expressed on a whole body basis, nutritional deficiency and sufficiency levels for zinc in at least two 
other species are available.  Both Ogino and Yang (1978) and Spry et al. (1988) evaluated zinc deficiency 
in rainbow trout.  Their conclusions were nearly identical on deficiency levels:  decreased growth was 
observed at whole body zinc concentrations of 7.7 mg/kg wet weight (Spry et al. 1988) and 8.1 mg/kg wet 
weight (Ogino and Yang 1978).  A nutritionally sufficiency concentration of 18.8 mg/kg whole body wet 
weight zinc was also reported for rainbow trout by Ogino and Yang (1978).  Muyssen and Janssen (2002) 
reported nutritional deficiency (17.4 – 29.6 mg/kg whole body wet weight), sufficiency (42.4 – 50.8 
mg/kg whole body wet weight) and toxicity (93.6 mg/kg whole body wet weight) zinc residues for the 
cladoceran Daphnia magna. Reproduction, growth and energy content were the endpoints monitored by 
Muyssen and Janssen (2002). 

Fish 

Jordanella floridae (American flagfish) 

Dillon (1984)—ERED cited a LOER of 200 mg/kg ww based on growth of American flagfish.  Dillon 
(1984) is a review paper and the American flagfish LOER contained therein refers to Spehar (1976).  The 
Spehar (1976) study was already included in the fish zinc database (growth LOER of 220 mg/kg ww), and 
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so preference was given to the primary study and the review paper endpoint from Dillon (1984) was not 
included in TRV derivation. 

Mugil cephalus (Striped mullet) 

Zyadah and Abdel-Baky (2000)—ERED cited an LD70 of 23.1 mg/kg ww based on mortality of striped 
mullet.  An ACR would be applied to this endpoint, resulting in a species LOER of 2.78 mg/kg ww.  
Zyadah and Abdel-Baky (2000) exposed field-collected M. cephalus fry and juveniles to zinc 
concentrations ranging from 20 – 60 mg/L for 96 hours.  Exposure conditions (i.e. static, static-renewal, 
or flow-through) were not reported, nor were control mortalities (although tissue concentrations in control 
organisms were reported). The 96-hour LC50 was 26.0 mg/L, however, there were no tissue 
concentrations reported for fish sampled at 96-hours. Tissue concentrations were reported for the 24-, 48
, and 72-hour intervals, as were tissue concentrations measured at 144-hr.  However, the exposure 
duration reportedly did not exceed 96 hours, and so it is unclear what the 144-hr tissue data are referring 
to. The effects concentration reported in ERED (23.1 mg/kg ww) corresponds to the 48-hr tissue 
concentration associated with 70% mortality due to a zinc exposure of 40 mg/L.  However, at 72 hours, 
70% mortality was also observed in the 30 mg/L treatment and the associated tissue concentration was 
33.3 mg/kg ww.  Due to the aforementioned uncertainties, including limited information regarding control 
organism performance, and generally poor reporting of the results of this study, it was excluded from the 
TRV derivation database. 

Poecilia reticulata (Guppy) 

Dillon (1984)—ERED cited a LOER of 0.30 mg/kg ww based on reproductive effects in guppies.  Dillon 
(1984) is a review paper and the guppy LOER contained therein refers to Pierson (1981) who, according 
to Dillon (1984), observed a “slight reduction in the number of females producing broods and a slight 
increase in the time to first brood.”  The Pierson (1981) study was already included in the fish zinc 
database (effect concentration of 112 mg/kg ww based on altered male:female ratio as cited by Burt 
Shephard’s database), and so this study was further reviewed to determine the most appropriate 
endpoint(s) to use for TRV derivation.  Pierson (1981) exposed 5-day old guppies for 134 days to zinc 
concentrations ranging from 0.17 to 0.61 mg/L under flow-through conditions.  The only statistically 
significant effect observed was the male:female ratio, which was elevated above controls in 
concentrations as low as 0.166 – 0.180 mg/L (average concentrations during the 134-day exposure in 2 
replicate tanks). Pierson (1981) reported two sets of corresponding mean whole body zinc concentrations 
without any explanation of the difference between the two (0.444 and 0.430 mg/g dw or 88.8 and 86 
mg/kg ww in one set and 0.577 and 0.591 mg/g dw or 115.4 and 118.2 mg/kg ww in another).  Because 
these concentrations were similar, the average of all four values was calculated and used as the LOER for 
this study at 102.1 mg/kg ww, which is similar to that reported in Burt Shephard’s database.  The basis 
for the Dillon 1984 (as cited by ERED) value is unknown since effects on the number of females 
producing broods and time to first brood were not found to be statistically significant upon review of 
Pierson (1981); therefore this value was not included in the TRV derivation. 

Salmo salar (Salmon - Atlantic) 

Dube et al. (2005)—ERED cited an ED17 of 4.8 mg/kg ww based on growth of Atlantic salmon. Dube et 
al. (2005) exposed juvenile Atlantic salmon to metal mine discharge containing a mixture of 11 metals.  
Metal mixtures exposures are not relevant for single chemical TRV derivation as indicated in the Portland 
Harbor TRV derivation methodology. Therefore, this study was excluded from the TRV derivation 
database. 

Salvelinus fontinalis (Brook trout) 

Dillon (1984)—ERED cited a LOER of 30.0 mg/kg ww based on reproductive effects in brook trout.  
Dillon (1984) is a review paper and the brook trout LOER contained therein refers to Holcombe et al. 
(1979) who, according to Dillon (1984), observed a “slight reduction in percent hatched”.  The Holcombe 
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et al. (1979) study was already included in the fish zinc database (mortality LOER of 4.48 mg/kg ww or 
2.24 mg/kg ww after application of an ACR), and so this study was further reviewed to determine the 
most appropriate endpoint(s) to use for TRV derivation.  Holcome et al. (1979) exposed three generations 
of brook trout to zinc concentrations ranging from 2.6 - 1,360 µg/L under flow-through conditions.  For 
most generations, residues were only measured in various organs (i.e. not whole body).  However, in the 
second generation, whole body residues were measured in the newly hatched larvae.  Hatchability was 
significantly reduced (p<0.05) in one of the 534 µg/L zinc treatments, but not in a second treatment of the 
same zinc concentration.  No significant effects (p<0.05) on larval survival or growth were observed in 
these second generation fish.  Due to a lack of effects through the second generation survival and growth 
test and concerns with identifying a possible LOER of 4.5 mg/kg ww, which is within the range of 
essential levels for fish, a LOER was not identified from this study.   

Invertebrates 

Acartia tonsa (Copepod) 

Hook and Fisher (2002)—ERED cited an ED50 of 1.3 mg/kg ww based on reproductive effects in Acartia 
tonsa. Hook and Fisher (2002) exposed Acartia tonsa to dietary zinc (0 – 3.6 µmol/g dw in diatoms) and 
evaluated effects on egg production.  A 50% depression in egg production was observed when the 
copepods were fed diatoms grown at 10 nM Zn.  The corresponding added body burden was 99.7 nmol 
Zn/g dw or 6.52 µg Zn/g dw or 1.3 mg Zn/kg ww.  However, because the background zinc concentration 
in the copepods was not reported, the total zinc body burden is unknown.  Accordingly, this study was not 
considered for TRV development. 

Haliotis diversicolor (Abalone) 

Liao and Chou (2005)—ERED cited an LD05 of 25.33 mg/kg ww, or 12.67 mg/kg ww after application 
of an ACR. Liao and Chou (2005) developed a predictive model of risk thresholds for survival of 
Haliotis diversicolor. The effects assessment portion of this model was based on the toxicity relationship 
developed in Liao et al. (2002), which was already included in the zinc invertebrate database (see below). 
So to prevent from including this study twice, the Liao and Chou (2005) citation was excluded from TRV 
derivation. 

Liao et al. (2002)—Burt Shephard’s database cited a lethal body burden of 198 mg/kg ww, or 99 mg/kg 
ww after application of an ACR.  Liao et al. (2002) exposed abalone to zinc concentrations ranging from 
0.25 – 7 mg/L for seven days.  The 7-day LC50 value was 0.9 mg/L and the corresponding lethal body 
burden was 275 mg/kg ww.  The basis for the value reported in Burt Shephard’s database could not be 
confirmed, since even the lowest reported lethal body burden (associated with the 24-hour LC50 of 1.8 
mg/L) was 215 mg/kg ww (18 mg/kg higher than that reported by Shephard).  Accordingly, an ACR was 
applied to 275 mg/kg ww and the resulting LOER value (137.5 mg/kg ww) was used in TRV derivation. 

Hyalella azteca (Amphipod) 

Borgmann and Norwood (1997a)—ERED cited an LD25 of 19.5 mg/kg ww, or 9.75 mg/kg ww after 
application of an ACR.  Borgmann and Norwood (1997a) exposed Hyalella azteca to spiked sediments 
with zinc concentrations ranging from 0 – 8375 µg/g. Both 1- and 4-week toxicity tests were conducted; 
however, only the 4-week LD25 was measured.  The 4-week LD25 was 1.49 µmol/g or 97.5 µg/g dw or 
19.5 mg/kg ww.  Application of an ACR was not warranted since this study was based on a long-term (4 
week) exposure. Therefore, the LOER was used as originally reported (19.5 mg/kg ww) and without 
application of an ACR for TRV derivation. 

Borgmann et al. (1993)—Burt Shephard’s database cited an effects concentration of 27.2 mg/kg ww 
based on reduced survivorship of H. azteca. Borgmann et al. (1993) exposed H. azteca to 0 – 560 µg 
Zn/L for ten weeks under static-renewal conditions. The LOER was 136 µg/g dw or 27.2 mg/kg ww.  
Application of an ACR was not warranted since this study was based on a long-term (10 week) exposure.  
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Therefore, the LOER was used as originally reported (27.2 mg/kg ww) and without application of an 
ACR for TRV derivation. 

Borgmann and Norwood (1997b)—ERED cited an LD25 of 49 mg/kg ww, or 24.5 mg/kg ww after 
application of an ACR, based on mortality to H. azteca. Borgman and Norwood (1997b) exposed H. 
azteca for 1- and 4-weeks to sediments collected from 3 sites in a contaminated lake.  Sediments 
contained a mixture of metals contaminants (copper and zinc); therefore, this study was excluded from 
TRV derivation. 

Borgmann et al. (2001)—ERED cited an LD25 of 289 mg/kg ww, or 144.5 after application of an ACR, 
based on mortality of H. azteca. Borgmann et al. (2001) exposed H. azteca for 28-days to sediments 
collected from 12 lakes surrounding a smelter.  Sediments contained a mixture of metals contaminants; 
therefore, this study was excluded from TRV derivation. 

Melita plumulosa (Amphipod) 

King et al. (2006)—Burt Shephard’s database cited an effects concentration of 43 mg/kg ww, or 21.5 
mg/kg ww after application of an ACR, based on increased mortality of Melita plumulosa after 10 days 
exposure to 4530 µg/g Zn in sediments.  King et al. (2006) exposed adult1 Melita plumulosa to zinc 
concentrations ranging from 0 – 3000 µg/L in water-only exposures and 0 – 9000 mg/kg dw in sediment 
exposures. Toxicity tests were conducted for both 96-hr and 10-day durations; however, tissue 
concentrations were only reported for the 10-day studies.  The 10-day adult LOEC was 520 µg/L for the 
water-only exposures and 4530 for the sediment exposures.  Corresponding tissue concentrations were 
estimated (from the graphical presentation of these data) to be 290 and 43 mg/kg ww.  The lower of these 
two values (43 mg/kg ww) is the same as the value from Burt Shephard’s database; therefore, after 
application of an ACR, 21.5 mg/kg ww was used for TRV derivation. 

Mysella anomala (Bivalve) 

King et al. (2004)—ERED cited an LD28 of 18 mg/kg ww, or 9 mg/kg ww after application of an ACR, 
based on mortality of the bivalve Mysella anomala. King et al. (2004) exposed the bivalves to 0 - 6000 µg 
Zn/L in 96-hour water-only exposures and 0, 1300, and 4000 µg Zn/g dw in 10-day sediment exposures.  
The 96-hour water-only LOEC was 2000 µg/L (based on the average of the initial and final measured 
dissolved metals concentrations, per the authors’ suggestion); no significant effects were observed in the 
sediment exposure.  Corresponding tissue concentrations were estimated (from the graphical presentation 
of these data) to be 90 µg/g dw, or 18 mg/kg ww. This is the same value reported in ERED; therefore, 
after application of an ACR, 9 mg/kg ww was used for TRV derivation.   

Nephtys australiensis (Polychaete) 

King et al. (2004)—ERED cited an LD07 of 80 mg/kg ww, or 40 mg/kg ww after application of an ACR, 
based on mortality of the polychaete Nephtys australiensis. King et al. (2004) exposed the polychaetes to 
0 - 6000 µg Zn/L in 96-hour water-only exposures and 0, 1300, and 4000 µg Zn/g dw in 10-day sediment 
exposures. The 96-hour water-only LOEC was >5800 µg/L (the highest concentration tested) indicating 
that no significant effects were observed; no significant effects were observed in the sediment exposure as 
well. This value was therefore excluded from TRV derivation since it was not representative of a LOEC, 
but rather a NOEC. 

Orconectes virilis (Crayfish) 

Mirenda (1986)—ERED cited an LD23 of 35.2 mg/kg ww, or 17.6 mg/kg ww after application of an 
ACR, based on mortality of the crayfish Orconectes virilis. Mirenda (1986) exposed crayfish to zinc 
concentrations ranging from 0 – 130 mg/L under flow-through conditions for 2 weeks.  Although not 
statistically confirmed, the LOEC appeared to be 26.8 mg Zn/L (corresponding to 23% mortality versus 0 

1 Juveniles were also tested; however, tissue concentrations were only determined in adults. 
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– 6% mortality in the 3 lower concentrations).  The associated tissue concentration was 175.8 µg Zn/g dw 
or 35.2 mg Zn/kg ww.  This is the same value reported in ERED; therefore, after application of an ACR, 
17.6 mg/kg ww was used for TRV derivation.    

Soletellina alba (Bivalve) 

King et al. (2004)—ERED cited and LD70 of 160 mg/kg ww, or 80 mg/kg ww after application of an 
ACR, based on mortality of the bivalve Soletellina alba. King et al. (2004) exposed the bivalves to 0 - 
6000 µg Zn/L in 96-hour water-only exposures and 0, 1300, and 4000 µg Zn/g dw in 10-day sediment 
exposures. The 96-hour water-only LOEC was 2300 µg/L (based on the average of the initial and final 
measured dissolved metals concentrations, per the authors’ suggestion); no significant effects were 
observed in the sediment exposure.  Corresponding tissue concentrations were estimated (from the 
graphical presentation of these data) to be 800 µg/g dw, or 160 mg/kg ww.  This is the same value 
reported in ERED; therefore, after application of an ACR, this value was used for TRV derivation.   

Tellina deltoidalis (Bivalve) 

King et al. (2004)—ERED cited and LD10 of 80 mg/kg ww, or 40 mg/kg ww after application of an 
ACR, based on mortality of the bivalve Tellina deltoidalis. King et al. (2004) exposed the bivalves to 0 - 
6000 µg Zn/L in 96-hour water-only exposures and 0, 1300, and 4000 µg Zn/g dw in 10-day sediment 
exposures. The 96-hour water-only LOEC was >970 µg/L (the highest concentration tested) indicating 
that no significant effects were observed; no significant effects were observed in the sediment exposure as 
well. This value was therefore excluded from TRV derivation since it was not representative of a LOEC, 
but rather a NOEC. 

Conclusions 

With the above modifications, the resulting 5th and 10th percentile estimates for fish using the BurrliOZ 
software are 26.14 and 39.28 mg/kg wet wt., respectively.  For invertebrates, the 10th percentile estimate 
from BurrliOZ is 19.26 mg/kg wet wt..  
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From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, September 05, 2008 1:47 PM 
To: Bob Wyatt; Rick Applegate; Jim McKenna 
Cc: Keith Pine; Jennifer Woronets 
Subject: Tissue Residue TRVs 

Attachments to the above e-mail: bis(2-ethylhexyl)phthalate Tissue TRV (05 Sep 08).xls 
Butylbenzylphthalate Tissue TRV (05 Sep 08).xls 
Di-n-butylphthalate Tissue TRV (05 Sep 08).xls 
Endrin Tissue TRV (05 Sep 08).xls 
Hexachlorobutadiene Tissue TRV (05 Sep 08).xls 
Lead Tissue TRV Data (05 Sep 08).xls 
Lindane Tissue TRV (05 Sep 08).xls 
Mercury Tissue TRV (05 Sep 08).xls 
TBT Tissue TRV Data (05 Sep 08).xls 
Zinc Tissue TRV Data (05 Sep 2008).xls 

Attachments are TRV data for the above chemicals. 



                                         
                                            
                                 

                                      
                                 
         

 
                               

 
 

 

 
 

 
 

 
  

 
 

  
 

 
 

 
 

 
  

 
                                           
                                     
                               

                        
 

                                             
                                          

                           
                                          
         

 
                             
 

John Toll 

From: John Toll 
Sent: Tuesday, September 09, 2008 12:06 PM 
To: Eric Blischke (Blischke.Eric@epamail.epa.gov); Burt Shephard (shephard.burt@epa.gov) 
Cc: Helle B. Andersen; Lucinda Tear; 'Lorraine B. Read'; Nancy A. Musgrove; Lisa Saban; 'Bob 

Wyatt'; Jen Woronets (jworonets@anchorenv.com); 'Keith Pine'; 'Patty Dost (Schwabe)' 
Subject: RE: stats for Jay 
Attachments: PH Bioassay stats; R3_bioassay_summary_for_Jay_09_09_08_with_zeros.xls 

Eric and Burt – On August 22 Jay Field called Windward staff with questions about the Excel workbook that we provided 
on August 7, which provided results of statistical analyses of the R3B bioassay data. As a result of that meeting Jay asked 
us to add to the workbook the actual determinations of statistical significance (of differences from negative control 
responses). Subsequently Jay also asked for a minor change to the way we compute the biomass response, which we’ve 
made. The updated workbook, incorporating the additional information Jay asked for, is attached. Would you please 
forward it to him? 

Again, if Jay has questions about information we’re sending, he should feel free to contact Helle. 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119-3958 
(206) 812-5433 
(206) 913-3292 (cell) 
www.windwardenv.com 

The information contained in this e-mail message is intended only for the personal and confidential use of the recipient named above. This message may be an attorney-client communication and as 
such is privileged and confidential. If the reader of this message is not the recipient named above or an agent responsible for delivering it to the intended recipient, the reader is hereby notified that 
this message has been received in error and that any review, dissemination, copying or distribution of this message is strictly prohibited. If you have received this message in error, please notify the 
sender immediately, and delete this message. 

From: John Toll 
Sent: Thursday, August 07, 2008 11:11 AM 
To: Eric Blischke (Blischke.Eric@epamail.epa.gov); Burt Shephard (shephard.burt@epa.gov) 
Cc: Helle B. Andersen; Lucinda Tear; 'Lorraine B. Read'; Nancy A. Musgrove; Lisa Saban; Bob Wyatt; Jen Woronets 
(jworonets@anchorenv.com); 'Keith Pine'; Patty Dost (Schwabe) 
Subject: stats for Jay 

Eric and Burt – A couple of weeks ago Helle Andersen was contacted by Jay Field, who asked for results of statistical 
analyses of the R3B bioassay data. The attached Excel workbook contains those results. The analyses are the standard 
analyses incorporated into the USACE BioStat program for determining whether a test sediment is statistically different 
from the negative control. Would you please forward it to Jay? 

We’re sending this to Jay through me and you as a good housekeeping measure, so that we can readily keep track of the 
information exchanged. As has been the case in the past, we’re willing and, to the extent that it’s productive, happy to 
answer questions and discuss ideas, comments and suggestions about benthic modeling and bioassay interpretation 
with Jay. We would like to make sure that all BERA‐related requests for and transmittals of data and data analyses go 
through me and you, though. 

If Jay has questions about information we’re sending, he should feel free to contact Helle. 
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John 

The information contained in this e-mail message is intended only for the personal and confidential use of the recipient named above. This message may be an attorney-client communication and as 
such is privileged and confidential. If the reader of this message is not the recipient named above or an agent responsible for delivering it to the intended recipient, the reader is hereby notified that 
this message has been received in error and that any review, dissemination, copying or distribution of this message is strictly prohibited. If you have received this message in error, please notify the 
sender immediately, and delete this message. 
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From: John Toll 

Sent: Tuesday, September 09, 2008 12:06 PM 

To: Eric Blischke (Blischke.Eric@epamail.epa.gov); Burt Shephard (shephard.burt@epa.gov) 

Cc: Helle B. Andersen; Lucinda Tear; 'Lorraine B. Read'; Nancy A. Musgrove; Lisa Saban; 'Bob Wyatt'; 

Jen Woronets (jworonets@anchorenv.com); 'Keith Pine'; 'Patty Dost (Schwabe)'
 
Subject: RE: stats for Jay
 

Attachment to the above e-mail: R3_bioassay_summary_for_Jay_09_09_08_with_ 
zeros.xls. 

Attached file contains revised statistical analyses of the R3B bioassay data. 



 

   
 

            
       
       

 
               

 
 
 

                        
                         

               
 

                 
 

   
 

                     
                     
                       

 

John Toll 

Subject: RE: Tissue Residue TRVs for HCH and DDX 
Attachments: DDX Tissue TRV (12 Sep 2008).pdf; HCH Tissue TRV (12 Sep 08).xls; HCH Isomers Tissue 

TRV (12 Sept 08).pdf; DDX Tissue TRV Data (12 Sep 2008).xls 

From: Blischke.Eric@epamail.epa.gov
 

Date: Fri, 12 Sep 2008 12:53:08
 
To: <rjw@nwnatural.com>; <ricka@bes.ci.portland.or.us>; <Jim.McKenna@portofportland.com>
 
Cc: <johnt@windwardenv.com>; <jworonets@anchorenv.com>; <Humphrey.Chip@epamail.epa.gov>;
 
<kpine@anchorenv.com>
 
Subject: Tissue Residue TRVs for HCH and DDX
 

Tissue Residue TRVs for HCH isomers and DDX are attached. Two more 
tissue‐residue TRVs need to be developed based on a review of the Round 
3B tissue data ‐ cadmium and copper fish tissue TRVs. 

Please let me know if you have any questions. 

Thanks, Eric 

(See attached file: DDX Tissue TRV (12 Sep 2008).pdf)(See attached file: 
HCH Tissue TRV (12 Sep 08).xls)(See attached file: HCH Isomers Tissue 
TRV (12 Sept 08).pdf)(See attached file: DDX Tissue TRV Data (12 Sep 
2008).xls) 
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Draft Tissue TRVs for 4,4’-DDD, 4,4’-DDE, 4,4’-DDT, and ΣDDX 

4,4’-DDD, 4,4’-DDE, 4,4’-DDT, and ΣDDX1 were identified as COPCs for both fish and invertebrates 
(for simplicity hereafter, 4,4’-DDD is referred to as DDD, etc., unless otherwise specified).  Although 
DDT and its metabolites DDD and DDE were identified as individual COPCs, they are rarely, if ever, 
found independently of one another in nature.  DDT not only degrades to DDD and DDE in abiotic 
environmental media (e.g., sediment), but is also degraded or metabolically transformed relatively rapidly 
in tissues of aquatic biota. Accordingly, in a chronic toxicity study initiated with DDT, the ratio of DDT 
and its metabolites may not only be changing in the exposure medium, but also in the tissues of the 
organism.  Consequently, reliably defining a distinct TRV for each of the three DDX compounds is 
problematic because it can be difficult to determine which DDX compound is primarily  responsible for 
the toxicity observed, and at which concentration.  The simplest approach is to assume that the toxicity of 
each DDX compound is additive and express the tissue-based TRV as ΣDDX.  For fish, based on a 
preliminary analysis of tissue-based DDD, DDE, and DDT toxicity data reported in Burt Shephard’s 
database or in ERED, this appears to be a reasonable assumption.  The preliminary TRVs, without any 
screening of the data ranged were quite similar at 0.02, 0.05, and 0.07 mg/kg wet wt. for DDD, DDE, and 
DDT, respectively. EPA recognizes that because so few studies have independently studied different 
DDT metabolites in fish, that this assumption may not be strictly correct. But based on our preliminary 
analyses described above, it was determined that use of the ΣDDX approach for fish was reasonable for 
TRV development and application to the Portland Harbor BERA.  In most of the fish studies, fish were 
exposed to technical grade DDT (which contains lesser amounts of DDD and DDE) and DDD, DDE, and 
DDT tissue residues were typically measured.  This is also consistent with the approach used by Beckvar 
et al. (2005) which derived TRVs for ΣDDX in fish. 

For invertebrates, however, the assumption of simple additivity does not appear to apply.  Again, based 
on a preliminary analysis of the DDD, DDE, and DDT toxicity data reported in Burt Shephard’s database 
and in ERED, the preliminary TRVs were much more variable: 1.81, 0.15, and 0.014 mg/kg wet wt. for 
DDD, DDE, and DDT, respectively.  These roughly order of magnitude differences in toxicity are 
consistent with the data reported by Lotufo et al. (2000) for the amphipod Hyalella azteca. In this study, 
10-day LR50 values for organisms exposed independently to DDD, DDE, and DDT were 15, 124, and 
0.71 mg/kg wet wt. (although in the latter the toxicity value was lower for DDD than DDE, while the 
preliminary TRV for DDD was higher than for DDE).  This is also consistent with the insecticidal 
properties of DDT.  For invertebrates, therefore, it was determined that tissue TRVs should be developed 
separately for individual DDX compounds (although isomers would be pooled, e.g., 2,4’-DDT and 4,4’
DDT). Although most of the toxicity studies with invertebrates were conducted using technical grade 
DDT (and therefore contained DDD and DDE), and DDT will degrade to DDD and DDE in invertebrate 
tissues, using the ΣDDX approach was considered overly conservative (i.e., could potentially result in too 
many false negatives) in the BERA because the available residue effects literature suggests that DDT is 
much more toxic to most invertebrates than DDD or DDE. 

DDX toxicity data were compiled for both fish and invertebrates from EPA’s database maintained by 
Burt Shephard and the Environmental Residue Effects Database (ERED) maintained by the U.S. Army 
Corps of Engineers.  The studies that appeared to most strongly influence the 5th and 10th percentiles from 
the distribution of final species LOERs were critically reviewed (which is consistent with the approach 
for developing tissue TRVs for the other COPCs).  For fish, if an original study was not reviewed, the 
ΣDDX concentration was calculated by summing the DDD, DDE, and DDT toxicity values (from the 
same study, species, and endpoint) as cited in either Burt Shephard’s database or ERED.  The cumulative 
distribution of final species LOERs, following this review of select studies, is provided in Figures 1a and 
1b-c for fish and invertebrates, respectively.  The individual toxicity values compiled to derive the final 
species LOERs are provided in Tables 1a for fish and Tables 1b-d for invertebrates, and the final species 

1 ΣDDX refers to 2,4’-DDD, 4,4’-DDD, 2,4’-DDE, 4,4’-DDE, 2,4’-DDT, and 4,4’-DDT. 



 

 

 

 
  

 

 

  
  

 

 
 

  

 
 

LOERs are ranked in Tables 2a-d.  Tables 3a-d contain preliminary compilations of the data before select 
studies were reviewed. The select studies are summarized below.    

Fish—ΣDDX 

The following summarizes the toxicity studies that appear to most strongly influence the 5th and 10th 

percentile of the ΣDDX studies. 

Pimephales promelas (Fathead Minnow) 

Jarvinen et al. (1977)—ERED cites a DDT LD88 of 0.2 mg/kg wet wt. based on mortality in the fathead 
minnow P. promelas. In this study, fathead minnows were exposed to either aqueous DDT, dietary DDT, 
or a combination of aqueous and dietary DDT for 266 days (through the reproductive period of their life 
cycle).  The aqueous DDT concentrations tested were approximately 0.35 and 1.5 µg/L and the dietary 
concentration tested was 45.6 mg/kg (whether tested alone or in combination with one of the two aqueous 
exposure concentrations). The fish provided the dietary DDT treatment, regardless of the associated 
aqueous DDT concentration, had a significantly reduced (p<0.025) probability of survival.  The whole 
body ΣDDX concentration in fish provided only dietary DDT was less than the concentration in which 
fish were exposed to both dietary and aqueous DDT.  The whole body ΣDDX concentrations in the 
dietary treatment were 28.2, 53.3, 60.2, 68.9, 60.5, 65.2, and 60.7 mg/kg wet wt. on days 7, 14, 28, 56, 
112, 224, and 266, respectively.  The fraction of DDT in the fish decreased over time, while the fraction 
of DDE increased.  The grand mean ΣDDX concentration calculated from all time intervals was 56.8 
mg/kg wet wt., which was identified as the ΣDDX LOER from the study.  Note that the DDT LD88 of 0.2 
mg/kg wet wt. reported in ERED was based on the DDT concentration measured in progeny that were 
hatched and raised in control water and fed a control diet, which resulted in a much lower DDT 
concentration in these fish.  The full report of the study results (Jarvinen et al. 1976) clarifies the 
discussion in the shorter Jarvinen et al. (1977) study. Jarvinen et al. (1976) report that the 60-day old 
progeny of parent fish in control water and which were not fed the DDT contaminated diet contained 0.21 
mg/kg DDT.  These progeny exhibited normal survival and growth.  Therefore, the LD88 value from 
Jarvinen et al. (1977) was not used in TRV development. 

Lagodon rhomboides (Pinfish) 

Butler (1969)—ERED cites a DDT LOED of 0.55 mg/kg wet wt. based on mortality in the pinfish L. 
rhomboides. Pinfish were exposed to dietary DDT, via oysters that had previously been exposed to 
aqueous DDT in the laboratory.  Two experiments were conducted in which pinfish were exposed to a 
dietary DDT concentration of approximately 4-5 mg/kg wet wt.  In the first of these, 35% mortality was 
reached in 21 days. The whole body ΣDDX concentration in the dead fish, at day 21, was 5.62 mg/kg wet 
wt. In the second experiment, 50% mortality was reached in 15 days.  The whole body ΣDDX 
concentrations in dead fish collected on days 5, 10, and 15 were 0.64, 0.55, and 0.78 mg/kg wet wt., 
respectively. Conversely, the whole body ΣDDX concentrations in live fish collected on days 7 and 14 
were 2.70 and 4.23 mg/kg wet wt., respectively. It is unclear why the ΣDDX concentration in the dead 
fish from the 2nd experiment were so low. Because the differences in residue LOEDs can not be 
rigorously resolved, the lower value of 0.55 mg/kg wet wt. was selected as the LOER from this study to 
be conservative. 

Carassius auratus (Goldfish) 

Sharifi and Connell (1997), Sharifi et al. (1997)—Burt Shephard’s database cited two studies that 
identified growth impacts on C. auratus at 4.09 and 4.66 mg/kg wet wt., respectively. However, both 
studies exposed goldfish to both DDT and chlorobenzenes. Because these represent mixed exposures with 
a contaminant other than DDT, both studies were not considered for TRV development. 



 

 

 

  

 
  

 

 

 

 

 

 

Micropogonias undulatus (Atlantic Croaker) 

Beckvar et al. (2005); Faulk et al. (1999)—ERED, citing Beckvar et al. (2005) (the primary data source is 
Faulk et al. [1999]), reported a DDT LOED of 0.07 mg/kg wet wt. based on behavioral effects in the 
Atlantic croaker M. undulatus. However, upon review of Faulk et al. (1999), the 2,4’-DDT concentration 
of 0.07 mg/kg wet wt. is the concentration in croaker eggs, not whole body (whole body DDT 
concentrations were not reported). Accordingly, this study was excluded from TRV development. 

Salvelinus namaycush (Lake Trout) 

Burdick et al. (1964)—ERED cited a LOED of 2.93 mg/kg wet wt. based on mortality in the lake trout S. 
namaycush. In this study, wild fish naturally exposed to DDT in several New York lakes were evaluated.  
As discussed in the guidance document for developing tissue-based TRVs for Portland Harbor, studies 
were not considered when organisms were exposed to the contaminant in the field due to uncertainties in 
linking effects to a specific chemical or stressor. 

Berlin et al. (1981)—ERED cited a LOED of 0.29 mg/kg wet wt. based on mortality in the lake trout S. 
namaycush. This study was initiated with lake trout fry, which were exposed to a series of DDE 
concentrations in water and plankton for 176 days.  At the end of the exposure, mortality was 
significantly reduced in all treatments.  In the lowest treatment survival was reduced by 26% relative to 
the control. The whole body DDE concentration in the fish in this treatment was 0.29 mg/kg wet wt.  

Oncorhynchus clarki lewisi (Cutthroat Trout) 

Allison et al. (1963)—Burt Shephard’s database cited that whole body DDD, DDE, and DDT 
concentrations of 0.15, 1.45, and 3.4 mg/kg wet wt., respectively, in O. clarki were associated with 
increased mortality.  For comparison, ERED cited that a whole body DDT concentration of 1.1 mg/kg 
was the LOED for mortality from this study. The basis for the DDT concentration of 1.1 mg/kg wet wt. 
cited in ERED, was based on the interpretation of Beckvar et al. (2005), which evaluated a more detailed 
report version of the same study (Allison et al. 1964) not reviewed in the Shephard database. Allison et al. 
(1963) exposed yearling cutthroat trout in several “lots” to both aqueous and dietary DDT. Fish were 
exposed to aqueous DDT for 30 minutes once every 28 days and fish exposed to dietary DDT were 
provided DDT once a week. According to Allison et al. (1964), cutthroat trout in Lots II, III, IV, V, and 
VI were exposed to nominal aqueous DDT concentrations of 1.0, 0.3, 0.1, 0.03, and 0.01 mg/L, 
respectively. Fish in Lot VII, VIII, IX, X, and XI were exposed to dietary DDT doses of 3.0, 1.0, 0.3, 0.1, 
and 0.03 mg/kg body weight.  Lot I was the control.  Fish were exposed to DDT for 20 months.  Mortality 
was significantly increased relative to the control in Lots II, III, IV, VII, and VIII.  The whole body 
∑DDX concentrations in Lot IV appear to be the lowest, and is the appropriate treatment for identifying 
the LOER. The whole body ∑DDX concentrations in Lot IV ranged from 1.1-5.7 mg/kg beginning with 
samples taken after 1 month.  Therefore, it is reasonable to select the LOER of 1.1 mg/kg wet wt. as 
suggested both by ERED and Beckvar et al. (2005). Because the exposure duration of the study was 20 
months, an ACR was not applied to this value. 

Cynoscion nebulosus (Spotted Seatrout) 

Butler et al. (1972)—ERED cited a LOED of 1.5 mg/kg wet wt. based on mortality in spotted seatrout C. 
nebulosus. This was a field study.  Accordingly, as discussed in the guidance document for developing 
tissue-based TRVs for Portland Harbor, studies were not considered when organisms were exposed to the 
contaminant in the field due to uncertainties in linking effects to a specific chemical or stressor. 

Salvelinus fontinalis (Brook Trout) 

For brook trout, tissue-based toxicity values for survival, growth, reproduction, and behavioral endpoints 
were all identified from either Burt Shephard’s database or from ERED.  These are described below 
separately by endpoint. 



 
 

 

 

 

 

  

 

 

Survival Endpoint 

Macek (1968a)—Burt Shephard’s database cited that whole body DDD, DDE, and DDT concentrations 
of 0.28, 0.84, and 1.5 mg/kg wet wt. in S. fontinalis were associated with decreased survival of sac fry.  
Yearling brook trout were fed a control diet or DDT-spiked diets of 0.5, 1.0, and 2.0 mg/kg body weight 
per week for 156 days.  Following this exposure period, eggs were stripped and fertilized with milt from 
males from varying exposure combinations.  The resulting sac fry were then held until swim-up and 
analyzed for DDT residues.  The number of eggs produced per fish was significantly (p<0.05) reduced in 
fish fed the 2.0 mg/kg body week per week DDT dose.  Whole body DDD, DDE, and DDT 
concentrations in females provided the 2.0 mg/kg per week dose were approximately 3.25, 0.95, and 3.40 
mg/kg wet wt., respectively, which results in a ΣDDX concentration of 7.6 mg/kg wet wt.  Cumulative 
mortality of eggs and sac fry was statistically significant in all treatments in which female fish were 
exposed to weekly DDT doses of 1.0 or 2.0 mg/kg week (no gametes were collected from the 0.5 mg/kg 
week dose due to facility limitations).  The lowest effect residues were in fry from females fed the 2.0 
mg/kg week dose, which resulted in mean DDD, DDE, and DDT concentrations in fry of 0.29, 0.94, and 
1.63 mg/kg wet wt., respectively (or a ΣDDX concentration of 2.86 mg/kg wet wt., which was selected as 
the LOER from this study).  Because the exposure duration to the DDT-dosed diet was 156 days, no 
ACRs were applied to these values. 

Hatfield (1969)—Burt Shephard’s database cited that a whole body DDT concentration of 0.3 mg/kg wet 
wt. in S. fontinalis was associated with mortality, convulsions, and distention of mouth and opercles.  
However, this study was flagged in his database as a field survey with the co-occurrence of multiple 
contaminants.  Accordingly, this study was excluded from TRV development for DDX compounds. 

Beckvar et al. (2005); Burdick et al. (1972)—ERED, citing Beckvar et al. (2005) (the primary data source 
is Burdick et al. [1972]), reported a DDT LOED of 11.92 mg/kg wet wt. based on mortality in brook 
trout. The original study was not obtained for review, but Beckvar et al. (2005) did not include acute 
studies in their review.  Accordingly, an ACR was not applied to the LOED of 11.92 mg/kg wet wt.  

Growth Endpoint 

Macek (1968b)—Burt Shephard’s database cited that whole body DDD, DDE, and DDT concentrations 
of 6.16, 1.59, and 3.45 mg/kg wet wt. in S. fontinalis were associated with increased growth and a 
reduced ability to survive a decreased food ration.  Summing these individual compound concentrations 
results in a ΣDDX concentration of 11.2 mg/kg wet wt.  In this study underyearling brook trout were fed 
DDT at a rate of 2.0 mg/kg body weight per week for 31 weeks (some fish were provided DDT-dosed 
food daily and some were provided the DDT-dosed food twice per week).  During this exposure period, 
fish provided DDT-dosed feed had a higher rate of weight gain than did the control fish (a 14% increase 
for fish fed DDT twice per week and a 22% increase for fish fed DDT daily).  The mean whole body 
ΣDDX concentrations were 13.8 and 11.2 mg/kg wet wt. in the fish fed daily and twice per week, 
respectively. The latter value of 11.2 mg/kg wet wt. was identified as the LOER from this study. 

Reproduction Endpoint 

Macek (1968a)—Burt Shephard’s database cited that whole body DDD, DDE, and DDT concentrations 
of 3.5, 0.8, and 3.3 mg/kg wet wt. in S. fontinalis were associated with a decreased number of eggs 
produced. The sum of these concentrations results in a ΣDDX concentration of 7.6 mg/kg wet wt.  This is 
consistent with the interpretation of this study above, under the survival endpoint section.  The ΣDDX 
concentration of 7.6 mg/kg wet wt. was thus considered in TRV development. 

Behavior Endpoint 

Peterson (1973)—ERED cited a DDT LOED of 3.9 mg/kg wet wt. based on behavioral effects in brook 
trout. In this study, either Atlantic salmon (Salmo salar) or brook trout (S. fontinalis) were exposed to 
chlorinated hydrocarbons and then placed in a tank with a temperature gradient.  The preferred or selected 



 

      

 

 
 

 

 

  

 
  

 

 

 

 

 

 
 

temperature by DDT-exposed fish was compared to the temperature selected by control fish.  As 
discussed by Peterson (1973), temperature gradients can be important for directing the movements of fish.  
However, it appears that all of the tissue residues reported in this paper are for Atlantic salmon, which 
was the focus of the study.  Accordingly, these data were excluded from the brook trout data set for TRV 
development.  Furthermore, these data were not included in the data set for TRV development because it 
appears that fish also had elevated levels of PCBs. 

Final Species LOER for Brook Trout 

Overall, the most sensitive endpoint for brook trout is survival, which results in a final species LOER for 
ΣDDX of 5.8 mg/kg wet wt. (based on the geometric mean of 11.92 mg/kg wet wt [Beckvar et al. 2005; 
Burdick et al. 1972] and 2.86 mg/kg wet wt. [Macek 1968a]). 

Oncorhynchus mykiss (Rainbow Trout) 

Hopkins et al. (1969)—Burt Shephard’s database cited that whole body DDE and DDT concentrations of 
0.89 and 0.02 mg/kg wet wt., respectively, in O. mykiss were associated with a 23% decrease in fry 
survival, decreased growth, and earlier hatching from eggs.  Rainbow trout were collected from five New 
Zealand lakes in 1966.  Three of the lakes received drainage from considerable areas of agricultural land 
which had been top-dressed with DDT at various times and two of the lakes were surrounded by natural 
forest and were virtually free of agricultural.    Because fish were exposed to DDX compounds in the field 
and it is uncertain whether other stressors may have affected the fish, this study was not considered for 
TRV derivation. 

Holden (1966)—Burt Shephard’s database cited a whole body effects concentration of 9 mg/kg wet wt. 
for O. mykiss. In this study, fish were exposed to 0.68 – 0.010 ppm which corresponded to tissue residue 
concentrations of about 9 mg/kg wet wt. at death, but no data are presented to evaluate a specific level of 
mortality response to determine whether or not this concentration could reliably represent a LOER. 
Therefore, this study was not considered for TRV derivation.   

Other Fish 

Burt Shephard’s database included LOED values for black surfperch (Embiotoca jacksoni; Waggoner and 
Zeeman 1975) and stinging catfish (Heteropneustes fossilis; Agarwal and Gupta 1974). Both values were 
based on IP injections, and so were not considered for TRV derivation. 

Invertebrates 

Hyalella azteca (Amphipod) 

Lotufo et al. (2000a)—Burt Shephard’s database cited that a whole body DDD, DDE, and DDT 
concentrations of 15, 124, 0.709 mg/kg wet wt., respectively, in H. azteca were associated with 50% 
mortality following a 10 day exposure.  Amphipods were exposed to aqueous concentrations of either 
DDD, DDE, or DDT for 10 days.  The 10-day LR50 values were 0.047, 0.389, and 0.002 µmol/g wet wt. 
(15, 124, and 0.71 mg/kg wet wt.), respectively, which are consistent with the values cited in Burt 
Shephard’s database.  Although the exposure duration was greater than the standard acute duration of 96
hours (the acute duration on which most ACRs are based), a 10-day exposure is also not chronic; 
therefore, an ACR of 8.3 was applied to these concentrations for TRV development. 

Lotufo et al. (2001a)—ERED cited that a whole body DDT concentration of 0.00184 mg/kg wet wt. in H. 
azteca was associated with 50% mortality.  In this study, amphipods were exposed to a range of DDT-
spiked sediment concentrations for up to 28 days.  The lowest LR50, on day 17, was 5.2 nmol DDT 
equivalents/g (or 1.84 mg DDT equivalents/kg wet wt.).  It appears that there was a units error in ERED, 
as the value cited in ERED is a factor of 1000 less than this value.  Regardless, this study was not used for 
TRV development because LR50s were only exposed as DDT equivalents, not as the individual DDD, 
DDE, and DDT compounds.  Exclusion of this study did not result in exclusion of Hyalella azteca from 
TRV development, as LOERs are available from Lotufo et al. (2000a) and Landrum et al. (2005). 



 

 

 

 

   

  

 

 

 

 

 

 

 

Landrum et al. (2005)—ERED cited that a whole body DDE concentration of 104.9 mg/kg wet wt. in H. 
azteca was associated with 50% mortality.  In this study amphipods were exposed to aqueous DDE 
concentrations ranging from 0.0013 to 0.045 µmol/L for up to 28 days.  The value cited in ERED 
represents the lowest residue associated with 50% mortality based on a large suite of LT50 values (i.e., 
median time to lethality).  Because the exposure duration was chronic, an ACR was not applied to this 
value. 

Diporeia spp. (Amphipod) 

Lotufo et al. (2000a)—ERED cited that a whole body DDT concentration of 0.006 mg/kg wet wt. was 
associated with 50% mortality in Diporeia spp. Amphipods were exposed to aqueous concentrations of 
either DDD, DDE, or DDT for 28 days.  The 28 day ER50 for DDT was 0.014 µmol/g wet wt. (or 5.0 
mg/kg wet wt.).  The ER50 was based on the percentage of alive and active organisms.  A 28-day ER50 
was not estimated for DDD because all live animals were inactive (narcotized) at the lowest 
concentration. However, the 10-day ER50 could be calculated, which was 0.117 µmol/g wet wt. (or 37.5 
mg/kg wet wt.).  No ER50 or LR50 values could be calculated for DDE due to low toxicity, even at 
concentrations approaching the solubility limit.  The highest whole body DDE concentration measured on 
day 28 was 1.352 µmol/g wet wt. (or 430 mg/kg wet wt.). Because this value is a no effect level, it was 
not considered in TRV development. The resulting LOERs considered for TRV development were 37.5 
and 5.0 mg/kg wet wt. for DDD and DDT, respectively. 

Lotufo et al. (2001a)—ERED cited that a whole body DDT concentration of 0.00596 mg/kg wet wt. in 
Diporeia spp. was associated with 50% mortality.  In this study, amphipods were exposed to a range of 
DDT-spiked sediment concentrations for up to 28 days.  The lowest LR50, on day 28, was 16.8 nmol 
DDT equivalents/g (or 5.96 mg DDT equivalents/kg wet wt.).  As for the H. azteca results from this study 
(discussed above), it appears that there was a units error in ERED, as the value cited in ERED is a factor 
of 1000 less than this value.  Regardless, this study was not used for TRV development because LR50s 
were only exposed as DDT equivalents, not as the individual DDD, DDE, and DDT compounds.  
Exclusion of this study did not result in exclusion of Diporeia spp. from TRV development, as a LOER is 
available from Lotufo et al. (2000a). 

Landrum et al. (1989)—Burt Shephard’s database cited that a whole body DDE and DDT concentrations 
of 0.76 and 2.2 mg/kg wet wt., respectively, in amphipods were associated with 50% mortality.  However, 
amphipods were exposed to DDE and DDT in combination with PCBs.  Accordingly, this study was 
removed from consideration in TRV development.   

Penaeus duorarum (Pink Shrimp) 

Nimmo et al. (1970)—Shephard’s database cited that whole body DDE and DDT concentrations of 0.02 
and 0.12 mg/kg wet wt., respectively, in P. duorarum was associated with mortality in 13 to 22 days.  
Pink shrimp were exposed to an aqueous DDT concentration of 0.14 µg/L for 22 days, which resulted in 
DDE and DDT concentrations of 0.02 and 0.12 mg/kg wet wt. in living shrimp at the end of 22 days (the 
DDD concentration was undetectable [<0.01 mg/kg wet wt.]).  However, the percent mortality in these 
shrimp could not be identified from the study.  In another experiment, pink shrimp were exposed to an 
aqueous DDT concentration of 0.05 µg/L.  After 56 days, 30% of the exposed shrimp had died, compared 
to 17% in the unexposed shrimp (in other words, survival in the DDT-exposed shrimp was reduced by 
16% relative to the control shrimp).  The DDE and DDT concentrations in these shrimp were 0.02 and 
0.04 mg/kg wet wt., respectively.  Time series data for mortality and whole body concentrations of DDE 
and DDT were not reported for this experiment, but the 56-day whole body data were considered to be 
reasonably representative of the whole body-based toxicity threshold.  Accordingly, DDE and DDT 
concentrations of 0.02 and 0.04 mg/kg wet wt. were considered for TRV development.   



 

 

 

 

 

 

 

 

  

 

 

  

Chironomus riparius (Midge) 

Lydy et al. (1990)—Burt Shephard’s database cited that whole body DDE and DDT concentrations of 1.6 
and 0.83 mg/kg wet wt., respectively, in C. riparius were associated with increased mortality.  In this 
study, 4th instar midge larvae were exposed to either DDE or DDT in water-only exposures, spiked water 
exposures containing sediment, and spiked sediment exposure.  Midges were exposed for 24 hours, with 
effects being determined by the failure of midges to execute three figure-eight motions when pinched 
with a pair of forceps (the authors noted that this behavioral change is sufficient to produce mortality 
within 24 hours).  In this study, aqueous EC50 values are reported for each of the three exposure types, 
but the concentrations tested are not reported.  A single DDE or DDT concentration in the midges are also 
reported, but it is unclear which treatment these tissue concentrations correspond to and what the 
associated level of effect was.  Accordingly, the DDE or DDT concentration in midge tissue could not be 
linked to an effect level. This study was, therefore, not considered in TRV derivation. 

Hwang et al. (2004)—Burt Shephard’s database cited that a whole body DDE concentration of 0.96 
mg/kg wet wt. in C. riparius was associated with an increase in the development time from 2nd instar to an 
adult and reduced fecundity. Midges (2nd instars) were fed a diet of algae that had previously been 
exposed to a range of DDE concentrations.  In one experiment, midges were fed DDE-contaminated algae 
from the 2nd instar stage to the pupal stage. In a second experiment, midges were fed DDE-contaminated 
algae from the 2nd instar stage to the adult stage. The most sensitive endpoint was from the lowest DDE 
treatment in the second experiment, in which the developmental time from the 2nd instar stage to the adult 
stage was significantly increased (p<0.05) for females relative to the control, and fecundity was 
significantly decreased (by 32%).  Accordingly, a LOER of 0.95 mg/kg wet wt. was used for TRV 
development. 

Derr and Zabik (1972)—Burt Shephard’s database cites a developmental effect of DDE on Chironomus 
development. Values in this paper were reported on a per insect basis, due to weight loss among stages, 
according to the authors. It is not clear how the 5 mg/kg concentration was determined or the stage of 
development. Therefore, this study was not considered for TRV development. 

Conclusions 

With the above modifications, the resulting 5th and 10th percentile estimates for a ΣDDX tissue TRV for 
fish using the BurrliOZ software are 0.46 and 0.68 mg/kg wet wt., respectively. This 5th percentile TRV is 
lower than (i.e., would be protective of) the only salmonid receptor for the Portland Harbor BERA being 
assessed at the organism level (Chinook salmon; final species LOER = 1.4 mg/kg wet wt as ΣDDX). 

For invertebrates, only three species mean LOERs for DDD were identified.  The lowest final species 
LOER is 1.81 mg/kg wet wt.  For DDE and DDT, BurrliOZ estimated the 10th percentile TRVs as 0.07 
and 0.04 mg/kg wet wt., respectively.   
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Draft Tissue TRV for Hexachlorocyclohexane 

Hexachlorocyclohexane (HCH), also referred to as hexachlorocyclobenzene (HCB) or benzene 
hexachloride (BHC), consists of alpha (α), beta (β), delta (δ), and gamma (γ) isomers.  Gamma-HCH is 
also called lindane, which has received more study than the other HCH isomers because virtually all of 
the insecticidal properties of HCH is due to lindane (USEPA 1980).  Fish and invertebrate tissue TRVs 
have been developed for lindane, as it was identified as a chemical of potential concern (COPC) based on 
EPA’s screening level ecological risk assessment (SLERA – EPA 2008).  In addition, β-HCH was 
identified as a COPC for both fish and invertebrates and δ-HCH was identified as a COPC for fish only 
(α-HCH was not identified as a COPC).  Burt Shephard’s database contains tissue-based toxicity data for 
all four isomers.  With the exception of lindane, the toxicity of the remaining three isomers are usually 
tested as a mixture.  Accordingly, a fish tissue TRV was developed for an HCH mixture (including 
lindane). Tissue-based toxicity data for α-, β-, and δ-HCH isomers that meet the guidelines for TRV 
development are only available for fish.  However, α-, δ- and γ-HCH (lindane) toxicity meeting 
guidelines for TRV development are available for an invertebrate.  The only study in Burt Shephard’s 
database in which tissue-based effect concentrations were available for both β- and δ-HCH was a pinfish 
study by Schimmel et al. (1977).  Table 1 summarizes the tissue-based toxicity data following the review 
of this study; Table 2 summarizes the toxicity data as compiled from Burt Shephard’s database.  The 
following discusses this study further.  

Lagodon rhomboides (Pinfish) 

Schimmel et al. (1977)—Burt Shephard’s database cites that whole body β- and δ-HCH concentrations of 
1.3 and 13 mg/kg wet wt. resulted in 50% mortality in the pinfish L. rhomboides. Pinfish were exposed to 
aqueous technical HCH (21% α-HCH, 2.1% β-HCH, 23% δ-HCH, 39% lindane, 14.9% unidentified 
compounds) concentrations of 32, 38, 64.4, 81.5, and  91.3 µg/L for 96 hours.  (Schimmel et al. [1977] 
also exposed pinfish to just lindane, the results of which are summarized in the tissue TRV for lindane.)  
At the end of the 96-hour exposure period, surviving fish were rinsed and analyzed for whole body HCH 
isomers.  Pinfish mortality in each treatment was not reported, but the aqueous LC50 was 86.4 µg/L (for 
comparison, the lindane-only LC50 was 30.6 µg/L). The whole body α-HCH, β-HCH, δ-HCH, and 
lindane concentrations in pinfish exposed to an aqueous lindane concentration of 81.5 µg/L (essentially 
equivalent to the aqueous LC50) were 8.3, 1.3, 13, and 16 mg/kg wet wt., respectively.  The whole body 
concentrations were roughly proportional to their relative fraction in technical HCH.  The ΣHCH 
concentration associated with the LC50 was 38.6 mg/kg wet wt. An ACR of 8.3 was applied to the 
approximate ΣHCH ED50 of 38.6 mg/kg wet wt. to estimate a whole body concentration of 4.7 mg/kg 
wet wt. for TRV development. 

Penaeus duorarum (Pink shrimp) 

We are unaware of any studies that report the effects of β-HCH on any freshwater or marine invertebrate.  
The same Schimmel et al. (1977) study described above for pinfish also reports a ΣHCH concentration of 
0.34 µg/L as the 96 hour LC50 for pink shrimp.  The whole body α-HCH, δ-HCH, and lindane 
concentrations in pink shrimp exposed for 96 hours to an aqueous ΣHCH concentration of 0.38 µg/L 
(essentially equivalent to the aqueous LC50) were 0.006, 0.011 and 0.011 mg/kg wet wt., respectively. β
HCH was not detected in tissues of pink shrimp exposed to 0.38 µg/L of the HCH isomer mixture.  The 
ΣHCH concentration associated with the pink shrimp exposed to 0.38 µg/L (the approximate LC50 
concentration) was 0.028 mg/kg wet wt. An ACR of 8.3 was applied to the approximate ΣHCH ED50 of 
0.028 mg/kg wet wt. to estimate a whole body concentration of 0.0034 mg/kg wet wt. for TRV 
development. 

Conclusions 

Because Schimmel et al. (1977) was the only study in which whole body concentrations of HCH isomers 
(other than lindane) could be linked to an adverse effect, the ΣHCH concentration of 4.7 mg/kg wet wt. 



 was identified as the TRV for fish. Schimmel et al. (1977) also is the only known study in which whole 
body concentrations of HCH isomers (other than lindane) could be linked to an adverse effect in aquatic 
invertebrates.  The calculated ΣHCH concentration of 0.0034 mg/kg wet wt. was identified as the 
invertebrate TRV. 
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From: Blischke.Eric@epamail.epa.gov
 

Date: Fri, 12 Sep 2008 12:53:08
 
To: <rjw@nwnatural.com>; <ricka@bes.ci.portland.or.us>;
 
<Jim.McKenna@portofportland.com>
 
Cc: <johnt@windwardenv.com>; <jworonets@anchorenv.com>;
 
<Humphrey.Chip@epamail.epa.gov>; <kpine@anchorenv.com>
 
Subject: Tissue Residue TRVs for HCH and DDX
 

Attachments to the above e-mail: HCH Tissue TRV (12 Sep 08).xls 
DDX Tissue TRV Data (12 Sep 2008).xls 

Attached files contain TRV data for HCH and DDX. 
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John Toll 

From: John Toll 
Sent: Thursday, October 09, 2008 3:46 PM 
To: Eric Blischke (Blischke.Eric@epamail.epa.gov); Burt Shephard (shephard.burt@epa.gov) 
Cc: 'Keith Pine'; Helle B. Andersen; Shannon M. Katka; Matt Luxon; Maryann Welsch; Lisa 

Saban; 'rjw@nwnatural.com' 
Subject: tissue TRVs 
Attachments: Aquatic Biota Tissue TRV Derivation 061308.pdf 

Hi Eric and Burt. Keith asked me to write to you about two items regarding tissue TRVs. The first item is to clarify which 
tissue TRVs do we not yet have: 

•	 For fish we still need Cd and Cu. 
•	 For invertebrates we still need total DDx (you originally gave us tissue TRVs for DDx compounds that aren’t 

COPCs and withdrew those). 
•	 For both fish and invertebrates we need a tissue TRV for aluminum. For both, you may recall that we didn’t 

identify Al as a COPC in the Rd2 Report (we said that it’s a crustal element that’s not enriched in the Harbor) but 
when you reviewed the Rd 2 report you gave us a screening‐level TRV for Al and told us to include it in the 
BERA. Using that screening value, Al screened in through the SLERA. So, by the criterion at the bottom of page 
14 in the tissue TRV derivation methodology document (attached), it needs a tissue TRV. Having said that, we 
don’t expect that you’ll find anything more in the literature so I’m anticipating that we’ll be left with the Al 
screening level, which is exceeded. 

The second item is to try to schedule a meeting to reconcile TRVs. We are ready to talk about the invertebrate TRVs so 
we’d like to start with those, with a follow‐up meeting to reconcile the fish TRVs and any stragglers shortly thereafter. 
We think that we can settle this quickly and we’d like to schedule the invertebrate TRV meeting asap, preferably for next 
week. 

We think that Helle, I, Burt and the TRV development task lead from Parametrix (David Deforest?), are the people who 
should be at that meeting. We want to keep it small to improve our the chances of quickly reaching closure on the 
tissue TRV development task. 

We’ll be prepared to go into any level of detail that’s needed but we’re hopeful that it won’t require a study‐by‐study 
discussion. If a study‐by‐study discussion is needed we’ve got good summary tables that will facilitate the discussion, 
and we’ll have the papers for backup. 

Generally our numbers are similar to yours. More often than not they’re a little lower. We think the changes we’ve 
made are important because they improve the defensibility of the TRVs (i.e., they’re more consistent with the tissue TRV 
derivation methodology we agreed to). I’m hopeful that once we can show you that our work, and show you that the 
TRVs changes we made through the TRV review process are unbiased, you’ll be able to accept the changes as a whole 
without spending a lot more time on this task. 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119-3958 
(206) 812-5433 
(206) 913-3292 (cell) 
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Aquatic Biota Tissue TRV Derivation 

Introduction 

Unlike the case where several published sources of screening level aquatic biota tissue 
benchmarks are available (e.g. Dyer et al. 2000, Shephard 1998), EPA is unaware of any 
published source of widely available aquatic biota tissue TRVs for use in baseline ecological risk 
assessments.  This means that the aquatic biota tissue TRVs for the BERA will have to be 
derived from the original residue-effects literature.  The two primary compendia of residue-
effects literature for aquatic species are the Environmental Residue Effects Database (ERED), 
found online at http://el.erdc.usace.army.mil/ered/, and the review by Jarvinen and Ankley 
(1999), most of which was later incorporated into the ERED.  EPA has also shared with the 
LWG an updated (January 2008) version of the residue-effects database described in Shephard 
(1998), which was the original source for most of the literature originally incorporated in the 
ERED. Combined with additional studies identified by LWG and other interested parties during 
the Portland Harbor RI/FS process, these data sources will be used to obtain studies to be used 
during TRV derivation. All of these sources contain primarily whole body residue-effects 
information. 

Without a compendium of baseline ecological risk assessment aquatic biota tissue TRVs from 
which tissue TRVs for the Portland Harbor BERA can be selected, a TRV derivation 
methodology or hierarchy will have to be defined.  The primary purpose of any baseline 
ecological risk assessment at a Superfund site is to determine risks associated with current site 
conditions, and to assist risk management decisions regarding the need for site remediation.  
Given that the tissue TRVs will be used in a baseline ecological risk assessment, EPA believes 
that the TRV derivation methodology must be consistent with EPA’s ecological risk assessment 
paradigm.  A paradigm is a philosophical and theoretical framework of a scientific discipline.  
As such, it differs from a specific protocol or guidance.  The intent of the EPA (1997) ecological 
risk assessment paradigm is to provide a general conceptual framework for organizing problems 
and risk assessment approaches.  Consistency of the tissue TRV derivation methodology with the 
EPA risk assessment paradigm was a major consideration in EPA’s selection of a TRV 
derivation methodology.   

EPA’s desired outcome from the aquatic biota tissue TRV derivation process is to develop TRVs 
that are based on measured tissue residues from various aquatic species that are associated with 
adverse ecological effects or unacceptable ecological risks to the assessment endpoints for 
various categories of ecological receptors at Portland Harbor.  This is consistent with EPA 
(1997) ecological risk assessment guidance, which calls for BERA risk characterizations to 
identify thresholds for effects on the assessment endpoints as a range between contamination 
levels identified as posing no ecological risk and the lowest contamination levels identified as 
likely to produce adverse ecological effects.  To meet this goal, the tissue TRVs to be derived for 
the BERA will be LOER (lowest observed effect residue) based, and thus will likely be higher 
than the screening level benchmarks used in the SLERA. 

Derivation Methodologies for Aquatic Biota Tissue TRVs 



 

 
 
 

 

 

 

 
 

 
 
 

 

 

EPA has identified two primary approaches using the existing scientific literature to derive 
baseline ecological risk assessment aquatic biota tissue TRVs.  Although other approaches may 
be available, EPA suggests that the following two approaches are the most appropriate for 
aquatic biota tissue TRV derivation at Portland Harbor.  These were selected based on increasing 
data availability, complexity of calculation, TRV reliability, consistency with the ecological risk 
assessment paradigm, and ecological realism. Therefore, the two baseline tissue TRV derivation 
approaches EPA is recommending are: 

1. Lowest Value Approach 
2. Species Sensitivity Distribution (SSD) approach. 

Both of these methodologies will be used to derive tissue TRVs for the Portland Harbor BERA.  
The strengths, weaknesses and application of these two tissue TRV derivation approaches in the 
BERA are discussed in the following section. Given that there are no available compendia of 
aquatic biota tissue TRVs for use in baseline ecological risk assessments for Superfund, EPA 
believes an extended discussion of both methodologies is necessary to justify the hierarchy of 
TRV derivation methods presented at the end of this section. 

Lowest Value Approach 

The lowest value approach evaluates all available toxicity data for a contaminant.  After the data 
are compiled, the lowest relevant toxicity value (i.e. the lowest residue-effects LOER [lowest 
observed effect residue] concentration) is selected as the TRV. So long as the LOER is based on 
an acceptable endpoint for an appropriate species, no further adjustments to the value may be 
required. However, the LOER may also have to be divided by one or more uncertainty factors to 
obtain the final TRV. Although many types of uncertainty factors can be considered, the factors 
applied to the literature-based LOER generally fall into one of three broad categories: 

• Acute to chronic adjustment 
• Interspecies extrapolation 
• Laboratory to field extrapolation 

Most residue-effects literature associates a measured residue with reductions in survival using 
acute (i.e., short-term) exposure periods.  Although survival is part of most assessment endpoints 
in the Portland Harbor BERA, TRVs are often based on reproduction and growth to ensure they 
are appropriately protective of the most sensitive portion of the assessment endpoint.  An 
uncertainty factor can thus be applied to a literature-based mortality LOER to convert an acute 
mortality LOER into a LOER or NOER for effects on reproduction and growth.  This acute to 
chronic uncertainty factor (more commonly called an acute-chronic ratio or ACR) is applied 
because concentrations required to elicit acute mortality are generally higher than the 
concentrations that reduce growth and/or reproduction. 

Unless a species specific acute to chronic ratio is available for residues in the particular study 
under review, a default acute to chronic ratio is required for TRV derivation.  The default acute 
to chronic ratio for use in the Portland Harbor BERA tissue TRV derivation will be 8.3, based on 
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the study of Raimondo et al. (2007).  The Raimondo et al. (2007) study is the geometric mean 
acute-chronic ratio of 456 same-species pairs of acute and maximum acceptable toxicant 
concentrations for metals, narcotics, pesticides, and other organic chemicals.  The default 8.3 
acute to chronic ratio (uncertainty factor) will only be applied to LOER values for which 
mortality was the measured toxicological endpoint.  All mortality LOERs will be divided by 8.3 
before further use in tissue TRV derivation. 

This uncertainty factor is, strictly speaking, most appropriate for use with acute (i.e., relatively 
short study exposure times) mortality as opposed to chronic (i.e., relatively long study exposure 
times) mortality. However, most of the tissue toxicity literature studies in which mortality was 
measured used acute exposure periods, using as the definition of acute an exposure duration less 
than 10% of the lifespan of the test organism (Rand 1980). The 8.3 uncertainty factor will be 
applied to all mortality LOERs. 

Interspecies extrapolations and laboratory to field uncertainty factor both account for the 
assumption that laboratory studies underestimate adverse effect concentrations in the field.  
Reasons for applying an interspecies uncertainty factor include the life stage tested in the 
laboratory may be less sensitive than another life stage; laboratory test species are often selected 
because of their ease of handling and culture in the laboratory, and are not representative of the 
taxonomic diversity found in the field; and concerns that commonly uses laboratory test species 
may be more tolerant to contamination than are other species. Concerns regarding the use of 
interspecies extrapolation and laboratory to field uncertainty factors include the possibility that 
laboratory species and/or test conditions overestimate toxicity under field exposure conditions.  
Since the objective of tissue TRV derivation for the BERA is to derive a LOER based TRV, 
interspecies extrapolation and laboratory to field uncertainty factors will not be used during the 
derivation of Portland Harbor BERA tissue TRVs. 

Concerns regarding the scientific basis and validity of the uncertainty factors include the 
magnitude of the factors, and whether or not the approach is consistent with the risk assessment 
paradigm.  Specific criticisms include the often arbitrary nature of uncertainty factors, their 
largely empirical nature, and their lack of a theoretical scientific basis (Chapman et al. 1998, 
Rand et al. 1995, Calabrese and Baldwin 1993).  The absence of universally accepted values for 
uncertainty factors (Calabrese and Baldwin 1993) confirms their often arbitrary nature.   

As described herein, the lowest value approach ignores all data except the lowest effect 
concentration (i.e. the most conservative or worst case approach).  This type of approach is more 
appropriate for a screening level benchmark as opposed to a baseline ecological risk assessment 
TRV. Ideally, a TRV used within a BERA is developed from multiple acceptable studies, which 
if desired permits estimation of the probability of risk or the probability of an adverse 
toxicological effect at a given exposure concentration.  Ultimately, uncertainty factors applied to 
TRV derivation are used to address a lack of knowledge regarding the toxicity of a chemical.  
Use of the lowest value approach would require that, in addition to agreement on the toxicity 
value and study used to derive the TRV, agreement would have to be reached on the values of 
the uncertainty factors to be applied during BERA TRV development.   
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Given the amount of residue-effects literature available describing the effects of many 
bioaccumulated chemicals to aquatic life, EPA believes better approaches are available to derive 
aquatic biota tissue TRVs for the Portland Harbor BERA than the use of the lowest value 
approach. However, for chemicals with an insufficient amount of residue-effects literature to 
permit TRV derivation by other methods described in this section, EPA will use the lowest value 
approach as the last (lowest) rung on the hierarchy of TRV development methods acceptable for 
use in the Portland Harbor BERA. 

The strengths and weaknesses of the lowest value approach to aquatic biota tissue TRV 
derivation are as follows: 

•	 Strengths 
o	 Simplicity of use 
o	 Ease of understanding 
o	 Minimal data requirements - as little as one toxicity value needed to derive a TRV 
o	 Uncertainty factors, if needed, become larger as toxicity data become more 

unreliable or uncertain, or if fewer studies are available 
o	 The magnitude of the uncertainty factor, if needed, can be changed as new 

toxicological information becomes available 

•	 Weaknesses 
o	 Largely empirical, no theoretical basis 
o	 Questions regarding the validity of acute to chronic ratios 
o	 Questions regarding the magnitude of the acute to chronic ratio 
o	 Not fully consistent with the risk assessment paradigm 
o	 Lack of transparency – the lowest value approach does not provide a consistent 

degree of protection to ecological receptors, and thus does not permit informed 
discussions between risk managers and other interested parties regarding the level 
of protection occurring 

The specifics of the lowest value approach as applied to BERA tissue TRV derivation for 
Portland Harbor are presented in the aquatic biota tissue TRV derivation methodology presented 
later in this section. 

Species Sensitivity Distribution (SSD) Approach 

A species sensitivity distribution is a statistical model which calculates a chemical concentration 
protective of a predetermined proportion or percentage of a group of species from a defined 
adverse toxicological effect. In theory, SSDs are intended to provide an indication of both the 
total range and distribution of species sensitivities in natural communities, even when the actual 
range of sensitivities is unknown (Stephan 2002). In practice, SSDs are most commonly 
presented as a cumulative distribution function (CDF) of the toxicity of a chemical to a group of 
laboratory test species. Perhaps the best known application of SSDs to develop TRVs for 
ecological risk assessment is their use to derive EPA’s ambient water quality criteria (AWQC) 
for the protection of aquatic life (Stephan et al., 1985). 
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The general approach to derive a SSD is to obtain the toxicity data for a number of species.  In 
instances where multiple studies have evaluated the same toxicological endpoint on the same 
species, the data must undergo some preprocessing before it is incorporated into the SSD.  
Preprocessing procedures to be applied to TRV development for Portland Harbor will be given 
later in this section. 

Several statistical models have been used to fit toxicity data to species sensitivity distributions.  
These include log-triangular distributions (Stephan et al. 1985), log-logistic distributions 
(Aldenberg and Slob 1993), lognormal distributions (Wagner and Lokke 1991) and Burr Type III 
distributions (Shao 2000). There is no known theoretical reason why a SSD for any given data 
set should conform to a specific statistical distribution. For example, most new approaches for 
water quality criteria derivation outside of the U.S. select specific SSD derivation models based 
on which best fit the underlying data distribution from a statistical point of view. 

The largest single difference between the various published approaches to deriving SSDs is the 
statistical distribution fit to the toxicity data.  In general, development of an SSD from toxicity 
data is as follows: 

Each data point within an SSD is given equal weighting, i.e. no single study carries more weight 
within the SSD than does any other study. The SSD is calculated from a cumulative distribution 
frequency of the species sensitivity to contaminant data by ranking the effect concentration for 
each species from lowest to highest.  The cumulative frequency value for each data point is 
calculated from Equation 1: 

Equation 1: 

⎛ 100 ⎞Cumulative frequency = Rank × ⎜⎜ ⎟⎟ n +1⎝ ⎠ 

Where: 
n = number of data points used to develop the SSD 

The cumulative frequency value (sometimes termed the potentially affected fraction of species) 
of each data point is then plotted against the effect concentration that represents the sensitivity of 
that species to the contaminant, yielding the typically S-shaped species sensitivity distribution 
plot with effect concentrations on the x-axis and the cumulative frequency values plotted on the 
y-axis. 

Regardless of the statistical distribution used to fit the SSD (e.g. log-logistic, lognormal, etc.), 
the equation describing the distribution is known.  This knowledge permits calculation of the 
concentration protective of any selected proportion of species.  The level of protection selected is 
not a technical or statistical decision, instead, it is ultimately a management decision.  The two 
most commonly used protection percentiles are protection of 95% of all tested species (e.g. 
Stephan et al. 1985) and 90% of all tested species (e.g. Meador et al. 2002).  To afford protection 
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to these proportion of species, the TRV derived from the SSD is set at either the 5th or 10th 

percentile of the adverse effect concentrations. 

All species sensitivity distributions make a series of assumptions, both statistical and biological.  
Statistical assumptions generally entail the suitability of the distribution used to fit the SSD, and 
the number of samples within the SSD, which relates to the reliability and stability of the TRV 
derived from the SSD. This is particularly true of TRVs selected from a tail of the SSD, where 
the TRV is lower than all but 5% or 10% of the effects data.  Biological assumptions about the 
SSD approach include:  whether communities and ecosystems are sufficiently protected by an 
SSD-derived TRV intended to protect a defined proportion of species within the community or 
ecosystem; whether a SSD based on laboratory generated toxicity data yields the same 
distribution of species sensitivity observed in field situations (i.e. the species incorporated into 
the SSD are representative of the sensitivities of all species); and whether TRVs derived from 
SSDs are inherently protective of communities and ecosystems.  As described in detail in 
Posthuma et al. (2002), many of the statistical and biological questions regarding the use of 
SSDs have been satisfactorily answered to the point where SSDs have been used by a number of 
regulatory agencies in North America (both the U.S. and Canada), Europe, Asia and Australia to 
derive environmental quality guidelines. 

Within the context of aquatic biota tissue TRV derivation for Portland Harbor, perhaps the two 
most critical decisions are the minimum number of data points to be used during SSD 
development, and the level of protection provided by the TRV.  The previously published tissue 
residue benchmarks used for screening in ecological risk assessments (e.g. Dyer et al. 2000, 
Meador et al. 2002) were derived using whole body lowest observed effect residue (LOER) data, 
which is the same adverse effect residue data that will be used to derive the Portland Harbor 
BERA TRVs. The minimum number of samples used to derive an SSD for use in regulatory 
programs has varied from four (Netherlands environmental risk limits), five (Australia and New 
Zealand water quality guidelines), eight (USEPA ambient water quality criteria) or 10 (European 
Union water quality guidelines).  Several investigations of the number of data points needed to 
derive TRVs from SSDs have been performed, including Wheeler et al. 2002, Newman et al. 
2000, and Roman et al. 1999.  Both Wheeler et al. 2002 and Newman et al. 2000 indicated that 
relatively sizable data sets (between 10 and 55 data points, depending on the distribution and 
spread of the data) were required for a highly protective percentile TRV to be stable irregardless 
of the data set from which the SSD was developed.   

Roman et al. (1999) concluded that with fewer than five data points, the lowest value approach 
(termed the assessment factor approach in their paper) is more precise than the SSD approach, 
but that increasingly lower TRVs may be generated from the lowest value approach as the 
number of toxicity studies increases.  With five or more data points, the SSD approach for 
generating TRVs is more consistent with the risk assessment paradigm, as it yields a stable value 
for the TRV with increasing confidence in the reliability and protectiveness of the TRV as the 
amount of toxicity data used to develop the SSD increases.  The protectiveness of the SSD 
approach in deriving TRVs has been validated by studies such as Okkerman et al. (1993), who 
evaluated toxicity based on studies with multiple species exposed to organic chemicals. 
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Based on a consideration of the literature describing the minimum number of data points 
required to derive an SSD, EPA recommends that a minimum of five data points be used to 
derive aquatic biota tissue TRVs for chemicals in the Portland Harbor BERA.  Furthermore, EPA 
will set the level of protection of the tissue TRVs at the 5th percentile for target aquatic 
ecological receptors to be evaluated at the organism level (i.e., these TRVs would be use both for 
juvenile salmonids and Pacific lamprey ammocoetes), and at the 10th percentile for all other 
aquatic biota tissue measurement endpoints which are evaluated at the population level. 

The selection of these two percentiles is based on several precedents in the field of 
ecotoxicology.  Most applicable to tissue TRV derivation may be the approach of Meador et al. 
(2002), who developed a species sensitivity distribution for PCB tissue residues which, if not 
exceeded in juvenile salmonids, are likely protective of ESA listed species from any adverse 
effects that may jeopardize the population’s ability to recover and increase to sustainable levels.  
This was defined by Meador et al. (2002) as a residue protective against adverse effects on the 
ability of individual salmon to grow and mature normally.  Meador et al. (2002) concluded that a 
low percentile of all listed residue-effect studies was an appropriate benchmark for protecting 
individual juvenile salmonids from sublethal effects that could decrease their long term survival.  
The PCB residue considered protective against biological effects in migrating juvenile salmonids 
was chosen as the 10th percentile of the 15 residue-effect concentrations identified by Meador et 
al. (2002). 

The approach used by Meador et al. (2002) of calculating a TRV from a low percentile of a 
series of rank-ordered residue-effect concentrations is similar to the approach used by EPA 
(Stephan et al. 1985) to derive ambient water quality criteria.  EPA’s criterion maximum 
concentration (CMC, commonly called the acute criterion) is derived from the 5th percentile of 
an SSD for aquatic genera generated from acute toxicity data.  Similarly, the criterion continuous 
concentration (CCC, commonly called the chronic criterion), can be derived from the 5th 

percentile of an SSD for aquatic genera derived from chronic toxicity data.  More often, the CCC 
is calculated as the final acute value divided by the final acute-chronic ratio (ACR).  The final 
ACR is based upon chronic values calculated from maximum acceptable toxicant concentrations 
(MATC) for at least three different species.  The MATC is generally considered an estimate of a 
toxic threshold concentration within the range bounded by a NOEC and a LOEC, and is often 
considered the highest safe or no effect concentration (Cooney 1995).   

ESA listed aquatic species as a group are generally not believed to be more sensitive to 
chemicals than aquatic species as a whole (Dwyer et al. 2005, Sappington et al. 2001, Dwyer et 
al. 1999). Based on measured toxicity data with threatened and endangered aquatic species, 
water quality criteria derived from the 5th percentile of an SSD are therefore generally protective 
of ESA listed species. In order to further ensure that the 5th percentile of an SSD are protective 
of ESA and other species to be evaluated at the individual organism level, a final check of the 
derived TRV will be performed. 

The SSD approach has the advantage of previous use by EPA and other regulatory agencies 
during the development of ecological risk assessment TRVs (e.g. water quality criteria).  It also 
has advantages over the lowest value approach in that the SSD approach uses more information 
from multiple studies to derive a TRV, has an explicitly defined level of protection, has well 
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developed statistical and computational procedures available, and has been validated to some 
extent as being protective of ecological receptors.   

The strengths and weaknesses of the species sensitivity distribution approach to aquatic biota 
tissue TRV derivation are as follows: 

•	 Strengths 
o	 Use toxicity data from all species for which data are available, consistent with the 

risk assessment paradigm 
o	 Based on sound statistical procedures, assuming the underlying assumptions of 

the method are met 
o	 Flexible, applicable to both risk assessment and risk management 
o	 Can be derived from any toxicological effect (e.g. survival, reproduction, etc.) or 

endpoint (e.g. LC50, EC20, LOEC, NOEC etc.) 
o	 Allow any level of protection desired to be selected except for 0% and 100% 
o	 Approach is transparent, and allows informed discussions to take place regarding 

the desired level of protection 
o	 Can be used in backwards calculations to estimate the level of protection when 

the contaminant occurs at a specified concentration in the environment 
o	 Some statistical and biological attributes of the approach have been validated 

•	 Weaknesses 
o	 Minimum data requirements more extensive than other TRV derivation 

approaches, may limit the number of chemicals for which TRVs can be developed 
o	 More complex mathematical derivation of TRVs than other approaches 
o	 Statistical assumptions of SSD derivation may be violated 
o	 Communities and ecosystems may not be sufficiently protected based on an SSD 

protecting a given percentage of the species within the community or ecosystem 

Minimum Data Requirements,  Data Preprocessing and Inclusion Procedures for Aquatic 
Biota Tissue TRV Development 

Not all of the available residue-effects literature contains data suitable for deriving a TRV for use 
in the Portland Harbor BERA.  The selection of studies suitable for TRV derivation generally 
followed the procedures described in the LWG (2004) Technical Memorandum: Provisional 
Toxicity Reference Value Selection for the Portland Harbor Preliminary Ecological Risk 
Assessment. The primary requirement is to use studies in which measured whole body residue 
concentrations are reported to be associated with relevant effect endpoints, defined as effects on 
survival, reproduction, growth and behavior (LWG 2004).  Residues in all life stages of aquatic 
species, including eggs, are considered. Various exposure routes are considered:  dietary, 
waterborne, and maternal transfer to eggs.  Injection and gavage studies were also considered 
during TRV derivation in LWG (2004).  For the Portland Harbor BERA, injection and gavage 
are not considered to be ecologically relevant exposure pathways, as they are not identified as 
exposure pathways in the BERA conceptual site model, and will not be used to derive TRVs for 
the BERA. 

Aquatic Biota Tissue TRV Derivation 
June 13, 2008 
Page 8 



 
 

 
 

 
 

 

 

 

  

 

Several specific data preprocessing questions have arisen during the development of the aquatic 
biota tissue TRV derivation process.  Three specific questions addressed in this section are: 

1.	 How to handle the situation where multiple toxicological endpoint LOERs are available 
for a single species (e.g. both survival and growth LOERs are available for rainbow trout 
exposed to PCBs)? 

2.	 How to handle the situation where multiple LOERs are available for a single 
toxicological endpoint for a single species (e.g. three survival LOERs are available for 
rainbow trout exposed to PCBs)? 

3.	 How to ensure that survival LOERs do not elevate the TRV so that it is no longer 
protective of the assessment endpoint of survival, reproduction and growth as evaluated 
with measurement endpoint data from multiple species? 

Multiple toxicological endpoint LOERs for a single species:  Assessment endpoints identified 
in the Portland Harbor BERA problem formulation are intended to be protective of survival, 
reproduction and growth of multiple aquatic biota groups.  The most commonly measured 
adverse effect of bioaccumulated chemicals in aquatic species is mortality.  Lethal body burdens 
of contaminants are generally higher than residues associated with adverse effects on 
reproduction or growth. Therefore, an SSD based on residue-effects data protective of all three 
toxic effects identified in the BERA assessment endpoints run the risk of being underprotective 
of reproductive and growth effects if the SSD is based largely on mortality data.  To derive SSDs 
based only on reproduction and growth data runs the risk of severely limiting the number of 
tissue TRVs that can be derived, due to the relative lack of residue-effects data for reproductive 
and growth endpoints compared to the amount of data available from lethality studies. 

The normal procedure used to derive a TRV from a SSD is to take the geometric mean of 
multiple toxicity studies available for a single species, then use the calculated geometric mean as 
the toxicity value within the SSD for that species.  However, it does not appear reasonable to 
calculate a mean of mortality, reproductive and growth LOERs to obtain the toxicity value for a 
given species. 

The approach to handling multiple toxicological endpoint LOERs for the same species will be to 
incorporate the lowest LOER of the available endpoints for each species into the final SSD.  This 
approach will result in each species accounting for only one data point within the SSD for a 
given chemical.  Data preprocessing methods for deriving the toxicity value for a given 
toxicological endpoint for a given species from multiple LOERs, and incorporation of survival 
data into mixed toxicological endpoint SSDs will be presented in the next two sections. 

Multiple LOERs for a single toxicological endpoint for a single species:  A situation often 
encountered is where multiple LOERs are available from different studies with the same species 
for the same toxicological endpoint (e.g. three LOERs are available for PCB residues affecting 
Daphnia pulex fecundity). A commonly employed approach to address this situation is to 
calculate the geometric mean of the multiple studies, then use the calculated geometric mean as 
the toxicity value for that species and endpoint within the SSD.  This is the approach used by 
EPA during its derivation of AWQC when multiple studies of the same adverse effect are 
available for a species (e.g. species mean acute value), or for different species of the same genera 
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(e.g. genus mean acute value).  For aquatic biota tissue TRV derivations for the Portland Harbor 
BERA, the geometric mean of multiple studies of a given species within the same toxicological 
endpoint will be used as the toxicity value incorporated into the SSD for that species and 
endpoint. 

Processing of mortality LOERs:  A TRV based largely or completely on mortality LOERs may 
not be protective of reproduction or growth.  To ensure that the aquatic biota tissue TRVs for the 
Portland Harbor BERA are protective of all environmental attributes within the BERA 
assessment endpoints (i.e. survival, reproduction and growth), an uncertainty factor will be 
applied to the mortality LOERs before the mortality LOERs are further preprocessed and 
subsequently incorporated into an SSD. 

Once the mortality LOER values are obtained, each mortality LOER is divided by an uncertainty 
factor of 8.3 to calculate the toxicity value for each species.  The value of 8.3 is the mean acute-
chronic ratio of 456 same-species pairs of acute and maximum acceptable toxicant 
concentrations for metals, narcotics, pesticides, and other organic chemicals as calculated by 
Raimondo et al. (2007).  Within the BERA tissue TRV derivation, the factor of 8.3 is intended to 
convert the LRX concentration (LRx = lethal residue to x percent of the study organisms) to an 
“LRLOW” value, expected to be an LR<1 to 10 that should result in little or no toxicity to the test 
species. A LRx based on unadjusted LRx mortality values without the 8.3 adjustment factor 
would be an underprotective criterion that potentially elicits toxicity to an unacceptably high 
proportion of the individuals of the test species.  Similarly, a tissue TRV based on LOERs lethal 
to a substantial portion of the test organisms within a study would not be protective of the 
survival, reproduction and growth assessment endpoints within the Portland Harbor BERA.  The 
8.3 acute-chronic ratio identified by Raimondo et al. (2007) as the mean ACR of over 400 
aquatic toxicity studies will be used as the uncertainty factor to be applied to all residues 
associated with mortality used to generate tissue TRVs. 

Review Process:  Once the TRVs have been derived, a final review should be made.  The 
purpose of the review is to check the accuracy of the calculations, and to ensure the desired 
protectiveness of the TRVs has been attained for all receptor species.  If the derived TRV is 
higher than an adverse effect residue from the literature for a target ecological receptor being 
assessed, the TRV should be reevaluated and revised downward if necessary for protection of the 
target receptor. This process is analogous to the “final checks” step in derivation of AWQC 
(Stephan et al. 1985) in which the SSD-based final acute or chronic values are compared to 
individual studies to see if the calculated values might have to be lowered to protect this 
individual species. This evaluation is particularly important for receptor species to be evaluated 
at the organism level. If the derived TRV is higher than an adverse effect residue from the 
literature for a target ecological receptor being assessed at the organism level, the TRV will be 
reevaluated and revised downward if necessary for protection of the target receptor.  In 
particular, the available salmonid residue-effects data will be evaluated closely to ensure 
organism-level TRVs based on SSDs are adequately protective.     
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Aquatic Biota Tissue TRV Derivation Procedure for the Portland Harbor BERA 

Studies excluded from use in deriving aquatic biota tissue TRVs in the BERA include the 
following: 

•	 Endpoints were not related to effects on survival, reproduction, growth or fish behavior 
•	 Biota were exposed to mixtures in the laboratory.  Exceptions to this are certain mixtures 

of related chemicals such as PCB Aroclors, Clophens or other PCB mixtures; mixtures of 
DDT and its metabolites DDD and DDE; or mixtures of chemicals such as dioxins, 
furans and certain PCB congeners with dioxin-like (i.e. 2,3,7,8-TCDD) mechanisms of 
action where the toxicity can be expressed as toxic equivalency factors relative to the 
toxicity of 2,3,7,8-TCDD. 

•	 Studies where biota were exposed to chemicals in the field.  This is because effects 
observed in field studies generally cannot be associated with a specific chemical 

The specific requirements and toxicity data preprocessing approaches to be used during the 
derivation of SSD-based aquatic biota tissue TRVs for use in the Portland Harbor BERA are 
presented below. Most of these requirements are also appropriate for use with the lowest value 
approach to deriving TRVs. 

If the sample size is ≥5, the SSD approach will be used and if the sample size is <5 the 
lowest value approach will be used1. 

•	 TRVs to be based on lowest observed effect residue (LOER) data affecting survival, 
reproduction, growth or (for fish only) behaviors that can be linked reliably to survival, 
reproduction, or growth 

•	 All LOERs have equal weight in the SSD (i.e. no one adverse effect such as reproduction 
is weighted more heavily than any other adverse effect) 

•	 LOERs must be measured, not modeled or predicted.   
o	 LOERs reported in a companion study to the citation reporting adverse effects, 

but not in the original effects study are acceptable for use 
o	 LOERs described in terms of a measured bioconcentration or bioaccumulation 

factor from a water or dietary exposure concentration or dose are acceptable once 
converted into the equivalent measured residue value 

•	 Minimum of five toxicity data points required to derive a TRV from an SSD 
•	 10th percentile of the LOER SSD to be used as the TRV for measurement endpoints 

evaluated at a population or community level of biological organization 
•	 5th percentile of the LOER SSD to be used as the TRV for measurement endpoints 

evaluated at the organism level (i.e., these TRVs would be applied to both juvenile 
salmonids, and lamprey ammocoetes) 

•	 Growth and reproduction LOERs to be weighted equally, as reported from the literature, 
without application of any uncertainty factors 

1 Sample size refers to the number of species with tissue-based toxicity data available that meet the requirements 
outlined above, not the total number of individual toxicity data points.  As the intent of the SSD approach is to have 
only one data point for each species in each chemical SSD, the approach is a true SSD approach. 
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•	 Studies where control group data are available for comparison to treatment groups are 
preferred, but is not an absolute requirement for a study which reports only effects 
residues to be incorporated into an SSD.  Studies without control groups should be noted 
in the data tables listing all studies used in TRV derivation. 

•	 Studies where both adverse effect residues and the magnitude of the observed effect are 
statistically significantly elevated above controls are preferred, but is not an absolute 
requirement for a study to be incorporated into an SSD.  Studies without statistical 
significance reported should be noted in the data tables listing all studies used in TRV 
derivation. 

•	 LOER residues for mortality will be divided by an uncertainty factor of 8.3 (Raimondo et 
al. 2007) to convert lethal residues to residues where lethality is indistinguishable from 
acceptable control mortality, then weighted equally with the growth and reproduction 
LOERs, without application of any other uncertainty factors. Use of this default 
uncertainty factor will be used for all survival LOERs unless sufficient data exist to 
estimate chemical specific acute-chronic ratios. 

•	 Literature citation must be the primary source of the toxicity data  
•	 Species must be reported 
•	 Exposure to a single contaminant only in a laboratory setting 

o	 Exceptions to this requirement will be made for chemicals commonly evaluated 
as a single chemical even though they are mixtures (e.g. PCB Aroclors or 
Clophens; chlordane; toxaphene, DDT and its metabolic transformation products 
DDD and DDE, which can be reported as total DDTs; dioxins, furans and certain 
PCB congeners with dioxin-like (i.e. 2,3,7,8-TCDD) mechanisms of action where 
the toxicity can be expressed as toxic equivalency factors relative to the toxicity 
of 2,3,7,8-TCDD 

•	 Individual literature citations must report information on a minimum of two exposures 
concentrations or doses: one control and at least one contaminant exposure 

•	 EPA prefers the TRVs to be presented in units of mg/kg (or µg/g), whole body wet 
weight.  Dry weight TRVs are acceptable as long as it is clearly stated whether the units 
are in terms of wet or dry weight.  A majority of the residue-effects literature is reported 
as wet weight. EPA does not believe sufficient residue-effects literature are available in a 
form to permit derivation of lipid normalized TRVs for organic chemicals 

•	 Unless the water content of tissue in a citation is explicitly given, assume 80% water 
content of tissues when converting literature LOERs between wet and dry weights 

•	 Beneficial effects (e.g. hormesis) will not be used to derive the TRV unless the hormetic 
effect can be directly related to an adverse effect on the assessment endpoints 

•	 Adverse effects associated with nutritional deficiency of essential elements (e.g. copper, 
selenium, zinc) will not be used to derive TRVs 

•	 LOER data from both freshwater and marine species may be used 
•	 Species not required to be limited to North America residents 
•	 Injection or gavage studies will not be used to derive tissue TRVs 
•	 No uncertainty factors will be applied to either reproduction or growth LOERs  
•	 If multiple LOERs are available for a chemical’s toxicological effect in the same species 

(e.g. three growth LOERs are available for rainbow trout exposed to PCBs), the 
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geometric mean of the multiple LOERs will be calculated, and the calculated geometric 
mean used as the single toxicity value for that species and toxicological endpoint 

• If multiple LOERs are available for different toxicological effects for a single species 
(e.g. both survival and growth LOERs are available for rainbow trout exposed to PCBs), 
the toxicological endpoint with the lowest LOER for that species will be incorporated 
into the SSD 

•	 Aquatic plant data should not be used to derive tissue TRVs for fish and aquatic 

invertebrates 


Hierarchy of Procedures to Develop Aquatic Biota Tissue TRVs 

The hierarchy for developing aquatic biota tissue TRVs, in units of mg/kg whole body wet 
weight, is as follows: 

1.	 Taxa specific TRV using a species sensitivity distribution.  The availability of residue-
effects data will dictate the level to which this approach can be used, but we anticipate 
the lowest taxon to which tissue TRVs can be developed will likely be at the level of fish 
TRVs or invertebrate TRVs. 

2.	 For selenium in fish tissues, use the EPA (2004) draft fish tissue criterion.  Based on the 
screening level ecological risk assessment results to date, no selenium in invertebrate 
tissue TRV is required for the Portland Harbor BERA. 

3.	 Aquatic biota TRV applicable to all aquatic species using a species sensitivity 
distribution. The SSD may include data from fish, invertebrates, and larval amphibians 

4.	 For chemicals with insufficient residue-effects data to permit development of a species 
sensitivity distribution, utilize existing TRVs as previously developed and proposed by 
LWG in various documents if the TRVs are approved by EPA. 

5.	 For chemicals with insufficient residue-effects data to permit development of a species 
sensitivity distribution, and without TRVs previously derived by LWG and approved by 
EPA, the lowest value approach (i.e. lowest LOER) from the available literature will be 
used to define the TRV. 

a.	 If a mortality LOER divided by 8.3 (Raimondo et al. 2007) or by the species-
specific acute-chronic ratio is lower than the lowest growth or reproductive 
LOER, the mortality LOER divided by 8.3 or by the species-specific acute-
chronic ratio will define the TRV 

b.	 If the lowest LOER is a mortality endpoint, the mortality LOER will be divided 
by 8.3 (Raimondo et al. 2007) to define the TRV. 

Once the TRVs have been derived, a final review is conducted to check the accuracy of the 
calculations, and to ensure the desired protectiveness of the TRVs has been attained for any of 
the receptor species.  This evaluation is particularly important for receptor species to be 
evaluated at the organism level. For example, if the derived TRV is higher than an adverse effect 
residue data point on an SSD for a salmonid species, the TRV should be reevaluated and revised 
downward if necessary for protection of juvenile salmonids.  As no residue-effect studies are 
available for any lamprey species, this type of review will not be possible to ensure the 
protectiveness of the tissue TRVs for lamprey.  The absence of any lamprey residue-effects 
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literature against which tissue TRV protectiveness can be evaluated is an uncertainty in the 
BERA. 

Chemicals for Which Aquatic Biota Tissue TRVs Need to be Derived 

The EPA produced screening level ecological risk assessment (SLERA) for Portland Harbor as 
part of its review of the LWG’s Round 2 Report identified 17 tissue COPCs for fish species (no 
fish species contained residues exceeding all 17 identified COPCs), and 23 tissue COPCs for 
aquatic invertebrates (again, no one invertebrate receptor contained residues exceeding all 23 
identified COPCs). Ten of the COPCs were common to both fish and invertebrates, so the 
maximum number of COPCs for which aquatic biota tissue TRVs need to be derived, based on 
the results of the SLERA, is 29.   

Of these 29 chemicals, seven are various PAH compounds for which Shephard (1998) concluded 
generally applicable tissue TRVs should not be derived.  This conclusion is based in part because 
of the rapid metabolic transformation and/or photoactivation of parent PAH compounds to more 
toxic metabolites, whose toxicity is not properly evaluated by tissue benchmarks for a less toxic 
parent compound.  Also a factor arguing against derivation of tissue TRVs for PAHs in this 
BERA are observations that the metabolic transformation abilities differ among species, and the 
transformation ability has no clear relationship with taxonomy (i.e. although a common 
presumption is that fish more actively transform PAHs than do invertebrates, many invertebrate 
species are better able to transform PAHs than some fish species).  Among the freshwater 
invertebrate species able to metabolically transform PAHs are crayfish (Jewell et al. 1997), 
fingernail clams and Chironomus riparius (Borchert et al. 1997). 

The tissue TRVs required for the Portland Harbor BERA are listed below. 

Fish and invertebrates Fish only Invertebrates only 
Zinc Chromium Antimony 
Total PCBs Lead Arsenic 
4,4’-DDD Mercury Cadmium 
4,4’-DDE Selenium Copper 
4,4’-DDT δ-hexachlorocyclohexane Tributyltin 
Total DDX Hexachlorobutadiene Endrin 
β-hexachlorocyclohexane Butylbenzyl phthalate 
Lindane 
Bis(2-ethylhexyl)phthalate 
Di-n-butyl phthalate 

The above lists are the chemicals of potential concern (COPC) identified during the screening 
level ecological risk assessment.  The COPC list is based on the results of Portland Harbor 
sampling up through the end of Round 2 data collections, as determined by LWG’s evaluation in 
their Round 2 report and EPA’s review of the Round 2 report.  Round 3 tissue data will have to 
go through the same screening process as the other site data has already gone through.  The 
possibility exists, therefore, that additional chemicals detected in the Round 3 tissue samples will 
require derivation of tissue TRVs for the BERA. 
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Calculation Procedures for SSD Derived Aquatic Biota Tissue TRVs 

In order to permit verification of the calculated TRVs once the toxicity data to be incorporated 
into each SSD has been compiled, EPA recommends that software be used that is freely available 
to all interested parties, making it possible for all to confirm the TRV calculations, while meeting 
the need for estimation of both 5th percentile and 10th percentile TRV derivations. One such 
program that is freely available and specifically designed to fit toxicity data to species sensitivity 
distributions is the BurrliOZ software from the Australian Commonwealth Scientific and 
Industrial Research Organisation (CSIRO).  BurrliOZ shows the fit of toxicity data to Burr Type 
3, log-logistic and lognormal distributions. BurrliOZ also calculates both the effect 
concentration at a user defined percentile of the SSD, and the percentile of the SSD for a user 
defined environmental concentration.  The software may be freely downloaded from the 
following web site: http://www.cmis.csiro.au/envir/Burrlioz/ 

A second free and publically available program that can be used to estimate percentiles of an 
SSD is the ETx software (van Vlaardingen et al. 2004) developed by the Netherlands National 
Institute for Public Health and the Environment (RIVM).  ETx uses a log-logistic distribution to 
fit data to an SSD, and also estimates confidence limits around the selected effects percentile.  
The software may be freely downloaded from the following web site:  
http://www.rivm.nl/rvs/overige/risbeoor/Modellen/ETX.jsp 

The ETx version 2.0 manual can be downloaded from the following web site: 
http://www.rivm.nl/bibliotheek/rapporten/601501028.html 

Specific selection of the SSD model to be used will be based on which best fit the actual 
distribution of data for a given chemical. This “best fit” selection approach is becoming 
increasingly used for derivation of SSD-based environmental criteria worldwide, and so is 
appropriate for use in the Portland Harbor BERA. 

Calculation Procedures for Lowest Value Approach Derived Aquatic Biota Tissue TRVs 

The lowest species mean LOER will be used as the TRV for sample sizes <5.  The species mean 
LOER will be calculated as the geometric mean LOER for a given species.  The species mean 
LOER will be based on the most sensitive endpoint of the available data for that species.  For 
example, if both growth and mortality toxicity data are available for a species, and growth is a 
more sensitive endpoint than mortality, then the species mean LOER will only be calculated 
from the growth-based toxicity data.  Thus, the tissue TRV from the lowest value approach will 
reflect the most sensitive endpoint for the most sensitive species.  It should be noted that the 
lowest value approach can be less conservative than the SSD approach for moderate sample 
sizes, which can result in 5th or 10th percentiles lower than the lowest toxicity value.  This can 
result in a TRV that is less conservative for the chemical with the smaller sample size (i.e., too 
small to use a SSD).  This uncertainty will need to be addressed in the Uncertainty Analysis 
section of the BERA, and incorporated accordingly into chemical-specific implementation of the 
weight of evidence scheme for any tissue-based line of evidence. 
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Fish Tissue TRV for Cadmium 

Cadmium was initially identified only as a COPC for invertebrates from EPA’s screening level ecological 
risk assessment (SLERA – EPA 2008). However, based on additional screening of more recent round 3 
tissue data, cadmium was also identified as a COPC for fish.  The following, therefore, recommends a 
fish tissue TRV for cadmium.  From EPA’s database maintained by Burt Shephard and the Environmental 
Residue Effects Database (ERED) maintained by the U.S. Army Corps of Engineers, cadmium toxicity 
data with whole body fish tissue measurements were identified for 24 fish species.  The studies that 
appeared to most strongly influence the 10th percentile from the distribution of final species lowest 
observed effect residue (LOER) were critically reviewed to ensure that the values reported in either Burt 
Shephard’s database or ERED are consistent with the methods being used to derive tissue residue toxicity 
reference values (TRVs) for Portland Harbor.  The cumulative distribution of final species LOERs, 
following this review of select studies, is provided in Figure 1.  The individual toxicity values compiled to 
derive the final species LOERs are provided in Table 1 and the final species LOERs are ranked in Table 
2. Table 3 provides the preliminary data compilation before select studies were further reviewed.  The 
select studies are summarized below. 

Salmo salar (Atlantic Salmon) 

Peterson et al. (1983)—Burt Shephard’s database cited that a whole body cadmium concentration of 0.28 
mg/kg wet wt. was associated with reduced growth in Atlantic salmon.  Early life stages of Atlantic 
salmon were exposed to aqueous cadmium concentrations of 0.2 or 2.0 µg/L from either (1) hatching 
through one month of exogenous feeding or (2) through one month of exogenous feeding.  The alevins 
exposed to 2.0 µg/L cadmium had high mortality (80-94%) and grew more slowly than controls or those 
exposed to 0.2 µg/L cadmium.  The whole body cadmium concentration in fry at the end of the dietary 
exposure was approximately 2.4 mg/kg dry wt., or 0.48 mg/kg wet wt. assuming 80% moisture.  Because 
the exposure duration was chronic, no ACR was applied and this concentration was considered the LOER 
for TRV development. 

Rombough and Garside (1982)—Burt Shephard’s database cited that a whole body cadmium 
concentration of 0.005 mg/kg wet wt. was associated with reduced growth in Atlantic salmon.  Embryos 
and alevins of Atlantic salmon were exposed to aqueous cadmium concentrations ranging from 0.47 to 
27,000 µg/L.  The exposure duration was from fertilization through near complete yolk absorption.  
Growth was significantly reduced in the 0.47 µg/L cadmium treatment relative to the control.  The mean 
cadmium concentration in alevins at the end of exposure to 0.47 µg/L cadmium was approximately 0.6 
mg/kg dry wt., or 0.12 mg/kg wet wt. assuming 80% moisture. The basis for the much lower cadmium 
concentration of 0.005 mg/kg wet wt. in Burt Shephard’s database could not be confirmed, particularly 
given that the LOER of 0.12 mg/kg wet wt. was selected from the lowest cadmium exposure treatment. 
Therefore, the LOER of 0.12 mg/kg wet wt. was considered the LOER for TRV development.   

Peterson et al. (1985)—Burt Shephard’s database cited that a whole body cadmium concentration of 0.02 
mg/kg wet wt. was associated with reduced hatchability of eggs in Atlantic salmon.  Upon review of this 
study, however, it was verified that the tissue cadmium concentration reported was for eggs.  
Accordingly, this study was excluded from TRV development.   

Leucaspius delineatus (Belica) 

Ferard et al. (1983)—ERED cited an LD83 of 0.2 mg/kg wet wt. based on mortality of belica (a cyprinid). 
This study simulated a three-step food chain where algae (Chlorella vulgaris) were first exposed to 
cadmium concentrations of 0, 10, 50, 100, and 250 µg/L for 30 days.  The algae were then fed to the 
cladoceran Daphnia magna for 20 days.  Belica, an omnivore, were then allowed to feed on both algae 
and D. magna for four days.  According to the study authors, “the ingestion of toxic daphnids and algae 
for 4 days does not seem to affect the fish” and no data on fish mortality was provided.  Consequently, the 
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basis for the LD83 cited in ERED appears to be an error.  Because no adverse effects were observed and 
so only a “greater than” NOEC could be derived from this study, it was excluded from TRV development. 

Salvelinus confluentus (Bull Trout) 

Hansen et al. (2002)—ERED cited a LOED of 0.032 mg/kg wet wt. based on reduced growth in bull 
trout. Juvenile bull trout were exposed to total (unfiltered) aqueous cadmium concentrations of <0.013 
(control), 0.052, 0.089, 0.197, 0.383, and 0.786 µg/L for 55 days.  Fish exposed to the cadmium 
concentration of 0.786 µg/L had significantly reduced (p<0.05) growth relative to the control after 55 
days.  The mean whole body cadmium concentration in these fish was 0.913 mg/kg dry wt., or 0.183 
mg/kg wet wt. assuming 80% moisture.  The LOED of 0.032 mg/kg wet wt. cited in ERED is equivalent 
to 0.16 mg/kg dry wt. assuming 80% moisture.  This concentration appears to be based on cadmium 
concentration measured in juvenile fish exposed to an aqueous cadmium concentration of 0.052 µg/L 
after 20 days.  Although growth was significantly reduced (p<0.05) in this treatment relative to the 
control, growth was no longer significantly reduced on days 40 or 55 of the experiment.  Accordingly, the 
appropriate LOER from this study was considered to be 0.183 mg/kg wet wt., which is based on the only 
cadmium treatment that experienced a statistically significant growth reduction after completion of the 55 
day exposure. 

Oreochromis mossambicus (Mozambique Tilapia) 

Chang et al. (1998)—Burt Shephard’s database cited that a whole body cadmium concentration of 0.28 
mg/kg wet wt. was associated with 50% lethality within four days.  However, it appears that cadmium 
concentrations in the fish larvae were only expressed as pmol/larva and the weight of the larvae is not 
readily apparent.  Accordingly, a cadmium LOER concentration in units of mg/kg could not be 
determined.  This study was therefore not used for TRV development.   

Jordanella floridae (American Flagfish) 

Spehar et al. (1978)—ERED cited a LOED of 0.4 mg/kg wet wt. based on mortality of American flagfish.  
Toxicity testing was initiated with embryos exposed to an aqueous cadmium concentration of 8.5 µg/L (in 
all other treatments cadmium was evaluated as a mixture with zinc).  The exposure lasted for 100 days.  
Survival was significantly reduced (p<0.05) in the cadmium-only treatment relative to the control.  The 
whole body cadmium concentration in this treatment was approximately 28 mg/kg dry wt. at day 100 (or 
5.6 mg/kg wet wt. assuming 80% moisture).  The basis for the LOED of 0.4 mg/kg wet wt. cited in ERED 
could not be confirmed from our review of this paper.  Accordingly, a LOER of 5.6 mg/kg wet wt. was 
considered for TRV development. An ACR was not applied to this value because the exposure duration 
was chronic. 

Lepomis macrochirus (Bluegill) 

Cope et al. (1994a)—Burt Shephard’s database cited that a whole body cadmium concentration of 0.06
0.08 mg/kg wet wt. was associated with reduced length and growth following a 28-day exposure.  In this 
study, juvenile bluegill were exposed to continuously suspended sediments containing cadmium 
concentrations ranging from 1.3 to 21.4 mg/kg dry wt.  The study authors noted that the growth effects 
observed were likely in part due to the physical effects of the suspended sediment on feeding.  Because a 
stressor other than cadmium was considered to have contributed to the growth effects observed, this study 
was not considered for TRV development. It should be noted that in another study by Cope et al. 
(1994b), juvenile bluegills were exposed to aqueous cadmium concentrations up to 32.3 µg/L for 28 days 
and no growth effects were observed.  The whole body cadmium concentration in the highest treatment 
was 1.33 mg/kg wet wt.  This further supports that the growth effects observed in Cope et al. (1994a) was 
likely due more to the physical effects of the suspended sediment than to the effects of cadmium.  The 
Cope et al. (1994b) study could not be considered for TRV development because only NOERs were 
available. 

Fish Tissue TRV for Cadmium 2 



 

 
 

 

  
 

 

 
 

 
 

  

 
 

 

 
 

 

 

 

 

Gasterosteus aculeatus (Three-Spined Stickleback) 

Pascoe and Mattey (1977)—ERED cited a LOED of 0.9 mg/kg wet wt. based on mortality of three-spine 
stickleback. Sticklebacks were exposed to aqueous cadmium concentrations ranging from 0.8 to 97,500 
µg/L for up to 79 days.  By this time at least 80% of the fish in each cadmium treatment had died.  The 
whole body cadmium concentration in the lowest aqueous cadmium treatment was 0.9 mg/kg wet wt.  
Because the exposure duration was chronic, no ACR was applied to this concentration. 

Woodworth and Pascoe (1983)—ERED cited an LD10 of 0.75 mg/kg wet wt. based on mortality of three-
spine stickleback. Sticklebacks were exposed to aqueous cadmium concentrations of 120 or 1,070 µg/L 
for 170 hours (~7 days).  After the 170 hour cadmium exposure, 5.6% and 9.7% of the fish exposed to the 
120 and 1,070 µg/L cadmium treatments died (no mortality was observed in the control).  The whole 
body cadmium concentrations in the 120 and 1,070 µg/L cadmium treatments were 0.30 and 0.75 mg/kg 
wet wt., respectively.  Consistent with ERED, the whole body cadmium concentration of 0.75 mg/kg wet 
wt. can be considered the LD10. Because the test did not constitute a chronic exposure duration, an ACR 
was applied to the 7-day LD10 to estimate a whole cadmium concentration of 0.090 mg/kg wet wt. 

The estimated chronic LOER from Woodworth and Pascoe (1983) is an order of magnitude lower than 
the 79-day LOED of 0.9 mg/kg wet wt. for stricklebacks cited in Pascoe and Mattey (1977); however, the 
level of effect observed in the 79-day study was also much higher.  Accordingly, the final species mean 
LOER for the threespine stickleback was calculated as the geometric mean of 0.09 and 0.9 mg/kg wet wt., 
or 0.29 mg/kg wet wt. 

Ictalurus punctatus (Channel Catfish) 

Birge et al. (1979)—Burt Shephard’s database cited that a whole body cadmium concentration of 0.94 
mg/kg wet wt. was associated with 68% mortality of larvae within 4 days post-hatch.  Although the focus 
of Birge et al. (1979) was on mercury toxicity, some tests were also conducted with cadmium alone to 
determine the influence of flow rate on cadmium toxicity. Channel catfish eggs through 4 days post-hatch 
were exposed to aqueous cadmium concentrations of 250, 290, and 300 µg/L at flow rates of 100, 200, 
and 400 mL/hour, respectively.  The resulting mortality rates were 78%, 68%, and 73% and associated 
whole body cadmium concentrations were 1.67, 0.94, and 1.21 mg/kg wet wt.  The average hatching time 
for catfish was 6 days, so the total exposure duration was approximately 10 days.  Because the exposure 
duration was not truly chronic, an ACR of 8.3 was applied  to the lowest whole body concentration of 
0.94 mg/kg wet wt. to estimate a whole body concentration of 0.11 mg/kg wet wt.  

Chelon labrosus (Thicklipped Mullet) and Platichthys flesus (European Flounder) 

At the request from a reviewer of an earlier draft of the cadmium TRV for fish, the toxicity values for the 
thicklipped mullet Chelon labrosus (Ahsanullah and Williams 1991) and the European flounder 
Platichthys flesus (von Westernhagen et al. 1975) were also independently reviewed.  These two species 
had the two highest final species LOERs in the data set for deriving a whole body cadmium TRV for fish.  
The value for the thicklipped mullet cited in ERED is erroneous, as Ahsanullah and Williams (1991) only 
evaluated the toxicity of cadmium to an amphipod.  Accordingly, this value was removed from the data 
set. The value for the European flounder was confirmed. 

Conclusions 

With the above modifications, the resulting 5th and 10th percentile estimates for fish using the BurrliOZ 
software are 0.10 and 0.13 mg/kg wet wt., respectively. 
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Fish Tissue TRV for Copper 

Copper was initially identified only as a COPC for invertebrates from EPA’s screening level ecological 
risk assessment (SLERA – EPA 2008). However, based on additional screening of more recent round 3 
tissue data, copper was also identified as a COPC for fish.  The following, therefore, recommends a fish 
tissue TRV for copper.  From EPA’s database maintained by Burt Shephard and the Environmental 
Residue Effects Database (ERED) maintained by the U.S. Army Corps of Engineers, copper toxicity data 
with whole body fish tissue measurements were identified for 18 fish species.  The studies that appeared 
to most strongly influence the 5th and 10th percentiles from the distribution of final species LOERs were 
critically reviewed to ensure that the values reported in either Burt Shephard’s database or ERED are 
consistent with the methods being used to derive tissue TRVs for Portland Harbor.  The cumulative 
distribution of final species LOERs, following this review of select studies, is provided in Figures 1.  For 
comparison, TRVs used or considered for use in the SLERA are also presented in Figure 1.  The 
individual toxicity values compiled to derive the final species LOERs for fish are provided in Table 1 and 
the final species LOERs are ranked in Table 2.  Table 3 presents the preliminary compilation of data 
before select studies were reviewed.  The select studies are summarized below to indicate where we 
recommended an alternate LOER interpretation to those given in ERED or Burt Shephard’s database, 
where ACRs may or may not be appropriately applied to mortality-based LOERs, or where we 
recommend that certain studies be omitted from consideration for TRV derivation. 

Nutritionally Deficient and Sufficient Residues of Copper in Fish 

Copper, like several other metallic elements such as zinc, selenium and chromium, is both a nutritionally 
essential element for fish and a toxicant, depending on its concentration in the diet and tissues of fish.  
Copper is believed to be a cofactor of more than 20 enzymes in fish, including cytochrome c oxidase, part 
of the electron transport chain in cells, and superoxide dismutase, one of the primary antioxidant enzymes 
in vertebrates (NRC 1993). The nutritionally essential levels of copper in fish are lower than the essential 
copper levels in many invertebrates, specifically those invertebrates whose respiratory pigment is the 
copper-containing hemocyanin instead of the hemoglobin found in fish blood.  Copper TRVs intended for 
use as indicators of copper toxicity in the Portland Harbor BERA must be higher than the copper residues 
demonstrated to be nutritionally deficient for fish, and also higher than the nutritional sufficiency levels. 

Copper residues in commercial fish foods are usually set in the range of 3 – 15 mg/kg dry weight feed 
(Lorentzen et al. 1998).  Juvenile fish may require slightly higher amounts of dietary copper relative to 
adult fish. For example, Berntssen et al. (1999) found that juvenile Atlantic salmon (Salmo salar) growth 
was slightly suppressed by a copper residue in the diet of 7.2 mg/kg dry weight, higher than the 3 – 5 
mg/kg dry weight copper often found in commercial feeds used in salmonid hatcheries, but that normal 
growth of Atlantic salmon juveniles occurred when fed a diet containing 35 mg/kg dry weight copper.  
Berntssen et al. (1999) also measured whole body copper in Atlantic salmon whose growth was reduced 
during consumption of a diet containing 7.2 mg/kg copper dry weight, and found a whole body copper 
residue of approximately 0.6 mg/kg wet weight.  The 0.6 mg/kg wet weight whole body copper residue 
can be taken as a nutritionally deficient copper level in Atlantic salmon.   

Copper at 500 mg/kg dry weight diet only elevated Atlantic salmon whole body residues to 3 mg/kg wet 
weight, which was associated by Berntssen et al. (1999) with decreased growth due to copper toxicity. 
Several other investigators (Campbell et al. 2005, Campbell et al. 2002, Lundebye et al. 1999) have also 
demonstrated the ability of salmonids fed elevated dietary levels of copper to homeostatically regulate 
their body burdens when fed diets containing elevated copper concentrations.  For example, Campbell et 
al. (2002) did not observe declines in swimming speed and altered circadian rhythms in rainbow trout 
until dietary copper levels were elevated to 726 mg/kg dry weight.  Lundebye et al. (1999) observed no 
effect of dietary copper levels as high as 1750 mg/kg dry weight on Atlantic salmon feeding or swimming 
activity. 
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At least two studies have measured nutritionally deficient and sufficient copper residues in rainbow trout 
(Oncorhynchus mykiss). Kamunde et al. (2002) observed that 0.44 mg/kg wet weight copper in whole 
rainbow trout was a deficiency level, resulting in retarded growth of trout.  Kamunde et al. (2002) also 
found that rainbow trout containing 1.11 mg/kg wet weight copper in whole rainbow trout resulted in 
normal growth, and can be considered within the sufficiency range. A companion study by Kamunde et 
al. (2001) found no significant effect of copper on rainbow trout survival, growth or condition factor 
when the trout contained 5.2 mg/kg copper whole body wet weight.   

Ogino and Yang (1980) also studied rainbow trout, and found results comparable to those of Kamunde et 
al. (2002).  Specifically, Ogino and Yang (1980) found a deficiency level of 0.44 mg/kg whole body wet 
weight copper, and a sufficiency level for normal growth of 0.86 mg/kg whole body wet weight copper in 
rainbow trout. 

In addition to rainbow trout, Ogino and Yang (1980) also studied copper deficiency and sufficiency in 
carp (Cyprinus carpio). They observed that 0.28 mg/kg whole body wet weight copper in carp reduced 
carp growth within 16 weeks, and could be considered a deficiency level, while 0.90 mg/kg whole body 
wet weight was sufficient for normal growth. 

The most recent study of copper deficiency in fish is by Lin et al. (2008) with Malabar grouper 
(Epinephelus malabaricus). A whole body residue of 1.84 mg/kg copper (wet weight) resulted in reduced 
growth and feed conversion efficiency.  A slight elevation of the deficiency residue to 2.14 mg/kg wet 
weight resulted in maximal growth of the grouper.  Finally, Lin et al. (2008) found that 4.36 mg/kg whole 
body wet weight copper resulted in reduced growth of the grouper due to copper toxicity. 

Zebrafish (Danio rerio) appear to have a greater nutritional requirement for copper than any of the above 
fish species. Mendelsohn et al. (2006) report that 0.5 – 1.0 µM copper in zebrafish embryos (30 – 60 
µg/g dry weight = 6 – 12 µg/g wet weight assuming a tissue density of 1.06 g/cm3 and a moisture content 
of 80%) was the minimum copper requirement for normal embryo development.  As whole body copper 
concentrations of 6 – 12 mg/kg wet weight are into the toxicity range of residues for several other fish 
species, the zebrafish nutritional data will not be used as a floor for the Portland Harbor copper tissue 
TRV. 

Given the grouper sufficiency residue of 2.14 mg/kg copper and the absence of any toxic effects not 
associated with nutritional deficiency at whole body fish copper residues lower than 2.14 mg/kg wet 
weight, EPA believes that the tissue TRV for Portland Harbor should be no lower than 2.2 mg/kg for any 
fish species. This belief is based solely on the nutritional deficiency / sufficiency literature, and does not 
take into account the residues associated with copper toxicity presented later in this tissue TRV 
development document. Given the zebrafish study of Mendelsohn et al. (2006), it is apparent that some 
fish species have nutritional requirements for copper greater than 2.2 mg/kg.  This observation implies 
that a tissue TRV in the vicinity of 2.2 mg/kg may be in the nutritional sufficiency range, or possibly 
within the nutritional deficiency range, for some fish species.  But it is also apparent that the data for 
rainbow trout and carp, both of which are present in Portland Harbor, copper residues less than 2.2 mg/kg 
whole body wet weight should not elicit overt copper toxicity.  Based on a preliminary review of the 
residue-based copper effects data in Burt Shephard’s database, it was apparent that some of the final 
species LOERs would be less than this whole body copper concentration if an ACR of 8.3 were applied.  
The latest ambient water quality criteria for copper uses an ACR of 3.22 (USEPA 2007). Although this 
ACR is based on aqueous exposures to copper, an ACR of 3.22 was used here for tissue TRV 
development to reduce the likelihood of deriving a TRV that is within the range of deficiency levels in 
control fish. 
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Fish 

Mugil cephalus (Striped mullet) 

Zyadah and Abdel-Baky (2000)—ERED cited an LD10 of 0.18 mg/kg ww based on mortality of striped 
mullet.  An ACR would be applied to this endpoint, resulting in a species LOER of 0.056 mg/kg ww.  
Zyadah and Abdel-Baky (2000) exposed field-collected M. cephalus fry and juveniles to copper 
concentrations ranging from 0.5 – 10 mg/L for 168 hours.  Exposure conditions (i.e. static, static-renewal, 
or flow-through) were not reported, nor were control mortalities (although tissue concentrations in control 
organisms were reported). The percent mortality after a 168-hr exposure was 40% in the lowest copper 
treatment (the percent mortality was 10% from 48 hours through 144 hours).  The copper concentration 
measured in whole body fish tissue from this treatment after 168 hours was 2.5 mg/kg ww.  Division of 
this concentration by an ACR of 8.3 results in a whole body copper concentration of 0.30 mg/kg ww.  
The effects concentration reported in ERED (1.5 mg/kg ww) corresponds to the 96-hr tissue concentration 
associated with 10% mortality due to a copper exposure of 0.5 mg/L.  Whole body copper concentrations 
were also reported following 192 hours, despite that the exposure duration was stated to have been only 
168 hours.  Due to the aforementioned uncertainties, including limited information regarding control 
organism performance, and generally poor reporting of the results of this study, it was excluded from the 
TRV derivation database. 

Salvelinus confluentus (Bull Trout) 

Hansen et al. (2002)—ERED cited a LOED of 7.58 mg/kg ww based on mortality in bull trout.  Trout 
were exposed to aqueous total copper concentrations of 0.35 (control), 25.6, 41.4, 63.1, 111, and 179 
µg/L for 60 days.  No significant (p>0.05) growth differences were observed between species, but 
mortality in the 179 µg/L copper treatment (7%) was significantly (p<0.05) greater than the control (2%).  
Mortality in this treatment was significantly greater than the control on day 20, at which time the whole 
body copper concentration in the treat was 7.58 mg/kg ww.  Although mortality only slightly increased 
from approximately 6.6% on day 20 to approximately 7.2% on day 60, the whole body copper 
concentration on day 60 was 19.79 mg/kg ww in the 179 µg/L copper treatment.  It should be noted that 
the whole body copper concentrations in fish exposed to aqueous copper concentrations of 63.1 and 111 
µg/L were 9.09 and 13.42 mg/kg ww after 60 days.  Accordingly, the 20-day LOED of 7.58 mg/kg ww 
can be considered conservative. As the study authors noted, whole body copper concentrations in the fish 
are not predictive of toxicity in bull trout. Because the study was long-term, an ACR was not applied to 
the LOED of 7.58 mg/kg ww. 

Oncorhynchus mykiss (Rainbow Trout, Steelhead Trout) 

Dixon and Sprague (1981)—ERED cited an LD100 of 1.6 mg/kg ww based on mortality in rainbow trout. 
Rainbow trout were exposed to aqueous copper concentrations of 30, 58, 94, 131, or 194 µg/L for 21 
days.  For comparison, Dixon and Sprague had determined in another study that the mean incipient lethal 
level for copper in rainbow trout was 330 µg/L in the same test water.  After 21 days, it appears that no 
fish mortalities occurred (or at least none were reported).  The highest whole body copper concentration 
measured during the 21 day exposure period was 8.3 mg/kg ww.  After the 21 day copper exposure, fish 
from the control and 94 µg/L copper treatment were placed in water containing 570 µg/L copper for six 
days.  Fish from the 94 µg/L copper treatment had 70% survival through this six day exposure to a copper 
concentration of 570 µg/L and a mean whole body copper concentration of 7.0 mg/kg ww.  In contrast, all 
control fish died within 48 hours and had a whole body copper concentration of 1.6 mg/kg ww (the 
copper concentration in control fish prior to exposure to 570 µg/L copper was 0.82 mg/kg ww).  The 
difference in survival rates was attributed to copper acclimation by fish previously exposed to copper.  
The whole body copper concentration of 1.6 mg/kg ww is the basis of the LD100 cited in ERED.  
Application of the ACR of 3.22 to the LD100 estimates a LOER of 0.50 mg/kg ww, which is lower than 
the copper concentration measured in unexposed control fish.  Given that substantial mortality was only 
observed when control fish were exposed to an acutely toxic aqueous copper concentration of 570 µg/L, 
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and that the resulting whole body copper concentration was well below concentrations measured in fish 
exposed to elevated copper concentrations during chronic exposure, this study was not deemed 
appropriate for developing a whole body-based TRV. 

Handy (1992)—ERED cited an LD50 of 2.22 mg/kg ww based on mortality in rainbow trout. Rainbow 
trout were exposed to aqueous copper for eight hours, which consisted of a 2-hour phase of increasing 
copper concentration, a 4-hour plateau phase of a constant copper concentration, and a 2-hour phase of a 
decreasing copper concentration. The constant copper concentrations evaluated were 107 and 606 µg/L. 
As noted in Handy (1992), these copper levels were chosen because they are known to be acutely toxic to 
rainbow trout.  The trout exposed to a copper concentration of 606 µg/L experienced 40% mortality.  The 
whole body copper concentration in rainbow trout from this treatment was 2.22 mg/kg ww at the end of 
the constant copper exposure, which is consistent with the whole body concentration cited by ERED.  
Division of this value by an ACR of 3.22 results in a whole body copper concentration of 0.69 mg/kg ww.  
However, this concentration is less than the copper concentration measured in control fish in this study, 
which was 0.93 mg/kg ww.  Given the very short copper exposure duration (8 hours) and the extremely 
high copper concentration tested (606 µg/L), the mortality observed was undoubtedly due to effects at the 
gill and not the whole body residue.  Accordingly, this study was not considered for TRV development. 

Mount et al. (1994)—ERED cited a LOED of 4.48 mg/kg ww based on mortality in rainbow trout.  
Rainbow trout were exposed to dietary copper concentration of 440, 830, or 1,000 mg/kg dw for 60 days.  
The dietary source was brine shrimp that had been cultured in waters spiked with three different aqueous 
copper concentrations. Following the 60 day exposure, no effects on rainbow trout growth were 
observed, but survival was reduced to 69% and 72% in the 830 and 1,000 mg/kg copper diets, 
respectively (compared to 95% and 100% survival in the 440 mg/kg copper and control diets, 
respectively. Accordingly, the dietary LOER from this study was 830 µg/g dw. The whole body copper 
concentration in fish from this treatment was 22.4 mg/kg dw, or 4.48 mg/kg ww assuming 80% moisture.  
This value is consistent with the interpretation in ERED.  Because this was a chronic study, the LOEC of 
4.48 mg/kg ww was used for TRV development without application of an ACR. 

Kamunde et al. (2005)—ERED cited an ED35 of 1.4 mg/kg ww based on growth effects in rainbow trout.  
Rainbow trout were maintained on either a low sodium chloride diet (1.4% NaCl) or a high sodium 
chloride diet (11%) and exposed to an aqueous copper concentration of 55 µg/L for 28 days.  Growth of 
fish was reduced by 56% in fish on the low sodium diet and by 35% in fish on the high sodium diet.  In 
addition, mortality of fish exposed to copper on the low and high sodium diets was 26% and 11%, 
respectively. The whole body copper concentrations in fish fed the low and high sodium diets were 
approximately 1.7 and 1.4 mg/kg ww, respectively.  The lower of these values, 1.4 mg/kg ww, 
corresponds to the ED35 cited in ERED (as well as the LD11 based on independent review of the study).  
Because the exposure duration was 28 days, an ACR was not applied to this concentration.  Accordingly, 
a whole body copper concentration of 1.4 mg/kg ww was considered for TRV development.  However, 
this value was ultimately excluded because it is lower than the deficiency threshold of 2.2 mg/kg ww 
discussed above. 

Seim et al. (1984)—Burt Shephard’s database cited that a whole body copper concentration of 2.5 mg/kg 
ww resulted in a reduction in steelhead trout growth during intermittent waterborne copper exposure.  
Steelhead trout were continuously exposed to aqueous copper concentrations ranging from 6 to 121 µg/L 
or intermittent copper concentrations of 6 to 109 µg/L for 78 days.  The exposure was initiated with 
embryos at 6 days post-fertilization through 5 weeks post-swim up.  In the intermittent exposures, copper 
was introduced to the exposure chambers for 4.5 hours each day.  In the continuous copper exposure 
treatments, mean dry weight of the fish at day 85 was significantly reduced (p<0.05) relative to the 
control in fish exposed to 31 and 57 µg/L copper (no fish survived the 121 µg/L copper exposure).  In the 
intermittent copper exposure treatments, mean dry weight of the fish at day 85 was significantly reduced 
(p<0.05) relative to the control in fish exposed to 16, 30, and 51 µg/L copper (no fish survived the 109 
µg/L copper exposure).  At the aqueous LOEC of 31 µg/L in the continuous exposure treatment, the 
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whole body copper concentration in fish at the termination of the experiment was approximately 10 
mg/kg dw, or 2 mg/kg ww assuming 80% moisture.  At the aqueous LOEC of 16 µg/L in the intermittent 
exposure treatment, the whole body copper concentration in fish at the termination of the experiment was 
approximately 7.4 mg/kg dw, or 1.5 mg/kg ww assuming 80% moisture.  The continuous exposure LOER 
of 2.0 mg/kg ww was assumed to be the most relevant for TRV development as this exposure condition is 
likely more relevant to the Portland Harbor site.  However, this value was ultimately excluded because it 
is lower than the deficiency threshold of 2.2 mg/kg ww discussed above.  

Overall, four whole body LOERs for reduced growth in rainbow trout were identified:  1.4, 2.0, 2.0, and 
18.1 mg/kg ww (Table 1).  The lowest three of these values are ≤2.2 mg/kg ww and thus within the range 
of copper deficiency or levels in control fish.  Accordingly, the only growth- based LOER for copper in 
fish is 18.1 mg/kg ww.  The LOER for mortality is 4.5 mg/kg ww (Table 1), which is less than the 
growth-based LOER. Accordingly, the final species LOER identified for copper in rainbow trout is 4.5 
mg/kg ww.   

Fundulus heteroclitus (Mummichog ) and Cichlasoma nigrofasciatum (Convict cichlid ) 

At the request from a reviewer of an earlier draft of the copper TRV for fish, the toxicity values for the 
mummichog Fundulus heteroclitus (Eisler and Gardner 1973) and the cichlid Cichlasoma nigrofasciatum 
(Ozoh and Jacobson 1979) were also independently reviewed.  These two species had the two highest 
final species LOERs in the data set for deriving a whole body copper TRV for fish.  The values cited in 
Burt Shephard’s database were confirmed. 

Conclusions 

With the above modifications, the resulting 5th and 10th percentile estimates for fish using the BurrliOZ 
software are 2.7 and 3.2 mg/kg ww, respectively. It should be noted that the 10th percentile of 3.2 mg/kg 
ww is very similar to or less than the LOERs for salmonids.  Accordingly, use of the 5th percentile 
concentration of 2.7 mg/kg ww may not be necessary to evaluate potential copper risks to chinook 
salmon.  
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From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Thursday, October 09, 2008 4:08 PM 
To: rjw@nwnatural.com; ricka@bes.ci.portland.or.us; 
Jim.McKenna@portofportland.com 
Cc: kpine@anchorenv.com; John Toll; jworonets@anchorenv.com; 
Humphrey.Chip@epamail.epa.gov 
Subject: Fish Tissue TRVs for Cd and Cu 

Attachments to the above e-mail: Cadmium Fish Tissue TRV Data (9 Oct 08).xls 
Copper Fish Tissue TRV Data (9 Oct 08).xls 

Attached files contain TRV data for cadmium and copper. 

mailto:ricka@bes.ci.portland.or.us


                             
                             
           

 
                   
             
                     
     
                       
       

             
             
                   
                 
                           

 
                   

 
                     
                       
           
           
           
             
 
                           
                                

                                 
                     

 
                              
                                 

                            
                        

                           
                             
                           

 
 

 
 
 
                           

                         
                             

                             

John Toll 

From: John Toll
 
Sent: Friday, October 10, 2008 11:51 AM
 
To: 'Blischke.Eric@epamail.epa.gov'
 
Cc: 'Humphrey.Chip@epamail.epa.gov'; 'Keith Pine'; Lisa Saban; 'rjw@nwnatural.com'; Helle B. 


Andersen; Shannon M. Katka; Matt Luxon; Maryann Welsch; Patty Dost 
Subject: RE: tissue TRVs 
Attachments: Benthic tissue TRV reconciliation summary table 101008.pdf 

Hi Eric. Here's the benthic tissue TRV summary table. The detailed tables for individual 
TRVs will follow, the reasons why our review yielded different tissue TRV values from what 
you sent us are as follows: 

• Tissue residues not reported with exposure group with effect 
• Field study with multiple metals exposure 
• Behavior endpoint not directly related to growth, survival, or reproduction 
• Field study 
• Methods unacceptable (tissue residues and effects measured in different species and 
with different exposure durations) 
• No effects data presented in study 
• Exposure concentrations and effects not dose‐responsive 
• Test species not acceptable species to represent invertebrates (protozoan) 
• Whole body tissue concentrations not reported in study 
• Mortality data not attributed to chemical exposure only and tissue residues not dose 
responsive 
• Exposure concentrations and effects not measured following same duration 
exposure/conditions 
• No control or reference group to compare severity of effects 
• Level of imposex not at threshold to cause impairment to reproduction 
• LOER based on egg residue 
• LOER based on detection limit 
• Exposure to single PCB congener 
• Unable to interpret foreign language paper 

The detailed tables will explain the differences in the numbers study‐by‐study, in case we 
need to go into that level of detail. In most cases the numerical differences in the 
resulting tissue TRVs are small and more often than not the TRV we derived through the review 
process is slightly lower than the TRV you sent us. 

The one exception (where the difference is large) is dibutyl phthalate. In that case you 
gave us the value 32 mg/kg ww, but it's based on a behavior endpoint (reduction in locomotor 
activity) not directly related to growth, survival and reproduction. The TRV based on a 
reported growth, survival or reproduction endpoint (increased mortality) is 32,000 mg/kg ww. 
By the way, the maximum tissue concentration of dibutyl phthalate in invertebrates is 1.3 
mg/kg ww so the LOE indicates absence of risk to benthic invertebrates from exposure to 
dibutyl phthalate regardless of whether the TRV is 32 or 32,000 mg/kg ww. 

John 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
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recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, October 10, 2008 8:45 AM 
To: John Toll 
Cc: Humphrey.Chip@epamail.epa.gov; Keith Pine; Lisa Saban; rjw@nwnatural.com 
Subject: RE: tissue TRVs 

Thanks John. We were told at the management meeting on Wednesday afternoon that the table 
would be forthcoming. 

Eric 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Eric Blischke/R10/USEPA/US@EPA 
10/09/2008 05:14 cc 
PM Chip Humphrey/R10/USEPA/US@EPA, 

"Keith Pine" 
<kpine@anchorenv.com>, 
<rjw@nwnatural.com>, "Lisa Saban" 
<lisas@windwardenv.com> 

Subject 
RE: tissue TRVs 

Hi Eric. We'll get you the summary table and the detailed invertebrate tissue TRV 
reconciliation tables ahead of time. John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
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recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov 
[mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Thursday, October 09, 2008 3:51 PM 
To: John Toll 
Cc: Humphrey.Chip@epamail.epa.gov 
Subject: Re: tissue TRVs 

John, Burt and I will be discussing tomorrow. We agree that a small, focused discussion 
would be productive. It would be helpful to have your table ahead of time. 

Thanks, Eric 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Eric Blischke/R10/USEPA/US@EPA, 
10/09/2008 03:46 Burt Shephard/R10/USEPA/US@EPA 
PM cc 

"Keith Pine" 
<kpine@anchorenv.com>, "Helle B. 
Andersen" 
<helleb@windwardenv.com>, 
"Shannon M. Pierce" 
<shannonp@windwardenv.com>, "Matt 
Luxon" <mattl@windwardenv.com>, 
"Maryann Welsch" 
<maryannw@windwardenv.com>, "Lisa 
Saban" <lisas@windwardenv.com>, 
<rjw@nwnatural.com> 

Subject 
tissue TRVs 

Hi Eric and Burt. Keith asked me to write to you about two items regarding tissue TRVs. The 
first item is to clarify which tissue TRVs do we not yet have:

 ∙ For fish we still need Cd and Cu.
 ∙ For invertebrates we still need total DDx (you
 

originally gave us tissue TRVs for DDx compounds that aren’t COPCs
 
and withdrew those).
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 ∙ For both fish and invertebrates we need a tissue TRV for
 
aluminum. For both, you may recall that we didn’t identify Al as
 
a COPC in the Rd2 Report (we said that it’s a crustal element
 
that’s not enriched in the Harbor) but when you reviewed the Rd 2
 
report you gave us a screening‐level TRV for Al and told us to
 
include it in the BERA. Using that screening value, Al screened
 
in through the SLERA. So, by the criterion at the bottom of page
 
14 in the tissue TRV derivation methodology document (attached),
 
it needs a tissue TRV. Having said that, we don’t expect that
 
you’ll find anything more in the literature so I’m anticipating
 
that we’ll be left with the Al screening level, which is exceeded.
 

The second item is to try to schedule a meeting to reconcile TRVs. We are ready to talk 
about the invertebrate TRVs so we’d like to start with those, with a follow‐up meeting to 
reconcile the fish TRVs and any stragglers shortly thereafter. We think that we can settle 
this quickly and we’d like to schedule the invertebrate TRV meeting asap, preferably for next 
week. 

We think that Helle, I, Burt and the TRV development task lead from Parametrix (David 
Deforest?), are the people who should be at that meeting. We want to keep it small to 
improve our the chances of quickly reaching closure on the tissue TRV development task. 

We’ll be prepared to go into any level of detail that’s needed but we’re hopeful that it 
won’t require a study‐by‐study discussion. If a study‐by‐study discussion is needed we’ve 
got good summary tables that will facilitate the discussion, and we’ll have the papers for 
backup. 

Generally our numbers are similar to yours. More often than not they’re a little lower. We 
think the changes we’ve made are important because they improve the defensibility of the TRVs 
(i.e., they’re more consistent with the tissue TRV derivation methodology we agreed to). 
I’m hopeful that once we can show you that our work, and show you that the TRVs changes we 
made through the TRV review process are unbiased, you’ll be able to accept the changes as a 
whole without spending a lot more time on this task. 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message.’ 
(See attached file: Aquatic Biota Tissue TRV Derivation 061308.pdf) 
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 Portland Harbor RI/FSLWG 

BERA Benthic Tissue TRV Reconciliation TablesLower Willamette Group
October 10, 2008 

Benthic Tissue TRV Reconciliation Summary Table 

Chemical 

Tissue Concentration mg/kg ww 

Screening 
Value 

EPA 10th 
Percentile Value EPA LOAEL 

LWG 10th 
Percentile Value LWG LOAEL 

Aluminum 33 nav nav nav nav 
Arsenic 1.7 2.05 nap 1.72a nap 
Cadmium 0.09 0.59 nap 0.39 nap 
Copper 3.1 2.7 nap 3.6 nap 
Zinc 27 19.26 nap 13.1 nap 
TBT 0.05 0.05 nap 0.08 nap 
BEHP 0.39 nc 3.1 nc ncb 

Dibutyl phthalate 0.27 nc 32 nc 32,000 
PCBs 0.72 1.58 nap 2.02 nap 
DDD 0.054 nc 1.81 nc 1.81 
DDTs nav nav nav nav nav 
nav : EPA TRV not yet available for review 
nap: not applicable - sufficient data for SSD 
nc: not calculated - insufficient data 
a Arsenic has only 5 studies. 
b We disagree with the few effects studies that EPA has found for reasons described on the phthalates table. The highest NOAEL is 1998 mg/kg ww. 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA 1 of 1 



                               
                                  
 

 
             

 
              
                          
                       

                          
                               

                           
   
                   

                              
                             
                              
                         
                         
 

 
                     

 
                     

 
   

 
 
                                                                         
                                                                 
                                                          
                                                                  
                                              
                                                           
                                            
                                                                
                                                
                                             
                                                
                                                                 
                                                 
                                                           
                                           
                                             
                                                            
                                               
                                              
                                                                   

John Toll 

From: Blischke.Eric@epamail.epa.gov 
Sent: Friday, October 10, 2008 12:32 PM 
To: John Toll 
Cc: Shephard.Burt@epamail.epa.gov; rgensemer@parametrix.com; deforest@parametrix.com 
Subject: RE: tissue TRVs 

Thanks John. Regarding a meeting, we would like to propose next Friday, October 17th. Burt,
 
David DeForest and Bob Gensemer will attend for EPA. I assume that the meeting will be in
 
Seattle.
 

Regarding your earlier questions about specific TRVs:
 

Cd and Cu: These TRVs were delivered.
 
Total DDX: A total DDX TRV was not developed for invertebrates. The
 
rational was presented in the September 12, 2008 tissue TRV for DDT:
 
"For invertebrates, however, the assumption of simple additivity does not appear to apply.
 
Again, based on a preliminary analysis of the DDD, DDE, and DDT toxicity data reported in
 
Burt Shephard’s database and in ERED, the preliminary TRVs were much more variable: 1.81,
 
0.15, and
 
0.014 mg/kg wet wt. for DDD, DDE, and DDT, respectively." 
Aluminum: Although aluminum did screen in as you indicated, EPA did not identify aluminum as 
a chemical for which tissue‐residue TRVs are required (see the June 13, 2008 TRV methodology, 
page 14. Given the general lack of aluminum tissue residue data, and concerns about the 
tissue residue screening criteria developed, we think that aluminum can be eliminated from 
further consideration through the refined screen process for the tissue residue line of 
evidence. 

Burt Shephard will be contacting you later today to discuss further. 

If you have any questions, please bring them up with Burt. 

Thanks, Eric 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Eric Blischke/R10/USEPA/US@EPA 
10/10/2008 11:50 cc 
AM Chip Humphrey/R10/USEPA/US@EPA, 

"Keith Pine" 
<kpine@anchorenv.com>, "Lisa 
Saban" <lisas@windwardenv.com>, 
<rjw@nwnatural.com>, "Helle B. 
Andersen" 
<helleb@windwardenv.com>, 
"Shannon M. Pierce" 
<shannonp@windwardenv.com>, "Matt 
Luxon" <mattl@windwardenv.com>, 
"Maryann Welsch" 
<maryannw@windwardenv.com>, 
"Patty Dost" <pdost@schwabe.com> 

Subject 
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RE: tissue TRVs 

Hi Eric. Here's the benthic tissue TRV summary table. The detailed tables for individual 
TRVs will follow, the reasons why our review yielded different tissue TRV values from what 
you sent us are as 
follows: 

• Tissue residues not reported with exposure group with 
effect 
• Field study with multiple metals exposure 
• Behavior endpoint not directly related to growth, survival, 
or reproduction 
• Field study 
• Methods unacceptable (tissue residues and effects measured 
in different species and with different exposure durations) 
• No effects data presented in study 
• Exposure concentrations and effects not dose‐responsive 
• Test species not acceptable species to represent 
invertebrates (protozoan) 
• Whole body tissue concentrations not reported in study 
• Mortality data not attributed to chemical exposure only and 
tissue residues not dose responsive 
• Exposure concentrations and effects not measured following 
same duration exposure/conditions 
• No control or reference group to compare severity of 
effects 
• Level of imposex not at threshold to cause impairment to 
reproduction 
• LOER based on egg residue 
• LOER based on detection limit 
• Exposure to single PCB congener 
• Unable to interpret foreign language paper 

The detailed tables will explain the differences in the numbers study‐by‐study, in case we
 
need to go into that level of detail. In most cases the numerical differences in the
 
resulting tissue TRVs are small and more often than not the TRV we derived through the review
 
process is slightly lower than the TRV you sent us.
 

The one exception (where the difference is large) is dibutyl phthalate.
 
In that case you gave us the value 32 mg/kg ww, but it's based on a behavior endpoint
 
(reduction in locomotor activity) not directly related to growth, survival and reproduction.
 
The TRV based on a reported growth, survival or reproduction endpoint (increased mortality)
 
is 32,000 mg/kg ww. By the way, the maximum tissue concentration of dibutyl phthalate in
 
invertebrates is 1.3 mg/kg ww so the LOE indicates absence of risk to benthic invertebrates
 
from exposure to dibutyl phthalate regardless of whether the TRV is 32 or 32,000 mg/kg ww.
 

John
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The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov 
[mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, October 10, 2008 8:45 AM 
To: John Toll 
Cc: Humphrey.Chip@epamail.epa.gov; Keith Pine; Lisa Saban; rjw@nwnatural.com 
Subject: RE: tissue TRVs 

Thanks John. We were told at the management meeting on Wednesday afternoon that the table 
would be forthcoming. 

Eric 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Eric Blischke/R10/USEPA/US@EPA 
10/09/2008 05:14 cc 
PM Chip Humphrey/R10/USEPA/US@EPA, 

"Keith Pine" 
<kpine@anchorenv.com>, 
<rjw@nwnatural.com>, "Lisa Saban" 
<lisas@windwardenv.com> 

Subject 
RE: tissue TRVs 

Hi Eric. We'll get you the summary table and the detailed invertebrate tissue TRV 
reconciliation tables ahead of time. John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
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(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov 
[mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Thursday, October 09, 2008 3:51 PM 
To: John Toll 
Cc: Humphrey.Chip@epamail.epa.gov 
Subject: Re: tissue TRVs 

John, Burt and I will be discussing tomorrow. We agree that a small, focused discussion 
would be productive. It would be helpful to have your table ahead of time. 

Thanks, Eric 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Eric Blischke/R10/USEPA/US@EPA, 
10/09/2008 03:46 Burt Shephard/R10/USEPA/US@EPA 
PM cc 

"Keith Pine" 
<kpine@anchorenv.com>, "Helle B. 
Andersen" 
<helleb@windwardenv.com>, 
"Shannon M. Pierce" 
<shannonp@windwardenv.com>, "Matt 
Luxon" <mattl@windwardenv.com>, 
"Maryann Welsch" 
<maryannw@windwardenv.com>, "Lisa 
Saban" <lisas@windwardenv.com>, 
<rjw@nwnatural.com> 

Subject 
tissue TRVs 

4 



                                     
                         

 
                         
                         

                            
            

                               
                               
                                
                                
                                
                             
                                 
                        
                               
                          
                              
 
                                    
                               

                              
                             
 

 
                             

                                  
                           

 
                                 
                        

                             
 

 
                                 

                             
                         

                                     
                                 
                   

 
 

 
 

     
 
     

           
      

   
     

 
 
                           

                         
                             

                             

Hi Eric and Burt. Keith asked me to write to you about two items regarding tissue TRVs. The 
first item is to clarify which tissue TRVs do we not yet have:

 ∙ For fish we still need Cd and Cu.
 ∙ For invertebrates we still need total DDx (you
 

originally gave us tissue TRVs for DDx compounds that aren’t COPCs
 
and withdrew those).


 ∙ For both fish and invertebrates we need a tissue TRV for
 
aluminum. For both, you may recall that we didn’t identify Al as
 
a COPC in the Rd2 Report (we said that it’s a crustal element
 
that’s not enriched in the Harbor) but when you reviewed the Rd 2
 
report you gave us a screening‐level TRV for Al and told us to
 
include it in the BERA. Using that screening value, Al screened
 
in through the SLERA. So, by the criterion at the bottom of page
 
14 in the tissue TRV derivation methodology document (attached),
 
it needs a tissue TRV. Having said that, we don’t expect that
 
you’ll find anything more in the literature so I’m anticipating
 
that we’ll be left with the Al screening level, which is exceeded.
 

The second item is to try to schedule a meeting to reconcile TRVs. We are ready to talk 
about the invertebrate TRVs so we’d like to start with those, with a follow‐up meeting to 
reconcile the fish TRVs and any stragglers shortly thereafter. We think that we can settle 
this quickly and we’d like to schedule the invertebrate TRV meeting asap, preferably for next 
week. 

We think that Helle, I, Burt and the TRV development task lead from Parametrix (David 
Deforest?), are the people who should be at that meeting. We want to keep it small to 
improve our the chances of quickly reaching closure on the tissue TRV development task. 

We’ll be prepared to go into any level of detail that’s needed but we’re hopeful that it 
won’t require a study‐by‐study discussion. If a study‐by‐study discussion is needed we’ve 
got good summary tables that will facilitate the discussion, and we’ll have the papers for 
backup. 

Generally our numbers are similar to yours. More often than not they’re a little lower. We 
think the changes we’ve made are important because they improve the defensibility of the TRVs 
(i.e., they’re more consistent with the tissue TRV derivation methodology we agreed to). 
I’m hopeful that once we can show you that our work, and show you that the TRVs changes we 
made through the TRV review process are unbiased, you’ll be able to accept the changes as a 
whole without spending a lot more time on this task. 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
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recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message.’ 
(See attached file: Aquatic Biota Tissue TRV Derivation 061308.pdf) 

[attachment "Benthic tissue TRV reconciliation summary table 101008.pdf" 
deleted by Eric Blischke/R10/USEPA/US] 
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John Toll 

From: John Toll
 
Sent: Tuesday, October 14, 2008 11:59 AM
 
To: 'Shephard.Burt@epamail.epa.gov'
 
Cc: 'ddeforest@parametrix.com'; Helle B. Andersen; 'rgensemer@parametrix.com'; 'Bob Wyatt'; 


'Blischke.Eric@epamail.epa.gov' 
Subject: RE: benthic invertebrate tissue TRV reconciliation meeting 
Attachments: Benthic tissue TRV reconciliation table As 101008.pdf; Benthic tissue TRV reconciliation table 

Cd 101008.pdf; Benthic tissue TRV reconciliation table Cu 101008.pdf; Benthic tissue TRV 
reconciliation table DDD 101008.pdf; Benthic tissue TRV reconciliation table PCBs 
101008.pdf; Benthic tissue TRV reconciliation table PCBs 101008.pdf; Benthic tissue TRV 
reconciliation table phthalates 101008.pdf; Benthic tissue TRV reconciliation table TBT 
101008.pdf; Benthic tissue TRV reconciliation table Zn 101008.pdf 

Hi Burt. We'll see you Friday. Attached you will find the tissue TRV reconciliation tables 
for the invertebrate TRVs. I'd like to talk to you today about the path forward on total 
DDx. Here's what Eric wrote on Friday: 

"Total DDX: A total DDX TRV was not developed for invertebrates. The rational was 
presented in the September 12, 2008 tissue TRV for DDT: 'For invertebrates, however, the 
assumption of simple additivity does not appear to apply. Again, based on a preliminary 
analysis of the DDD, DDE, and DDT toxicity data reported in Burt Shephard’s database and in 
ERED, the preliminary TRVs were much more variable: 1.81, 0.15, and 0.014 mg/kg wet wt. for 
DDD, DDE, and DDT, respectively.'" 

Of the three DDx compounds only DDD screens in as a COPC. Are you proposing that we a) use 
DDD as a surrogate for total DDxs, b) carry through DDE and/or DDT even though they didn't 
come through the SLERA or c) something else? John 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Shephard.Burt@epamail.epa.gov [mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Tuesday, October 14, 2008 10:25 AM 
To: John Toll 
Cc: ddeforest@parametrix.com; Blischke.Eric@epamail.epa.gov; Helle B. Andersen; Jennifer 
Woronets; Keith Pine; Lisa Saban; rgensemer@parametrix.com; Bob Wyatt 
Subject: Re: benthic invertebrate tissue TRV reconciliation meeting 

John, 

Sounds like its all coming together. Dave and Bob, since I've been over to Windward multiple 
times and know the way, we could always meet at the EPA office and go over from here. 

Best regards, 

Burt Shephard 
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Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Burt Shephard/R10/USEPA/US@EPA, 
10/13/2008 12:11 <rgensemer@parametrix.com>, 
PM <ddeforest@parametrix.com> 

cc 
"Helle B. Andersen" 
<helleb@windwardenv.com>, Eric 
Blischke/R10/USEPA/US@EPA, 
"Jennifer Woronets" 
<jworonets@anchorenv.com>, "Keith 
Pine" <kpine@anchorenv.com>, "Bob 
Wyatt" <rjw@nwnatural.com>, "Lisa 
Saban" <lisas@windwardenv.com> 

Subject 
benthic invertebrate tissue TRV 
reconciliation meeting 

Burt, Bob and David – I’m writing to confirm that we’ll meet at Windward from 10:00‐2:30 on
 
this Friday, 10/17/08 to reconcile the benthic invertebrate TRVs. You already have the table
 
summarizing the differences between the invertebrate tissue TRVs you sent us and the values
 
we arrived at through the review process, and a list of the reasons why our review yielded
 
different tissue TRV values from what you sent us. Shortly we will also be sending you
 
detailed tissue TRV reconciliation tables for individual COPCs. We’ll have the papers
 
available on Friday in case we need to go to the source. Please let me know if you have
 
questions or suggestions for how to make the Friday meeting as productive and efficient as
 
possible.
 

I’ve attached maps to our office from SeaTac and PMX‐Bellevue. We’re at the corner of 2nd
 
Ave W and Mercer. It’s a bit confusing because a few blocks east of us (at the corner of
 
Warren and Mercer) is 200 N Mercer.
 
First‐time visitors often end up calling us from that corner wondering where the office is.
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See you Friday, John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 
(See attached file: directions to office from SeaTac.pdf)(See attached 
file: directions to office from PMX Bellevue.pdf) 
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 Portland Harbor RI/FSLWG 

BERA Benthic Tissue TRV Reconciliation TablesLower Willamette Group
October 10, 2008 

Whole 

Analyte Species Endpoint Endpoint Effect 

Body 
Conc. 
(mg/kg 
wet wt.) 

ACR 
Applied? 

Final Whole 
Body Conc. 

(mg/kg wet wt.) 

Final Species 
LOER (mg/kg 

wet wt.) 
Exposure 

Route Duration 
Freshwater or 

Marine Reference LWG Notes 
Agree with 
EPA value? Notes 

Used in 
LWG SSD 
derivation? Reason for not using in SSD 

Argopecten 
irradians (bay Nelson et al. 

Arsenic scallop) mortality LC50 38.3 yes 4.6 4.6 water 96 hours marine 1976 Yes Yes 

EPA LOER (5.4 mg/kg ww) based on 

Crangon crangon 
LOER based on the experiment with the smallest organisms (and 
lowest mortality LOERs); LT50 was 180 hrs and corresponding 

192 hr LC50 (44.8) with ACR applied; 
more sensitive tissue residues in 

Arsenic (shrimp) mortality LC50 21 yes 2.5 2.5 water 180 hours marine Madsen 1992 tissue residues at this time were 21 mg/kg ww No smaller organisms Yes 

Arsenic 
Hyalella azteca 
(amphipod) mortality LD25 1.87 no 1.87 1.87 water 4 weeks freshwater 

Norwood et al. 
2007 Yes Yes 

Arsenic 
Littorina littoralis 
(periwinkle) mortality 100% mortality 20 yes 2.41 2.41 water 8 days marine Klumpp 1980 

whole body tissue at day 4 with slow response to physical 
stimulus; 100% mortality was observed by day 8 Yes Yes 

Potamopyrgus 

Arsenic 

antipodarum  (New 
Zealand mud 
snail) mortality 54% mortality 92.0 no 92.0 92.0 water 30 days freshwater 

Hickey and 
Martin unpub 
(2002) endpoint effect is snail morbidity (inability to overturn) Yes Yes 

Tissue residues not reported 
Moina macrocopa Maeda et al. with exposure group with 

Arsenic (cadoceran) Growth change in growth 3.58 no 3.58 - water 7 days freshwater 1990 No No effect 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA 1 of 1 
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 Portland Harbor RI/FS LWG 

BERA Benthic Tissue TRV Reconciliation Tables Lower Willamette Group
October 10, 2008 

Analyte Species Endpoint Effect 

Whole 
Body 
Conc. 
(mg/kg 
wet wt.) 

ACR 
Applied? 

Final 
Whole 
Body 
Conc. 
(mg/kg 
wet wt.) 

Final 
Species 
LOER 

(mg/kg wet 
wt.) 

Exposure 
Route Duration 

Freshwater 
or Marine Reference LWG Notes 

Agree with EPA 
value? Notes 

Used in LWG 
SSD derivation? Reason for not using in SSD 

Cadmium 
Acartia tonsa 
(copepod) Reproduction 

decreased egg 
production 0.45 no 0.45 0.45 food 4 hours marine 

Hook and Fisher 
2002 

concentration estimated from a graph; effects 
observed for 1 wk following 4 hr exposure; egg 
production was significantly reduced Yes Yes 

Cadmium 

Cadmium 

All hAllorchestes 
compressa 
(amphipod) 
Anadara granosa 
(clam) 

Growth 

Mortality 

reduction in 
biomass 

LC50 

16.1 

91 

no 

yes 

16.1 

11 

16.1 

11 

water 

water 

growth was the most sensitive endpoint; LOER 
f  ff  (  C)  

4 weeks marine 
Ahsanullah and 
Williams 1991 

based on minimum significant toxic effects (MEC) 
for biomass (11 ug/L) using regression equation; 
growth was the most sensitive endpoint No 

96 hours marine 
Patel and 
Anthony 1991 Yes 

EPA LOER (28 mg/kg ww) divided by ACR 
3 /was 3.4 mg/kg ww; hoever, not selected 

because growth residue (16.1 mg/kg ww) 
was more sensitive endpoint than mortality Yes 

Yes 

Cadmium 
Argopecten irradians 
(bay scallop) Growth 

reduced growth, 
detachment of 
byssal threads 245 no 245 245 water 6 weeks marine 

Pesch and 
Stewart 1980 

growth sigificantly lower growth than in control; 
LOER based on soft tissue of scallop  Yes 

Agree with EPA WB conc (245 mg/kg ww) 
but do not understand how/where EPA 
LOER (58.9 mg/kg ww) was derived Yes 

Cadmium 
Artemia salina (brine 
shrimp) Growth 

inhibition of 
growth 5.4 no 5.4 5.4 water 7 days marine 

Jayasekara et al. 
1986 

growth was significantly inhibited in shrimps 
exposed to 5 and 2 ppm Cd; tissue concentration 
was lowest for the 5 ppm exposure Close 

Changed LOER; slightly different LOER 
than EPA (EPA LOER = 5.34 and LWG 
LOER = 5.4 mg/kg ww) Yes 

Cadmium 
Cambarus latimanus 
(crayfish) Mortality 17% mortality 22.4 no 22.4 22.4 water 5 months marine Thorp et al. 1979 

0% mortality in control; significant mortality 
observed at LOER No 

EPA LOER (2.7 mg/kg) based on LOER of 
22.4 divided by ACR of 8.3; however, 17% 
mortality doesn't not warrant use of ACR Yes 

Cadmium 
Carcinus maenas 
(green crab) Mortality 65% mortality 22.3 yes 2.7 2.7 water 12 days marine 

Jennings and 
Rainbow 1979 

20% mortality in control; tissue concentration 
based on the total absorbed Cd Yes Yes 

Cadmium 
Ceriodaphnia dubia 
(cladoceran) Reproduction 

decrease in 
reproduction 0.2 no 0.2 0.2 food 7 days freshwater 

waterfleas  exposed through water, diet or a 
combination of water and diet; lowest LOER 

Sofyan et al. 
2007 

combination of water and diet; lowest LOER 
based on diet exposure; significant decrease 
observed Yes Yes 

Cadmium 
Chironomus riparius 
(midge) 

Reproduction, 
Mortality 

delay onset of 
development; 
55% mortality 22.6 yes 2.7 - water 5 weeks freshwater 

Timmermans et 
al. 1992a 

8% mortality in control; statistical significance of 
reproductive effect not dicussed; tissue 
concentration range in instars over the exposure 
duration was 22.6 to 74 mg/kg ww; survival and 
reproduction endpoints more senstive than growth 

Study not reviewed 
by EPA Yes 

Cadmium 
Chironomus riparius 
(midge) Mortality 

reduction in 
survival 7.6 no 7.6 -

water and 
food 4-8 weeks freshwater 

Postma et al. 
1994 significant reduction in mortality No 

EPA LOER of 3.0 mg/kg ww not used 
becuase reside by based on statement in 
abstract that larval development time was 
negatively affected by Cd concentrations 
of 2.0-16.2 ug/L and EPA LOER based on 
tissue concentration at 2.0 ug/L; LWG 
value based on exposure concentration 
(16.2 ug/L) where significant reduction in 
mortality was observed Yes 

Cadmium 
Chironomus riparius 
(midge) Mortality 

increased 
mortality 2.6 no 2.6 - water 

9 
generations freshwater 

P t  dPostma and 
Davids 1995a 

statistically greater mortality after 4 generations; 
tissue concentration read from graph 

Study not reviewed 
by EPA Yes 

Cadmium 
Chironomus riparius 
(midge) Growth 

reduced body 
weight 221 no 221 3.8 sediment 10 days freshwater Gillis et al. 2002a significant reduction in body weight 

Study not reviewed 
by EPA Yes 

Cadmium 
Crassostrea virginica 
(eastern oyster) Reproduction 

24% increase in 
abnormal 
embryos from 
exposed parents 54 no 54 54 water 37 weeks marine 

Zaroogian and 
Morrison 1981 

no apparent effect on fecundity was observed at 
LOER Yes Yes 

Cadmium 

Daphnia galeata 
mendotae 
(cadoceran) 

Mortality, 
Growth 

reduced survival 
and growth 8.56 no 8.56 8.56 water 22 weeks freshwater Marshall 1978 

mortality and growth significantly effected 
compared to control Yes Yes 

Cadmium 
Daphnia magna 
(cadoceran) Mortality >50% mortality 5.8 yes 0.7 - water 24 hours freshwater 

Barata et al. 
2002a 

different clones of waterfleas were tested; lowest 
tissue residues range from 5.8 to 9.8 mg/kg ww in 
clones exposed to 10 ug/L Cd in water; LC50s 
ranged from 5 - 8 ug/L in the most sensitive 
clone; other clones had no effects up to 11.8 
mg/kg ww; effect and tissue concentration read 
from graphs 

Study not reviewed 
by EPA Yes 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA 1 of 5 



 
 

 

 
 

 

  

 
 

 

 
  

 

 
 

  
 

 

 
 

 
  

 

  

 
 
 

 

 
 

 

 
 

 

               

 
  

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 

  

 
 

 

 
 
  

  

 
 
  

 Portland Harbor RI/FS LWG 

BERA Benthic Tissue TRV Reconciliation Tables Lower Willamette Group
October 10, 2008 

Final 
Whole Whole Final 
Body 
Conc. 

Body 
Conc. 

Species 
LOER 

Analyte Species Endpoint Effect 
(mg/kg 
wet wt.) 

ACR 
Applied? 

(mg/kg 
wet wt.) 

(mg/kg wet 
wt.) 

Exposure 
Route Duration 

Freshwater 
or Marine Reference LWG Notes 

Agree with EPA 
value? Notes 

Used in LWG 
SSD derivation? Reason for not using in SSD 

Cadmium 
Daphnia magna 
(cadoceran) 

Mortality, 
Growth 

20% increase in 
mortality, 

fsignificant 
reduction body 
length 2.0 no 2.0 - water 41 days freshwater 

Heugens et al. 
2006a 

high uncertainty; experiment conducted with 
varying food, temperature, and Cd exposure 
concentrations; LOER based on lowest residue 
with growth and survival effect measured at 10°; 
no consistent dose response; at 20° and 26° 
survival LOERs were 18 and 9.4 mg/kg, 

O  3  2  respectively and growth LOERs were 4 and 3.2 
mg/kg, respectively; concentrations estimated 
from graph 

Study not reviewed 
by EPA Yes 

67% mortality; 

Daphnia magna 
Mortality, 
Growth, 

decreased 
reproduction & Dillon and 

growth and reproduction significantly reduced; 
only one tissue composite available from the 

Agree with EPA WB conc (2.4 mg/kg ww) 
but do not understand how/why EPA LOER 

Cadmium (cadoceran) Reproduction growth 2.4 no 2.4 - water 28 days freshwater Gibson 1987 affected exposure group Yes (5.2 mg/kg ww) was derived Yes 

Cadmium 
Daphnia magna 
(cadoceran) Growth 

reduction in body 
weight 13.3 no 13.3 - water 

6 
generations freshwater 

Guan and Wang 
2006a 

significant decrease in body weight between F5 
generation in exposed organism compared to 
control; however, no significant growth effect in 
F6 generation or any previous generations with 
body burdens up to 17.3 mg/kg ww; LOER is 
concentration in F5 generation; only one exposure 
dose tested 

Study not reviewed 
by EPA Yes 

Cadmium 
Daphnia magna Daphnia magna 
(cadoceran) 

Growth, Growth, 
Reproduction 

reduced body 
size, scope for 
growth, net growth, net 
reproduction rate 11 no 11 - water 2 weeks freshwater 

Smolders et al. 
2005a 

Experiment with several different food ration 
levels and cadmium concentrations; 
Concentrations read from graph; LOAEL is lowest 
concentration exposed to 2.5 x 10-8 mol/L Cd 
(one of the high ration groups) and NOAEL is the 
highest concentration exposed to 1.0 x10-8 mol/L  highest concentration exposed to 1.0 x10 8 mol/L 
(the lowest ration group) 

Study not reviewed Study not reviewed 
by EPA Yes 

Cadmium 
Daphnia magna 
(cadoceran) Reproduction 

reduction in 
number of 
newborns 6.4 no 6.4 1.5 food 20 days freshwater 

Ferard et al. 
1983a 

signficant inhibition of reduction (approximately 
50% of control) 

Study not reviewed 
by EPA Yes 

Dreissena 
EPA LOER (16 m/gkg ww) based on 60% 
decrease in filtration rate (endpoint not 

polymorpha (zebra directly related to growth, survival, or 
Cadmium mussel) Mortality 28% mortality 100 no 100 100 water 11 weeks freshwater Kraak et al. 1992 LOER based on graph No reproduction). Yes 

Changed LOER; slightly different LOER 
Elasmopus rapax Zanders and than EPA (EPA LOER = 4.7 and LWG 

Cadmium (amphipod) Mortality LC50 4.5 yes 0.54 0.54 water 96 hours marine Rojas 1992 tissue residues measued in live tissues Close LOER = 4.5 mg/kg ww) Yes 
Changed LOER; slightly different LOER 

Eohaustorius tissue concentration based on lowest LC50 than EPA (EPA LOER/8.3 = 2.7 and LWG 
Cadmium estuarius (amphipod) Mortality LD50 20.0 no 20.0 20.0 water 121 days marine Meador 1993 (residues = 100 mg/kg dw) Close LOER = 2.4 mg/kg ww) Yes 

Cadmium 
Gammarus fossarum 
(amphipod) Mortality 50% mortality 48.4 yes 5.8 5.8 food 18 days freshwater 

Abel and 
Barlocher 1988 amphipods fed contaminated food Yes Yes 

Gammarus EPA LOER (0.5 mg/kg ww) based on 
lawrencianus Wallace and vertical swimming reduction endpoint); this 

Cadmium (amphipod) Mortality 50% mortality 0.9 yes 0.11 0.11 water 72 hours marine Estephan 2004 No behavior endpoint not used Yes 

Cadmium 
Gammarus pulex 
(amphipod) Mortality 100% mortality 4.4 yes 0.53 - food 13 days freshwater 

Duddridge and 
Wainwright 
1980a 

100% mortality after 13 days dietary exposure to 
fungal mycelium containing cadmium; control 
mortality = 40% for 21 days with body burdens of 
1.1 mg/kg ww 

Study not reviewed 
by EPA Yes 

Cadmium 
Gammarus pulex 
(amphipod) Mortality 20% mortality 48.6 no 48.6 5.1 water 48 hours freshwater 

Wright and Frain 
1981a 

tissue residues were slightly higher (58.4 mg/kg 
ww) in Ca-free water. 

Study not reviewed 
by EPA Yes 

Cadmium 
Glyptotendipes 
pallens (midge) Growth 

decreased 
weight 30 no 30 30 water 96 hours freshwater 

Heinis et al. 
1990 

weight was significantly reduced compared to 
control; deviation from normal feeding pattern 
was observed; concentrations estimated from 
graph Close 

Changed LOER; slightly different LOER 
than EPA (EPA LOER = 20 and LWG 
LOER = 30 mg/kg ww) based on graph 
interpretation Yes 

Cadmium Helisoma sp. (snail) Mortality 50% mortality 630 yes 76 76 water 10 days freshwater 
Carlson et al. 
1991 concentrations estimated from graph Close 

Changed LOER; slightly different LOER 
than EPA (EPA LOER/8.3 = 75.3 and 
LWG LOER/8.3 = 76 mg/kg ww) based on 
graph interpretation Yes 

Cadmium 
Hyalella azteca 
(amphipod) Mortality 

significant 
increase in 
mortality 6.0 no 6.0 - water 6 weeks freshwater 

Borgmann et al. 
1991a 

LOER is lowest toxic tissue residue reported 
based on significant mortality 

Study not reviewed 
by EPA Yes 

DO NOT QUOTE OR CITE 
This document is currently under review by US EPA 2 of 5 



c adoce a oduct o a d oduct o asu o 98 obse ed

 
 

 

 
 

 

  

   

 
 

 
 

 
      

 
  

 
   

 

 
 

 

  
 

 

  

 
 

 
 

 

 

 

  
 

  
 

 
 

 
 

 

 
 

   
 
 

 
  

   

 
 
 

   

 
 

 Portland Harbor RI/FS LWG 

BERA Benthic Tissue TRV Reconciliation Tables Lower Willamette Group
October 10, 2008 

Final 
Whole Whole Final 
Body 
Conc. 

Body 
Conc. 

Species 
LOER 

Analyte Species Endpoint Effect 
(mg/kg 
wet wt.) 

ACR 
Applied? 

(mg/kg 
wet wt.) 

(mg/kg wet 
wt.) 

Exposure 
Route Duration 

Freshwater 
or Marine Reference LWG Notes 

Agree with EPA 
value? Notes 

Used in LWG 
SSD derivation? Reason for not using in SSD 

EPA LOER (0.59 mg/kg) based on dry 
weight concentration in RHW study with 

Hyalella azteca decrease in Stanley et al. LOER based on stream water exposure 50% mortality in the control and growth 
Cadmium (amphipod) reproduction reproduction 22 no 22 6.0 water 42 days freshwater 2005 experiment No effect was not dose-responsive Yes 

significance of weight reduction not discussed; 
Litt i littLittorina littorea d i ftdecrease in soft M i  dMarigomez and ti t d f h th t i t l 20% estimated from graph that approximately a 20% 

Cadmium (periwinkle) Growth body dry weight 36 no 36 36 water 27 days marine Ireland 1990 reduction in weight was measured at LOER Yes Yes 

Cadmium 

Lumbriculus 
variegatus 
(oligochaete) Mortality LR50 51.7 yes 6.2 - water 48 hours freshwater 

Pennttinen et al 
2008a 

Study not reviewed 
by EPA Yes 

Lumbriculus 
Changed LOER; slightly different LOER 
than EPA (EPA LOER/8.3 = 80.7 and 

variegatus Carlson et al. LWG LOER/8.3 = 78 mg/kg ww) based on 
Cadmium (oligochaete) Mortality 40% mortality 650 no 650 63 water 10 days freshwater 1991 concentrations estimated from graph Close graph interpretation Yes 

Changed LOER; slightly different LOER 

Melita plumulosa 17% mortality in control; concentrations and 
than EPA (EPA LOER/8.3 = 2.2 and LWG 
LOER/8.3 = 2.3 mg/kg ww) based on 

Cadmium (amphipod) Mortality 46% mortality 19 yes 2.3 2.3 water 10 days marine King et al. 2006 LOER survival estimated from graphs Close graph interpretation Yes 

70% mortality after exposure for 21 days to Cd 

Mictyris longicarpus 
70% reduction in 
survival after 21 Weimin et al. 

spiked sediment. A tissue concentration of 37 
ug/g dw can be read from Fig 6 after exposured 

Cadmium (soldier crab) Mortality days 7.4 yes 0.89 0.89 sediment 21 days marine 1994 for 21 days. (37/5)/8.3 = 0.89 mg/kg ww Yes Yes 

Mortality, decrease in organisms fed with cadmium-contaminated 
Moina macrocopa Growth, survival, growth, Hatakeyama and chlorella; decreased size and number of broods Unable to reproduce EPA LOER (0.708 

Cadmium Cadmium (cladoceran)( ) Reproductionep and reproductionep 20.4 20.4 nono 20.4 20.4 20.4 20.4 food food 6 days 6 days freshwater freshwater Yasuno 1981 observed NoNo mg/kg ww)g/ g ) YesYes 

significant increase in number of malformed eggs 
at LOER (5%); some uncertainty asssociated with 
LOAEL water concentration reported in table 

Monoporeia affinis increase in 
(doesn't match water concentration reported with 
tissue concentrations); assumed error in paper on 

Changed LOER; slightly different LOER 
than EPA (EPA LOER = 6 and LWG 

Cadmium (amphipod) Reproduction malformed eggs 5 no 5 5 water 105 days marine Sundelin 1983 reported water concentration Close LOER = 5 mg/kg ww) Yes 

Cadmium 
Mysidopsis bahia 
(mysid) Growth reduced growth 1.29 no 1.29 1.29 water 33 days marine Carr et al. 1985 growth significantly reduced Yes Yes 

Cadmium Mysis sp. (shrimp) Mortality 26.3% mortality 1.06 no 1.06 1.06 water 96 hours marine 

Zyadah and 
Abdel-Baky 
2000a 

26.3% mortality after 24 hours (the test was 
conducted for 96 hours; the first significant effect 
and tissue ceoncentration was measured after 24 
hours); Questionable quality of the paper (errors 
in tables). 

Study not reviewed 
by EPA Yes 

reduced growth 
Mytilus edulis (blue of meat and Fischer 1988 

Cadmium mussel) Growth shell 240 no 240 240 water 9.4 weeks marine TRV 1209 Yes Yes 

increased 

Cadmium 

Mytilus 
galloprovincialis 
(mediterranean 
mussel) Reproduction 

abnormal 
development of 
straight hinge 
veliger larvae 1600 no 1600 - water 48 hours marine 

Pavicic et al. 
1994 

LOER based on Cd exposure concentration (10 
mg/L) and CF (160) reported in study; uncertainty 
because not known whether CF is based on ww 
conc or how CF was derived Yes 

Agree with EPA WB conc (1600) but do 
not understand how/why EPA LOER  (16.8 
mg/kg) was derived Yes 

Mytilus 

Cadmium 

galloprovincialis 
(mediterranean 
mussel) Mortality 20% mortality 39 no 39 39 water 30 days marine 

Pavicic and 
Jarvenpaa 1974 

LOER based on 115mCd tagged group (only 
group where residues were measured) No 

EPA LOER (4.7 mg/kg ww) derived by 
application of ACR; however, only 20% 
mortality observed Yes 

Neanthes 
arenaceodentata decrease in Jenkins and 

Cadmium (polychaete) Growth growth 16.8 no 16.8 16.8 water 21 days marine Sanders 1986 Yes Yes 

Cadmium 
Neomysis integer 
(opossum shrimp) Mortality LC50 0.22 yes 0.03 0.03 water 7 days marine 

Roast et al. 
2001a 

LOER based on LC50 at 10 ppt salinity; at 30 ppt 
salinity tissue residue = 0.3 mg/kg ww 

Study not reviewed 
by EPA Yes 

unsuccessful 

Cadmium 

Nereis 
arenaceodentata 
(polychaete) Reproduction 

egg laying in 
worms, difficulty 
pairing 62 no 62 62 water 

10-11 
weeks marine 

Jenkins and 
Mason 1988 

LOER based on reproductive behavior and is 
tissue concentration in total homogenate tissue Yes Yes 

Cadmium 
Orconectes virilis 
(crayfish) Mortality 25% mortality 28.4 no 28.4 28.4 water 2 weeks freshwater Mirenda 1986 No 

Unable to reproduce EPA LOER (0.58 
mg/kg ww) Yes 

DO NOT QUOTE OR CITE 
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 Portland Harbor RI/FS LWG 

BERA Benthic Tissue TRV Reconciliation Tables Lower Willamette Group
October 10, 2008 

Final 
Whole Whole Final 
Body 
Conc. 

Body 
Conc. 

Species 
LOER 

Analyte Species Endpoint Effect 
(mg/kg 
wet wt.) 

ACR 
Applied? 

(mg/kg 
wet wt.) 

(mg/kg wet 
wt.) 

Exposure 
Route Duration 

Freshwater 
or Marine Reference LWG Notes 

Agree with EPA 
value? Notes 

Used in LWG 
SSD derivation? Reason for not using in SSD 

Cadmium 
Palaemonetes pugio 
(grass shrimp) Mortality 21% mortality 2.6 no 2.6 - water 7 days marine 

Vernberg et al. 
1977a 

only one cadmium concentration evaluated at 
varying salinities; LOER based on 5 ppt salinity; 
1% mortality in control 

Study not reviewed 
by EPA Yes 
LOER not developed 

Palaemonetes pugio at least 50% Pesch and LC50 (0.5 mg/L) at approximately 35 days; tissue by EPA for this 
Cadmium (grass shrimp) Mortality mortality 52.6 no 52.6 11.7 water 6 weeks marine Stewart 1980 concentration measured at 42 days (6 weeks) species Yes 

increased 

Paracentrotus lividus 
f ffrequency of 
larval Radenac et al. 

f flarval abnormality frequency significantly 
increased; EC50 for occurrence of larval 

Cadmium (sea urchin) Growth abonormalities 0.16 no 0.16 0.16 water 48 hours marine 2001 abnormaliities =  6.7 mg/kg ww. Yes Yes 

Cadmium Physa  sp. (snail) Mortality 90% mortality 30 no 30.0 30.0 water 28 days freshwater 
Spehar et al. 
1978 

32% mortality in control; tissue residue and 
mortalities at LOER and control estimated from 
figure; uncertainty with graph interpretation (paper 
indicated graph was based on log scale, but did 
not appear based on log scale) Close 

Changed LOER; slightly different LOER 
than EPA (EPA LOER/8.3 = 3.4 and LWG 
LOER/8.3 = 3.6 mg/kg ww) based on 
graph interpretation Yes 

increase in significant effect observed; Based non method EPA assumed that the tissue 
Pontoporeia affinis abnormal egg information in Sundelin 1983 the tissue concentrations were reported in wet weight 

Cadmium (amphipod) Reproduction frequency 0.94 no 0.94 0.94 water 60 days freshwater Sundelin 1984 concentrations were measured in dry weights. No at a concentration of 4.7 mg/kg Yes 

reduced number 
Tubifex tubifex of young per Study not reviewed 

Cadmium (oligochaete) Reproduction adult 3,415 no 3,415 - sediment 28 days freshwater Gillis et al. 2002a significant reduction in number of young per adult by EPA Yes 

Cadmium 
Tubifex tubifex 
(oligochaete) Mortality 20% mortality 25.9 no 25.9 25.9 water 17 days freshwater 

Redeker and 
Blust 2004 

tissue residue based best fit curve model relating 
mortality and tissue concentrations No 

EPA LOER (3.1 mg/kg ww) based on 
LR20 (25.9 mg/kg ww) divided by ACR of 
8.3; 25% mortality does not warrant use of 
ACR Yes 

Cadmium 
Uca pugilator (fiddler Uca pugilator (fiddler 
crab) Mortality 20% mortality 31.9 no 31.9 31.9 water 24 days marine Weis 1978 reduced limb generation also observed Yes Yes 

Cadmium 
Anodonta grandis 
(freshwater mussel) Growth ED290 25.8 no 25.8 - ne ne ne 

Couillard et al. 
1995 na No Field study with multiple metals exposure 

Behavior endpoint not directly related to 

Baetis rhodani 
decreased 
locomotor 

growth, survival, or reproduction; poorly 
presented results in study and poor 

Cadmium (mayfly) Behavior activity 1  no  1  - ne  ne  freshwater  Gerhardt 1990 Yes No relevance of low pH conditions 

Cadmium 
Callianassa 
australiensis (shrimp) Growth 

reduction in 
growth 0.52 no 0.52 - ne ne marine 

Ahsanullah et al. 
1984 No No 

EPA LOER not associated with effect in 
study 

Cadmium 
Cardium edule 
(cockle) Behavior 

partial inhibition 
of burrowing 1.8 no 1.8 - ne ne marine 

Amiard et al. 
1986 Yes No 

Behavior endpoint not directly related to 
growth, survival, or reproduction 

reduced 
Chironomus salinarius population 

Cadmium (Midge) Population abundance 10 no 10 - ne ne freshwater Hare et al. 1994 na No Field study with multiple metals exposure 
reduced 

Chironomus staegeri population Warren et al. 
Cadmium (midge) Population density 29.7 no 29.7 - ne 11 months freshwater 1998 Yes No Field study 

Methods unacceptable (tissue residues 
Daphnia pulex 41% reduction in and effects measured in different species 

Cadmium (cladoceran) Reproduction brood size 9.7 no 9.7 - ne 7 days freshwater Winner 1984 No No and with different exposure durations) 
Dreissena 
polymorpha (zebra decrease in Study not reviewed Filtration rate endpoint not directly related 

Cadmium mussel) Behavior filtration rate 12 no 12 - water 48 hours freshwater Kraak et al. 1994 by EPA No to growth, survival, or reproduction 

Cadmium 
Gammarus pulex 
(amphipod) Mortality LD50 0.52 yes 0.97 - ne ne freshwater 

Brown and 
Pascoe 1989 No No No effects data presented in study 

Cadmium 
Hydropsyche sp. 
(caddisfly) Mortality mortality 9.6 yes 1.2 - ne ne freshwater 

Dressing et al. 
1982 Yes No No effects data presented in study 

Cadmium 
Leptophlebia 
marginata (mayfly) Mortality 

decreased 
emergence 2.6 no 2.6 - ne ne freshwater Gerhardt 1990 Yes No 

Poorly presented results in study and 
poor relevance of low pH conditions 

Cadmium 
Macoma balthica 
(baltictellin) Behavior 

decrease in filter 
feeding activity 4.0 no 4.0 - ne ne marine 

Duquesne et al. 
2004 No No 

Filtration rate endpoint not directly related 
to growth, survival, or reproduction 

increased 

Cadmium 
Meganyctiphanes 
norvegica  (krill) Mortality 

mortality and 
induction of 
metallothionein 13.3 yes 1.6 - ne ne marine 

Poirier and 
Cossa 1981 na No 

Unable to interpret foreign language 
paper 

DO NOT QUOTE OR CITE 
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 Portland Harbor RI/FS LWG 

BERA Benthic Tissue TRV Reconciliation Tables Lower Willamette Group
October 10, 2008 

Final 
Whole Whole Final 
Body 
Conc. 

Body 
Conc. 

Species 
LOER 

Analyte 

Cadmium 

Cadmium 

Cadmium 

Species 

Nephtys caeca 
(polychaete) 

Nereis virens 
(sandworm) 
N i iNereis virens 
(sandworm) 

Endpoint 

Behavior 

Behavior 

Growth 

Effect 

delay in 
burrowing time 
reduction in 
hypoglycemic 
response 

weight loss 

(mg/kg 
wet wt.) 

7.0 

44 

0.59 

ACR 
Applied? 

no 

no 

no 

(mg/kg 
wet wt.) 

7.0 

44 

0.59 

(mg/kg wet 
wt.) 

-

-

-

Exposure 
Route 

ne 

ne 

sediment 

Duration 

ne 

ne 

14 days 

Freshwater 
or Marine 

marine 

ne 

marine 

Reference 

Olla et al. 1988 

Carr and Neff 
1982 
Si t lSimmers et al 
1984 

LWG Notes 
Agree with EPA 
value? 

No 

No 

No 

Notes 
Used in LWG 
SSD derivation? Reason for not using in SSD 

No 

Behavior endpoint not directly related to 
growth, survival, or reproduction; effect 
and tissue concentrations not dose-
responsive 

No 

Reduced hypoglycemic response 
endpoint not directly related to growth, 
survival, or reproduction 

No Exposure to mixture of metals in the field 

Cadmium 
Palaemonetes pugio 
(grass shrimp) Behavior 

reduced ability to 
capture prey, 
increased 
metallothionein 
induction 0.84 no 0.84 - ne ne marine 

Wallace et al. 
2000 Yes No 

Behavior endpoint not directly related to 
growth, survival, or reproduction 

Cadmium 
Paramoera walkeri 
(amphipod) Mortality 

30-40% mortality 
and decrease in 
molting 1.1 no 1.1 - ne 20 days marine 

Clason et al. 
2003 Yes No 

Exposure concentrations not dose-
responsive 

Cadmium 
Pseudodiaptomus  sp. 
(copepod) Reproduction 

reproductive rate 
reduced 7.3 no 7.3 - water ne freshwater 

Paffenhofer and 
Knowles 1978 No No No tissue data reported in study 

Cadmium 
Saccostrea glomerata 
(Sydney rockoyster) Growth 

reduction in 
growth 5.0 no 5.0 - ne ne marine Ward 1982 No No 

Exposure concentrations and effects not 
dose-responsive 

Cadmium 

Strongylocentrotus 
intermedius (sea 
urchin) Reproduction 

increase in 
production of 
abnormal larvae 146 no 146 - ne ne marine 

Khristoforova et 
al. 1984 No No No tissue residues reported in study Cadmium ) Reproduction 146 no 146 ne ne marine No No epo dy 

reduced 
Tetrahymena population Berhin et al. Test species not acceptable species to 

Cadmium pyriformis (protozoan) Population growth 10.4 no 10.4 - ne ne freshwater 1984 Yes No represent invertebrates 

Cadmium 
Tetrahymena vorax 
(protozoan) Population 

reduced 
population size 33.8 no 33.8 - ne ne freshwater 

Lawrence et al. 
1989 Yes No 

Test species not acceptable species to 
represent invertebrates 

reduced 
Tubificidae population Warren et al. 

Cadmium (oligochaetes) Population density 372 no 372 - ne 11 months freshwater 1998 Yes No Field study 

20% mortality, 
failure to 

Cadmium 
Uca rapax 
(fiddlercrab) Mortality 

respond to 
external stimulus 17.3 no 17.3 - ne 96 hrs marine 

Zanders and 
Rojas 1996 No No 

WB tissue concentrations not reported in 
study 

na - not applicable 
ne - test condition data not collected from studies not included in LWG's SSD 
a Not reviewed as part of EPA's TRV final list; based on LWG review 

DO NOT QUOTE OR CITE 
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 Portland Harbor RI/FSLWG 

BERA Benthic Tissue TRV Reconciliation TablesLower Willamette Group
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Final 
Whole 

Analyte Species Endpoint Endpoint Effect 

Whole 
Body Conc. 
(mg/kg wet 

wt.) 
ACR 

Applied? 

Body 
Conc. 
(mg/kg 
wet wt.) 

Final Species 
LOER (mg/kg 

wet wt.) 
Exposure 

Route Duration 
Freshwater or 

Marine Reference LWG Notes 
Agree with 
EPA value? Notes 

Used in LWG 
SSD 

derivation? Reason for not using in SSD 
Adenophlebia auriculata Gerhardt and 

Copper (mayfly) Mortality LC50 800 yes 96.4 96.4 water 48 hours freshwater Palmer 1998 Yes Yes 
LOER is derived from the minimum risk concentration reported in study 

Allorchestes compressa Ahsanullah and and is the tissue residue associated with the minimum significant toxic unable to reproduce EPA LOER of 98 
Copper (amphipod) Growth reduced growth 73 no 73 73 water 4 weeks marine Williams 1991 effect; growth was the most sensitive endpoint No mg/kg ww Yes 

Copper 
Argopecten irradians  (bay 
scallop) Growth 

43% reduction in 
growth 64 no 64 64 water 6 weeks marine Pesch et al. 1979 

LOER is mean tissue concentration associated with significant reduction 
in growth No 

EPA LOER (320 mg/kg ww) based on dry 
weight concentration Yes 

Copper Balanus amphitrite (barnacle) Mortality 

lethal body burden 
based on average 
survival time of about 
70 hours 29.9 yes 3.6 3.6 water 70 hours marine 

Prabhakara Rao et 
al. 1986 Controls were included but no survival data not explicitly provided Close 

EPA LOER/8.3 (4.0 mg/kg ww) slighly 
different than LWG LOER/8.3 (3.6 mg/kg 
ww) Yes 

lethal body burden 

Balanus tintinnabulum 
based on average 
survival time of about Prabhakara Rao et 

EPA LOER/8.3 (4.2 mg/kg ww) slighly 
different than LWG LOER/8.3 (4.0 mg/kg 

Copper (barnacle) Mortality 20 hours 33.0 yes 4.0 4.0 water 20 hours marine al. 1986 Controls were included but no survival data not explicitly provided Close ww) Yes 

EPA LOER (14 mg/kg ww) is lowest tissue 
conc avoidance of copper source to water 
was observed; however, effect was not 

Copper Burnupia stenochorias (limpet) Mortality LC50 56 yes 6.7 6.7 water 24 hours marine 
Gerhardt and 
Palmer 1998 No 

significant at this concentraiton and not 
dose-responsive Yes 

Copper 
Callinassa australiensis 
(shrimp) Mortality LC50 145.9 yes 17.6 17.6 water 14 days marine 

Ahsanullah et al. 
1981a; 1981b Yes Yes 

Copper Chironomus decorus (midge) Growth 
significant reduction in 
larval growth 13 no 13 13 water 72 hours freshwater 

Kosalwat and Knight 
1987 

LOER based on from substrate concentration associated with sig 
reduction in larval growth (1,808 mg/kg dw) and equation for adult tissue 
burden (Y=0.03[X] + 10.65); uncertainty with using "adult tissue" 
equation for larval growth effect No 

EPA LOER (18 mg/kg ww) from substrate 
concentration associated with sig longer 
time to emergence (2,636 mg/kg) and 
equation for adult tissue burden 
(Y=0.03[X] + 10.65); Yes 
EPA LOER (122 mg/kg ww) based on 25 

Timmermans et al. growth effect at 7 days based on graph interpretation (estimated point at day exposure but effect was estimated to 
Copper Chironomus riparius  (midge) Growth ED16 70 no 70 70 water 7 days freshwater 1992 which effect was significant) No be significant at 7 days Yes 

Copper 
Cirriformia spirabrancha 
(polychaete) Mortality 

approximately 50% 
mortality 10.7 no 10.7 10.7 water 24 days marine 

Milanovich et al. 
1976 

LOER of 10.7 mg/kg ww was measured at 24 days and the LT50 was 
reported as 26 days No 

EPA LOER (10.7 mg/kg ww) does not 
apply ACR Yes 

reduced weight, 
Reproduction, number of offspring, DeSchamphelaere 

Copper Daphnia magna (cadoceran) growth number of broods 65 no 65 - water 21 days freshwater et al. 2007 only one exposure concentration and the control tested in study na not reviewed by EPA Yes 

Copper Daphnia magna (cadoceran) 
Reproduction, 
growth 

reduced body weight 
(by biomass) and 
number of juveniles per 
adult 25.6 no 25.6 40.8 water 21 days freshwater 

DeSchamphlaere 
and Janssen 2004a no reproduction and reduced biomass in daphnids was observed na not reviewed by EPA Yes 

24% mortality observed at LOER, filtration rate is reduced (44% of control) and 24% mortality Agree with EPA WB conc and don’t 
Dreissena polymorpha (zebra Mortality, and reduced filtration observed; control mortality reported as less than 20%; concentrations understand why EPA LOER (24 mg/kg ww 

Copper mussel) Behavior rate 40 no 40 40 water 9 weeks freshwater Kraak et al. 1992 read from graph Yes is different) Yes 

Copper Ephemerella grandis  (mayfly) Mortality > 50% mortality 248 yes 29.9 29.9 water 14 days freshwater Nehring 1976 Yes Yes 

Copper Gammarus pulex (amphipod) Mortality LC50 27.9 yes 3.4 3.4 water 96 hours freshwater Guven et al. 1999 LOER based on equation and LC50 (log y = 1.523+0.078[log X]) Yes Yes 

Copper 
Grandidierella japonica 
(amphipod) Mortality 23% mortality 78 no 78 78 sediment 10 days marine King et al. 2005a 

survival at LOER is approximately 77% that of the control; only one 
exposure concentration tested na not reviewed by EPA Yes 

Copper Hyale crassicornis (amphipod) Mortality 49% mortality 88 yes 10.6 10.6 sediment 10 days marine King et al. 2005a 
survival at LOER is approximately 51% that of the control; only one 
exposure concentration tested na not reviewed by EPA Yes 

Copper Hyale longicornis (amphipods) Mortality 48% mortality 26 yes 3.1 3.1 sediment 10 days marine King et al. 2005a 
survival at LOER is approximately 52% that of the control; only one 
exposure concentration tested na not reviewed by EPA Yes 

Copper Hydra littoralis (hydra) 
Mortality, 
Reproduction 

40% decrease in 
number of organisms 4.2 no 4.2 4.2 water 11 days marine 

Stebbing and 
Pomroy 1978a 

10 organisms were exposed to a series of Cu concentrations; by 11 
days, control increased to 100 individuals and the 5 ug/L concentration 
group to increased to ~ 60 individuals; at 10 ug/L concentration group, 
the number dropped to approximately 20 individuals and the tissue 
concentration was approximately 9 mg/kg ww. na not reviewed by EPA Yes 

Copper 
Lumbriculus variegatus 
(freshwater oligochaete) Mortality LR50 137 yes 16.5 16.5 water 48 hours freshwater 

Pennttinen et al. 
2008a na not reviewed by EPA Yes 

Copper Macoma balthica (macoma) Mortality 28% mortality 13 no 13.0 13.0 water 17 days marine Absil et al. 1996 

LOER based on tissue concentration at end of exposure period (17d) 
with Cu (400nM) in food; 28% mortality observed at end of exposure 
period (17 day) and 45% mortality observed at end of elimination period 
(40 days) Yes Yes 

Copper Melita plumulosa (amphipod) Mortality 50% mortality 94 yes 11.3 - sediment 10 days marine King et al. 2005a 
survival is approximately 50% that of the control; only one exposure 
concentration tested na not reviewed by EPA Yes 
tissue concentration estimated from graph; control mortality = 10%; 
LOER based on sediment exposure (higher tissues associated with 

Copper Melita plumulosa (amphipod) Mortality 25-45% mortality 22 no 22 - sediment 10 days marine King et al. 2006a mortality reported in water exposure) na not reviewed by EPA Yes 

Copper Melita plumulosa (amphipod) Mortality LC50 23 yes 2.8 8.9 sediment 10 days marine 
Simpson and King 
2005 Yes Yes 
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Kumaraguru et al. 

Copper Meretrix casta (clam) Mortality up to 50% mortality 201 yes 24.2 24.2 water 96 hours marine 1980 Yes Yes 

Copper Mysella anomala  (bivalve) Mortality LC50 70 yes 8.4 8.4 water 96 hours marine King et al. 2004 No 
unable to reproduce EPA LOER of 3.6 
mg/kg ww Yes 

Copper Mysis sp. (shrimp) Mortality 66.7% mortality 5.9 yes 0.71 0.71 water 96 hours marine 
Zyadah and Abdel-
Baky 2000a 

66.7% mortality reported after 24 hrs (the test was conducted for 96 
hours but the first effect and tissue concentration was measurd aftre 24 
hours); Questionable quality of the paper (errors in tables). na not reviewed by EPA Yes 

Copper Mytilus edulis (blue mussel) Mortality increased mortality 62 no 62 - water 21 months marine 
Calabrese et al. 
1984a 

at LOER, only 4 mussels survived (number of mussels at start of 
experiment not reported) so this dose was reportedly "toxic" na not reviewed by EPA Yes 
LOER is the lowest tissue reported in live organism at any expoure level 
(0.1, 0.2, and 0.5 ppm); 50% mortality reached at all exposure levels 

Copper Mytilus edulis (blue mussel) Mortality LC50 33.2 yes 4.0 15.7 water 7-16 days marine Hvilsom 1983 within 7-16 days Yes Yes 

worms with no pre-copper exposure the lowest tissue concentration of EPA LOER/8.3 (9.2 mg/kg ww) slighly 
395 ug/g dw has a mean time to death of 3.9 days. TRV = (395/5)/8.3 = different than LWG LOER/8.3 (9.5 mg/kg 

Neanthes arenaceodentata 
lethal body burden 
based on mean number Pesch and Hoffman 

9.5 mg/kg ww; uncertainties include: Cu accumulation is not dose-
responsive; tissues of dead worms analyzed and expected to be about 

ww); don’t understand why EPA WB 
concentration (15.9 mg/kg ww) is different 

Copper (polychaete) Mortality of days to death 79 yes 9.5 9.5 water 4 days marine 1982 14% lower than live organisms Close than EPA LOER Yes 

Copper 
Paracentrotus lividus  (sea 
urchin) Growth 

37% abonormalities in 
larvae 8.7 no 8.7 8.7 water 48 hours marine Radenac et al. 2001 Yes 

significant reduced juvenile recruitment compared with the control 
obesrved; also noted that no females retained developing embryos after 
28 days of expsoure; the sediment used in the experiment was field 
collected and spiked with copper; the control had low level of copper (5 

Copper 
Paracorophium excavatum 
(amphipod ) Reproduction 

reduced juvenile 
recruitment 30.2 no 30.2 30.2 sediment 28 days brackish Marsden 2002a 

ug/g); tissue concentrations were derived using an equation; LOER 
based on most sensitive endpoint (higher tissue residues with mortality) na not reviewed by EPA Yes 

Copper Paramoera walkeri (amphipod) Mortality 
lethal to 50% of 
animals 119 yes 14.3 14.3 water 8 days marine 

Duquesne et al. 
2000 

tissue concentration is average BCF (2060) X 8d LC50 (290 ug/L) and 
coverted into wet weight Yes Yes 

Copper 
Penaeus merguiensis (banana 
prawn) Growth reduction in growth 26 no 26 26 water 2 weeks marine 

Ahsanullah and Ying 
1995 

growth significantly reduced at 100 ug/L where tissue conc ~ 133 - 160 
ug/kg dw (26.6-32 ug/kg ww) Yes Yes 

Copper 
Protothaca staminea  (Pacific 
littleneck clam) Mortality 17% mortality 9.3 no 9.3 9.3 water 30 days marine Roesijadi 1980 3% mortality in control Yes Yes 

Copper 
Pteronarcys californica 
(stonefly) Mortality > 50% mortality 419 yes 50.5 50.5 water 14 days freshwater Nehring 1976 Yes Yes 

Copper 
Saccostrea glomerata (Sydney 
rock oyster) Growth 

reduction in weight gain 
of spat 19 no 19 19 water 4 weeks marine 

Nell and Chvojka 
1992 significant difference in weight gain compared to the control Yes Yes 

EPA LOER (0.96 mg/kg ww) based 96hr 
LOER 8 mg/kg ww] with an ACR applied; 

Copper Soletellina alba (bivalve) Mortality about 75% mortality 64 yes 7.7 7.7 sediment 10 days marine King et al. 2004 No disagree with ACF use Yes 

Copper Tellina deltoidalis (bivalve) Mortality LD50 74.0 yes 8.9 8.9 water 96 hours marine King et al. 2004 Yes 
Agree with EPA WB conc (EPA LOER 
slightly different - 8.4 mg/kg ww) Yes 

Moraitou-
Apostolopoulos and 

Copper Acartia clausi (copepod) Reproduction reduced egg production 3.9 no 3.9 - ne ne ne Verriopoulos 1979 na No Unable to reproduce EPA LOER 
Effect (weakness) not directly 

Allorchestes compressa increased mortality, Ahsanullah and related to growth, survival, or 
Copper (Amphipod) Mortality weakness 43.6 yes 5.3 - ne ne ne Florence 1984 Yes No reproduction 

Copper 
Anaitides maculata 
(polychaete) Mortality LD50 49 yes 5.9 - ne ne ne 

McLusky and 
Phillips 1975 na No 

Unable to obtain and review 
reference 

Copper 
Calanus hyperboreus 
(copepod) Mortality LD50 1320 yes 159 - ne ne marine 

Ritterhoff and Zauke 
1997 No No 

Exposure to mixture of metals and 
effects not linked to tissue residues 

25% reduction in 
Ceriodaphnia dubia number of offspring Unable to review study- only could 

Copper (cadoceran) Reproduction produced in 7 days 3.8 no 3.8 - ne ne ne Schwartz et al. 2004 na No locate abstract from SETAC 
50% mortality in 8 

Crassostrea virginica  (Eastern 
weeks, reduced growth, 
inhibited 

Mortality data not attributed to 
chemical exposure only and tissue 

Copper oyster) Mortality gametogenesis 44.8 yes 5.4 - ne ne marine Mandelli 1975 No No residues not dose responsive 
survival, 
reproduction, mortality, number of Muyssen and Poor dose-response of tissue 

Copper Daphnia magna (cadoceran) growth offspring, biomass 16 no 16 - water 21 days Freshwater Janssen 2007 na No burdens and effects 

Copper Daphnia magna (Cladoceran) Mortality 100% mortality 56.3 yes 7.5 - ne ne ne Winner et al. 1977 na No Unable to reproduce EPA LOER 

Copper 
Dreissena polymorpha (zebra 
mussel) Growth 

50% decrease in 
filtration rate 8  no  8  - water 48 hours freshwater Kraak et al. 1994 na No 

Filtration rate not directly related to 
growth, survival, and reproduction 
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Eudistylia vancouven mortality, abandonment LOER not based on whole body 
Copper (Polychaete) Mortality of burrows 50 yes 6.0 - ne ne ne Young et al. 1981 No No concentrations 

Copper Hyalella azteca (Amphipod) Growth ED25 13.3 no 13.3 - ne ne ne 
Borgmann and 
Norwood 1997 Yes No High concentrations in background 

Tissue residues are not dose-

Copper Leptoxis praerosa (snail) Behavior 
reduced ability to digest 
cellulose 41.8 no 41.8 - ne ne ne 

Reed-Judkins et al. 
1997 No No 

responsive with mortality; other 
endpoint (cellulotic enzyme 
activity) not directly related to 
growth, survival, or reproduction 
Exposure concentrations and 

Lumbriculus variegatus 
effects not measured following 
same duration exposure/ 

Copper (oligochaete) Mortality LD50 8.3 yes 1.0 - ne ne ne Meyer et al. 2002 No No conditions 

Copper Mytilus edulis (Mussel) Growth reduced growth rate 4.3 no 4.3 - water 41 days marine 
Grout and Levings 
2001 No No 

Exposure to multiple metals in the 
field 

decreased growth, 
condition factor, and 

Copper Tellina tenuis (clam) Growth 
carbohydrate and N 
content 54 no 54 - ne ne ne Saward et al. 1975 No No 

Tissue residues are not dose-
responsive with effects 

Copper 
Themisto abyssorum 
(amphipod) Mortality LD50 374 yes 45.1 - ne ne marine 

Ritterhoff and Zauke 
1997 No No 

Exposure to mixture of metals and 
effects not linked to tissue residues 

Copper Themisto libellula  (amphipod) Mortality LD50 374 yes 45.1 - ne ne marine 
Ritterhoff and Zauke 
1997 No No 

Exposure to mixture of metals and 
effects not linked to tissue residues 
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(mg/kg wet 
wt.) 
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Applied? 

Final Whole 
Body Conc. 
(mg/kg wet 

wt.) 
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(mg/kg wet 
wt.) 

Exposure 
Route Duration 

Freshwater or 
Marine Reference LWG Notes 

Agree with 
EPA value? Notes 

Used in LWG 
SSD 

derivation? Reason for not using in SSD 
EPA LOER (4.51 mg/kg ww) 

LOER is ER50 based on based on application of ACR; 
Diporeia  sp. immobility Lotufo et al. narcosis; LR50 = 84.2 ACR not warranted for narcosis 

DDD (amphipod) Mortality (narcosis) 37.4 no 37.4 37.4 sediment 10 days freshwater 2000a mg/kg ww No effect Yes 

DDD 
Hyalella azteca 
(amphipod) Mortality LR50 15 yes 1.8 1.8 sediment 10 days freshwater 

Lotufo et al. 
2000a Yes Yes 

reduction in asexual Kouyoumjian 
Polycelis felina fission and number and Villeneuve 

DDD (planaria) Reproduction of individuals 2.77 no 2.77 2.77 ne ne ne 1979 na No Unable obtain and review study 
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Applied? 
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wt.) 
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LOER (mg/kg 
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Exposure 
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Freshwater or 

Marine Reference Notes 
Agree with EPA 

value? Notes 

Used in LWG 
SSD 

derivation? 
Reason for not 
using in SSD 

Aroclor 1254 
Armandia brevis 
(polychaete worm) Growth 

28% reduction in 
growth rate 35.8 no 35.8 35.8 sediment 28 days marine 

Rice et al. 
2000a 

28% decrease in growth rate compared to organisms exposed to 
reference sediment; not statistically evaluated 

Study not reviewed 
by EPA Yes 

LOER not derived 
Chironomus riparius Kwon and LOER based on live animal residues; reference is conference in EPA review for 

Aroclor 1242 (midge) Mortality LR50 89 yes 10.7 10.7 not specified 4 days freshwater Fisher unpub poster (2006) this species Yes 

Aroclor 1254 
Crassostrea virginica 
(Eastern oyster) Growth 

height and body 
weight after 6 wks 119 no 119 - water 8 weeks marine 

Lowe et al. 
1972a 

significant decrease in growth; oysters were exposed to 5 ppb 
prior to experiment, then to 1 ppb during experiment; no effect on 
mortality 

Study not reviewed 
by EPA Yes 

Aroclor 1016 
Crassostrea virginica 
(Eastern oyster) Growth 

38% reduction in shell 
growth 32 no 32 62 water 96 hours marine 

Hansen et al. 
1974 

38% reduction in shell growth @ LOER (7.2 ug/L); 0% reduction 
in control No 

EPA LOER (4.0 mg/kg ww) based on 10% 
reduction in shell growth; changed LOER to tissue 
residue (32 mg/kg ww) associated with clear effect 
(38% reduction in growth) Yes 

failure of pupae to 
Culex tarsalis metamorphosize into Sanders and LOER calculated from 7d biomagnification factor (20,000) and 

Aroclor 1254 (mosquito) Growth adults 6 no 6 6 water 7 days freshwater Chandler 1972 water conc (1.5 ppb) Yes Yes 

Aroclor 1268 
Daphnia magna 
(cladoceran) Mortality LR50 11.6 yes 1.4 1.4 not specified 4 days freshwater 

Kwon and 
Fisher unpub 

LOER based on live animal residues; reference is conference 
poster (2006) Close 

EPA LOER (1.0 mg/kg ww) based on 
concentration in dead animals Yes 

Gammarus endpoint is number of young per surviving adult (y/a); significance 
pseudolimnaeus 38% reduction in Nebeker and of effect not reported; control = 6.8 y/a, in organisms with 76 

Aroclor 1242 (amphipod) Reproduction reproduction 76 no 76 76 water 2 months freshwater Puglishi 1974 mg/kg ww = 4.2 y/a (62% of control) Yes Yes 

Aroclor 1016 
Limulus polyphemus 
(horseshoe crab) Mortality ≥50% mortality 31.9 no 31.8 31.8 water 96 days marine 

Neff and Giam 
1977 LOER based on surviving crab residues; control mortality = 1% No 

EPA LOER (31.9 mg/kg ww) was not divided by 
8.3 (but should be because 50% mortality) Yes 

Aroclor 1254 
Palaemonetes pugio 
(grass shrimp) Mortality 45% mortality 27 yes 3.3 - water 16 days marine 

Nimmo et al. 
1974a 

high mortality (25%) mortality in control; significant mortality 
observed at LOER compared to control 

Study not reviewed 
by EPA Yes 

Aroclor 1016 
Palaemonetes pugio 
(grass shrimp) Mortality 33% mortality 1.1 no 1.10 1.9 water 96 hours marine 

Hansen et al. 
1974 8% mortality in control Yes Yes 

Aroclor 1016 
Penaeus aztecus 
(brown shrimp) Mortality 43% mortality 42 no 42.0 42.0 water 96 hours marine 

Hansen et al. 
1974 0% mortality in control Yes Yes 

LOER based on live shrimp residues in the only dose group (5 LOER (16 mg/kg ww) baesd on dead shrimp 
Penaeus duorarum Duke et al. ug/l) (tissue residue in dead shrimps = 16 mg/kg ww); 48hr LOER residues; LWG LOER based on live shrimp 

Aroclor 1254 (pink shrimp) Mortality 72% mortality 33 yes 3.9 3.9 water 20 days marine 1970 with 100% mortality = 4.2 mg/kg ww No residues Yes 

PCB 47 
Ampelisca abdita 
(amphipod) Mortality LR50 166 yes 20 sediment 10 days Marine 

Fay et al. 
2000 

Study not reviewed 
by EPA No 

Exposure to single 
PCB congener 

Artemia salina (brine decreased growth and Wang et al. Exposure to single 
PCB 47 shrimp) Growth larval survival 5.4 no 5.4 ne ne ne 1998 Yes No PCB congener 

increased male 
Chironomus riparius development time to Hwang et al. Exposure to single 

PCB 15 (midge) Reproduction 2nd instar stage 415 no 415 ne ne ne 2004 Close No PCB congener 

PCB 77 
Daphnia magna 
(waterflea) Growth reduction in biomass 11.4 no 11.4 water 21 days Freshwater 

Dillion et al. 
1990 

Study not reviewed 
by EPA No 

Exposure to single 
PCB congener 

Daphnia magna Dillion et al. Study not reviewed Exposure to single 
PCB 101 (waterflea) Growth reduction in biomass 0.6 no 0.6 water 21 days Freshwater 1990 by EPA No PCB congener 

Lumbriculus 
variegatus Growth, reduced biomass and Fisher et al. Exposure to single 

PCB 1 (oligochaete) Reproduction reproduction 64.7 no 64.7 diet 35 days freshwater 1999 Close No PCB congener 

Lumbriculus LOER not derived 
variegatus Growth, reduced biomass and Fisher et al. in EPA review for Exposure to single 

PCB 47 (oligochaete) Reproduction reproduction 113 no 113 diet 35 days Freshwater 1999 this species No PCB congener 

Lumbriculus LOER not derived 
variegatus Growth, reduced biomass and Fisher et al. in EPA review for Exposure to single 

PCB 15 (oligochaete) Reproduction reproduction 119 no 119 diet 35 days Freshwater 1999 this species No PCB congener 

Lumbriculus LOER not derived 
variegatus Growth, reduced biomass and Fisher et al. in EPA review for Exposure to single 

PCB 153 (oligochaete) Reproduction reproduction 126 no 126 diet 35 days Freshwater 1999 this species No PCB congener 

Nereis diversicolor Fowler et al. Effects data not 
PCB mixture (polychaete) Mortality lethal body burden 200 yes 40 ne ne ne 1978 Close No presented in study 
na - not applicable 
ne - test condition data not collected from studies not included in LWG's SSD 
a Not reviewed as part of EPA's TRV final list; based on LWG review 
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increased 
Artemia  sp. (brine Mortality, mortality, erratic Hudson et al. approximately 22% mortality; LOER based on bioaccumulation factor (2300) and 

Dibutyl phthalate shrimp) Behavior swimming 32,000 no 32,000 32,000 marine water 8 hours 1981 water concentration (13.9 mg/L) Yes Yes 

reduction in Behavior endpoint not 
Gammarus pulex locomotor Thuren and directly related to growth, 

Dibutyl phthalate (amphipod) Behavior activity 32 no 32 - freshwater water 10 days Woin 1991 No No survival, or reproduction 
Palaemonetes 
pugio (grass Laughlin et al. LOER based on detection 

Dibutyl phthalate shrimp) Mortality 36-59% mortality 0.50 yes 0.06 - freshwater water 35 days 1978 No No limit 

reduction in Behavior endpoint not 
Bis(2-ethylhexyl) Aeshna sp. ability to capture Woin and directly related to growth, 
phthalate (dragonfly) Behavior prey 14.7 no 14.7 - freshwater ne ne Larsson 1987 No No survival, or reproduction 

Exposure and effects data 
Bis(2-ethylhexyl) Daphnia magna 60-62% inhibition Sanders et al. not based on same 
phthalate (water flea) Reproduction in reproduction 3.12 no 3.12 - freshwater water 21 days 1973 No No duration 

reduction in Behavior endpoint not 
Bis(2-ethylhexyl) Gammarus pulex locomotor Thuren and directly related to growth, 
phthalate (amphipod) Behavior activity 1,998 no 1,998 - freshwater water 10 days Woin 1991 No No survival, or reproduction 

Pacifastacus reduction in Behavior endpoint not 
Bis(2-ethylhexyl) leniusculus ability to capture Woin and directly related to growth, 
phthalate (crayfish) Behavior prey 14.7 no 14.7 - freshwater ne 9 weeks Larsson 1987 No No survival, or reproduction 
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Analyte Species Endpoint Endpoint Effect 

Whole Body 
Conc. 

(mg/kg wet 
wt.) 

ACR 
Applied? 

Final Whole 
Body Conc. 
(mg/kg wet 

wt.) 

Species 
LOER 

(mg/kg wet 
wt.) Exposure Route Duration 

Freshwater or 
Marine Reference LWG Notes 

Agree with 
EPA value? Notes 

Used in 
LWG SSD 

derivation? Reason for not using in SSD 
EPA LOER (0.07 mg/kg ww) based on 
0.54 mg/kg ww with an ACR applied, 

Armandia brevis Meador and Rice 10.2% reduction (significant reduction) in animal weight but ACR not appropriate for growth 
TBT (polychaete) Growth reduction in weight 0.54 no 0.54 - sediment 42 days marine 2001 compared to controls No effect Yes 

control mortality was high - 25% at 10 days; study reports that 
Armandia brevis LD50 was corrected (increased) by adding control mortality to Unable to reproduce EPA LOER 

TBT (polychaete) Mortality LD50 20.56 yes 2.5 - sediment 10 days marine Meador et al. 1997 offset non-toxicant mortality No (68.06 mg/kg ww) Yes 

TBT 
Armandia brevis 
(polychaete) Mortality LC50 9.4 yes 1.1 0.54 water 10 days marine Meador 1997 estimated from dw using 20% solids; 0% mortality in control na 

LOER not developed for this species 
by EPA Yes 

reduction in body weight gain, length gain, and condition index 
Crassostrea gigas water and Waldock and Thain compared to control; 53% less increase in wet weight after 56 

TBT (Pacific oyster) Growth Growth 1.30 no 1.30 1.30 sediment 56 days marine 1983 days exposure. Yes Yes 

Eohaustorius 
EPA LOER (11.3 mg/kg ww) also 
reported based on behavior endpoint 

estuarius estimated from dw using 20% solids; study also cites another (reduced ability to rebury in sediment); 
TBT (amphipod) Mortality LD50 7.00 yes 0.84 0.84 water 10 days marine Meador 1993 10d LC50 = 11.8 mg/kg ww Yes this LOER not used Yes 

Eohaustorius 
washingtonianus 

TBT (amphipod) Mortality LC50 9.03 yes 1.09 - water 10 days marine Meador 1997 estimated from dw using 21% solids Yes Yes 

Eohaustorius control mortality was high - 32% and 15% at 41 and 9 days, 
washingtonianus respectively; study reports that LD50 was corrected (increased) 

TBT (amphipod) Mortality LD50 7.20 no 7.2 2.8 sediment 41 days marine Meador et al. 1997 by adding control mortality to offset non-toxicant mortality Yes Yes 
field exposure field collected RPS was 42-48% at 3 to 5 months exposure to 50 ng/; tissue 

Hinia reticulata and water and 5 months concentrations range from 225 to 355 ppb dw = 0.045 to 0.071 Unable to reproduce EPA LOER (0.04 
TBT (netted dogwhelk) Reproduction imposex 0.045 no 0.045 0.045 exposure in lab in lab marine Stroben et al. 1992 mg/kg ww No mg/kg ww) Yes 

50% reduction in 
number of 

TBT 
Hyalella azteca 
(amphipod) Reproduction 

offspring after 10 
weeks 0.28 no 0.28 - sediment 

10 weeks (2 
generations) freshwater Bartlett et al. 2004 

reproductive effect was expected to be statistically significant (a 
50% decrease in F0 generation). Yes Yes 
LOAEL is 4wk LC50 for young (0-1 wk old at start of 

Hyalella azteca Borgmann et al. experiment); body concentrations calculated not measured; 1wk 
TBT (amphipod) Mortality LC50 6.4 no 6.40 1.34 water 4 weeks freshwater 1996 LC50 for adults = 23 mg/kg ww TBT Yes Yes 

TBT 
Ilyanassa obsoleta 
(mud snail) Reproduction 100% imposex 0.12 no 0.12 0.12 field study field study marine Bryan et al. 1989 Yes Yes 

organisms collected from German coastline in areas associated 
with shipping activities; LOER is tissue conc associated with 
60% sterilization due to imposex (intersex index [ISI] = 2.0); in 

Littorina littorea field collected 
the laboratory experiment at tissue concentrations of 0.98 mg/kg 
ww TBT after 6 months of exposure had no increase in intersex Unable to reproduce EPA LOER (0.07 

TBT (periwinkle) Reproduction imposex 0.29 no 0.29 - field-exposed snails marine Bauer et al. 1997 index No mg/kg ww) Yes 

TBT 
Littorina littorea 
(periwinkle) Reproduction imposex 0.14 no 0.14 0.20 field-exposed 

field collected 
snails marine 

Oehlmann et al. 
1998 40% sterilization due to intersex na not reviewed by EPA Yes 

EPA LOER (6.8 mg/kg ww/8.3 = 0.82 
mg/kg ww) based on statement that 
"higher mortality rate" was observed in 
clams exposed to 1000 ng/L and 

Mya arenaria (soft decrease in Kure and Depledge 
tissue residues at 45 days for this 
exposure group (mortality data not 

TBT shell clam) Growth condition index 2.90 no 2.90 2.90 water 28 days marine 1994 condition index ~ 77% of control No presented) Yes 

significant Slightly different LOER than EPA (EPA 
Mytilus edulis reduction in scope LOER = 1.78 mg/kg ww and LWG 

TBT (mussel) Mortality of growth 1.79 no 1.79 - water 36 hours marine Page et al. 1998 Close LOER= 1.79 mg/kg ww) Yes 

significant Slightly different LOER than EPA (EPA 
Mytilus edulis reduction in scope Widdows and Page decline in feeding clearance rate at concentration of 0.79 mg/kg LOER = 1.08 mg/kg ww and LWG 

TBT (mussel) Growth of growth 1.09 no 1.09 1.40 water 96 hours marine 1993 ww TBT Close LOER= 1.09 mg/kg ww) Yes 

organisms field collected from various sites with martime activity 

Nassarius 
in NW Spain; LOER is a tissue concentration associated with 
6% infertilization (in VDS stage 5 and 6) and a RPS index of 

reticulatus 17.4; the next lowest tissue concentration of 0.23 mg/kg ww 
TBT (dogwelk) Reproduction imposex 0.034 no 0.034 0.034 sediment field exposed marine Barreiro et al. 2001 TBT caused 100% infertilization na not reviewed by EPA Yes 

Neanthes 
at LOER, 32% reduction in growth compared with control and a 
reproductive success of 52% compared to 90% in the controls; 

arenaceodentata Reproduction, Reproduction, reproductive success defined as number of pairs successfully 
TBT (neanthes) Growth Growth 1.25 no 1.25 1.25 water 10 weeks marine Moore et al. 1991 depositing all eggs within their tube Yes Yes 

TBT 
Nucella lapillus 
(dogwelk) Reproduction imposex 0.51 no 0.51 - field-exposed 

field collected 
snails marine 

Bailey and Davies 
1991 effect is sterilization due to imposex na not reviewed by EPA Yes 
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Final 
Whole Body Final Whole Species 

Conc. Body Conc. LOER Used in 
(mg/kg wet ACR (mg/kg wet (mg/kg wet Freshwater or Agree with LWG SSD 

Species Endpoint Effect wt.) Applied? wt.) wt.) Exposure Route Duration Marine Reference LWG Notes EPA value? Notes derivation? Reason for not using in SSDAnalyte Endpoint 
field collected organisms with controls that were untreated; 

Nucella lapillus 1 month (field LOER based on 22.5% of females at Stage 4 ; at 0.78 mg/kg 
TBT (Atlantic dogwinkle) Reproduction imposex 0.04 no 0.04 - field exposed exposed) marine Bryan et al. 1987 ww, 100% females at Stage 4 or 5 Yes Yes 

EPA LOER (0.08 mg/kg ww)based on 

Nucella lapillus 
LOER based female tissue concentration where 1/3 of the 
females were sterile (Stage 5 or 6) at 24 months; 100% 

average male and female tissue conc 
at 12 months (however, effect was at 

TBT (Atlantic dogwinkle) Reproduction imposex 0.12 no 0.12 - water 2 years marine Gibbs et al. 1988 sterilization at 0.28 mg/kg ww 24 months) Yes 

organisms field collected from NW Spain coast; LOER based on 
Nucella lapillus lowest tissue concentration associated with a VDSI of 4 (at 

TBT (Atlantic dogwinkle) Reproduction imposex 0.03 no 0.03 - field exposure field exposure marine Ruiz et al. 1998 LOER VDSI = 4.3 and 28% sterilized females) Yes Yes 

Unable to reproduce EPA LOER (0.05 
mg/kg ww); Back calculating I think 
EPA is using a tissue value of around 
100 ppb so that must be from the 
lowest exposure concentration of 5 ng 

Nucella lapillus 
field exposure 

and water 
field collected 
and 6 months 

Sn/L. For that concentration the VDS 
ranged between 2 and 3.0 and the 

TBT (Atlantic dogwinkle) Reproduction imposex 0.23 no 0.23 0.11 exposure in lab in lab marine Stroben et al. 1992 RPS is 40% after 6 months exposure to 100 ng/l. No RPS between 9 and 30%. Yes 

TBT 
Ocinebrina 
aciculata (snail) Reproduction imposex 0.22 no 0.22 0.22 field-exposed 

field collected 
snails marine 

Oehlmann et al. 
1996 sterilization due to imposex na not reviewed by EPA Yes 

Slightly different LOER than EPA (EPA 
LOER/8.3 = 0.72 mg/kg ww and LWG 
LOER/8.3 = 0.94 mg/kg ww); EPA 

Rhepoxynius 
LOER (4.0 mg/kg ww) also reported 
based on behavior endpoint (reduced 

abronius ability to rebury in sediment); this 
TBT (amphipod) Mortality LD50 7.8 yes 0.94 - water 4 days marine Meador 1993 estimated from dw using 27% solids Close LOER not used Yes 

Rhepoxynius 
abronius 

TBT (amphipod) Mortality LR50 14.60 yes 1.76 - water 10 days marine Meador 1997 estimated from dw using 27% solids Yes Yes 
Rhepoxynius 
abronius 

TBT (amphipod) Mortality LD50 18.70 yes 2.25 1.55 sediment 10 days marine Meador et al. 1997 control mortality was 5% at 10 days Yes Yes 

TBT 
Scrobicularia 
plana  (clam) Mortality 100% mortality 4.8 no 4.8 4.8 sediment 40 days marine 

Langston and Burt 
1991 

LOER is tissue concentration at 2 weeks in experimental group 
where all clams died in less than 14 days exposed to 10 mg/kg 
TBT in sediment; in a separate experiment where clams were 
exposed to 10 mg/kg TBT in sediment, tissue concentrations 
ranged from 30.5 to 36.6 mg/kg ww; na not reviewed by EPA Yes 

TBT 
Crassostrea gigas 
(Pacific oyster) Growth condition index 0.75 no 0.75 water 5 months marine Davies et al. 1987 Yes No 

No control or reference group to 
compare severity of effects 

TBT 
Crassostrea gigas 
(Pacific oyster) Growth ED90 2.38 N 2.38 ne ne ne Thain 1986 na No 

Unable to review; do not have 
complete citation 
Level of imposex not at threshold 

Marisa cornuarietis Schulte-Oehlmann to cause impairment to 
TBT (ramshorn snail) Reproduction imposex 0.88 N 0.32 water 3 months freshwater et al. 1995 No No reproduction 

reduction in shell 
Mytilus edulis length and tissue water (field 84 days (field Salazar and Field study and no clear dose 

Tributyltin (blue mussel) Growth wet weight 1.2 no 1.2 exposed) exposure) ne Salazar 1998 na No response in tissues 

reduction in shell 
Mytilus edulis length, width, and Guolan and Yong LOER not based on whole body 

TBT (mussel) Growth body weight 0.65 no 0.65 water 50 days marine 1995 No No tissue concentration 
not specified 
(benthic LOER based on unspeciified 

Tributyltin invertebrates) Growth growth impairment 3.0 no 3.0 ne ne ne Meador et al. 2002 na No species 

TBT 
Nucella lapillus 
(Atlantic dogwinkle) Development ED100 0.40 no 0.40 ne ne ne Bryan et al. 1988 na No 

Unable to review; do not have 
complete citation 

TBT 
Nucella lapillus 
(Atlantic dogwinkle) Reproduction Reproduction 0.40 no 0.40 ne ne ne Bryan et al. 1988 na No 

Unable to review; do not have 
complete citation 

impaired 
Nucella lapillus reproduction and Unable to obtain and review 

TBT (Atlantic dogwinkle) Reproduction development 0.03 no 0.03 Gibbs et al. 1987 na No reference 
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Whole Body Final Whole Species 

Conc. Body Conc. LOER Used in 
(mg/kg wet ACR (mg/kg wet (mg/kg wet Freshwater or Agree with LWG SSD 

Species Endpoint Effect wt.) Applied? wt.) wt.) Exposure Route Duration Marine Reference LWG Notes EPA value? Notes derivation? Reason for not using in SSDAnalyte Endpoint 

Nucella lapillus Effect not linked to imposex and 
TBT (Atlantic dogwinkle) Reproduction imposex 0.07 no 0.07 water 12 weeks marine Gibbs et al. 1991 No No not control used 

Level of imposex not at threshold 
Nucella lapillus to cause impairment to 

TBT (Atlantic dogwinkle) Reproduction 50% imposex 0.33 no 0.33 water 3 months marine Santos et al. 2005 Yes No reproduction 

reduced cell 

TBT 
Paracentrotus 
lividus  (sea urchin) Mortality 

proliferation, 
protein synthesis, 
delayed effect on 
survival 0.29 yes 0.03 water 4-6 hours marine Girard et al. 2000 No No LOER based on egg residue 

LOER based on secondary 

Thais clavigera Induction of Horiguchi et al. 
source (methods cannot be 
reviewed) and level of imposex 

TBT (rock shell) Development imposex 0.02 no 0.02 water 3 months marine 1997 No No not reported 
 Spence et al. (1990) states that, in general, sterile females are absent at RPS indices below 5%, between 5 and 40% the percentage of sterility increases, and at RPS indices exceeding 40%, most or all females are sterile. The cut-off for VDS is stage 4. 
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(mg/kg wet 
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Applied? 
(mg/kg wet 

wt.) 
(mg/kg wet 

wt.) 
Exposure 
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Freshwater or 

Marine Reference LWG Notes 
Agree with 
EPA value? Notes 

LWG SSD 
derivation? 

Reason for not using in 
SSD 

decreased egg Hook and Fisher LOER estimated from a graph; reproductive effects observed for 
Zinc Acartia sp (copepod) Reproduction production 1.3 no 1.3 1.3 diet 4 hours Marine 2002 1 week following 4 hour exposure na not reviewed by EPA Yes 

Zinc 
Chaetocorophium cf lucasi 
(amphipod) Mortality 

32% mortality 
over control 148 no 148 148 sediment 10 days Marine King et al. 2005 only one exposure concentration tested na not reviewed by EPA Yes 

EPA LOER (180 mg/kg ww) 

Chironomus riparius decrease in Timmermans et al. 
LOER and estimated from graph at 7 days, where growth effect 
was interpreted from graph; statistical significance of growth effect 

based on 25 day exposure but 
effect was estimated to be 

Zinc (midge) Growth growth 110 no 110 110 water 4 weeks freshwater 1992 not discussed No significant at 7 days Yes 

Zinc Corbicula  sp. (Asiatic clam) Growth 
reduction in 
growth 86.6 no 86.6 86.6 water 30 days freshwater Farris et al. 1989 

reduced length and weight gain about 44-46% compared to 
control; change in length was significantly different from control Yes Yes 

decreased LOER based on adult concentration in daphnids; effects were 
Daphnia magna Reproduction, reproduction and Muyssen and reported as "toxicity" and in the discussion as decrease in 

Zinc (cladoceran) Growth growth 93.6 no 93.6 - water 8 days freshwater Janssen 2002 reproduction, growth, and energy content Yes Yes 

reduced survival 

Zinc 
Daphnia magna 
(cladoceran) 

Mortality, 
Reproduction, 
Growth 

number of 
offspring, and 
biomass 28 no 28 51.2 Water 21 days Freshwater 

Muyssen and 
Janssen 2007 LOER estimated from graph; significant effects observed na not reviewed by EPA Yes 

Zinc 
Dreissena polymorpha 
(zebra mussel) Mortality 56% mortality 600 no 600 600 water 10 weeks freshwater Kraak et al. 1994a 

control mortality = 8%; reduced filtration rate (aproximately 29% of 
control) and tissue concentration = 120 mg/kg dw Yes Yes 

EPA LOER (236 mg/kg ww) 

Ephemerella grandis Increased 
uncertainty associated with the value because it is based on a 
TL50 for 14 days > 9.2 mg/L (unknown how many died -only that 

derived by applying ACR; not 
warranted because mortality 

zinc (mayfly) Mortality mortality 472 no 472 472 freshwater 14 days freshwater Nehring 1976 the TL50 could not be calculated). No number not reported Yes 

Zinc 
Hyale crassicornis 
(amphipod) Mortality 

35% mortality 
over control 122 no 122 122 sediment 10 days Marine King et al. 2005 only one exposure concentration tested na not reviewed by EPA Yes 

Zinc 
Hyale longicornis 
(amphipod) Mortality 

30% mortality 
over control 46 no 46 46 sediment 10 days Marine King et al. 2005 only one exposure concentration tested na not reviewed by EPA Yes 

Zinc Hyalella azteca (amphipod) Mortality LB25 19.5 no 19.5 - water 10 weeks freshwater 
Borgmann and 
Norwood 1997a 

LOER based on 10 wk LB25; water exposure tissue residues were 
lower than sediment exposure tissue residues Yes Yes 

Zinc Hyalella azteca (amphipod) Mortality 65% mortality 27.2 no 27.2 23.0 water 10 weeks freshwater 
Borgmann et al. 
1993 

high mortality in control (27%); significant mortality observed after 
10 weeks exposure Yes Yes 

Zinc Leptoxis praerosa (snail) Mortality 30% mortality 20 no 20 20 water 114 days freshwater 
Reed-Judkins et al. 
1997 mortality observed at day 90 No 

EPA LOER (84 mg/kg ww) 
based on peak tissue 
concentration and where large 
impairment of cellulotic enzyme 
activity and < 20% mortality 
observed by at 54d Yes 

Zinc Melita awa (amphipod) Mortality 
75% mortality 
over control 74 yes 37 37 sediment 10 days Marine King et al. 2005 only one exposure concentration tested na not reviewed by EPA Yes 

Zinc Melita matilda (amphipod) Mortality 
30% mortality 
over control 28 no 28 28 sediment 10 days Marine King et al. 2005 only one exposure concentration tested na not reviewed by EPA Yes 

Zinc 
Melita plumulosa 
(amphipod) Mortality 

approximately 
30% mortality 43 no 43 43 sediment 10 days marine King et al. 2006 

control mortality =10%; LOER estimated from graph based on 
adult amphipod tissue Yes Yes 

Zinc Mysella anomala  (bivalve) Mortality 28% mortality 18 no 18 18 water 96 hr marine King et al. 2004 
mortality and tissue concentration estimated from graph; control 
mortality = <5% Yes Yes 

Zinc Mytilus edulis (mussel) Mortality 100% mortality 140 yes 70 70 diet 14 days marine Burbidge et al. 1994 LOER based on depurated concentration No 

EPA LOER of 72 mg/kg ww 
where only 7.5% mortality 
observed Yes 

abnormal 

Zinc 
Mytilus galloprovincialis 
(blue mussel) Growth 

development of 
straight hinge 
veliger larvae 159 no 159 159 water 48 hours marine Pavicic et al. 1994 

LOER based on Zn exposure concentration (0.4 mg/L) and CF 
(398.7) reported in study; uncertainty because not known whether 
CF is based on ww conc or how CF was derived Yes Yes 

EPA LOER (4.2 mg/kg ww) 
derived by applying ACR; not 

Zinc Orconectes virilis (crayfish) Mortality 23% mortality 35.2 no 35.2 35.2 water 2 weeks freshwater Mirenda 1986 0% mortality in control; significant increase in mortality at LOER No warranted with 23% mortality Yes 
occurrence of 

Paracentrotus lividus (sea developmental significantly higher abnormalities observed (13.8% at LOER vs. 
Zinc urchin) Growth abnormalities 41 no 41 41 water 48 hours marine Radenac et al. 2001 7.9% in control) Yes Yes 

EPA LOER (56 mg/kg ww) 

Pteronarcys californica Increased 
uncertainty associated with the value because it is based on a 
TL50 for 14 days > 13.9 mg/L (unknown how many died -only that 

derived by applying ACR; not 
warranted because mortality 

zinc (stonefly) Mortality mortality 112 no 112 112 freshwater 14 days freshwater Nehring 1976 the TL50 could not be calculated). No number not reported Yes 

Zinc Soletellina alba (bivalve) Mortality 70% mortality 160 yes 80 80 water 96 hr marine King et al. 2004 
mortality and tissue concentration estimated from graph; control 
mortality = <5% Yes Yes 

Zinc Tellina deltoidalis (bivalve) Mortality 15% mortality 80 no 80 80 sediment 10 days Marine King et al. 2004 
significant reduction in survival after 10 days sediment exposure at 
LOER; Concentration read from a graph. na 

LOER for this species not 
developed by EPA Yes 
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reduced body 
Allorchestes compressa Mortality, weight, biomass, Ahsanullah and No dose-response in tissue 

Zinc (amphipod) Growth survival 28 no 28 - water 4 weeks marine Williams 1991 Yes No concentrations 
Exposure to mixture of 

Calanus hyperboreus Ritterhoff and Zauke metals and effects not linked 
Zinc (copepod) Mortality LD50 1750 yes 1750 - water 24-96 hours ne 1997 No No to tissue residues 

Exposure to mixture of 
Calanus hyperboreus Ritterhoff and Zauke metals and effects not linked 

Zinc (copepod) Mortality LD50 2980 yes 2980 - water 24-96 hours ne 1997 No No to tissue residues 
25% reduction in 
number of 

Zinc 
Ceriodaphnia dubia 
(cladoceran ) Reproduction 

offspring 
produced in 7 
days 50 no 50 - ne ne ne Schwartz et al. 2004 na No 

Unable to review study- only 
could locate abstract from 
SETAC 

Zinc 
Chironomus decorus 
(midge) Growth 

38% reduction in 
body weight 275 no 275 - water 10 days freshwater 

Bidwell and Gorrie 
2006 Yes No 

Exposure to mixture of 
metals 

increased 

Zinc 
Chironomus riparius 
(midge) 

Mortality, 
Growth 

mortality, 
reduced weight 
of larvae 86.3 no 86.3 - water 

field 
exposure freshwater 

Groenendijk et al. 
1999 No No 

Field study with exposure to 
different chemical 

LOER not based on WB 
concentration and 

Zinc 
Chironomus tentans 
(midge) Development 

increase in 
larvae 
deformities 34.8 no 34.8 - ne 4-6 weeks freshwater Martinez et al. 2001 Yes No 

questionable endpoint 
relevance of endpoint to 
growth, survival, and 
reproduction 

reduction in no. Study methods and results 
Daphnia magna juveniles per De Schamphelaere not acceptable for deriving 

Zinc (cladoceran) Reproduction adult 11.1 no 11.1 - food 21 days freshwater et al. 2004 Yes No LOER 

Lethal body 
Daphnia magna burden after 21 Exposure to mixture of 

Zinc (cladoceran) Mortality day exposure 2690 yes 2690 - water 21 days freshwater Enserink et al. 1991 Yes No metals 
Lethal to 50% of Unable to review study- only 

Daphnia magna animals in 48 Schwartz et al. could locate abstract from 
Zinc (cladoceran) Mortality hours 115 yes 115.0 - ne  ne  ne  2004. na No SETAC 

Filtrate rate not directly 
Dreissena polymorpha 60% decrease in related to growth, survival, or 

Zinc (zebra mussel) Growth filtration rate 40 no 40 - Water 48 hours freshwater Kraak et al. 1994b na No reproduction 

Zinc 
Gammarus pulex 
(amphipod) Mortality 

increased 
mortality 90 yes 45 - water 26 days freshwater Xu and Pascoe 1993 No No 

Insufficient effects data 
presented 

Zinc 
Haliotis diversicolor 
(abalone ) Mortality 

Lethal body 
burden 198 yes 198 - ne 7 days marine Liao et al. 2002 na No 

Field study with exposure to 
different chemical 

Statistically 

Hydropsyche betteni 
significant weight 
reduction (13%) 

Zinc (caddisfly) Growth after 48 days 515 no 515 - water 48 days freshwater Balch et al. 2000 Yes No Field study 
Unable to review study- do 

Grout and Levings not have full citation of 
Zinc Mytilus edulis (mussel) Growth reduced growth 25 no 25 - ne ne ne 2001 na No reference 

Exposure to mixture of 
Themisto abyssorum Ritterhoff and Zauke metals and effects not linked 

Zinc (amphipod ) Mortality LD50 951 yes 951 - water 24-96 hours ne 1997 No No to tissue residues 
Exposure to mixture of 

Themisto libellula Ritterhoff and Zauke metals and effects not linked 
Zinc (amphipod ) Mortality LD50 951 yes 951 - water 24-96 hours ne 1997 No No to tissue residues 
na - not applicable 
ne - test condition data not collected from studies not included in LWG's SSD 
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John Toll 

Subject: FW: Benthic Evaluation for Portland Harbor 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Tuesday, October 14, 2008 5:17 PM 
To: rjw@nwnatural.com 
Cc: Jim.McKenna@portofportland.com; ricka@bes.ci.portland.or.us; kpine@anchorenv.com; John 
Toll; jworonets@anchorenv.com 
Subject: Benthic Evaluation for Portland Harbor 

Bob: 

During last Wednesday's management meeting, you raised a question about 
the evaluation of the benthic risk approach developed by Don MacDonald. 
In particular, you were interested in specifics regarding which elements 
of Don's evaluation should be incorporated into the benthic risk 
assessment. I have summarized these elements below. 

Sections 1 ‐ 3: These sections provide background summary information 
and should not be considered part of the benthic risk approach. 

Section 4: Section 4 provides a number of recommendations for 
performing the benthic risk assessment. I have broken this section down 
into its subsections. 

Section 4.2: Section 4.2 presents a recommend framework for assessing 
risks to the benthic community. The key element of this section that 
should be incorporated into the evaluation process are the two bullets 
on page 13. The key points in this section are: 1) Empirical data 
should take precedence over predicted results and 2) The most reliable 
of the predictive models should be applied in the absence of empirical 
toxicity results. 

Section 4.3: Section 4.3 presents a methodology for designating 
sediment samples as toxic or non‐toxic. The bullets on pages 18 and 19 
outline this process and should be followed. 

Section 4.4: Section 4.4 presents an approach for developing a 
reference envelope. We should rely on the 18 stations from upriver as 
well as any existing stations within the study area that meet the 
criteria specified on page 21. EPA does not expect that any new data 
collection will be required to develop a reference envelope. 

Section 4.5: Section 4.5 discusses integration of data. Although we 
have relied in pooling of endpoints in the past, MacDonald recommends 
that pooling of data be avoided for both the empirical toxicity data and 
application of the two predictive models because sufficient data are 
available so that pooling is not required. The unpooling of survival 
and biomass may provide additional insights into site risks that are 
lost when the survival and biomass data are pooled. Both the mortality 
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and total biomass endpoints should be looked at for each of the two test 
organisms. No pooling of endpoints should be performed. 

Section 4.6: Section 4.6 outlines the procedures for evaluating 
relationships between sediment chemistry and sediment toxicity. We 
should rely on the two models currently being evaluated (floating 
percentile and logistic regression). Although MacDonald alludes to the 
use of other modeling approaches, EPA does not believe that this is 
necessary and expects the two current models to be sufficient. 

Section 4.7: Section 4.7 describes the procedures for developing 
toxicity thresholds. The narrative intent described in this section is 
a key element of the overall recommendation. Two risk thresholds should 
be should be identified ‐ the low risk and high risk thresholds as 
described in this section. The low risk threshold (i.e. an incidence of 
20% or fewer of the sediment samples are toxic to benthic invertebrates) 
should be established at COPC/COPC mixture concentrations corresponding 
to a 10% increase in the magnitude of toxicity to selected test 
organisms in laboratory toxicity tests relative to the average response 
rates for test organisms exposed to reference envelope sediments. The 
high risk threshold (i.e. an incidence of more than 50% of the sediment 
samples being toxic to benthic invertebrates) should be established at 
COPC/COPC mixture concentrations corresponding to a 20% increase in the 
magnitude of toxicity to selected test organisms in laboratory toxicity 
tests relative to the average response rates for test organisms exposed 
to reference envelope sediments. 

Section 4.8: Section 4.8 outlines the procedures for evaluating 
concentration‐response models. As described in this section, it is 
important that the reliability criteria used to evaluate model 
performance must consider the narrative intent. The recommendations for 
developing appropriate evaluation criteria and evaluation of model 
performance should be followed. 

Section 4.9: This section supports the evaluation of a range of lines 
of evidence for the evaluation of benthic risk. EPA does not believe 
that additional sampling is needed to support the RI although additional 
sampling may be needed to refine risks in support of remedial design. 

Section 5.0: Section 5 covers the 7 questions: The answers to each 
question should be incorporated into approach. 

Addendum 1: Addendum 1 presents further evaluation of the approach for 
assessing risks to the benthic community at the Portland Harbor site. A 
summary of each subsection is presented below. 

Section A1.0 ‐ Introduction; no recommendations to incorporate. 

Section A2.0: Section A2.0 presents the response to additional 
clarifying questions identified by EPA. In general, each of the 4 
questions provide additional detail regarding the benthic assessment and 
should be incorporated into the approach. 

Section A3.0: Section A3.0 discusses application of the RSET process at 
Portland Harbor. Although MacDonald suggests that it is reasonable to 
review the results of the RSET process and assess applicability to 
Portland Harbor, he also notes that the narrative intent may not be 
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consistent with the RAOs for Portland Harbor. He further states that 
there is no need for the site assessment activities to be entirely 
consistent with RSET guidance or RSET decisions. As a result, the RSET 
approach should not be incorporated into the benthic risk evaluation for 
Portland Harbor. 

Section A4.0: Section A4.0 describes the development of a reference 
envelope for the Portland Harbor site. With the exception of the pore 
water discussion, the recommendations for establishing the reference 
envelope for the Portland Harbor site should be incorporated in the 
benthic risk evaluation. However, EPA would like to note that we do not 
anticipate additional data collection to support this effort. 

Section A5.0: Section A5.0 discusses the development of cleanup goals 
for Portland Harbor. This is beyond the scope of the benthic risk 
evaluation and should not be considered as part of the recommendations. 

Please review the above list and let us know if you have any questions 
or require any additional clarification. 

Thanks, Eric 
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Helle Andersen 

Subject: FW: Acute-Chronic Ratios 
Attachments: Acute-Chronic Ratios (ACRs).doc 

From: David DeForest [mailto:deforest@parametrix.com]  
Sent: Monday, October 20, 2008 11:37 AM 
To: John Toll; Helle B. Andersen 
Cc: Shephard.Burt@epamail.epa.gov; Robert W. Gensemer 
Subject: Acute-Chronic Ratios 

Hi John and Helle‐

Good meeting with you both on Friday. As discussed, attached are the ACRs for the 
chemicals were are evaluating for Portland Harbor. These ACRs are taken directly from 
the EPA's ambient water quality criteria (AWQC). Note that for some chemicals there 
were insufficient data for EPA to derive a chronic criterion, but an ACR could still be 
identified from the AWQC document for that chemical. Similarly, there are also 
chemicals where the chronic criterion is based on the protection of human health or 
wildlife, but an ACR could still be identified from the AWQC document. 

Please let me know if any questions. 

Kind regards, 
David 
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Summary  of  acute‐chronic ratios  (ACRs) used  by the EPA  to develop  chronic ambient  water  quality criteria (AWQC) or  otherwise  cited in  AWQC  
documents (in some  cases  insufficient  data  were  available  to calculate  a chronic AWQC  or  the chronic AWQC was  back‐calculated to be 

protective  of  wildlife  or  human health).  

Chemical ACR Comments  

Antimony Not  available 

Arsenic 3.803  As(III)  

bis(2‐ethylhexyl)phthalate  >34.82  

Butylbenzyl  phthalate 25  

(See  comments) 

Minimum data requirements not  met to  calculate butylbenzyl phthalate AWQC, but  ACRs of 15 

and  42  were reported (25  is the geometric mean of these 2 ACRs). 

Cadmium See  comments EPA  did not  use  freshwater ACR to  calculate  chronic  criterion, which ranged from 0.9021 to  

433.8.  The final ACR  for saltwater species is 9.106.  Suggest using the  default  ACR  of 8.3.  

Chromium 2.917  Cr(IV)  

Copper  3.23  

DDD  Not  available 

DDE  Not  available 

DDT  65  

(See  comments) 

This ACR  was not used to  develop the  chronic AWQC for DDT, which is a back‐calculated criterion 

for protection of wildlife. The ACR  of 65 was the  only one reported in the EPA’s  AWQC  document  

for DDT.  

Di‐n‐butylphthalate  Not  available 

Endrin  4.0  

HCH (or  BHC)  Not  available See  Lindane for  gamma‐HCH 

Hexachlorobutadiene  11  

(See  comments) 

Minimum data requirements not  met to  calculate hexachlorobutadiene AWQC, but  a single ACR  

of 11 was reported.  
Lead 51.29  

(See  comments) 

This ACR  is driven by acutely sensitive species  and  is likely conservative for sensitive species. 

Lindane  25  

Mercury  3.731  

PCBs 8.6  This ACR  was not used to  develop the  chronic AWQC for PCBs, which is a back‐calculated criterion 

for protection of human  health.  

TBT 12.69  
Zinc  2 



      
             

       
         

   
                     

 
 

 
 
                     

                        
                        
                      

                        
                   

     
 
                 
                   

                     
                        

                     
                         

                     
                          
                         
                     
             

 
                   
               
                      
                   

                   
                    

                       
                         

                            
                     
                   
                 

                       
                        
                   
                 

                  
                   

             
 

                       

Helle B. Andersen 

Subject: Nutritional deficiency levels of zinc and copper in aquatic invertebrates 

From: Shephard.Burt@epamail.epa.gov [mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Monday, November 03, 2008 5:25 PM 
To: Helle B. Andersen 
Cc: John Toll; Blischke.Eric@epamail.epa.gov; Goulet.Joe@epamail.epa.gov; 
rgensemer@parametrix.com; deforest@parametrix.com 
Subject: Nutritional deficiency levels of zinc and copper in aquatic invertebrates 

Helle, 

I recommend setting floors for toxicity data of zinc in aquatic 
invertebrates of 20 mg/kg whole body wet weight. Copper requires a more 
complex answer. For crustaceans and molluscs, a 5 mg/kg whole body wet 
weight copper floor is needed. For the remaining invertebrate taxa, the 
2.2 mg/kg floor used for fish copper requirements can be used. The 
above values are based on the nutritional requirements of aquatic 
invertebrates outlined below. 

The literature on nutritional deficiency/sufficiency of copper and zinc 
to aquatic invertebrates is largely limited to studies on crustaceans. 
Rainbow (2007) has summarized much of the work on marine invertebrates. 
Several studies on Daphnia also exist. The most recent study with zinc 
requirements of Daphnia magna (Lam and Wang 2008) gives a sufficiency 
residue of 20 mg/kg wet, with a deficiency residue of about 11 mg/kg. 
An older study (Muyssen and Janssen 2002) of nutritional zinc deficiency 
in D. magna give a deficiency range of 17.4 ‐ 29.6 mg/kg wet. The mean 
of these two deficiency studies is roughly 20 mg/kg wet, which will be 
used as the floor below which zinc toxicity studies of invertebrates 
will not be used during TRV derivation. 

Copper is a little trickier, since some invertebrate taxa, particularly 
molluscs and crustaceans, contain hemocyanin, a copper‐based respiratory 
pigment instead of hemoglobin. Thus, when added to the requirement of 
copper for other copper containing enzymes, the copper requirement of 
some molluscs and crustaceans is higher than that of other 
invertebrates. The Rainbow 2007 study cited earlier summarizes his work 
since the 1980s on copper and zinc requirements of crustaceans, and can 
be used to obtain a copper requirement of 5 ‐ 7 mg/kg whole body wet 
weight copper. This seems to be supported by a study by Lee and Shiau 
(2002) on a common marine aquaculture species, the tiger prawn (Penaeus 
monodon), whose respiratory pigment is hemocyanin (a Google search on 
hemocyanin Penaeus monodon pulls up multiple studies documenting this). 
In P. monodon, copper deficiency is seen at 7.27 mg/kg, sufficiency from 
7.5 ‐ 9 mg/kg Cu. Several studies on Daphnia magna (Lam and Wang 2008, 
Bossuyt and Janssen 2003) which has hemoglobin, not the copper 
containing hemocyanin, show copper deficiency between 0.16 ‐ 1.1 mg/kg, 
copper sufficiency at 2.0 ‐ 14 mg/kg. For non‐hemocyanin containing 
invertebrates, the copper deficiency and low end of the sufficiency 
range appears comparable to that of fish. 

Note that if the original citation gave residues in dry weight, I 
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assumed 80% water content to convert to wet weight concentrations, 
unless the actual moisture content was empirically measured, in which 
case I used the empirical conversion factor. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) 
U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue 
Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you 
ought to have done a better experiment"

 ‐ Ernest Rutherford 
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Linda Cognato 

From: John Toll
 
Sent: Wednesday, November 05, 2008 1:39 PM
 
To: Eric Blischke (Blischke.Eric@epamail.epa.gov); Burt Shephard (shephard.burt@epa.gov)
 
Cc: Bob Wyatt; Keith Pine (kpine@anchorenv.com); Jen Woronets (jworonets@anchorenv.com); 


Patty Dost; Lisa Saban; Helle B. Andersen; Shannon M. Katka; Matt Luxon; Maryann Welsch 
Subject: benthic tissue TRVs 
Attachments: revised benthic tissue TRV reconciliation tables to EPA 110508.xlsx 

Hi Eric and Burt. As you’re aware there were some changes that needed to be made to the benthic tissue TRVs following 
our recent TRV reconciliation meeting. In particular, we agreed to apply nutritional thresholds, which you provided on 
Monday, and we agreed to re‐evaluate DDT studies to ensure that we weren’t accepting studies where tissues contained 
significant DDD and DDE residues that confound interpretation of the DDT tissue residue. These changes are reflected in 
updated benthic tissue TRV reconciliation and summary tables (attached). 

There were several minor issues that we agreed on at our recent TRV reconciliation meeting. Those agreements are 
reflected in the LWG column of the TRV summary table, but we haven’t attempted to update the EPA column; these are 
still your original values. 

Finally, there’s one issue that we haven’t resolved, and that’s the application of the ACR to mortality studies with LR<50. 
We are asking you to reconsider your position on that issue. As you’re aware, the ACR is the ratio of the LR50 to a NOER 
or MATC (geometric mean of the LOER and NOER). There’s already conservatism built into the ACR because it 
extrapolates to an MATC or NOER. (This is conservative because, according to the tissue TRV methodology, the purpose 
of the ACR is to estimate an LR‐low. The LR‐low is more consistent with the community‐level assessment endpoint than 
an MATC or NOER.) The expectation for applying an ACR to an LR<50 is a value that’s <MATC, and possibly <NOER. As 
such we maintain that the LR<50 is a better estimate of the LR‐low than is LR<50/ACR, so the ACR shouldn’t be applied 
to LR<50 values). The attached tables reflect the LWG’s position on use of the ACR (i.e., we haven’t applied ACRs to 
LR<50 values). So, if you were to agree with the LWG on this issue, we believe that the TRVs on the LWG side of the 
summary table would be consensus values and that the benthic tissue TRVs could be finalized by consensus. 

Bob asked me to also say that the LWG believes these reconciliations represent a good and defensible outcome for 
benthic tissue TRV development and hopes EPA will agree. 

John 

The information contained in this e-mail message is intended only for the personal and confidential use of the recipient named above. This message may be an attorney-client communication and as 
such is privileged and confidential. If the reader of this message is not the recipient named above or an agent responsible for delivering it to the intended recipient, the reader is hereby notified that 
this message has been received in error and that any review, dissemination, copying or distribution of this message is strictly prohibited. If you have received this message in error, please notify the 
sender immediately, and delete this message. 
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From: John Toll 
Sent: Wednesday, November 05, 2008 1:39 PM 
To: Eric Blischke (Blischke.Eric@epamail.epa.gov); Burt Shephard (shephard.burt@epa.gov) 
Cc: Bob Wyatt; Keith Pine (kpine@anchorenv.com); Jen Woronets (jworonets@anchorenv.com); Patty 
Dost; Lisa Saban; Helle B. Andersen; Shannon M. Katka; Matt Luxon; Maryann Welsch 
Subject: benthic tissue TRVs 

Attachment to the above e-mail: revised benthic tissue TRV reconciliation tables to 
EPA 110508.xlsx. 

Attachment is a table of revised benthic tissue TRVs. 



 

 
 

  
 
                                       

                                       
   

 
       

     
 

   
  

 
   

  
  

   
    

    
   

 
 

 
 
 

 
  
 

 

  
 

 

 
  

 

 
  

 
 

 
 

 
  

John Toll 

Subject:	 RE: TRVs and Benthic Evaluation 

From: John Toll 
Sent: Friday, November 07, 2008 5:09 PM 
To: McKenna, Jim; Bob Wyatt 
Cc: Jennifer Woronets; Helle B. Andersen; Shannon M. Katka; Matt Luxon; Maryann Welsch; Lisa Saban 
Subject: RE: TRVs and Benthic Evaluation 

Jim and Bob – Here’s a summary of EPA’s decisions from today’s meeting on benthic tissue TRVs and the reference 
envelope, and the consequences (or lack thereof) of two of the four decisions (we haven’t had time to evaluate the 
other two): 

1.	 The use of behavioral endpoints in the development of tissue TRVs. EPA decision: Retain the Cd delay in burrowing study 
(Olla et al. 1988).  This decision has an insignificant effect on the Cd TRV (pending QC, appears to change from 0.41 to 0.40 
mg/kg ww) 

2.	 The development of invertebrate tissue TRVs for DDD, DDE and DDT.  EPA decision: revert to using DDD and total DDx 
TRVs (drop DDE and DDT)  EPA will have to review our total DDx TRV but pending QC, based on our analysis it’s 0.12 
mg/kg ww.  There’s at least one study we’ve rejected that EPA might want to accept (Nimmo et al. 1970).  That would reduce 
the TRV to 0.05 mg/kg-ww ) 

3.	 The application of the acute to chronic ratio.  EPA decision: Use the ACR on any benthic mortality study < 21 days duration. 
Haven’t had time to assess the effect of this decision on the TRVs 

4.	 The chemistry and toxicity screen for the development of the reference envelope for the evaluation of sediment bioassays.  
Change the whole sediment toxicity criterion that's in our October 30 memo for the growth endpoints to ≥ 70% of control 
adjusted weight.  Haven’t had time to assess the effect of this decision on the reference station list; we think that it’s going to 
result in a more stringent hit threshold for Hyalella growth. 

John 

This communication is made under the framework of the LWG Participation Agreement and in the parties' common interests in meeting LWG member obligations 
under the Administrative Order on Consent and in anticipation of litigation concerning liability for the Portland Harbor Superfund site. This communication is intended 
and believed by the parties to be part of an ongoing and joint effort to develop and maintain a common legal strategy and contains strategies, work product and legal 
advice within the "common interest" extension of the attorney-client privilege and the work product doctrine. This communication may include attorney-client 
communications. With respect to communications by private LWG members to public members, those communications are with the expectation that they will be kept 
confidential by the public entities. The information is intended to be for the use of the individual or entity named above. If you are not the intended recipient, please be 
aware that any disclosure, copying, distribution or use of the contents of this information is prohibited. If you have received this electronic transmission in error, please 
notify us by electronic mail at johnt@windwardenv.com. 

From: McKenna, Jim [mailto:Jim.McKenna@portofportland.com] 
Sent: Friday, November 07, 2008 3:25 PM 
To: John Toll 
Subject: Re: TRVs and Benthic Evaluation 

Thanks John, Eric mentioned to me while we were just walking to his office that he feels these are EPA's final positions.  He and Burt 
will explain their rationale, but in essence Eric wants this to be the end of discussion. 

----- Original Message -----
From: johnt@windwardenv.com <johnt@windwardenv.com> 
To: McKenna, Jim 
Cc: Bob Wyatt <rjw@nwnatural.com> 
Sent: Fri Nov 07 15:16:58 2008 
Subject: Fw: TRVs and Benthic Evaluation 
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Hi Jim.  Here's Eric's e-mail.  I'm not planning to negotiate anything today but I might end up challenging EPA's positions on some of 

the issues. 


 One thing you can help do is rein in any talk about further technical discussions on these issues.  I think we've reached the end of that 

trail. Now it's up to Eric to either stand up to his team or, live with the fact that we're going to have to openly criticize their decisions 

(e.g., in the BERA) when they're technically unsound and could lead. To unreasonable risk management/remediation decisions.
 

John 


Privileged and confidential communication prepared in anticipation of litigation 

------Original Message------ 

From: Eric Blischke
 
To: John Toll
 
Cc: Shephard.Burt@epamail.epa.gov 

Cc: Humphrey.Chip@epamail.epa.gov 

Sent: Nov 7, 2008 12:17 PM
 
Subject: TRVs and Benthic Evaluation
 

John, we are available to discuss this topic with you this afternoon.  I 

am thinking 3:30.  We are prepared to go over our position with you at
 
that time.  We have considered the LWG's concerns carefully and are
 
prepared to communicate to you our decisions on the following:
 

The use of behavioral endpoints in the development of tissue TRVs
 
The development of invertebrate tissue TRVs for DDD, DDE and DDT.
 
The application of the acute to chronic ratio. 

The chemistry and toxicity screen for the development of the reference
 
envelope for the evaluation of sediment bioassays. 


Let me know if this time works for you.  I will be meeting with the LWG 

management team between 12:30 and 3:00. Please let me know how to best
 
reach you. 


Thanks, Eric
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John Toll 

From: John Toll 
Sent: Friday, November 07, 2008 5:59 PM 
To: Blischke.Eric@epamail.epa.gov 
Cc: Shephard.Burt@epamail.epa.gov; Helle B. Andersen; McKenna, Jim; Lisa Saban; Bob Wyatt 
Subject: RE: Tier II interpretation for toxicity tests from EPA National Sediment Inventory 

Thanks Eric. I'd strongly prefer not to use two sets of whole sediment toxicity criteria 
(i.e., just use the ones you selected); it's messy and doesn't seem to add any value. We'll 
update the 10/30 criteria memo with this change and the "lower of the RSET criteria and the 
freshwater PEC" and rerun the reference check next week. John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, November 07, 2008 5:23 PM 
To: John Toll 
Cc: Shephard.Burt@epamail.epa.gov; Helle B. Andersen; McKenna, Jim; Lisa Saban; Bob Wyatt 
Subject: RE: Tier II interpretation for toxicity tests from EPA National Sediment Inventory 

Not quite: 

The highlighted text refers to the growth endpoint. The survival criteria is ≥  75% for both 
endpoints. I am not sure that we need both critiera but I assume if they meet the Tier II 
criteria, they will also meet the RSET criteria. 

In addtion, the chemistry screen should be based on the lowest of the RSET criteria you 
proposed and the freshwater PEC. A table comparing the values is attached. 

Eric 

(See attached file: RSET SL1 to other sediment benchmark comparison.xls) 

"John Toll"
 
<johnt@windwarde
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nv.com> To 
Eric Blischke/R10/USEPA/US@EPA, 

11/07/2008 04:44 Burt Shephard/R10/USEPA/US@EPA 
PM cc 

"McKenna, Jim" 
<Jim.McKenna@portofportland.com>, 
"Bob Wyatt" <rjw@nwnatural.com>, 
"Helle B. Andersen" 
<helleb@windwardenv.com>, "Lisa 
Saban" <lisas@windwardenv.com> 

Subject 
RE: Tier II interpretation for 
toxicity tests from EPA National 
Sediment Inventory 

Hi Eric and Burt. I want to make sure I understand what you're looking for. I looked at the 
attachment you sent, focusing on the highlighted text. As I read it you're asking us to 
change the whole sediment toxicity criterion that's in our October 30 memo, Criteria for 
Identifying Reference Sediment Samples, as follows: 

Whole Sediment Toxicity 
6. Met RSET survival endpoint freshwater performance standards 
for reference sediment as presented in Table 8‐1 of the Interim Final Northwest Sediment 
Evaluation Framework (RSET 2006), and growth endpoint freshwater performance standards as 
presented in (NSI citation needed from EPA): 

a. Hyalella 28‐day survival ≥ 70% 
b. Hyalella 28‐day growth ≥ 70% of control adjusted weight 
c. Chironomus 10‐day survival ≥ 70% 
d. Chironomus 10‐day growth ≥ 70% of control adjusted weight 

Would you please confirm? John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
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prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Shephard.Burt@epamail.epa.gov 
[mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Friday, November 07, 2008 4:24 PM 
To: John Toll 
Cc: Blischke.Eric@epamail.epa.gov 
Subject: Tier II interpretation for toxicity tests from EPA National Sediment Inventory 

John, 

See attached. This follows along one of Don MacDonald's recommendations. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

(See attached file: ToxClassifiationSedimentTrendsReport.doc) 
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From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, November 07, 2008 5:24 PM 
To: John Toll 
Cc: Shephard.Burt@epamail.epa.gov; Helle B. Andersen; McKenna, Jim; Lisa 
Saban; Bob Wyatt 
Subject: RE: Tier II interpretation for toxicity tests from EPA National 
Sediment Inventory 

Attachment to the above e-mail: RSET SL1 to other sediment benchmark 
comparison.xls 

Attachment is a table comparing RSET criteria to freshwater PEC. 



 

 

 

 
 

 

Toxicity data were used to classify sediment sampling stations based on short- or long-term 
sediment toxicity tests. Nonmicrobial sediment toxicity tests based on survival and on variation 
in length or weight were evaluated. For all of the endpoints (i.e., survival and variations in length 
or weight), the test results were “adjusted” to compare against a control test for the same species 
(described in more detail in Appendix B). Toxicity test results that lacked control data were 
excluded. EPA has standardized testing protocols for marine and freshwater toxicity tests 
(USEPA, 1994a, 1994b, 2000d, 2001a). 

For the NSI data evaluation, only solid-phase bulk sediment toxicity tests, with test durations of 
7 or more days, were considered. Calculated values of the percentage of species surviving were 
reported by individual databases. These percentages were based on values adjusted for a control 
sample. Sampling stations with tests resulting in less than 75 percent of the control-adjusted 
survival in marine and freshwater species were classified as Tier 1. Similar to the results reported 
for percent survival, calculated values of the percentage variation in length and weight were 
reported in various studies. These percentage values were also reported as adjusted for a control 
test. Sample stations with freshwater invertebrates (Hyalella azteca) that indicated sublethal 
toxicity by lengths of less than 90 percent of the controladjusted length or with freshwater 
invertebrates (Hyalella azteca, Chironomus tentans, and Chironomus riparius) that indicated 
sublethal toxicity by weights of less than 70 percent of the control-adjusted weight were 
classified as Tier 1. 

Stations were classified as Tier 2 based on benchmarks similar to those established for Tier 1 
classification, but with lower threshold values. Toxicity tests resulting in less than 90 (but ≥ 75) 
percent of the control-adjusted survival for both marine and freshwater species were classified as 
Tier 2. Sampling stations with freshwater invertebrates (Hyalella azteca) that indicated sublethal 
toxicity by lengths of less than 95 (but ≥ 90) percent of the control-adjusted length or with 
freshwater invertebrates (Hyalella azteca, Chironomus tentans, and Chironomus riparius) that 
indicated sublethal toxicity by weights of less than 90 (but ≥ 70) percent of the control-adjusted 
weight were classified as Tier 2. 

A station could be classified as Tier 2 by the benchmark stated above based on more than one 
test species.  When a station was classified as Tier 2 based on results from two or more species 
from that station, the tier classification for that station was upgraded to Tier 1. 



     
 

 
 
 
                                                                         
                                                                 
                                                          
                                                                  
                                              
                                                           
                                            
                                                           
                                                 
                                                              
                                         
                                                                
                                               
                                                  
                                                                   
                                                    
                                                  
                                                          
                                                                         
                                                                         
                                                                         
                                                                         
                                                                         
                                                                         
 
 
 
 

                              
                                  
                                 

                    
 

     
 
     

           
      

   
     

 
 

John Toll 

From: Blischke.Eric@epamail.epa.gov 
Sent: Monday, November 10, 2008 8:47 AM 
To: John Toll 
Cc: Shephard.Burt@epamail.epa.gov; Helle B. Andersen; McKenna, Jim; Lisa Saban; Bob Wyatt 
Subject: RE: Tier II interpretation for toxicity tests from EPA National Sediment Inventory 

That's fine John. 

Eric 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Eric Blischke/R10/USEPA/US@EPA 
11/07/2008 05:58 cc 
PM Burt Shephard/R10/USEPA/US@EPA, 

"Helle B. Andersen" 
<helleb@windwardenv.com>, 
"McKenna, Jim" 
<Jim.McKenna@portofportland.com>, 
"Lisa Saban" 
<lisas@windwardenv.com>, "Bob 
Wyatt" <rjw@nwnatural.com> 

Subject 
RE: Tier II interpretation for 
toxicity tests from EPA National 
Sediment Inventory 

Thanks Eric. I'd strongly prefer not to use two sets of whole sediment toxicity criteria 
(i.e., just use the ones you selected); it's messy and doesn't seem to add any value. We'll 
update the 10/30 criteria memo with this change and the "lower of the RSET criteria and the 
freshwater PEC" and rerun the reference check next week. John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 
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The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov 
[mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, November 07, 2008 5:23 PM 
To: John Toll 
Cc: Shephard.Burt@epamail.epa.gov; Helle B. Andersen; McKenna, Jim; Lisa Saban; Bob Wyatt 
Subject: RE: Tier II interpretation for toxicity tests from EPA National Sediment Inventory 

Not quite: 

The highlighted text refers to the growth endpoint. The survival criteria is ≥  75% for both 
endpoints. I am not sure that we need both critiera but I assume if they meet the Tier II 
criteria, they will also meet the RSET criteria. 

In addtion, the chemistry screen should be based on the lowest of the RSET criteria you 
proposed and the freshwater PEC. A table comparing the values is attached. 

Eric 

(See attached file: RSET SL1 to other sediment benchmark comparison.xls) 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Eric Blischke/R10/USEPA/US@EPA, 
11/07/2008 04:44 Burt Shephard/R10/USEPA/US@EPA 
PM cc 

"McKenna, Jim" 
<Jim.McKenna@portofportland.com>, 
"Bob Wyatt" <rjw@nwnatural.com>, 
"Helle B. Andersen" 
<helleb@windwardenv.com>, "Lisa 
Saban" <lisas@windwardenv.com> 

Subject 
RE: Tier II interpretation for 
toxicity tests from EPA National 
Sediment Inventory 
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Hi Eric and Burt. I want to make sure I understand what you're looking for. I looked at the 
attachment you sent, focusing on the highlighted text. As I read it you're asking us to 
change the whole sediment toxicity criterion that's in our October 30 memo, Criteria for 
Identifying Reference Sediment Samples, as follows: 

Whole Sediment Toxicity 
6. Met RSET survival endpoint freshwater performance standards 
for reference sediment as presented in Table 8‐1 of the Interim Final Northwest Sediment 
Evaluation Framework (RSET 2006), and growth endpoint freshwater performance standards as 
presented in (NSI citation needed from EPA): 

a. Hyalella 28‐day survival ≥ 70% 
b. Hyalella 28‐day growth ≥ 70% of control adjusted weight 
c. Chironomus 10‐day survival ≥ 70% 
d. Chironomus 10‐day growth ≥ 70% of control adjusted weight 

Would you please confirm? John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Shephard.Burt@epamail.epa.gov 
[mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Friday, November 07, 2008 4:24 PM 
To: John Toll 
Cc: Blischke.Eric@epamail.epa.gov 
Subject: Tier II interpretation for toxicity tests from EPA National Sediment Inventory 

John, 

See attached. This follows along one of Don MacDonald's recommendations. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 

3 



                     
            

 
      

      
 

    
 
                               
   

              
 

       
 
 

Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10
 
1200 6th Avenue Seattle, WA 98101
 

Telephone: (206) 553‐6359
 
Fax: (206) 553‐0119
 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

(See attached file: ToxClassifiationSedimentTrendsReport.doc) 

4
 



 
 
                                       
                                
                          
   

                         
 

   
 

   
     
                     

            
 

      
      

 
    

 
                               
   

              
 
 
                                                                         
                                                                 
                                                          
                                                                  
                                              
                                                           
                                            
                                                              
                                         
                                                             
                                             
                                              
                                                                 
                                                 
                                                            
                                           
                                              
                                                                   
                                                                 
                                                                         
                                                                         
                                                                         

John Toll 

From: Shephard.Burt@epamail.epa.gov 
Sent: Monday, November 10, 2008 1:03 PM 
To: John Toll 
Cc: Blischke.Eric@epamail.epa.gov; Helle B. Andersen; McKenna, Jim; Keith Pine; Lisa Saban; 

Wyatt, Robert; Shannon M. Katka 
Subject: Re: benthic ACR 

John, 

Our intent was less than or equal to 21 days for the inverts, and less than or equal to 30 
days for fish for application of ACRs. ACRs only get applied to the mortality endpoint, no 
other toxicological endpoint such as reproduction or growth. So strictly speaking, a study 
that runs 
21 days and one minute does not have an ACR applied to it. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

"John Toll" 
<johnt@windwarde 
nv.com> To 

Eric Blischke/R10/USEPA/US@EPA 
11/10/2008 12:58 cc 
PM Burt Shephard/R10/USEPA/US@EPA, 

"McKenna, Jim" 
<Jim.McKenna@portofportland.com>, 
"Wyatt, Robert" 
<rjw@nwnatural.com>, "Keith Pine" 
<kpine@anchorenv.com>, "Helle B. 
Andersen" 
<helleb@windwardenv.com>, 
"Shannon M. Katka" 
<shannonk@windwardenv.com>, "Lisa 
Saban" <lisas@windwardenv.com> 

Subject 
benthic ACR 
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Hi Eric. Did you want the ACR applied to benthic mortality endpoints from studies < 21 days 
or =< 21 days duration? John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 
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Helle B. Andersen 

From: Helle B. Andersen 
Sent: Thursday, November 20, 2008 12:44 PM 
To: 'Blischke.Eric@epamail.epa.gov' 
Subject: RE: Reference envelop stations 
Attachments: Ref table.xls 

Here you go 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Thursday, November 20, 2008 12:42 PM 
To: Helle B. Andersen 
Subject: Re: Reference envelop stations 

Helle, can you resend the table as an attachment. I can't quite read it. 

Thanks, Eric 

"Helle B.
 
Andersen"
 
<helleb@windward To
 
env.com> Eric Blischke/R10/USEPA/US@EPA
 

cc 
11/20/2008 12:40 "John Toll" 
PM <johnt@windwardenv.com>, "Lisa 

Saban" <lisas@windwardenv.com>, 
"Keith Pine" 
<kpine@anchorenv.com> 

Subject 
Reference envelop stations 

Hi Eric,
 
Below is a summary table of the bioassay results and why the stations were or were not
 
included in the reference envelop. For station U1C‐3 the BEHP concentration exceeded the SL1
 
criterion of 220 ug/kg dw.
 
Hope this answers your questions.
 
Helle
 

|‐‐‐‐‐‐‐+      ‐‐‐‐+       ‐‐‐‐+ 
‐‐‐‐‐‐‐‐‐‐| 
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|Station|Chironomid | |Hyalella | | Bioassay
 
| |
 
| | | | | | criteria
 
| |
 
| | | | | | based on
 
| |
 
| | | | | | EPA 2004
 
| |
 
|‐‐‐‐‐‐‐+ ‐‐‐‐‐‐‐      ‐‐‐‐+ ‐‐‐‐‐‐‐‐        ‐‐‐‐+   ‐‐‐‐‐‐‐‐‐‐‐
‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐|
 
| |Mortality | Weight | Mortality| Weight | Chironomus|
 
Hyalella | |Acceptable|
 
| | (%) | (mg) | (%) | (mg) | |
 
| | for |
 
| | | | | | |
 
| |Reference |
 
| | | | | | |
 
| | Envelop? |
 
|‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐‐
‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐|
 
| | Ctrl | Test | Ctrl |Test| Ctrl | Test | Ctrl |Test|Mort (T‐C | Biomass
 
|Mort (T‐C| Biomass
 
| | | | | | | | | | ≥ 25%?) |(T/C≤70%?)|
 
≥ 25%?) |(T/C≤70%?)
 
|‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐+‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐
+‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

G785 | 12.5 |13.75 | 0.79 |0.86| 10 | 3.75 | 0.17 |0.11| no | no | 
no | yes | no
 ‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐+‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐
+‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐ 
G785a | 11.25 | 17.5 | 0.71 |0.77| 0 | 15 | 0.2 |0.13| no | no | 
no | yes | no
 ‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐+‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐
+‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐ 
G786 | 12.5 | 12.5 | 0.79 |0.8 | 10 | 18.75 | 0.17 |0.11| no | no | 
no | yes | no
 ‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐+‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐‐‐‐+‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐
+‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐ 
G786a | 11.25 |18.75 | 0.71 |0.67| 0 | 15 | 0.2 |0.15| no | no | 
no | no | yes 

Helle B. Andersen 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119 

Direct Line (206) 577‐1287 
Phone (206) 378‐1364 
Fax (206) 217‐0089 
hellea@windwardenv.com 

This communication is made under the framework of the LWG Participation Agreement and in the 
parties' common interests in meeting LWG member obligations under the Administrative Order on 
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Consent and in anticipation of litigation concerning liability for the Portland Harbor 
Superfund site. This communication is intended and believed by the parties to be part of an 
ongoing and joint effort to develop and maintain a common legal strategy and contains 
strategies, work product and legal advice within the "common interest" extension of the 
attorney‐client privilege and the work product doctrine. This communication may include 
attorney‐client communications. With respect to communications by private LWG members to 
public members, those communications are with the expectation that they will be kept 
confidential by the public entities. The information is intended to be for the use of the 
individual or entity named above. If you are not the intended recipient, please be aware that 
any disclosure, copying, distribution or use of the contents of this information is 
prohibited. 
If you have received this electronic transmission in error, please notify us by electronic 
mail at hellea@windwardenv.com. 
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Station 

Chironomid Hyalella 
Mortality (%) Weight (mg) Mortality (%) Weight (mg) 

Ctrl Test Ctrl Test Ctrl Test Ctrl Test 
G785 12.5 13.75 0.79 0.86 10 3.75 0.17 0.11 
G785a 11.25 17.5 0.71 0.77 0 15 0.2 0.13 
G786 12.5 12.5 0.79 0.8 10 18.75 0.17 0.11 
G786a 11.25 18.75 0.71 0.67 0 15 0.2 0.15 



           

           

   
 

Bioassay criteria based on EPA 2004 
Chironomus Hyalella Acceptable for 

Reference 
Envelop? 

Mort (T‐C ≥ 
25%?) 

Biomass 
(T/C≤70%?) 

Mort (T‐C ≥ 
25%?) 

Biomass 
(T/C≤70%?) 

no no no yes no 
no no no yes no 
no no no yes no 
no no no no yes 



 
 

  
 

 
 

  
 

 
 

   
 

 

 

  

 
   
                   
   

 
 

 
 

 
  

 
  

 
 

  

Helle B. Andersen 

From:	 Jennifer Woronets [jworonets@anchorenv.com] 
Sent:	 Thursday, November 20, 2008 2:58 PM 
To:	 Humphrey.Chip@epamail.epa.gov; Blischke.Eric@epamail.epa.gov 
Cc:	 ANDERSON.Jim@deq.state.or.us; audiehuber@ctuir.com; Blischke.Eric@epamail.epa.gov; 

Bob Wyatt; cunninghame@gorge.net; erin.madden@gmail.com; 
Humphrey.Chip@epamail.epa.gov; JD Williams ; Jennifer Peers; Jennifer Woronets; Julie 
Fox; Julie Weis; Keith Pine; Koch.Kristine@epamail.epa.gov; lisa.bluelake@grandronde.org; 
MCCLINCY Matt; McKenna, Jim; Michael Karnosh; Rick Applegate; Robert Neely; Rose 
Longoria; sheila@ridolfi.com; Bob Wyatt; david.ashton@portofportland.com; wolffg@plu.edu; 
J Betz; Jennifer Woronets; Jim.McKenna@portofportland.com; Patty Dost (Schwabe); Rick 
Applegate; kpine@anchorenv.com; Jennifer Woronets; Helle B. Andersen; John Toll 

Subject:	 FW: Fish TRVs for EPA submittal 
Attachments:	 fish_tissue_TRV_reconciliation_tables_to_EPA_112008.pdf 

Eric, Chip 

Please see attached fish tissue TRV reconciliation tables. 

Thank you, 
Jen Woronets 
Anchor Environmental, LLC 
6650 SW Redwood Lane, Suite 333  
Portland, OR 97224 
503-670-1108 Phone Ext 24 
503-670-1128 Fax 
Þ Please consider the environment before printing this email. 

From: Helle B. Andersen [mailto:helleb@windwardenv.com]  
Sent: Thursday, November 20, 2008 2:50 PM 
To: Jennifer Woronets 
Cc: John Toll; Lisa Saban; Shannon M. Katka; Matt Luxon 
Subject: Fish TRVs for EPA submittal 

Hi Jennifer,
 
Could you please submit the fish TRV tables to EPA.
 
Thanks Helle
 

Helle B. Andersen 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119 

Direct Line (206) 577-1287 
Phone (206) 378-1364 
Fax (206) 217-0089 
hellea@windwardenv.com 
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Fish Tissue TRV Reconciliation Summary Table 

Tissue  Concentration  mg/kg  ww 

Chemical  Screening Value 

EPA 5th 

Percentile 

EPA 10th  

Percentile 

EPA 

LOAEL 

LWG  5th  

Percentile 

LWG  10th  

Percentile  

LWG 

LOAEL 

Aluminum1 33 nav nav nav nav nav nav 
Antimony 0.03 nc nc 9 nc nc 9 
BEHP 0.39 nc nc 1.6 nc nc nc a 

Cadmium 0.09 0.10 0.13 nap 0.11 0.17 nap 
Chromium 0.69 nc nc 1.3 nc nc nc 
Copper 3.1 2.7 3.2 nav 2.8 3.1 nap 
total DDx 0.29 0.46 0.68 nap 1.9 3.5 nap 
lead 2.2 nc nc 4b nc nc 4 
lindane 0.023 0.06 0.24 nap nc nc 0.2 
mercury 0.46 0.05 0.14 nap 0.12 0.25 nap 
PCBs 0.72 0.43 0.62 nap 1.7 3.6 nap 
Zinc 27 26.14 39.28 nap nc nc 36 

nav :  EPA  TRV not yet reviewed  

nap: not  applicable ‐ sufficient  data  for SSD  

nc: not calculated ‐ insufficient  data  

a  Only  one study  was identified  and  LOER  was unacceptable  

b EPA  notes 4 mg/kg in  table but 0.4 in text describing the  TRV derivation  

1 EPA  indicated  in  a  10/10/08 e‐mail from E.  Blischke  to J. Toll  that  "aluminum  can be  eliminated  from further consideration  through the  refined  screen  process for the tissue residue line of  evidence." 
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Summary of fish tissue-based toxicity values for BEHP
 

Whole Final 
Body Final Whole Species 
Conc. Body Conc. LOER Used in LWG 
(mg/kg ACR (mg/kg wet (mg/kg wet Exposure Freshwater or Agree with SSD Reason for not 

COPC Species Endpoint Endpoint Effect wet wt.) Applied? wt.) wt.) Route Duration Marine Reference LWG Notes EPA value? Notes derivation? using in SSD 

fry tissue residues calculated from 
bioconcentration factor and water 

BEHP 

Oncorhynchus 
mykiss  (rainbow 
trout) 

reproduction (sac-
fry mortality) Sac fry mortality 1.5 No 1.5 - water 

10 day prior 
to hatch and 

effects 
measured 24 

days post 
hatch freshwater 

Mehrle and 
Mayer 1976 

concentrations reported in paper (tissue 
conc=[BCF x water conc]/1000); LOEC based 
on tissue residues measured in surviving fry 
20 days after mortality was observed in the 
earlier life stage sac-fry. Mortality not 
correlated with tissue residues so no tissue 
residue LOAEL identified. na No 

egg tissue 
residues not 
used in SSD 
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Summary of fish tissue-based toxicity values for cadmium Cd ACR = 8.3 

Whole Final 
Body Final Whole Species 
Conc. Body Conc. LOER Used in LWG 

(mg/kg wet ACR (mg/kg wet (mg/kg wet Exposure Freshwater or Agree with SSD Reason for not using in 
COPC Species Endpoint Endpoint Effect wt.) Applied? wt.) wt.) Route Duration Marine Reference LWG Notes EPA value? Notes derivation? SSD 

LOER based on median residues in adult males 

Cadmium Danio rerio  (zebrafish) Reproduction 
50% reduction in number 
of offspring 1.02 No 1.02 1.02 diet 6 months ne 

Rehwoldt and Karimian-
Teherani 1976 

at 2.5 months when effect observed (LOER at 
end of 6 month exposure period = 1.04 mg/kg 
ww where effect was still reduced) Yes Yes 
LOER is low range (31 - 1288 mg/kg ww) of 

F d  l  h  li  Fundulus heteroclitus id i fi h th di d ithi 11 d residues in fish that died within 11 day 
Cadmium (mummichog) Mortality lethal body burden 31 Yes 3.73 3.734939759 water 11 days Marine Eisler 1971 exposure period Yes Yes 

Cadmium 

Gasterosteus aculeatus 
(three-spined stickleback 
) Mortality 80% mortality 0.51 No 0.51 0.51 water 79 days ne Pascoe and Mattey 1977 LOER based on lowest dose tested No 

EPA LOER (0.9 mg/kg ww) based on text 
conclusions; LWG LOER (0.51 mg/kg ww) 
based on lowest reported measured 
residues in experiment Yes 

Cadmium Gobio gobio (gudgeon) Mortality lethal body burden 1.4 No 1.4 1.4 water 33 days Freshwater Knapen et al. 2004 

LOER based on fish from a reference lake in 
field experiment where Zn concentrations in 
water and sediment were 113 ug/L and 117 
ug/g, respectively; LOER  based on chronic 
experiment and read from graph Yes 

EPA LOER (1.0 mg/kg ww) based on acute 
experiment body burden and with applied 
ACR = 0.12 mg/kg ww; disagree with 
application of ACR because exposure was > 
30 days Yes 

Cadmium 
Jordanella floridae 
(American flagfish) Growth 

reduction in female body 
length 4 No 4 0.7 water 2 generations ne Spehar 1976 

female growth was significantly reduced in fish 
exposed to 16 ug/L; LOER based on 100 day 
residues; unclear whether tissue concentrations 
reported in dw or ww; assumed dw No 

EPA selected 100 d value (20 mg/kg) 
converted to wet weight Yes 

24% ave mortality (F0) LOER read from graph and is WB 
Jordanella floridae and 25% ave morality concentration at 30 days; fish initially exposed 

Cadmium (American flagfish) Mortality (F1) 5.6 Yes 0.7 water 30 days ne Spehar et al. 1978 as embryos Yes Yes 
50% mortality, erratic 

Lepomis macrochirus Mortality, swimming behavior loss Cearley and Coleman LOER read from graph; behavior anecdotally 
Cadmium (bluegill) Behavior of equilibrium 0.21 No 0.21 0.21 water 6 months ne 1974 reported and not statistically evaluated Yes Yes 

LOER is based on exposure to 1 mg/L Cd in 
Oncorhynchus mykiss 90% mortality within 6 soft water at end of experiment; 30% mortality Unable to reproduce EPA LOER (2.2 mg/kg 

Cadmium (rainbow trout) Mortality days 1.84 Yes 0.22 0.22 water 29 days ne Pascoe et al. 1986 in hard water with residues of 1.64 mg/kg ww No ww, with ACR = 0.27 mg/kg ww) Yes 
LOER read from graph and is WB tissue 

Salmo salar  (Atlantic 80-94% mortality, concentration at 27 days; ACR not applied 
Cadmium salmon) Growth reduction in growth 0.48 No 0.48 0.48 water 30 days ne Peterson et al. 1983 because growth also evaluated Yes Yes 

Cadmium 
Salvelinus fontinalis 
(brook trout) Growth decreased weight gain 0.25 No 0.25 0.21 water 3.5 years ne Benoit et al. 1976 effect weight gain at 12 weeks in F3 generation Yes Yes 

control mortality = <1%; study states that [Cd] 
in WB residues does not accumulate to critical 

Cadmium 
Salvelinus fontinalis 
(brook trout) Growth 

28% reduction in body 
weight and 37% mortality 0.183 No 0.18 water 55 days ne Hansen et al. 2002 

lethal body residues "since a slower rate of 
accumulation can result in greater Cd tissue 
concentrations and lesser lethal effects than 
faster rates of accumulation" Yes Yes 

Cadmium 
Salvelinus fontinalis 
(brook trout) Mortality 20% mortality 144 No 144.00 water 30 days ne Hamilton et al. 1987 

LOER based on lowest exposure concentration 
(<3.6 ug/L); growth was not affected although 
mortality was significantly reduced; 2% mortality 
in controls; study does not clearly report 
whether LOER is in wet weight or dry weight; 
assumed wet weight No 

EPA LOER (17.4 mg/kg ww) based on 
application of ACR; however, ACR not 
appropriate because growth was also 
evaluated and not affected Yes 

Decreased heartbeat, 
abnormal pectoral fin von Westernhagen et al. LOER based on 

Cadmium Belone belone (garpike) Behavior movement 0.12 No 0.12 - ne ne ne 1975 na No egg/embryo residue 

Cadmium 
Clupea harengus 
(herring) Behavior 

Increase in abnormal 
trembling of larvae 18.90 No 18.90 - water ne ne 

von Westernhagen et al. 
1974 na No 

LOER based on 
egg/embryo residue 

Cadmium 
Cyprinodon variegatus 
(sheepshead minnow) 

Growth, 
Reproduction 

decrease in length, 
overall delay in hatching 
time and premature 
hatching 0.50 No 0.50 - ne ne ne Meteyer et al. 1988 na No 

LOER based on 
egg/embryo residue 

Cadmium 
Fundulus heteroclitus 
(mummichog) Mortality 50% mortality 6.5 No 6.5 - injection ne ne van den Hurk et al. 1998a na No 

LOER based on injection 
exposure 
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Summary of fish tissue-based toxicity values for cadmium Cd ACR = 8.3 

Whole Final 

COPC Species 
Gasterosteus aculeatus 

Endpoint Endpoint Effect 

Body 
Conc. 

(mg/kg wet 
wt.) 

ACR 
Applied? 

Final Whole 
Body Conc. 
(mg/kg wet 

wt.) 

Species 
LOER 

(mg/kg wet 
wt.) 

Exposure 
Route Duration 

Freshwater or 
Marine Reference LWG Notes 

Agree with 
EPA value? Notes 

Used in LWG 
SSD 

derivation? 
Reason for not using in 
SSD 

Cadmium 

Cadmium 

C d  iCadmium 

(three-spined 
stickleback) 
Haemulon sciurus 
(bluestriped grunt) 
Ictalurus punctatus 
( h l tfi h) (channel catfish) 
Lates calcarifer 

Mortality 

Mortality 

M t  lit  Mortality 

LD10 

lethal body burden 

68% l l t lit 68% larval mortality 

0.75 

6.6 

0 94  0.94 

Yes 

Yes 

YYes 

0.09 

0.80 

0 11  0.11 

-

-

-

water 

injection 

ne  

7 days 

ne 

ne  

ne 

ne  

Woodworth and Pascoe 
1983 
Hogstrand and Haux 
1989 

Bi t l 1979Birge et al. 1979 

na 

na 

na 

No 

No 

NNo 

whole body data are not 
presented 
LOER based on injection 
exposure 
LOER based on 

/  b  id  egg/embryo residue 
LOER based on 

Cadmium (seabass) 
Leiostomus xanthurus 

Mortality reduced survival 20.4 Yes 2.46 - water 16 days marine Shazili 1995 na No egg/embryo residue 
LOER based on 

Cadmium 

Cadmium 

Cadmium 

(spot) 
Morone saxatilis (striped 
bass) 
Morone saxatilis (striped 
bass) 

Mortality 

Mortality 

Mortality 

LC50 

reduced larval survival 

increased mortality 

8.3 

1.0 

2.9 

Yes 

Yes 

Yes 

1.0 

0.12 

0.35 

-

-

-

ne 

ne 

ne 

ne 

ne 

ne 

ne 

ne 

Marine 

Middaugh et al. 1975 

Wright 1988 

Wright et al. 1985 

na 

na 

na 

No 

No 

No 

egg/embryo residue 
LOER based on 
egg/embryo residue 
LOER based on 
egg/embryo residue 

Cadmium 
Oncorhynchus mykiss 
(rainbow trout) Behavior 

eliminated predator 
avoidance behavior, 
inhibited cortisol release 0.02 No 0.02 - ne 1 week ne Scott et al. 2003 na No 

tissue residues not related 
to effect (not dose-
responsive towards effect) 

Cadmium 
Oncorhynchus mykiss 
(rainbow trout) Mortality reduced alevin survival 0.21 No 0.21 - ne ne ne Beattie and Pascoe 1978 na No 

LOER based on 
egg/embryo residue 

Cadmium 
Oncorhynchus mykiss 
(rainbow trout) Mortality 43.2% mortality 7.30 No 7.30 - diet 30 days ne Szebedinszky et al. 2001 na No 

whole body tissue residues 
not presented 

survival reduced, 

Cadmium 
Oncorhynchus mykiss 
(rainbow trout) 

Mortality, 
Behavior 

impaired swimming, 
lower Ca influx 0.60 No 0.60 - water 30 days ne Hollis et al. 2000 na No 

no adverse effects 
reported 

Cadmium 
Platichthys flesus 
(European flounder) Reproduction reduced viable hatch 21 No 21 - ne ne ne 

Westerhagen and 
Dethlefsen 1995 na No 

Unable to obtain and 
review paper 

effect was not persistent 
Poecilia reticulata Hatakeyama and Yasuno (fish recovered growth in 

Cadmium (guppy) Growth reduction in body length 1.0 No 1.0 - diet 30 days ne 1982 na No subsequent sampling) 

Cadmium 
Puntius gonionotus (java 
barb) Mortality increased mortality 11.55 Yes 1.39 1.39 water 4 days ne Mungkung et al. 2001 na No 

mortality data not reported; 
fish were exposed to 96 hr 
LC50 but mortality data 
were not reported 

Cadmium 
Rhamdia quelen  (silver 
catfish) Mortality reduced larval survival 0.20 Yes 0.02 - ne 3 days ne Benaduce et al. 2008 na No 

LOER based on 
egg/embryo residue 

Cadmium 
Salmo salar  (Atlantic 
salmon) Growth reduction in growth 0.12 No 0.12 - ne ne ne 

Rombough and Garside 
1982 na No 

LOER based on 
egg/embryo residue 

Cadmium 
Salmo trutta  (brown 
trout) Mortality 100% mortality 1.33 Yes 0.16 - injection 2 weeks ne O'Neill 1981 na No 

LOER based on injection 
exposure 
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Summary of fish tissue-based toxicity values for chromium Cr ACR = 8.3 

Whole Final 
Body Final Whole Species 
Conc. Body Conc. LOER Agree Used in LWG 
(mg/kg ACR (mg/kg wet (mg/kg Exposure Freshwater or with EPA SSD Reason for not using in 

COPC Species Endpoint Endpoint Effect wet wt.) Applied? wt.) wet wt.) Route Duration Marine Reference LWG Notes value? Notes derivation? SSD 
Fundulus LOER based on embryos; 
heteroclitus 15% reduction in Roling et al. effect and exposure 

Chromium (mummichog) Growth larval growth 44.1 No 44.1 - water 30 days marine 2006 na No conditions different 
Oncorhynchus 
mykiss (rainbow Fromm and 

Chromium trout) Mortality 50% mortality 2.8 No 2.8 - water 36 days freshwater Stokes 1962 na No no controls were used 

Chromium 

Oncorhynchus 
mykiss (rainbow 
trout) Mortality 25% mortality 8.7 Yes 1.05 - water 2-4 days freshwater 

van der Putte et 
al. 1981 na No 

application of ACR results in 
LOER < no effect tissue 
residues reported in study; 
no controls used 

Chromium 

Oncorhynchus 
tshawytscha 
(chinook 
salmon) Mortality 70% mortality 1.3 No 1.3 1.3 water 134 days freshwater 

Farag et al. 
2006 na No 

tissue residues not dose 
responsive 
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Summary of fish tissue-based toxicity values for copper Cu ACR = 3.23 

Final 
Whole Body Final Whole Species 

Conc. Body Conc. LOER Used in 
(mg/kg wet ACR (mg/kg wet (mg/kg wet Exposure Freshwater or Agree with LWG SSD 

COPC Species Endpoint Endpoint Effect wt.) Applied? wt.) wt.) Route Duration Marine Reference LWG Notes EPA value? Notes derivation? Reason for not using in SSD 

Chelon labrosus Growth, 
43% reduction in growth 
rate; 29% reduction in food additional effects included: induced 

Copper (grey mullet) Behavior intake 4.59 No 4.6 4.6 diet 10 weeks ne Baker et al. 1998 hepatic lipid peroxidation Yes Yes na 

Fundulus 
heteroclitus Eisler and Gardner 

EPA LOER (26.2 mg/kg ww) based 
on behavioral effects (histological 
lesions, erractic swimming, dark 

Copper (mummichog) Mortality 30% mortality 26.2 Yes 8.1 8.1 water 96 hour ne 1973 LOER based on surving tissue residues Yes pigmentation) Yes na 

fish were also exposed to additional 
metals at low levels (Zn, Cd, and Pb); WB 
concentrations of these additional metals 
were: Cd = 0.6 mg/kg ww; Pb = 1.35 
mg/kg ww, Zn = 104 mg/kg ww; no effect 
on survival was observed in fish with 
there WB concentrations and higher of 
Zn, Cd, and Pb; therefore, this mixture 

Copper 

Oncorhynchus 
mykiss (rainbow 
trout) Mortality 31% mortality 4.48 No 4.5 4.5 diet + water 60 days ne Mount et al. 1994 

study was considered appropriate for use 
as Cu LOER because effects were 
assumed to be the result of Cu exposure Yes Yes 

Copper 
Oreochromis 
niloticus  (Nile tilapia) Growth 

reduced growth and 
condition factor 3.73 No 3.7 3.7 diet 7 weeks ne Ali et al. 2003 

additional effects included: biochemical 
and behavioral alterations Close 

unable to replicate EPA LOER 
(3.89) Yes na 

Copper 
Salmo salar (Atlantic 
salmon) Growth 

approximate 27% growth 
reduction 3.1 No 3.1 3.1 diet 12 weeks ne Lundebye et al. 1999 fed 700 mg/kg Cu Yes Yes 

Cichlasoma 
nigrofasciatum Reproductio Ozoh and Jacobson LOER based on egg/embryo 

Copper (convict cichlid) n reduced hatching 125 No 125 - water ne 1979 na No residues 
effects data not presented for 

Clarias anguillaris Daramola and 
each species and dose level; 
unable to quantify magnitude of 

Copper (catfish) Behavior reduced feeding 3.1 No 3.1 - water 8 weeks Oladimeji 1989 na No effect 

decreased swimming and 
Cyprinus carpio catalase activity, liver 

Copper (common carp) Behavior necrosis, skin color change 10.0 No 10.0 - injection ne Varanka et al. 2001 na No LOER based on injected dose 

Copper 
Cyprinus carpio 
(common carp) Mortality 22% mortality 11.7 Yes 3.6 - water ne Flik et al. 2002 na No 

LOER based on egg/embryo 
residues 

Copper 
Cyprinus carpio 
(common carp) Mortality 47% mortality 11.4 No 11.4 - water ne Stouthart et al. 1996 na No 

LOER based on egg/embryo 
residues 

Copper 
Leiostomus 
solidissima (killifish) Mortality 

reduction in percent of live 
hatch 9.9 No 9.9 - ne ne 

Dillon and Gibson 
1985 na No secondary citation 

Copper 
Mugil cephalus 
(striped mullet) Mortality 80-90% mortality 3.0 No 3.0 - water 7 days 

Zyadah and Abdel-
Baky 2000 

Not reviewed 
by EPA No uncontrolled study 

Oncorhynchus 
mykiss (rainbow 

Copper trout ) Growth reduced growth 2.0 No 2.0 - water 60 days Hansen et al. 2002 na No LOER < 2.2 mg/kg ww 
Oncorhynchus 
mykiss (rainbow 

Copper trout) Growth 24% reduction body weight 0.91 No 0.91 - water 60 days Marr et al. 1996 na No LOER < 2.2 mg/kg ww 
Oncorhynchus 
mykiss (rainbow 

Copper trout) Growth reduced growth 2.0 No 2.0 - water 78 days Seim et al. 1984 na No LOER < 2.2 mg/kg ww 
Oncorhynchus 
mykiss (rainbow Growth, 56% reduction in growth and 

Copper trout) Mortality 11% mortality 1.4 No 1.4 - water + diet 28 days Kamunde et al. 2005 na No LOER < 2.2 mg/kg ww 

Oncorhynchus 8 hours with 
mykiss (rainbow 72 hours 

Copper trout) Mortality reduced survival 1.04 No 1.04 - water recovery Handy 1992 na No LOER < 2.2 mg/kg ww 
Oncorhynchus 
mykiss (rainbow Reproductio 40% reduction in viable 

Copper trout) n hatch 121 No 121 - ne ne Leland 1983 na No No residue data reported 
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Summary of fish tissue-based toxicity values for copper Cu ACR = 3.23 

COPC 

Copper 

Species Endpoint 

Oreochromis 
niloticus  (Nile tilapia) Behavior 

Endpoint Effect 

reduced feeding 

Whole Body 
Conc. 

(mg/kg wet 
wt.) 

6.9 

ACR 
Applied? 

No 

Final Whole 
Body Conc. 
(mg/kg wet 

wt.) 

6.9 

Final 
Species 
LOER 

(mg/kg wet 
wt.) 

-

Exposure 
Route 

water 

Duration 

8 weeks 

Freshwater or 
Marine Reference 

Daramola and 
Oladimeji 1989 

LWG Notes 
Agree with 
EPA value? 

na 

Notes 

Used in 
LWG SSD 

derivation? 

No 

Reason for not using in SSD 
effects data not presented for 
each species and dose level; 
unable to quantify magnitude of 
effect 

Copper 

Pimephales 
promelas (fathead 
minnow) Behavior 

12% reduction in critical 
swimming speed, reduced 
whole body sodium 7.0 No 7.0 - water 8 to 9 days Kolok et al. 2002 na No Adverse effect not observed 

Copper 

Copper 

Poecilia reticulata 
(guppy) 
Salvelinus 
confluentus (bull 
trout) 

Behavior 

Mortality 

reduced swimming speed, 
increased fin movement 

7% mortality 

7.25 

1.52 

No 

No 

7.3 

1.52 

-

-

water 

water 

8 days 

60 days 

Khunyakari et al. 
2001 

Hansen et al. 2002 

na 

na 

No 

No 

behavior effects not related to 
growth, mortality or reproduction 

LOER < 2.2 mg/kg ww 
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Summary of fish tissue-based toxicity values for DDX Total DDx ACR = 8.3 

Final 
Whole Body Final Whole Species 

COPC form Conc. Body Conc. LOER Used in 
(for DDT, (mg/kg wet ACR (mg/kg wet (mg/kg wet Exposure Freshwater or Agree with LWG SSD 

COPC PCBs) Species Endpoint Endpoint Effect wt.) Applied? wt.) wt.) Route Duration Marine Reference LWG Notes EPA value? Notes derivation? Reason for not using in SSD 

radio tracer study; mortality is slightly less than 2X 
Carassius auratus Rhead and Perkins control mortality, however it is dose responsive with Not reviewed 

DDx DDT (total) (goldfish) Mortality 20% mortality 200 No 200 200 food and water 38 days ne 1984 >80% mortality in higher dose group by EPA Yes 

EPA LOER (2.89 mg/kg ww) derived 

Lepomis cyanellus no statistical analysis of effects; effect threshold is 
by applying ACR; ACR not 
appropriate because exposed for >30 

DDx DDT (total) (green sunfish) Mortality reduced survival 24 No 24 24 water 90 days ne Hamelink et al. 1971 anecdotally stated in the text. No days Yes 

EPA LOER (2.89 mg/kg ww) derived 

Lepomis gibbosus no statistical analysis of effects; effect threshold is 
by applying ACR; ACR not 
appropriate because exposed for >30 

DDx DDT (total) (pumpkinseed) Mortality reduced survival 24 No 24 24 water 90 days ne Hamelink et al. 1971 anecdotally stated in the text. No days Yes 

LOER is tissue concentration at (166d, 5.5 months) 
in fish exposed to 0.1 mg/kg DDT in water where 

612 days Allison et al. 1964 mortality was significant "after 4 months" 

DDT Oncorhynchus clarkii significant 
(mortality 

observed at 
(more detailed report 
version of Allison et 

(approximately 120d), note that tissue concentrations 
at this dose increased from 1.8 mg/kg at the previous 

DDx (mixture) (cutthroat trout) Mortality mortality 3 No 3 3 water 111 days) ne al. 1963) sampling (111d). Units assumed to be ww. Close EPA LOER = 1.1 mg/kg ww Yes 

ACR not applied because less than 

Oncorhynchus kisutch juvenile fish exposed for 64 days (trial V), not 
50% mortality; not clear how EPA 
derived their LOAEL (113/ACR of 

DDx DDT (total) (Coho salmon) Mortality 38% mortality 33.8 No 33.8 34 food 64 days ne Buhler et al. 1969 statistically evaluated, tissues sampled at 39 days No 8.63=13.6 mg/kg ww). Yes 
Oncorhynchus 
tshawytscha  (Chinook juvenile fish exposed for 64 days (trial II); not ACR not applied because less than 

DDx DDT (total) salmon) Mortality 18% mortality 12.3 No 12.3 12.3 food 64 days ne Buhler et al. 1969 statistically evaluated; tissues sampled at 65 days No 50% mortality Yes 

LOER is associated with the food only exposure; EPA LOER (7.94 mg/kg ww) derived 

Technical Pimephales promelas ~25% reduced 
ΣDDX LOER from the study was identified as the 
grand mean ΣDDX concentration calculated from all 

by applying ACR; ACR not 
appropriate because exposed for >30 

DDx grade DDT (fathead minnow) Mortality survival 56.8 No 56.8 56.8 diet 266 days ne Jarvinen et al. 1977 time intervals. No days and mortality <50% Yes 

offspring (sac-fry range of parental tissue residues was 2.8 to 3.0; 
Salvelinus fontinalis and embryo) residues in offspring (fry) ranged from 2.62 to 3.09 

DDx DDT (total) (brook trout) Reproduction mortality 2.8 No 2.8 2.8 food 156 days ne Macek 1968a ug/g ww Yes Yes 
behavior endpoint not directly 

Carassius auratus locomotor related to growth, survival, or 
DDx DDT (total) (goldfish) Behavior activity reduced 1.49 - 1.84 No 1.49 - 1.84 - water 4 days ne Davy et al. 1972 na No reproduction 

behavior endpoint anecdotally 
Carassius auratus equilibrium loss 6 hrs (32 day Gakstatter and reported, not statistically 

DDx DDT (total) (goldfish) Behavior and convulsions 5.1 No 5.1 - water recovery) ne Weiss 1967 na No evaluated 

LOER is the weighted sum of residues in 10 different Study did not report a wb 
Fundulus heteroclitus Crawford and tissues of fish exposed to 0.1 ppm DDT for two 24hr Not reviewed concentration or weighting factors 

DDx DDT (total) (killifish) Mortality 25% mortality 5.2 Yes 0.63 water 24 hrs ne Guarino 1976 DDT doses at 24 hrs after exposures by EPA No for individual tissues 

DDx ne 
Gadus morhua 
(Atlantic cod) Behavior altered behavior 7 No 7 - ne ne ne Dillon 1984 na No 

Secondary citation from review 
paper 

DDx DDT (total) 
Gambusia affinis 
(mosquito fish) Mortality reduced survival 26.5 No 26.5 - water 16 days ne Pillai et al. 1977 

Not reviewed 
by EPA No 

residue and effects data from two 
different experiments 

DDx 
DDT 
(mixture) 

Lagodon rhomboides 
(pinfish) Mortality 

44% mortality at 
10 days 0.55 No 0.55 - diet 15 days ne Butler 1969 na No 

no clear dose-response of tissues 
with mortality 
behavior endpoint anecdotally 

Lepomis macrochirus equilibrium loss 5 hrs (32 day Gakstatter and reported, not statistically 
DDx DDT (total) (bluegill) Behavior and convulsions 4.2 No 4.2 - water recovery) ne Weiss 1967 na No evaluated 

Micropogonias 
DDT (2,4'- undulatus  (Atlantic reduced larval Not reviewed 

DDx DDT) croaker) Behavior swimming ability 0.07 No 0.07 - diet 1 month ne Faulk et al. 1999 by EPA No LOER based on egg residues 
Misgurnus Lethal body 
anguillicaudatus  (pond burden in 24 

DDx Purified DDT loach) Mortality hours 25 Yes 3.01204819 - water 48 hours ne Yang and Sun 1977 na No tissue residue not measured 

DDx ne 
Oncorhynchus kisutch 
(Coho salmon) Mortality LD50 56 Yes 6.74698795 - ne ne ne Cleveland et al. 1993 na No 

No DDT data are presented in 
selenium study 

DDx 
DDT 
(technical) 

Oncorhynchus kisutch 
(Coho salmon) Mortality LD50 95 Yes 11.4457831 - diet 120 days ne 

Buhler and Shanks 
1970 na No tissue residue not measured 
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Summary of fish tissue-based toxicity values for DDX Total DDx ACR = 8.3 

Final 
Whole Body Final Whole Species 

COPC form Conc. Body Conc. LOER Used in 
(for DDT, (mg/kg wet ACR (mg/kg wet (mg/kg wet Exposure Freshwater or Agree with LWG SSD 
PCBs) Species Endpoint Effect wt.) Applied? wt.) wt.) Route Duration Marine Reference LWG Notes EPA value? Notes derivation? Reason for not using in SSDCOPC Endpoint 

Johnson and Pecor 
Oncorhynchus kisutch 1969 (as cited in LOER based on field collected 

DDx ne (Coho salmon) Mortality reduced survival 0.83 Yes 0.1 - ne ne ne Beckvar et al. 2005) na No fish; no controls 

DDx DDT (total) 
Oncorhynchus mykiss 
(rainbow trout) Mortality 70% fry mortality 0.464 No 0.464 - field 60 days ne Cuerrier et al. 1967 na No 

LOER based on egg residues 
taken from field-collected adults 

field (maternal 
Oncorhynchus mykiss early life-stage transfer and field Not reviewed LOER based on egg residues 

DDx DDT (total) (rainbow trout) Mortality mortality 1.27 No 1.27 - water) exposure ne Hopkins et al. 1969 by EPA No taken from field-collected adults 
50% mortality; 

Oncorhynchus mykiss increased McNicholl and fish exposed via gavage; no tissue 
DDx ne (rainbow trout) Mortality learning rate 30 Yes 3.61445783 - gavage 96 hrs ne Mackay 1975b na No residue data reported 

DDx ne 
Pimephales promelas 
(fathead minnow) Mortality 

decreased 
hatchability 24 No 24 - water 266 days ne Cuerrier et al. 1976 na No Could not obtain paper 

DDx ne 
Pimephales promelas 
(fathead minnow) Mortality 25% mortality 57 No 57 - diet and water 266 days ne 

Cuerrier et al. 1976, 
1977 na No Could not obtain paper 

Pleuronectes LOER based on egg residue from 
DDT americanus  (winter 99% embryo eggs taken from field-collected 

DDx (mixture) flounder) Reproduction mortality 2.4 No 2.4 - water 10 days ne Smith and Cole 1973 na No adults 

78% mortality, 
decreased 

DDx DDT (total) 
Poecilia latipinna 
(sailfin molly) Mortality, Growth 

growth, lipids 
and triglycerides 
in 21 days 92.7 Yes 11.1686747 - water 21 days ne Benton et al. 1994 na No 

Discrepancy in LOER units; 
contacted authors, and they don’t 
know which units are correct 

reduced survival 
Salvelinus fontinalis during stress Fish were exposed to multiple 

DDx DDT (total) (brook trout) Mortality (starvation) 20.2 No 20.2 11.92 diet 26 wks ne Macek 1968b No No stressors (starvation and DDT) 

Burdick et al. 1972 secondary citation; LOER based 
Salvelinus fontinalis increased (as cited in Beckvar on egg residue from eggs taken 

DDx ne (brook trout) Mortality mortality 11.92 No 11.92 - ne ne ne et al. 2005) na No from field-collected adults 

DDx 
DDT (4,4'-
DDE) 

Salvelinus namaycush 
(lake trout) Mortality 

34.4% fry 
mortality 0.29 No 0.29 - water and diet 176 days ne Berlin et al. 1981 na No LOER based on field study 

LOER based on egg residue from 
DDT Salvelinus namaycush Not reviewed eggs taken from field-collected 

DDx (mixture) (lake trout) Mortality fry mortality 2.9 No 2.9 - field (water) 4 yr study ne Burdick et al. 1964 by EPA No adults 
decreased LOER based on egg residue from 

DDT (total Salvelinus namaycush survivorship of water/ parental Not reviewed eggs taken from field-collected 
DDx DDE) (lake trout) Mortality fry 1.27 No 1.27 - transfer ne ne Mac et al. 1985 by EPA No adults 
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Summary of fish tissue-based toxicity values for mercury Hg ACR = 3.731 
Final 

Whole Body Final Whole Species 
Conc. Body Conc. LOER Used in LWG 

Endpoint (mg/kg wet ACR (mg/kg wet (mg/kg wet Exposure Freshwater or Agree with SSD Reason for not using 
COPC Species Endpoint Effect wt.) Applied? wt.) wt.) Route Duration Marine Reference LWG Notes EPA value? Notes derivation? in SSD 

study looked at interactive effects of Hg and 
Carassius auratus Heisinger et al. Se; increased mortality in Hg-only treatment; EPA LOER divided by ACR = 

Mercury (goldfish) Mortality 80% mortality 22.16 Yes 5.94 5.94 water 4 days ne 1979 LC50 calculated No 0.67 mg/kg ww Yes 

decreased 
Gambusia affinis ability to avoid Kania and 

Mercury (mosquitofish) Behavior predation 0.67 No 0.67 0.67 water 60 hours ne O'Hara 1974 Yes Yes 

EPA LOER (8.0 mg/kg ww) 
Oncorhynchus mykiss Rodgers and based on graph, LWG LOER 

Mercury (rainbow trout) Growth recuced growth 10 No 10 3.00 diet 84 days ne Beamish 1982 Close based on text statement Yes 

Oncorhynchus mykiss reduced Niimi and 
Mercury (rainbow trout) Mortality survival 11.2 Yes 3.0 water 12-33 days ne Kissoon 1994 Yes Yes 

Pimephales promelas Snarski and 
Mercury (fathead minnow) Growth recuced growth 1.31 No 1.31 0.41 food 3 months ne Olson 1982 Yes Yes 

reduced Drevnick and 
Pimephales promelas spawning Sandheinrich 

Mercury (fathead minnow) Reproduction success 0.864 No 0.86 diet 250 days ne 2003 Yes Yes 

Mercury 
Pimephales promelas 
(fathead minnow) Reproduction 

reduced 
spawning 
success 0.56 No 0.56 diet >1yr ne 

Hammerschmidt 
et al. 2002 

LOER is average residue in male carcass; 
spawning success was 75% in control; no 
statistics Close 

EPA LOER (0.68 mg/kg) is 
average residue in female 
carcass; effects were apparent 
regardless of which sex was 
exposed Yes 

Pimephales promelas reduced Sandheinrich EPA LOER based on 
Mercury (fathead minnow) Reproduction spawning 0.143 No 0.14 diet >21 days ne and Miller 2006 Yes behaviour endpoint Yes 

Salvelinus fontinalis reduction in McKim et al. LOER measured in parental fish at 39 
Mercury (brook trout) Reproduction reproduction 3.4 No 3.40 3.40 water 756 days ne 1976 weeks Yes Yes 

Semotilus 
atromaculatus (creek 

Mercury chub) Mortality 30% mortality 3.72 Yes 1.00 1.00 48 hours ne Kim et al. 1977 Yes Yes 
Noel-Lambot 
and 

Anguilla anguilla Bouquegneau no controls were used 
Mercury (European eel) Mortality 25% mortality 15.3 Yes 4.100777272 - water 60 days ne 1977 na No in this study 

Lowered blood 
alkaline field study; fish 

Esox lucius (northern phosphatase, Lockhart et al. collected from a 
Mercury pike) Growth emaciation 7 No 7 - ne ne ne 1972 na No contaminated site 

Esox lucius (northern Miettinen et al. could not obtain paper 
Mercury pike) Mortality LD50 15 Yes 4.020369874 - ne ne ne 1970 na No for review 

Reported mortality due 
to aggression within 
tanks and not a direct 
effect of Hg exposure. 
Aggressive behavior 
resulting in death of 
submissive fish is 

Mercury 
Fundulus heteroclitus 
(mummichog) Mortality 

43% male 
mortality 0.47 No 0.47 diet 42 days ne Matta et al. 2001 na No 

typical of killifish in 
aquaria. The behavior 
endpoint was not 
experimentally 
investigated so is not 
acceptable for TRV 
derivation (anecdotal). 
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Summary of fish tissue-based toxicity values for mercury Hg ACR = 3.731 
Final 

Whole Body Final Whole Species 
Conc. Body Conc. LOER Used in LWG 

Endpoint (mg/kg wet ACR (mg/kg wet (mg/kg wet Exposure Freshwater or Agree with SSD Reason for not using 
Species Effect wt.) Applied? wt.) wt.) Route Duration Marine Reference LWG Notes EPA value? Notes derivation? in SSDCOPC Endpoint 

lloss of field study; fish 
Oncorhynchus mykiss equilibrium, Matida et al. exposed to prey from a 

Mercury (rainbow trout) Behavior skin darkening 19 No 19 - diet 9 months ne 1971 na No contaminated site 

Oncorhynchus mykiss Miettinen et al. could not obtain paper 
Mercury (rainbow trout) Mortality LD50 11.9 Yes 11.9 - ne ne ne 1970 na No for review 

not clear that 
60% mortality, 
reduced 

uncontaminated 
controls were used 

Mercury 
Oncorhynchus mykiss 
(rainbow trout) Mortality, Growth 

feeding, growth 
inhibition 11.2 No 11.2 - water 83 days ne 

Boudou and 
Ribeyre 1984 na No 

(based on extended 
abstract); in french 

no experimental 
controls were used; 

Mercury 
Pimephales promelas 
(fathead minnow) Mortality 14% mortality 0.77 Yes 0.206378987 - water 120-h ne Handy 1995 na No 

only pre-exposrue 
controls were used for 
tissue residues 

Mercury 
Salmo trutta  (brown 
trout) Behavior 

loss of 
equilibrium, 
abnormal 
swimming 
pattern 5 No 5 - water 5 days ne 

Skak and 
Baatrup 1993 na No 

behavior endpoint was 
not experimentally 
investigated and is not 
clearly linked to effects 
on growth, mortality, or 
reproduction 

altered 
Notemigonus predator 
crysoleucas (golden avoidance Webber and 

Mercury shiner) Behavior behavior 0.536 No 0.536 0.536 food 90 days ne Haines 2003 na No 
Thymallus thymallus altered LOER based on egg 

Mercury (grayling) Behavior behavior 0.27 No 0.27 - water 10 days ne Fjeld et al. 1998 na No tissues 
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Summary of fish tissue-based toxicity values for lead lead ACR = 8.3 

Final 
Whole Body Final Whole Species 

Conc. Body Conc. LOER Agree with 
(mg/kg wet ACR (mg/kg wet (mg/kg wet Exposure Freshwater or EPA Used in LWG Reason for not using in 

COPC Species Endpoint Endpoint Effect wt.) Applied? wt.) wt.) Route Duration Marine Reference LWG Notes value? Notes SSD derivation? SSD 

reduction in feeding Life stage= juvenile; significant 
Pimephales promelas rate and ability to reduction in feeding rate and 

Lead (fathead minnow) Behavior capture and eat prey 26.2 No 26.2 26.2 water 4 weeks Weber et al. 1991 ability to capture and eat prey Yes Yes 
3 body weight significantly EPA LOER endpoint 

Salvelinus fontinalis generations/ Holcombe et al. decreased in 12-wk old fish (F3) based on 
Lead (brook trout) Growth body weight 4.02 No 4.02 4.02 water 3 years freshwater 1976 at 119 µg/L Yes survivorship Yes 

Lead 
Carassius auratus 
(goldfish) Mortality reduced survival 180 Yes 21.7 - water 96 hour freshwater 

Coello and Khan 
1996 na No no negative controls 

Lepomis cyanellus Coello and Khan 
Lead (green sunfish) Mortality reduced survival 425 Yes 51.2 - water 96 hour freshwater 1996 na No no negative controls 

Micropterus salmoides Coello and Khan 
Lead (largemouth bass) Mortality reduced survival 25 Yes 3.0 - water 96 hour freshwater 1996 na No no negative controls 

Oncorhynchus mykiss Lethal body burden injection study; no tissue 
Lead (rainbow trout) Mortality within 48 hours 2 Yes 0.24 - 48 hours freshwater Bell et al. 1993 na No residue data presented 

LOER is injected dose; 
Salmo trutta  (brown single inj + 7 no tissue residue data 

Lead trout) Mortality 100% mortality 3.0 No 3.0 - IP injection wks freshwater O'Neill 1981 na No presented 
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Summary of fish tissue-based toxicity values for lindane lindane ACR = 25 

Whole Final 
Body Final Whole Species 
Conc. Body Conc. LOER Agree Used in LWG 
(mg/kg ACR (mg/kg wet (mg/kg wet Exposure Freshwater or with EPA SSD 

COPC Species Endpoint Endpoint Effect wet wt.) Applied? wt.) wt.) Route Duration Marine Reference LWG Notes value? Notes derivation? Reason for not using in SSD 

Cyprinodon variegatus Schimmel et al. LC50 is 103.9 µg/l * average 
Lindane (sheepshead minnow) Mortality LC50 79 Yes 3.2 3.2 water 96 hours ne 1977 BCF of 490 = 50.9 µg/g Yes Yes 

ACR applied based on 
instruction from EPA even 

Lindane 
Gasterosteus aculeatus 
(threespine stickleback) Mortality 

25% mortality, 
hyperactivity 10.0 Yes 0.4 0.4 water 9 days ne Hansen 1980 

though mortality <50%; 
exposure concentration 
taken from graph Yes Yes 

Lindane 
Lagodon rhomboides 
(pinfish) Mortality LC50 5.22 Yes 0.2 0.2 water 96 hours ne 

Schimmel et al. 
1977 

LC50 is 30.6 µg/l * average 
BCF of 218 = 6.67 µg/g (this 
is the value previously used 
by WW) Yes Yes 

injection study; no control 
Ictalurus punctatus Nimrod and residue conc or statistics 

Lindane (channel catfish) Mortality threshold for lethality 106.7 Yes 4.268 - injection ne ne Benson 1996 na No reported 

Lindane 
Oncorhynchus mykiss 
(rainbow trout) Behavior lethargy in fry 0.103 No 0.103 - ne 27 days ne 

Ramamoorthy 
1985 na No 

behavior not clearly linked with 
growth, mortality, reproduction, 
also not experimentally 
evaluated 

Not wbole body tissue residues not 
Pimephales promelas Macek et al. reviewed reported (LOER based on 

Lindane (fathead minnow) Mortality 27% mortality 9.53 No 9.53 - water 48 days ne 1976 by EPA No eviscerated carcasses) 

Lindane 
Pseudorasbora parva 
(mostugo) Mortality Lethal in 24 hours 1246 Yes 49.84 - ne 24 hrs ne Kanazawa 1981 na No Secondary citation 

Lindane 
Salmo salar (Atlantic 
salmon) Mortality reduced survival 1.2 Yes 0.05 - ne  15 days ne 

Carlberg et al. 
1986 na No 

fish exposed to mixture of 
chemicals 
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Summary of fish tissue-based toxicity values for PCBs PCB ACR = 8.6 

Final 
Whole Body Final Whole Species 

COPC form Conc. Body Conc. LOER Used in LWG 
(for DDT, (mg/kg wet ACR (mg/kg wet (mg/kg wet Exposure Freshwater Agree with SSD 

COPC PCBs) Species Endpoint Endpoint Effect wt.) Applied? wt.) wt.) Route Duration or Marine Reference LWG Notes EPA value? Notes derivation? Reason for not using in SSD 

PCBs Aroclor 1260 Barbus barbus  (barbel) Reproduction reduced fecundity 0.52 No 0.52 0.52 dietary 50 days ne 
Hugla and 
Thome 1999 

study has several problems including: fish were reared under 
elevated temperatures to alter their reproduction, 2) the 
number of fish used in the experiment was not clearly 
reported and 3) statistical analyses appear to be based on an 
incorrect number of treatment levels; LOER determined 
assuming 80% moisture in organism, LOER is concentration 
following exposure; reproductive LOER of 2.6 mg/kg ww 
based on failure to spawn Yes Yes 

PCBs Clophen A50 
Carassius auratus 
(goldfish) Mortality lethal body burden 250 Yes 29.1 29.1 water 5-21 days ne 

Hattula and 
Karlog 1972 

lethal body burden ranged from 250 to 324 mg/kg ww over all 
treatments; PCBs dissolved in acetone (0.5 mL/L); An of 8.3 
ACR was applied to the LOER of 250 mg/kg ww because fish 
were exposed for less than 8 days (an acute period) 

not reviewed 
by EPA Yes 

PCBs Aroclor 1254 
Cyprinodon variegatus 
(sheepshead minnow) Mortality 

23% reduction in fry 
survival within 7 days 9.3 No 9.3 15 water 28 days ne 

Hansen et al. 
1973 

increase in fecundity; reduced fry survival; LOER based on 
adult female residues Yes Yes 

PCBs Aroclor 1016 
Cyprinodon variegatus 
(sheepshead minnow) Mortality 86% fry mortality 200 Yes 23.3 water 28 days ne 

Hansen et al. 
1975 LOER based on fry concentration No Yes 

increased liver/body weight ratio; LOEC is WB concentration 
Ictalurus punctatus 40% reduction in Hansen et al. in fingerlings minus stomach and contents; exposure was via 

PCBs Aroclor 1242 (channel catfish) Growth body weight gain 14.3 No 14.3 14.3 diet 20 wks ne 1976 feeding Yes Yes 
inclusion is conservative because subsequent longer term 

Lagodon rhomboides Hansen et al. study with Aroclor 1016 was conducted by the same lab with 
PCBs Aroclor 1254 (pinfish) Mortality increased mortality 14 Yes 1.6 13 water 14-35 days ne 1971 order of magnitude higher LOER close EPA LOER (1.7 mg/kg ww) Yes 

PCBs Aroclor 1016 
Lagodon rhomboides 
(pinfish) Mortality 50% mortality 106 No 106 water 42 days ne 

Hansen et al. 
1974 

significant reduction in survival (6% mortality in control); loss 
of equilibrium; erratic swimming also observed at LOER No 

EPA LOERs (65 and 620 mg/kg ww) based on 
96hr LC18 and LC44; chronic exposure study 
preferred (where LOER = 106 mg/kg ww); 
ACR not applied because juvenile fish (a 
sensitive lifestage) were exposed for a chronic 
period (42 days). Yes 

PCBs Aroclor 1254 
Leiostomus xanthurus 
(spot) Mortality LD17 46 Yes 5.3 5.3 water 20 days ne 

Hansen et al. 
1971 

LOER based on increased mortality in 5 µg/L exposure; 
mortality did not appear directly related to body burden; body 
burden increased with exposure duration No 

EPA LOER (2.05 mg/kg ww) derived using 
ACR and LOER of 17 mg/kg ww from 1 ug/L 
treatment level; The authors state the spot 
were unaffected at this level but experienced 
increased mortality at the next higher treatment 
level (5 µg/l) Yes 

PCBs Aroclor 1254 
Oncorhynchus kisutch 
(Coho salmon) Mortality 100% mortality 645 No 645 645 diet ~260 days ne 

Mayer et al. 
1977 

all fish died within 265 days of dose; no statistics, no control; 
LOER based on fingerling tissues; fish exposed to PCBs vis 
radiolabeled contaminated food No 

EPA LOER = 77.7 mg/kg ww derived using 
ACR; ACR not appropriate; juvenile fish (a 
sensitive lifestage) were exposed for a chronic 
period (260 days). Yes 

Aroclor 
1254:1260 Oncorhynchus mykiss Mayer et al. LOER in young tissue residues; no effect on mortality or 

PCBs (1:2 ratio) (rainbow trout) Growth decreased length 120 No 120 120 water 90 days ne 1985 vertebrae strength Yes Yes 

PCBs Clophen A50 
Phoxinus phoxinus 
(minnow) Reproduction 

reduction in time to 
hatch, fry death 25 No 25 25 diet 45 days ne Bengtsson 1980 No 

EPA LOER = 1.6 mg/kg ww based on behavior 
endpoint (where non-significant impairment of 
swimming performance; changes in feeding 
and social behavior; behavior were observed) Yes 

PCBs 
Aroclor 1248, 
1260 mixture 

Pimephales promelas 
(fathead minnow) Growth 

33% reduction in 
weight, 30% 
reduction in standing 
crop 50 No 50 50 water 30 days ne 

DeFoe et al. 
1978 

at LOER, reduced weight of second generation at 30 day 
observed No 

EPA LOER = 190 mg/kg bw associated with 
the 3.0 µg/L treatment level, however, a 
significant reduction in weight was also 
observed at next two lower treatment levels. Yes 

PCBs Aroclor 1254 
Pimephales promelas 
(fathead minnow) Reproduction reduced spawning 429 No 429 water 30 days ne 

Nebeker et al. 
1974 

LOER based on female terminal residue; LOER of 429 mg/kg 
ww based on reproductive failure; egg hatchability and fry 
survival was not affected at LOER of 458 mg/kg ww No 

EPA LOER ( 196 mg/kg) is the mean male 
concentration, however, the female 
concentration is more appropriate for these 
reproductive endpoints. Yes 

PCB 

PCBs 

congener or 
congener 
mixture (2 
congeners) 

Poecilia reticulata 
(guppy) Mortality 

increased mortality, 
loss of equilibrium, 
color change 190 No 190 190 water 65 days ne 

Opperhuizen and 
Schrap 1988 

Based on mixture of PCB 133 and PCB 197; ACR not applied 
because >30 days exposure No 

EPA included concentration of only 1 of the 
two congeners included in mixture. Assumed 
lowest reported concentration of 2 congeners. Yes Congener mixture 
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Summary of fish tissue-based toxicity values for PCBs PCB ACR = 8.6 

Final 
Whole Body Final Whole Species 

COPC form Conc. Body Conc. LOER Used in LWG 
(for DDT, (mg/kg wet ACR (mg/kg wet (mg/kg wet Exposure Freshwater Agree with SSD 

COPC PCBs) Species Endpoint Endpoint Effect wt.) Applied? wt.) wt.) Route Duration or Marine Reference LWG Notes EPA value? Notes derivation? Reason for not using in SSD 

PCBs Aroclor 1254 
Salvelinus fontinalis 
(brook trout) Growth reduced survival 125 No 125 125 ne 

10 days prior 
to hatch and 

118 days 
after hatch ne 

Mauck et al. 
1978 

fry residue measured at 118 days; growth effect reported at 
48 days but disappeared at 118 days; exposure as eggs; 
reduced fry mortality (21% to 100%) at tissue residue in fry = 
125 mg/kg ww No 

EPA LOER (3.2 mg/kg ww) is the tissue 
residue measured on day 7 associated with 
reduced growth; the growth effect observed at 
45 days was not apparent at 118 days. The 
authors attribute this to size selective mortality, 
however, there was no increased mortality at 
this treatment level. The appropriate LOAEL 
from this study is for survival at the next higher 
treatment level at 118 days. Yes 

PCBs PCB-5Cl 
Brachydanio rerio (zebra 
fish) Mortality LD82 4241 Yes 493.139535 - gavage ne ne 

Bouraly and 
Millischer 1989 na No 

Exposure route not acceptable 
(gavage) 

PCBs Aroclor 1268 
Fundulus heteroclitus 
(mummichog) Growth increased growth 1.3 No 1.3 - ne ne ne Matta et al. 2001 na No 

LOER is associated with a positive 
effect (increased weight) 

PCB 

PCBs 

congener 
mixture (8 
congeners) 

Fundulus heteroclitus 
(mummichog) 

Mortality, 
Reproduction 

female mortality, egg 
production, food 
consumption 3.8 No 3.8 - IP injection 

50 days 
(during 

spawning) ne Black et al. 1998 
not reviewed 

by EPA No LOER based on injected concentration 
reduction in larval 

PCBs Aroclor 1254 
Micropogonias undulatus 
(Atlantic croaker) Growth 

growth rate and 
impaired response to 
startle stimulus 3.2 No 3.2 -

maternal 
transfer to 

eggs 

2 wks during 
reproduc-tion 

(adults) ne 
McCarthy et al. 
2003 

not reviewed 
by EPA No LOER based on egg concentration 

PCBs 

PCB 
congeners 
mixture (3 
congeners) 

Oncorhynchus kisutch 
(Coho salmon) Growth reduced growth 3.48 No 3.48 - diet 165 days ne 

Gruger et al. 
1975 

PCB congeners: 3,4,3'4'-tetrachlorobiphenyl (77), 2,4,5,2'4'5' 
(153) - and 2,4,6,2'4'6-hexachlorobiphenyl (155) ; LOEC is 
WB concentration at 108 days; change in growth was 
observed after 165 days; LOEC is roughly equivalent to when 
effect was observed na No 

Based on exposure to 3 individual PCB 
congeners (77, 153, 155); PCB 77 is 
coplanar with a TEF 

PCB 

PCBs 

congener or 
congener 
mixture 

Oncorhynchus kisutch 
(Coho salmon) Growth 

significant increased 
rate of growth (weight 
gain) 2.3 No 2.3 - injection ne ne 

Gruger et al. 
1976 na No 

Positive growth effect observed at 
LOER 

reduction in ability to 
Oncorhynchus kisutch adapt to seawater single inj + 6 Folmar et al. 

PCBs Aroclor 1254 (Coho salmon) mortality (6% mortality) 0.15 No 0.15 - injection wks ne 1982 na No LOER based on egg concentration 

Total PCBs 
(pesticides Oncorhynchus mykiss Field study and not based on primary 

PCBs also reported) (rainbow trout) Growth reduction in growth 1.6 No 1.6 - ne ne ne Dillon 1984 na No citation 

PCBs Aroclor 1254 
Oncorhynchus mykiss 
(rainbow trout) Growth 

reduction in fry 
growth 1.64 No 1.64 -

maternal 
transfer 60 days ne 

Hendricks et al. 
1981 

not reviewed 
by EPA No LOER based on egg concentration 

PCBs Aroclor 1242 
Oncorhynchus mykiss 
(rainbow trout) Mortality 10% mortality 10.8 Yes 1.25581395 - ne ne ne 

Hogan and 
Brauhn 1975 na No LOER based on egg concentration 

Effect is not a direct evaluation of 
Oncorhynchus mykiss reduction of LD50 for Meador et al. growth, survival, or reproduction and 

PCBs Aroclor 1254 (rainbow trout) Mortality other chemcials 0.28 No 0.28 - ne ne ne 2002 na No based on secondary citation 
Oncorhynchus 
tshawytscha  (chinook Broyles and 

PCBs PCB 153 salmon) Mortality 24 - 28% mortality 3.6 Yes 0.41860465 - water 15 days ne Noveck 1979 na No LOER based on sac-fry concentrations 

PCBs PCB 126 
Oryzias latipes 
(Japanese medaka) Mortality, Growth 

reduced body weight, 
23.5% mortality 0.072 No 0.072 - aqueous 96 hr ne 

Kim and Cooper 
1998 

at LOER, effects were observed over 4 wks following 
exposure but residues were measured after 96 hr exposure; 
jaw deformities and fin erosions were also observed; control 
mortality was 0% 

not reviewed 
by EPA No 

Exposure to one coplanar PCB 
congener (126) with TEF 
field study and not based on primary 

Phoxinus phoxinus reduction in percent citation; Bengtsson (1980) did not 
PCBs Clophen A50 (minnow) Reproduction hatching 10 No 10 - ne ne ne Dillon 1984 na No identify a LOER for mortality 

PCBs Aroclor 1254 
Pimephales promelas 
(fathead minnow) Mortality increased mortality 429 No 429 - ne ne ne 

Reiser et al. 
2004 na No based on secondary citation 
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Summary of fish tissue-based toxicity values for PCBs PCB ACR = 8.6 

Final 
Whole Body Final Whole Species 

COPC form Conc. Body Conc. LOER Used in LWG 
(for DDT, (mg/kg wet ACR (mg/kg wet (mg/kg wet Exposure Freshwater Agree with SSD 
PCBs) Species Endpoint Effect wt.) Applied? wt.) wt.) Route Duration or Marine Reference LWG Notes EPA value? Notes derivation? Reason for not using in SSDCOPC Endpoint 

exposures were too short to reach 
steady state (lethal body burden of 6 
month old fish that died in less than 20 

PCBs 
Aroclor 1242, 
1254, or 1260 

Pimephales promelas 
(fathead minnow) Mortality lethal body burden 1.86 - 749 No 1.86 - 749 - water up to 300 hrs ne 

van Wezel et al. 
1995a No No 

hours was 1.8 to 30 ug/g ww; lethal 
body burden of fish that died at 100 to 
300 hrs was 120 to 749 ug/g ww; 50% 
variability in lethal body burdens was 
observed and was related to lipid 
content; lethal body burden was 
dependent on time of death; study was 
uncontrolled; low sample size; no 
critical body burden was identified in 
study) 

retarded LOER based on egg concentration; 
PCB Aroclor Salmo salar  (Atlantic phototropism Fisher et al. not reviewed behavior endpoint not directly related to 

PCBs mixture salmon) Behavior behavior in alevins 5.59 No 5.59 - water 48 hours ne 1994 by EPA No growth, survival, or reproduction 

PCBs 
PCB Aroclor 
mixture 

Salmo salar  (Atlantic 
salmon) Growth 

reduction in live fry 
body weight 0.857 No 0.857 - water 48 hours ne 

Fisher et al. 
1994 

not reviewed 
by EPA No LOER based on egg concentration 

LOER based on fry tissue residues 
Aroclor 1016, 
1221, 1254, Salmo salar  (Atlantic Meador et al. 

following exposure as eggs; fry 
represent growth dillution and 

PCBs 1260 mixture salmon) Growth reduced growth 1.1 No 1.1 - ne ne ne 2002 na No depuration 

a positive growth effect is reported; 
enlarged liver, bioaccumulation study did not 

Salmo trutta (brown 
decreased 
hemoglobin, sluggish Johansson et al. 

experimentally investigate behavior; 
behavior endpoint not related to growth, 

PCBs Clophen A50 trout) Behavior behavior 10 No 10 - ne ne ne 1972 na No survival, or reproduction 

PCBs Aroclor 1254 
Salvelinus fontinalis 
(brook trout) Reproduction 

reduced hatchability 
(75%) 77.9 No 77.9 - water 21 days ne 

Freeman and 
Idler 1975 na No LOER based on egg concentration 

change in data cannot be validated; behavior 
Salvelinus namaycush temperature endpoint not clearly linked to growth, 

PCBs no data (lake trout) Behavior preference 26.3 No 26.3 - diet ne ne Dillon 1984 based on anonymous citation (1981) data cannot be validated na No mortality, or reproduction 

PCBs Aroclor 1254 
Salvelinus namaycush 
(lake trout) Mortality 

significant increase in 
fry mortality 1.53 No 1.53 - water and diet ne ne Berlin et al. 1981 na No 

LOER based on field collected fish 
from a contaminated site 

PCBs PCB 153 
Salvelinus namaycush 
(lake trout) Mortality 51-87% mortality 9.2 Yes 1.06976744 - water 15 days ne 

Broyles and 
Noveck 1979 na No LOER based on sac-fry concentrations 

water/ 
Salvelinus namaycush decreased parental not reviewed LOER based on field collected egg 

PCBs PCB mixture (lake trout) Mortality survivorship of fry 2.69 No 2.69 - transfer ne ne Mac et al. 1985 by EPA No residues from a contaminated site 

PCBs Aroclor 1254 
Salvelinus namaycush 
(lake trout) Mortality fry mortality 4.5 No 4.5 - water and diet 48 days ne 

Mac and Seelye 
1981a na No 

LOER based on field collected egg 
residues from a contaminated site 

secondary citation; behavior endpoint 
Gadus morhua  (Atlantic changes in swim behavior effect observed was swim posture; based on (swim posture) not clearly linked to 

PCBs ne cod) Behavior posture 110 No 110 - ne ne ne Dillon 1984 Olofsson and Lindahl (1979) na No growth, mortality, or reproduction 
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Summary of fish tissue-based toxicity values for zinc Zn ACR = 2 

Final 
Whole Whole 
Body Body 
Conc. Conc. Final Species Agree 

(mg/kg wet ACR (mg/kg LOER (mg/kg Exposure Freshwater or with EPA Used in LWG 
COPC Species Endpoint Endpoint Effect wt.) Applied? wet wt.) wet wt.) Route Duration Marine Reference LWG Notes value? Notes SSD derivation? Reason for not using in SSD 

Zinc 
Fundulus heteroclitus 
(mummichog) Mortality 30% mortality 1,502 Yes 751 751 water 96 hours ne 

Eisler and 
Gardner 1973 

LOER based on surving tissue residues; LOER in dead fish = 
1,266 mg/kg ww No 

Unable to replicate EPA LOER (305 
mg/kg ww and with ACR = 152 mg/kg 
ww); however, ACR not applied 
because mortality <50% Yes 

Zinc 
Jordanella floridae 
(American flagfish) Growth, Mortality 

reduced survival and 
female growth 44 No 44 36 water 2 generations ne Spehar 1976 

female growth was significantly reduced in fish exposed to 51 
ug/L (and were not exposed as embryos); LOER based on 30 
day residues; unclear whether tissue concentrations reported 
in dw or ww; assumed dry weight based on similar methods 
reported in Spehar et al. 1978 where residues were reported 
as dry weight No 

EPA LOER (220 mg/kg dw) was 
converted into wet weight Yes 

20% ave mortality (F0) no effects on growth after 100 days; LOER based on graph 
Jordanella floridae and 23% ave morality Spehar et al. and based on WB concentration at 100 days; average control 

Zinc (American flagfish) Mortality (F1) 58 Yes 29 water 30 days ne 1978 mortality = 15% Close EPA LOER = 51.5 mg/kg ww Yes 

values not significantly different from control according to EPA LOER (102 mg/kg ww) based on 

Poecilia reticulata 
female body weight, 
number of females 

paper statistics; however, they were 60% of the control value; 
LOER is an average female WB concentration of fish exposed 

altered male:female ratio in population; 
this effect not directly related to growth, 

Zinc (guppy) Growth giving birth 297 No 297 297 water 134 days ne Pierson 1981 to 0.605 and 0.609 mg/L No reprouduction or mortality Yes 
Cichlasoma LOER based on embryo tissue 
nigrofasciatum (zebra Ozoh and residues; no tissues residues 

Zinc cichlid) Reproduction reduced hatching 36 No 36 - water ne ne Jacobson 1979 No No reported in study 

Gasterosteus 
aculeatus (threespine Matthiessen and no mortality observed and/or 

Zinc stickleback) Mortality increased mortality 270 Yes 135 - water approx. 24 hours ne Brafield 1977 na No reported in paper 
Jordanella floridae secondary citation; see Spehar 

Zinc (American flagfish) Growth reduced growth 200 No 200 - ne ne ne Dillon 1984 na No (1976) 
no control data used in study, 

Mugil cephalus (striped Zyadah and 
methods for individual expsoure 
levels and experiments not 

Zinc mullet) Mortality 70% mortality 23.1 Yes 11.6 - water up to 72 hrs ne Abdel-Baky 2000 na No reported 
no measured tissue residues; 

Zinc 
Oncorhynchus mykiss 
(rainbow trout) Mortality lethal body burden 5500 Yes 2750 - water 96 hrs ne Connolly 1985 na No 

effects data from secondary 
source and residues predicted 
using modeling equation 

Oncorhynchus mykiss reduction in percent 
Zinc (rainbow trout) Reproduction viable hatch 101 No 101 - water 42 days ne Leland 1983 na No no tissue residue data reported 

reduction in # 
Poecilia reticulata spawnings & time to secondary citation; see Pierson 

Zinc (guppy) Reproduction spawn 0.3 No 0.3 - ne ne ne Dillon 1984 na No (1981) 

tissue residues not dose-

Zinc 
Salmo salar (Atlantic 
salmon) Behavior 

decreased food intake 
within 10 days 38 No 38 - water 80 days ne 

Farmer et al. 
1979 na No 

responsive; no effects on growth 
and food intake rate recovered by 
end of experiment 

Zinc 
Salmo salar (Atlantic 
salmon) Growth 17% reduction in growth 4.8 No 4.8 - water 42 day ne Dube et al. 2005 na No 

fish exposed to a mixture of 
metals 

Zinc 
Salvelinus fontinalis 
(brook trout) Reproduction 

reduced hatchability of 
2nd generation embryos 22.6 No 22.6 - water 

24 wks (adult 
exposure) ne 

Holcombe et al. 
1979 na No 

LOER based on embryo tissue 
residues 

Salvelinus fontinalis secondary citation; see Holcombe 
Zinc (brook trout) Reproduction reduced hatchability 30 No 30 - ne ne ne Dillon 1984 na No et al. (1979) 
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Bob Wyatt 

Subject: Benthic Evaluation Reference Envelope and Stormwater Loading Methods 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, November 21, 2008 4:56 PM 
To: Bob Wyatt 
Cc: Keith Pine; Jennifer Woronets; Humphrey.Chip@epamail.epa.gov; Rick Applegate; Jim McKenna 
Subject: Benthic Evaluation Reference Envelope and Stormwater Loading Methods 

Bob, I wanted to let you know that your November 14, 2008 proposal for 
the reference envelope stations is acceptable as is your November 19, 
2008 response to EPA's November 3, 2008 letter regarding the stormwater 
loading calculation methods. 

EPA is still reviewing the November 14, 2008 benthic tissue TRV 
reconciliation table and hopes to have a response next week. We have 
only begun to look at the November 20, 2008 fish tissue TRV 
reconciliation table and hope to have a response sometime during the 
first week in December. 

Let me know if you have any questions., 

Thanks, Eric 
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John Toll 

Subject:	 FW: Conference call to discuss invert TRVs 

From: John Toll 
Sent: Wednesday, November 26, 2008 11:47 AM 
To: Bob Wyatt 
Cc: Helle B. Andersen; Lisa Saban; Keith Pine; pdost@schwabe.com 
Subject: RE: Conference call to discuss invert TRVs 

Hi Bob. Helle and I just got off the phone with Burt, Bob and David. We have a path forward that will allow them to 
recommend to Eric that he approve the benthic tissue TRVs. They did agree to drop their comments on behavioral 
studies but they asked for a couple of things from us: 

•	 They asked us to apply an ACR to a short duration DDD study where the effect is narcosis. That study still 
doesn’t drive the TRV (no change in the final value) and none of the fish tissue DDx studies would be affected by 
this compromise either. Whether the ACR should be applied to a narcosis endpoint is a gray area (we can’t say 
absolutely that EPA’s wrong in asking for it) so, given that it doesn’t make a difference we think it’s okay to make 
this change. 

•	 They’ve identified two inconsequential QC errors that we’ve agreed to fix (one where we applied an ACR to a 24‐
day study and another where we accepted a study in the last round of edits, but didn’t properly update the table 
to reflect that) 

•	 They’ve asked us to accept their interpretation of one Cu study. By accepting their interpretation the tox value 
drops below the nutritional threshold meaning that the paper gets dropped. They understand that. It’s fine 
with us. 

•	 Finally they want us to add a notation explaining why we rejected single PCB congener studies, to cover their 
backs. 

All this seems fine. Burt agreed that if we edit the tables accordingly and send them to him, he’ll reply in writing saying 
that the EPA technical team agrees with the benthic tissue TRVs. Once we’ve got that I’d want to ask Eric to approve the 
TRVs before taking them back to Exec yet again for final approval. 

The bottom line of all this is that I’m asking for your approval to make the noted changes and resubmit to EPA prior to 
taking to back to Exec. The benefit of this is a) that we can get it done and get at least Burt’s approval today and b) the 
next time this goes to Exec we’ll be able to say that it’s definitely the last time. Let me know please whether you 
approve, and if so we’ll wrap this up. 

John 

This communication is made under the framework of the LWG Participation Agreement and in the parties' common interests in meeting LWG member obligations 
under the Administrative Order on Consent and in anticipation of litigation concerning liability for the Portland Harbor Superfund site. This communication is intended 
and believed by the parties to be part of an ongoing and joint effort to develop and maintain a common legal strategy and contains strategies, work product and legal 
advice within the "common interest" extension of the attorney-client privilege and the work product doctrine. This communication may include attorney-client 
communications. With respect to communications by private LWG members to public members, those communications are with the expectation that they will be kept 
confidential by the public entities. The information is intended to be for the use of the individual or entity named above. If you are not the intended recipient, please be 
aware that any disclosure, copying, distribution or use of the contents of this information is prohibited. If you have received this electronic transmission in error, please 
notify us by electronic mail at johnt@windwardenv.com. 

From: John Toll 
Sent: Wednesday, November 26, 2008 10:01 AM 
To: 'Robert W. Gensemer'; David DeForest; Helle B. Andersen; Shephard.Burt@epamail.epa.gov 
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Cc: Humphrey.Chip@epamail.epa.gov; Blischke.Eric@epamail.epa.gov; Bob Wyatt; Lisa Saban 
Subject: RE: Conference call to discuss invert TRVs 

All – I’ve scanned the list of issues you want to discuss and need to let you know that we’re not able to engage in further 
technical discussions on inclusion or exclusion of behavior studies at this point in the process. That was kicked up to the 
management level where a decision was made that we implemented. 

That leaves Milanovich et al. 1977 (ACR question), PCB congeners and application of ACR for a narcosis response. John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119-3958 
(206) 812-5433 
(206) 913-3292 (cell) 
www.windwardenv.com 

The information contained in this e-mail message is intended only for the personal and confidential use of the recipient named above. This message may be an attorney-client communication and as 
such is privileged and confidential. If the reader of this message is not the recipient named above or an agent responsible for delivering it to the intended recipient, the reader is hereby notified that 
this message has been received in error and that any review, dissemination, copying or distribution of this message is strictly prohibited. If you have received this message in error, please notify the 
sender immediately, and delete this message. 

From: Robert W. Gensemer [mailto:rgensemer@parametrix.com] 
Sent: Wednesday, November 26, 2008 9:22 AM 
To: David DeForest; Helle B. Andersen; John Toll; Shephard.Burt@epamail.epa.gov 
Cc: Humphrey.Chip@epamail.epa.gov; Blischke.Eric@epamail.epa.gov 
Subject: Conference call to discuss invert TRVs 
Importance: High 

Hi folks. I just got off the phone with Burt, and he is available for a call amongst all of us to discuss these last remaining 
issues at 10:00 this morning. Unless someone has a conflict with this, lets use the following number, with Burt initiating 
the call: 

1 (800) 504‐8071, 3758297# 

We can focus on the PMX‐identified issues below, plus anything else Burt has in mind. 

Talk with you all in a little while. 
‐Bob 

From: David DeForest 
Sent: Wednesday, November 26, 2008 9:14 AM 
To: Helle B. Andersen; John Toll 
Cc: Robert W. Gensemer 
Subject: RE: Are you in this morning? 

Hi Helle‐

Below is a list of items we sent to EPA yesterday. Note that these just reflect thoughts from Bob and I ‐ these have not 
been discussed with Burt or anyone else yet at EPA. I'll let you know as soon as possible whether we will try to arrange a 
call…thanks for being available! 

David 

Arsenic ‐ OK with exclusions and modifications stated in table as is. 
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Cadmium ‐ agree with exclusions and modifications except, possibly, for the following: 
‐ For Chironomus (Postuma et al. 1994), LWG went with a higher LOER with significant mortality effect instead of 
development time‐based LOER we suggested. This is a grey area, but without reviewing the paper, we're inclinded to 
agree that if we have a mortality value in the same study, that we need to go with that value as a direct measure of 
mortality, rather than development as a potentially indirect measure. Unless you consider developmnet = growth? 
‐ For Gammarus (Wallace and Estphan 2004), agree to not use vertical swimming endpoint because I believe we agreed 
to not use locomotor behavior, particularly when we had a mortality value in the same study (which we do here). 
‐Macoma (Duquense et al. 2004), Disagree with LWG that filtration rate should be excluded as a behavior endpoint‐‐I 
thought we had agreed to include these 
‐Nephtys (Olla et al. 1988) ‐ Don't recall us "requiring LWG to include this study against their objections" except possibly 
because they did not like using burrowing time? But the bad dose‐response comment is a valid one, so David will 
attempt to get the study and confirm 
‐Palaemonetes (Wallace et al. 2000) ‐ Disagree that prey capture is not directly related to S,G,R‐‐I think we already 
discussed that with them. Recommend putting this study back into the SSD 

Copper ‐ In general, the greater than 2X‐higher TRV they derived is a valid outcome of changing the ACR from 8.3 to 
3.23, and considering deficiency/sufficiency. However, there are still a couple of study decisions that don't seem quite 
right to us: 
‐ Cirriformia (Milanovich et al. 1977)‐‐ Disagree with LWG that an ACR should be applied to this 24‐d study (agreement 
was to use ACR if invert study < or = 21d) 
‐Mysella anomala (King et al 2004). PMX/EPA reviewed this study the first time around, so we disagree with LWG's 
suggested interpretation and stand by our original LOER interpretation (understanding that it’s a graphical interpolation, 
so has some uncertainty). Only change would be to use the copper‐specific ACR. 
‐ Soletillina (Kind et al 2004). Similar to above, we already reviewed this study, but now note that even after using an 
ACR of 3.23, that 8/3.23 = 2.5 mg/kg, which is below the deficiency threshold, right? This would mean eliminating the 
study altogether. 
‐ The column explaining LWG's exclusions is missing, and so we can not evalute further 

Zinc ‐ OK with exclusions and modifications stated in table as is. 

TBT ‐ OK with exclusions and modifications stated in table as is. 

Phthalates ‐ OK with exclusions and modifications stated in table as is. 

PBCs ‐ OK with modifications. However, they excluded ALL individual PCB congener studies. I thought the agreement 
was only to exclude PCB congeners that were either 1) dioxin‐like, or 2) not likely to be present in significant amounts in 
Portland Harbor. In particular, my notes said to include congeners 47, 101, and 153, but LWG excludes them. 

DDD ‐ not sure its appropriate to exclude an ACR because it would be applied to a narcosis endpoint. The study 
(Diporeia) was 10d duration, so an ACR should apply. 

From: Helle B. Andersen [mailto:helleb@windwardenv.com]  

Sent: Wednesday, November 26, 2008 9:02 AM 

To: John Toll; David DeForest 

Subject: RE: Are you in this morning?
 

Yes I’m in – David maybe you could give me a list of what you want to talk about so that I can get supporting information 
together? 
Thanks Helle 
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From: John Toll 
Sent: Wednesday, November 26, 2008 8:25 AM 
To: David DeForest; Helle B. Andersen 
Cc: John Toll 
Subject: Re: Are you in this morning? 

Hi David. I'm going to be in a little after 9:00. I believe that Helle's in too. John 

From: David DeForest <deforest@parametrix.com> 

Date: Wed, 26 Nov 2008 07:06:46 -0800 

To: Helle B. Andersen<helleb@windwardenv.com> 

CC: johnt@windwardenv.com<johnt@windwardenv.com> 
Subject: Are you in this morning? 
Hi Helle and John‐

Just curious if you are in the office today. There's a chance that Bob and I may want to talk to you to work through some 
questions on the benthic TRVs. We are not sure of Burt's schedule or if he is even in the office this week (we haven’t 
heard from him), but Bob and I want to get things resolved on this (as I'm sure you do too!). Anyway, let me know if you 
are around and we may try to contact you if that is okay. I'm out for the rest of the day starting at 11 this morning, so if 
we do talk it would have to be by mid‐morning. 

Thanks, 
David 
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Helle B. Andersen 

From: David DeForest [deforest@parametrix.com] 
Sent: Wednesday, November 26, 2008 9:14 AM 
To: Helle B. Andersen; John Toll 
Cc: Robert W. Gensemer 
Subject: RE: Are you in this morning? 

Hi Helle‐

Below is a list of items we sent to EPA yesterday. Note that these just reflect thoughts from Bob and I ‐ these have not 
been discussed with Burt or anyone else yet at EPA. I'll let you know as soon as possible whether we will try to arrange a 
call…thanks for being available! 

David 

Arsenic ‐ OK with exclusions and modifications stated in table as is. 

Cadmium ‐ agree with exclusions and modifications except, possibly, for the following: 
‐ For Chironomus (Postuma et al. 1994), LWG went with a higher LOER with significant mortality effect instead of 
development time‐based LOER we suggested. This is a grey area, but without reviewing the paper, we're inclinded to 
agree that if we have a mortality value in the same study, that we need to go with that value as a direct measure of 
mortality, rather than development as a potentially indirect measure. Unless you consider developmnet = growth? 
‐ For Gammarus (Wallace and Estphan 2004), agree to not use vertical swimming endpoint because I believe we agreed 
to not use locomotor behavior, particularly when we had a mortality value in the same study (which we do here). 
‐Macoma (Duquense et al. 2004), Disagree with LWG that filtration rate should be excluded as a behavior endpoint‐‐I 
thought we had agreed to include these 
‐Nephtys (Olla et al. 1988) ‐ Don't recall us "requiring LWG to include this study against their objections" except possibly 
because they did not like using burrowing time? But the bad dose‐response comment is a valid one, so David will 
attempt to get the study and confirm 
‐Palaemonetes (Wallace et al. 2000) ‐ Disagree that prey capture is not directly related to S,G,R‐‐I think we already 
discussed that with them. Recommend putting this study back into the SSD 

Copper ‐ In general, the greater than 2X‐higher TRV they derived is a valid outcome of changing the ACR from 8.3 to 
3.23, and considering deficiency/sufficiency. However, there are still a couple of study decisions that don't seem quite 
right to us: 
‐ Cirriformia (Milanovich et al. 1977)‐‐ Disagree with LWG that an ACR should be applied to this 24‐d study (agreement 
was to use ACR if invert study < or = 21d) 
‐Mysella anomala (King et al 2004). PMX/EPA reviewed this study the first time around, so we disagree with LWG's 
suggested interpretation and stand by our original LOER interpretation (understanding that it’s a graphical interpolation, 
so has some uncertainty). Only change would be to use the copper‐specific ACR. 
‐ Soletillina (Kind et al 2004). Similar to above, we already reviewed this study, but now note that even after using an 
ACR of 3.23, that 8/3.23 = 2.5 mg/kg, which is below the deficiency threshold, right? This would mean eliminating the 
study altogether. 
‐ The column explaining LWG's exclusions is missing, and so we can not evalute further 

Zinc ‐ OK with exclusions and modifications stated in table as is. 

TBT ‐ OK with exclusions and modifications stated in table as is. 

Phthalates ‐ OK with exclusions and modifications stated in table as is. 
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PBCs ‐ OK with modifications. However, they excluded ALL individual PCB congener studies. I thought the agreement 
was only to exclude PCB congeners that were either 1) dioxin‐like, or 2) not likely to be present in significant amounts in 
Portland Harbor. In particular, my notes said to include congeners 47, 101, and 153, but LWG excludes them. 

DDD ‐ not sure its appropriate to exclude an ACR because it would be applied to a narcosis endpoint. The study 
(Diporeia) was 10d duration, so an ACR should apply. 

From: Helle B. Andersen [mailto:helleb@windwardenv.com]  

Sent: Wednesday, November 26, 2008 9:02 AM 

To: John Toll; David DeForest 

Subject: RE: Are you in this morning?
 

Yes I’m in – David maybe you could give me a list of what you want to talk about so that I can get supporting information 
together? 
Thanks Helle 

From: John Toll 
Sent: Wednesday, November 26, 2008 8:25 AM 
To: David DeForest; Helle B. Andersen 
Cc: John Toll 
Subject: Re: Are you in this morning? 

Hi David. I'm going to be in a little after 9:00. I believe that Helle's in too. John 

From: David DeForest <deforest@parametrix.com> 

Date: Wed, 26 Nov 2008 07:06:46 -0800 

To: Helle B. Andersen<helleb@windwardenv.com> 

CC: johnt@windwardenv.com<johnt@windwardenv.com> 
Subject: Are you in this morning? 
Hi Helle and John‐

Just curious if you are in the office today. There's a chance that Bob and I may want to talk to you to work through some 
questions on the benthic TRVs. We are not sure of Burt's schedule or if he is even in the office this week (we haven’t 
heard from him), but Bob and I want to get things resolved on this (as I'm sure you do too!). Anyway, let me know if you 
are around and we may try to contact you if that is okay. I'm out for the rest of the day starting at 11 this morning, so if 
we do talk it would have to be by mid‐morning. 

Thanks, 
David 
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John Toll 

From: John Toll 
Sent: Wednesday, December 03, 2008 4:45 PM 
To: 'Shephard.Burt@epamail.epa.gov'; Helle B. Andersen 
Cc: 'deforest@parametrix.com'; 'rgensemer@parametrix.com'; 'Blischke.Eric@epamail.epa.gov'; 

'Wyatt, Robert'; Lisa Saban 
Subject: RE: Paper giving PCB congener compositon of commercial Aroclor mixtures 

Hi again Burt. I also meant to ask about the outcome of your meeting this morning. On 11/26 
you also asked us to make changes to the benthic tissue TRVs for Cu and total DDx. We made 
those changes and sent you the revised tables on 11/26. The Cu TRV dropped slightly from 
8.00 to 7.67 mg/kg ww and the total DDx TRV went up slightly from 0.93 to 0.97 mg/kg ww. I 
understood that these (along with the PCB TRV) were to be discussed with your team this 
morning. So, my specific questions are: 

1) Do we have agreement on the benthic tissue TRVs for Cu and total DDx? 

2) Do we have agreement on the benthic tissue TRVs for the chemicals you didn't ask us to 
change (As, Cd, Zn, TBT, BEHP, dibutyl phthalate and DDD)? 

3) Do we have agreement on the benthic tissue TRV for total PCBs with the changes submitted 
on 12/1? 

4) If the answer to any of the above is no, what additional changes do you think should be 
made to the benthic tissue TRVs? 

John 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: John Toll 
Sent: Wednesday, December 03, 2008 4:30 PM 
To: 'Shephard.Burt@epamail.epa.gov'; Helle B. Andersen 
Cc: deforest@parametrix.com; rgensemer@parametrix.com; Blischke.Eric@epamail.epa.gov; 'Wyatt, 
Robert'; Lisa Saban 
Subject: RE: Paper giving PCB congener compositon of commercial Aroclor mixtures 

Hi Burt. Thanks for the references on congener composition of the Aroclor mixtures. With 
regard to the single congener studies, on our 11/26 call you asked us to write a footnote for 
the benthic tissue PCB TRV table that explains the criteria for deciding whether a single, 
non dioxin‐like PCB congener study should be used for tissue TRV derivation. We verbally 
agreed that the study acceptability criterion would be based on two factors ‐ detection 
frequency and relative abundance ‐ and we talked about using 5% as the acceptability cutoff. 
We wrote the footnote (and made study acceptability decisions) accordingly, i.e., include 
individual dioxin‐like PCB congener studies in the SSD if the mean congener tissue 
concentration > 5% of the mean total PCB tissue concentration in benthic invertebrate tissue 
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samples, and the congener's detection frequency > 5%. Per our prior agreement, studies on 
dioxin‐like PCB congeners are excluded because they're not representative of a total PCB 
mixture. The footnote and updated study acceptability decisions were incorporated into the 
benthic tissue PCB TRV table we sent you on 12/1. Can you confirm that we have an agreement 
on this issue? 

The result of applying the single, non dioxin‐like PCB congener study acceptability criterion 
as specified in the footnote was that a PCB 153 study was accepted (Fisher et al. 1999) and 
the SSD recalculated accordingly. The benthic tissue PCB TRV dropped slightly, from 1.20 to 
1.17 mg/kg ww. 

John 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Shephard.Burt@epamail.epa.gov [mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Wednesday, December 03, 2008 4:04 PM 
To: John Toll; Helle B. Andersen 
Cc: deforest@parametrix.com; rgensemer@parametrix.com; Blischke.Eric@epamail.epa.gov 
Subject: Paper giving PCB congener compositon of commercial Aroclor mixtures 

John, 

During our last call on resolving issues on invertebrate TRVs, you asked about a paper I knew 
of that gave the congener distribution of commercial Aroclors. Attached is one of several 
such papers, by George Frame and coworkers at General Electric. This was the PCB analysis 
that historically was done on Hudson River PCB site samples for water, air, sediment and 
tissue. Since I spent over 8 years working on the Hudson River as a GE contractor, its the 
one I'm most familiar with. 

Note that PCB 101, one of the congeners under question regarding inclusion of single congener 
residue studies in TRV development for Portland Harbor, is one of the three most abundant 
congeners in Aroclor 1254, accounting for over 8% by weight of Aroclor 1254. Its one of the 
indicator peaks for Aroclor 1254 in PCB analysis, tends to bioaccumulate, so I would be very 
surprised if the Portland Harbor samples don't contain appreciable PCB 101. 

Different lots of Aroclors had different compositions, attached is a paper by Kodavanti et 
al. 2001 that gives some examples of this. Most if not all of the other congeners in 
question are likely to not bioaccumulate appreciably, even though some, such as PCB 15, 
account for over 5% by weight in an Aroclor (Aroclor 1016 in the case of PCB 15, Aroclors 
1221 and 1232 in the case of PCB 1). 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
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Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10
 
1200 6th Avenue Seattle, WA 98101
 

Telephone: (206) 553‐6359
 
Fax: (206) 553‐0119
 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

(See attached file: Kodavanti et al 2001.pdf)(See attached file: Frame et al 1996.pdf) 
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Attachments: EPAFishTissueTRVResponse122208.pdf 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov]  

Sent: Monday, December 22, 2008 5:43 PM
 
To: Bob Wyatt; Rick Applegate; Jim McKenna 

Cc: Humphrey.Chip@epamail.epa.gov; Jennifer Woronets; johnt@windwardenv.com; 

Helle B. Andersen; Shephard.Burt@epamail.epa.gov; rgensemer@parametrix.com
 
Subject: Re: FW: Fish TRVs for EPA submittal 


Attached is EPA's response to the fish tissue TRV reconciliation tables. 

We believe that this should wrap up the fish tissue-residue TRVs.  If you have any 

questions, please contact me.
 

Happy Holidays! 


Thanks, Eric 


(See attached file: EPAFishTissueTRVResponse122208.pdf)


 "Jennifer 

Woronets" 


     <jworonets@ancho       To 

     renv.com>           Chip Humphrey/R10/USEPA/US@EPA, 


Eric Blischke/R10/USEPA/US@EPA 

11/20/2008 02:57       cc

 PM <ANDERSON.Jim@deq.state.or.us>,


  <audiehuber@ctuir.com>, Eric       
  Blischke/R10/USEPA/US@EPA, "Bob    

Wyatt" <rjw@nwnatural.com>, 
  <cunninghame@gorge.net>,        
  <erin.madden@gmail.com>, Chip     

Humphrey/R10/USEPA/US@EPA, "JD 
Williams " <jdw@jdw-law.net>, 
"Jennifer Peers" 

  <jpeers@stratusconsulting.com>,   
"Jennifer Woronets" 

  <jworonets@anchorenv.com>, "Julie 
  Fox" <jfox@anchorenv.com>, "Julie 

Weis" <jweis@hk-law.com>, "Keith 
Pine" <kpine@anchorenv.com>, 
Kristine Koch/R10/USEPA/US@EPA, 
<lisa.bluelake@grandronde.org>, 
"MCCLINCY Matt" 

  <MCCLINCY.Matt@deq.state.or.us>,  
  "McKenna, Jim" 
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  <Jim.McKenna@portofportland.com>,  
"Michael Karnosh" 
<michael.karnosh@grandronde.org>, 

  "Rick Applegate"       
<RICKA@BES.CI.PORTLAND.OR.US>, 
"Robert Neely" 

  <Robert.Neely@noaa.gov>, "Rose    
  Longoria" <rose@yakama.com>,      

<sheila@ridolfi.com>, "Bob Wyatt" 
<rjw@nwnatural.com>, 

  <david.ashton@portofportland.com>  
  , <wolffg@plu.edu>, "J Betz"      

<jbetz@ci.portland.or.us>, 
"Jennifer Woronets" 

  <jworonets@anchorenv.com>,       
  <Jim.McKenna@portofportland.com>,  
  "Patty Dost \(Schwabe\)"          

<Pdost@Schwabe.com>, "Rick 
Applegate" 
<RICKA@BES.CI.PORTLAND.OR.US>, 

  <kpine@anchorenv.com>, "Jennifer   
Woronets" 

  <jworonets@anchorenv.com>, "Helle  
B. Andersen" 

  <helleb@windwardenv.com>,       
  <johnt@windwardenv.com>         

      Subject 
FW: Fish TRVs for EPA submittal 

Eric, Chip 

Please see attached fish tissue TRV reconciliation tables. 

Thank you, 
Jen Woronets 
Anchor Environmental, LLC 
6650 SW Redwood Lane, Suite 333 
Portland, OR 97224 
503-670-1108 Phone Ext 24 
503-670-1128 Fax 
ü Please consider the environment before printing this email. 
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From: Helle B. Andersen [mailto:helleb@windwardenv.com]
 
Sent: Thursday, November 20, 2008 2:50 PM 

To: Jennifer Woronets 

Cc: John Toll; Lisa Saban; Shannon M. Katka; Matt Luxon 

Subject: Fish TRVs for EPA submittal 


Hi Jennifer, 

Could you please submit the fish TRV tables to EPA. 

Thanks Helle 


Helle B. Andersen 

Windward Environmental LLC 

200 West Mercer Street, Suite 401 

Seattle, WA 98119
 

Direct Line (206) 577-1287
 
Phone (206) 378-1364
 
Fax (206) 217-0089
 
hellea@windwardenv.com 

 [attachment "fish_tissue_TRV_reconciliation_tables_to_EPA_112008.pdf"
 
deleted by Eric Blischke/R10/USEPA/US] 
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EPA Response to Fish Tissue-Residue Toxicity Reference Value Reconciliation Tables 

General Comments 

EPA has reviewed the Fish Tissue-Residue Toxicity Reference Value (TRV) Reconciliation Tables 
submitted to EPA on November 20, 2008 and the outcome of a meeting between representatives of EPA 
and the Lower Willamette Group (LWG) on December 16, 2008.   

EPA has three primary areas of disagreement with the study exclusions and LOER modifications 
proposed by LWG in their reconciliation tables dated November 20, 2008: 

1. 	 EPA does not agree to exclude studies that measured tissue residues in sac-fry or larval stages 
of fish. The tissue TRV derivation methods state that only egg tissue residue-based studies 
should be excluded, and so LOERS based on tissue measurements in any fish life stage post-
hatch (including sac fry) should be included for TRV derivation. Even though sac-fry will not 
bioaccumulate contaminants via dietary pathways, they clearly are capable of bioconcentrating 
contaminants from ambient water. Therefore, residue effects studies using sac-fry (or older life 
stages) should not be excluded from TRV development, so long as organisms are exposed via 
water or diet after hatching (i.e., the sac-fry are not exposed purely owing to maternal transfer or 
egg-only exposure). 

2. 	 EPA does not agree with many of the study exclusions on the basis of behaviors not being linked 
to survival, growth, or reproduction. For fish, EPA and its partners contend that the literature 
supports inclusion of studies using the following behaviors as being sufficiently linked to the 
assessment endpoints for fish receptors: locomotion (including swimming speed), predator 
avoidance, hypo or hyper activity, changes in temperature preference, and feeding.  Attachment 1 
to this document includes documentation of the relationship between predator-prey relationships, 
avoidance, feeding behavior and swimming and effects on survival, growth and reproduction.  

3. 	 EPA agrees to exclude studies in which positive growth (i.e., hormesis) was the basis for 
selection of the LOER. While hormetic responses are an inherent component of dose-response 
models for many chemicals, organisms, and endpoints (Calabrese 2008), EPA is unaware of any 
literature that demonstrates whether a positive growth response in laboratory fish can be linked to 
an “adverse” effect at the population level.  Further, as stated in  Van der Shalie and Gentile 
(2000),  “It is impractical to apply hormetic effects to ecological risk-based benchmarks or criteria 
derived from distributions of species sensitivity data.”  Consequently, EPA agrees that hormesis 
is not an appropriate response for use in developing TRVs for the BERA at Portland Harbor. 

Study Specific Comments: 

1. 	 BEHP. EPA reviewed this single study (Mehrle and Meyer 1976) in our original TRV submittal, 
and we recognize there are uncertainties with the interpretation of this study. Therefore, we agree 
to exclude this study as suggested by LWG. 

2. 	 Cadmium. EPA agrees with all exclusions and modifications except for any related to the general 
comments above.  Regarding the Pascoe and Mattey (1977) study, EPA identified a LOER of 0.9 
mg/kg wet wt., while the LWG identified a LOER of 0.51 mg/kg wet wt.  The note in the LWG 
table stated that they used the lowest reported measured residue in the experiment.  The whole 
body (WB) Cd concentration of 0.51 mg/kg wet wt. reported in Table III of Pascoe and Mattey is 
based on the measured WB Cd concentration of 0.9 mg/kg wet wt. minus the control WB Cd 
concentration of 0.39 mg/kg wet wt.  EPA used the WB Cd concentration of 0.9 mg/kg wet wt., 
which is consistent with the approach applied to other studies (i.e., EPA has not attempted to 
follow the "metal added" approach). Therefore, EPA retains our original interpretation of this study 
(LOER = 0.9 mg/kg wet wt.). 



 

 
 

 

 
 

 

 

 

 

 

 

 

 
 

 

3. 	 Chromium. EPA agrees with all exclusions noted except for the mummichog study by Roling et 
al. (2006). EPA had cited a LOER of 44.1 mg/kg wet wt., which was based on a LOER of 220.6 
mg/kg dry wt. divided by 5 (80% conversion).  The LWG excluded this study because the LOER 
was based on embryos and the effect and exposure conditions were different.  However, for the 
studies that elicited the LOER of 44.1 mg/kg ww, the exposure was initiated with larvae within 48 
hours of hatching and exposed to Cr for 30 days.  From our review of the study, exposure and 
effect conditions were from the same study, and so are a valid comparison using a valid life-stage 
(see general comment #1). Therefore, EPA recommends that this study be retained, thereby 
setting the TRV for chromium as the single remaining valid study. 

4. 	 Copper. EPA agrees with all exclusions and modifications other than those related to the general 
comments above. 

5. 	 DDX. EPA agrees with all of the suggested LOER modifications on the basis of ACR application 
because all study durations were greater than 30d. However, it should be noted that previous 
agreements do not allow for excluding ACRs if mortality levels are < 50%, so this language 
should be removed from this and all other tables. EPA agrees with all of the suggested exclusions 
except those related to the general comments above, and except for the exclusion of Berlin et al. 
(1981) lake trout study. Similar to the Broyles and Noveck (1979) PCB study discussed below, 
even though fish and eggs were obtained from a hatchery or were field collected in Lake 
Michigan, the study itself consisted of a valid experimental exposure of DDX to fry. Therefore, the 
LOER from Berlin et al. (1981) should be retained. 

6. 	 Mercury. EPA disagrees with the different LOER proposed for the Heisingner et al. 1979 
because upon closer examination, LWG used a dry weight-based LOER from Table 2 of this 
paper. However, EPA's originally proposed value was also in error, and recommends selecting 
the results relating to 35% mortality (4.4 mg/kg ww) which, when divided by the ACR, would 
derive a LOER of 1.18 mg/kg ww.  
EPA agrees with all exclusions except those related to the general comments above (e.g., 
Webber and Haines 2003 should be retained), and except for the exclusion of Matta et al. 2001. 
LWG excluded this study owing to use of anecdotal behavior responses, and mortality being a 
result of aggression, rather than Hg exposure. The study does indeed discuss the anecdotal 
behavioral responses, but this does not negate the valid empirical mortality results presented in 
the study in which a statistically valid dose-response between tissue Hg and mortality was 
observed. The LOER of 0.47 mg/kg ww from Matta et al. 2001 thus should be retained. 

7. 	 Lead. There are no differences between EPA and LWG interpretations for this TRV, and so study 
inclusion/exclusions are acceptable as presented. 

8. 	 PCBs. EPA agrees with all of the suggested LOER modifications except for the following: 
•	 Nebeker et al. (1974), fathead minnow. EPA disagrees that the female tissues should be 

preferentially selected over the male tissues, and so the more conservative male tissue-
based LOER (196 mg/kg) should be retained. One of the most sensitive effects measured 
was in “spawning,” although it is unclear from a close examination of the manuscript whether 
spawning is defined as just deposition of eggs, or deposition and fertilization of eggs. EPA 
recommends using the latter interpretation because it does not make sense that a deposited, 
but unfertilized, egg would constitute a successful spawning event. Therefore, using the more 
conservative male tissue-based LOER is appropriate. 

EPA agrees with all of the suggested study exclusions except for those related to the general 
comments above, and for the following: 
•	 Broyles and Noveck 1979. EPA disagrees that this study should be excluded (for both 

Chinook salmon and lake trout). First, as in general comment #1, it is not appropriate to 
exclude studies conducted with post-hatch larval life stages. Second, EPA disagrees with the 
arguments articulated by LWG representatives in our December 16, 2008 meeting. Even 
though fish and eggs were obtained from a hatchery or were field collected in Lake Michigan, 



 

 

 
 

 

 

 

the study itself consisted of a valid experimental exposure of PCBs in water to fry. Therefore, 
LOERs for both species from this study should be retained. 

9. 	 Zinc. EPA agrees with all of the suggested LOER modifications and study exclusions except for 
those related to the general comments above, and the following specific studies: 
•	 Eisler and Gardner (1973), mummichog. Both LWG and ACR correctly applied an ACR to this 

study, in contrast to comments  in the “notes” column. However, EPA made a calculation 
error in our original LOER selection, and upon closer examination of the original study, EPA 
now recommends an effects level of 1,266 mg/kg ww, which when divided by the ACR, gives 
an LOER of 633 mg/kg ww. 

•	 Pierson (1981), guppy. This study should be retained because the absolute changes in sex 
ratio reported in this study are significant enough to have a high likelihood of causing an 
impact on fish population reproduction. 

References: 

Calabrese, E.J. 2008. Hormesis: Why it is important to toxicology and toxicologists. Environ. Toxicol. 
Chem. 27(7):1451-1474. 

Van der Schalie and Gentile, 2000.  Ecological Risk Assessment:  Implications of Hormesis.  J. Appl. 
Toxicol. 20, 131–139. 



 

 

 

 

 

  

 

 

 

 

 

 

 

 
 

  

 

Attachment 1:  Relationship Between Certain Behavioral Endpoints and Survival, Growth and 

Reproduction. 


Predator-prey relationships: 

Weis et al. (2000) described how mummichog exposure to mercury affected their behavior (an organism 
level effect), and the behavioral alteration effects were linked to both biochemical level effects and 
population/community level effects.  Fish exposed to mercury were found to have reduced condition, 
growth and longevity relative to that of unexposed controls.  The observed growth and longevity 
reductions were due to mercury effects on the prey capture ability of mummichogs, which was reduced by 
mercury exposure.  The detailed discussion of reduced prey capture behavior effects on growth and 
longevity begins on page 147 of this paper. 

Avoidance behavior: 

A good example here is a series of studies by John Sprague and coworkers with Atlantic salmon.  The 
attached paper (Sprague et al. 1965) presents the combined results of laboratory and field studies that 
document surface water concentrations of copper and zinc actively avoided by Atlantic salmon, resulting 
in lowered egg production and young salmon population depression as a direct result of avoidance 
preventing adult salmon from reaching their spawning grounds and spawning.  This demonstrates the 
effects of avoidance behavior on reproduction, as well as a population reduction in the field.  Pages 532 
and 533 give a discussion of the avoidance - population reduction linkage.  Two other references to this 
group of studies (Sprague 1964, Saunders and Sprague 1967) are also given in the behavioral report. 

Feeding behavior: 

The Weis et al. 2000 paper mentioned under predator-prey behavior above also is a good example of 
how changes in feeding behavior can adversely affect survival and growth.  Fish with reduced growth and 
longevity also had altered feeding patterns due to mercury exposure.  Page 150 of Weis et al. 2000 
describes the dietary shift of mercury exposed fish away from their normal diet of live prey that had to be 
actively caught to a detritus based diet not requiring active chasing and capture of prey.  This is an 
alteration of feeding behavior.  Alterations in feeding behavior are closely linked to observed changes in 
predator-prey relationships.  A second example of altered feeding behavior effects on growth, is Buckley 
et al. (1982), starting on page 16, demonstrated long term reductions in growth of coho salmon due to 
reduced feeding during exposure to copper. 

Swimming activity: 

Smith and Weis (1997) exposed mummichogs to methylmercury, then made several behavioral 
observations, including on their overall swimming activity and subsequent vulnerability to predation.  
Mercury exposed mummichogs exhibited hypoactivity and reduced swimming activity, which led to a 
statistically significant increase in their vulnerability to predation by blue crabs (Table 3 presents the 
results, page 85 the discussion of this finding).  Alteration of mummichog swimming activity by mercury 
directly led to increased mortality in this study. 

References: 

Buckley et. al., 1982.  Chronic Exposure of Coho Salmon to Sub-lethal Concentrations of Copper.  Effect 
on Growth, on Accumulation and Distribution of Copper and on Copper Tolerance.  Comp. Biochem. 
physiol., Volume 72C, No. 1.  pp 15-19. 

Smith and Weis, 1997. Predator-prey relationships in mummichogs (Fundulus heteroclitus (L.)): Effects 
of Living in a Polluted Environment.  Journal of Experimental Marine Biology and Ecology, 209:  pp 75-87 



 

 
 
 
 
 

Sprague et. al, 1965.  Sublethal Copper Pollution in a Salmon River – a Field and Laboratory Study.  Int. 
J. Air Wat. Poll. Volume 9: pp 531-543. 

Weis et. al. , 2000.  Predator/prey Interactions: A Link Between the Individual Level and Both Higher and 
Lower Level Effects of Toxicants in Aquatic Ecosystems.  Journal of Aquatic Ecosystem Stress and 
Recovery 7: pp 145–153. 



 
 

 
    
                                             

                                         
 

   
 

 

 
 

 
 
   

                                         
                                       
                                         
                                             

                               
                                         

                                           
                                 
       
 

 
    

     
           
     
       
   

 
 

 
 

 
 
 

  
  

 

Berit Bergquist 

Subject: FW: Osprey paper 

From: Berit Bergquist  
Sent: Wednesday, January 07, 2009 12:59 PM 
To: 'charles_j_henny@usgs.gov' 
Subject: FW: Osprey paper 

Hi Chuck,
 
I don’t remember receiving a response below to this email I sent in December, so I apologize if you sent one and I
 
overlooked it. If not, I hope you won’t mind letting me know if you are able to answer the questions below.
 
Regards,
 
Berit Bergquist
 

From: Berit Bergquist  
Sent: Friday, December 05, 2008 1:33 PM 
To: charles_j_henny@usgs.gov 
Cc: Shannon M. Katka; John Toll 
Subject: RE: Osprey paper 

Hi Chuck, 
Thanks for sending the papers. I have seen the 2003 paper, and I was interested to see that you presented updated 
BMFs in the 2008 paper. We are currently using BMFs from your 2003 paper to estimate egg concentrations for the 
Portland Harbor Ecological Risk Assessment. I noticed that you now have egg data for nests in the lower portion of the 
Willamette River. At least three of those nests are in the study area included in the risk assessment (RM 2 to RM12). It 
would be preferable to use measured egg concentrations in the risk assessment rather than concentrations estimated 
from BMFs. Would it be possible to coordinate with you to incorporate your data into the risk assessment? I am also 
wondering if you could provide the river mile locations for the four nests in the tidal portion of the river where eggs 
were analyzed, and for the six other nests in the tidal portion which have nesting success data. 
Thanks for your help, 
Berit 

Berit Bergquist 
Windward Environmental, LLC 
200 West Mercer St., Suite 401 
Seattle, WA 98119 
Direct line: (206) 577‐1291 
Fax: (206)217‐0089 
beritb@windwardenv.com 

From: Charles J Henny [mailto:charles_j_henny@usgs.gov] 
Sent: Tuesday, December 02, 2008 10:24 AM 
To: Berit Bergquist 
Subject: Osprey paper 

Berit: Attached is the osprey paper that we discussed on the phone.  It is available OnLine in Ecotoxicology.  The hard 
copy with page numbers is not available yet, but it can be cited as 2008 with the DOI number listed at the top of the first 
page. I am not sure if you have the earlier residue paper for the Willamette River so it is included too. 
Chuck Henny 
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++++++++++++++++++++++++++++++++++++++++++++ 
Charles J. Henny, Research Zoologist 
USGS - Biological Resources Division 
Forest and Rangeland Ecosystem Science Center 
3200 SW Jefferson Way, Corvallis, OR 97331  USA 
541-757-4840;  541-757-4845 FAX 
Email: charles_j_henny@usgs.gov 

2 



     
 

 
 
 
 

    
         

 

 
   

 
 

 
 

 
 

 
 

January 23, 2009 

Mr. Robert Wyatt 
Northwest Natural & Chairman, Lower Willamette Group 
220 Northwest Second Avenue 
Portland, Oregon 97209 

Re: Portland Harbor Superfund Site; Administrative Order on Consent for Remedial 
Investigation and Feasibility Study; Docket No. CERCLA-10-2001-0240 – Fish Tissue-
Residue Toxicity Reference Values for the Baseline Ecological Risk Assessment.  

Dear Mr. Wyatt: 

Between August and October 2009, EPA submitted a series of fish and invertebrate 
tissue-residue toxicity reverence values (TRVs) for use in the baseline ecological risk assessment 
(BERA) for the Portland Harbor superfund site.  On November 20, 2008, a set of fish tissue-
residue TRV reconciliation tables were submitted to EPA for review.  Through a series of 
meetings and discussions culminating with a meeting between EPA and Lower Willamette 
Group (LWG) representatives on January 9, 2009, most issues on the fish tissue-residue TRV 
derivation were resolved.  On January 14, 2009, the LWG submitted additional information 
regarding the Berlin et al. (1981) and the Broyles and Noveck (1979) studies and the application 
of studies measuring behavioral further evaluation of the applicability of behavioral studies in 
the development of fish tissue-residue TRVs at the Portland Harbor site. 

EPA has reviewed this information as well as supplemental information presented by 
LWG representatives on January 21, 2009 in order to determine which studies should be 
included in the development of fish tissue-residue TRVs to be used in the Portland Harbor 
BERA. A summary of EPA’s determinations is presented below: 

•	 Berlin et al. (1981) and Broyles and Noveck (1979): The LWG has questioned the use of 
these two studies for the development of fish tissue-residue TRVs because these studies 
were conducted on larvae from fish that were collected from the Great Lakes in the 
1970s. However, these studies were not performed on the fish themselves but rather 
larvae hatched from eggs and milt taken from the fish in laboratory or hatchery settings 
and subsequently exposed to PCBs. Although the maternal transfer of contaminants from 
the fish to the larvae likely occurred, in both studies, growth effects were observed in 
larvae exposed to PCBs and the control studies met all acceptability requirements.  As a 
result, EPA has determined that Berlin et al. (1981) and Broyles and Noveck (1979) 



 

 
 

 
 
 
 
 

 

 
 
 
 
 

 

 
 
 

 
 

 
 

 
 
 

  
  

should be included in the development of fish tissue-residue TRVs to be used in the 
Portland Harbor BERA. 

•	 Behavioral Endpoints: In its January 14, 2009 communication, The LWG agreed to use 
the following behavioral studies in the development of fish tissue-residue TRVs for use 
in the Portland Harbor BERA:  

•	 Gakstatter & Weiss – goldfish and bluegill (1967)  
•	 Webber et al. (1991) 
•	 Kania & O’Hara (1974) 
•	 Bengtsson (1980) 

In addition, the LWG reviewed an additional 22 studies that were rejected for use in the 
Portland Harbor BERA. In some cases, the rejection was based on whether a given 
behavioral endpoint could be linked to effects on survival, growth and reproduction.  In 
other cases, the study was rejected based on factors unrelated to the measurement 
endpoint (e.g., secondary citations or injection studies) consistent with the TRV 
derivation methodology developed by EPA and agreed to by the LWG.  EPA has 
reviewed this information and agreed to reject 18 of the 22 studies proposed for rejection 
by the LWG. The following four studies are the exceptions where EPA disagrees with 
the LWG rejection rationale: 

•	 Hollis et al. (2000) 
•	 Webber and Haines, (2003) 
•	 Fisher et al., (1994) 
•	 Scott et al., (2003) 

EPA rationale for inclusion of the above four studies during fish tissue-residue TRV 
development and its review comments on the other 18 studies is included as an 
attachment to this letter. 

EPA herby directs the Lower Willamette Group to include the 11 studies identified above 
in the development of fish tissue-residue TRVs for use in the Portland Harbor BERA.  EPA has 
objectively evaluated the technical arguments presented by representatives of the Lower 
Willamette Group and determined the inclusion of the 11 studies is necessary to ensure that the 
Portland Harbor BERA is conducted appropriately and in a manner consistent with the 
previously agreed upon TRV methodology. 

If you have any questions, please contact Chip Humphrey at (503) 326-2678 or Eric 
Blischke (503) 326-4006. All legal inquiries should be directed to Lori Cora at (206) 553-1115. 

      Sincerely,

      Chip  Humphrey
      Eric  Blischke  



 

 
 
 

 
 
 

           
 
  
 
 
 
 
 
 
 
 

      Remedial Project Managers 

cc: 	 Greg Ulirsch, ATSDR 
Rob Neely, NOAA 
Ted Buerger, US Fish and Wildlife Service 
Preston Sleeger, Department of Interior 

 Jim  Anderson,  DEQ  
Kurt Burkholder, Oregon DOJ 
David Farrer, Oregon Environmental Health Assessment Program 
Rick Keppler, Oregon Department of Fish and Wildlife 
Michael Karnosh, Confederated Tribes of Grand Ronde  
Tom Downey, Confederated Tribes of Siletz  
Audie Huber, Confederated Tribes of Umatilla 
Brian Cunninghame, Confederated Tribes of Warm Springs 
Erin Madden, Nez Perce Tribe 
Rose Longoria, Confederated Tribes of Yakama Nation 



 

 
 

 

 

 

 
 

 

 

 
 

ATTACHMENT A 

EPA EVALUATION OF FISH TISSUE-RESIDUE TRVS – BEHAVIORAL ENDPOINTS 

EPA Evaluation of Fish Tissue-Residue TRVs – Behavioral Endpoints 

On January 14, 2008, representatives of the Lower Willamette Group submitted a re-evaluation 
of behavioral studies. This re-evaluation proposed excluding several fish behavior studies from 
consideration for TRV derivation.  Some of these studies were previously used by the EPA in 
deriving its fish tissue-based TRVs, but most of the studies were not reviewed by EPA because 
they were not drivers for influencing the 5th percentile LOER.  The following summarizes the 
studies excluded by the LWG and provides EPA’s determination on the inclusion of each study 
in the development of fish tissue-residue TRVs for the Portland Harbor site. 

CADMIUM 

•	 Hollis et al. (2000):  This study evaluated the chronic toxicity of aqueous cadmium to 
juvenile rainbow trout. Burt Shephard’s tissue residue-effects database identified a LOEC 
of 0.60 mg/kg wet wt., which was associated with 39% reduced survival in 30 days, 
impaired swimming, and lower Ca influx.  The LWG rejected this study from TRV 
development because it did not meet established acceptability criteria and no significant 
adverse effects were reported. 

Juvenile rainbow trout were exposed to aqueous calcium (Ca) concentrations of 260, 470, 
770, or 1200 µM with and without the addition of 2 µg Cd/L. The study evaluated 
swimming performance, defined as time to 50% fatigue, and found that performance was 
significantly reduced in fish exposed to Cd and a Ca concentration of 470 µM.  There was 
no relationship between swimming performance and whole body Cd concentrations in the 
trout. However, after 30 day Cd exposures, juvenile trout mortality was 78, 39, 7, and 10% 
at Ca concentrations of 260, 470, 770, or 1200 µM, respectively.  The reduced Cd toxicity 
observed at increasing Ca concentrations reflects the reduced bioavailability of Cd in trout 
due to competition between Cd and Ca at the trout gill.  The whole body Cd concentrations 
in trout exposed to Cd in combination with Ca concentrations of 260 and 470 µM were 
significantly (p<0.05) increased relative to the control, but not in the trout exposed to Cd in 
combination with the two highest Ca concentrations.  According to the authors, the initial 
whole body Cd concentration of 0.43 µg/g wet wt. was increased by a factor of 1.5 and 1.4 
at Ca concentrations of 260 and 470 µM, respectively.  The resulting whole body Cd 
concentrations were thus 0.65 and 0.60 µg/g in the fish with mortality levels of 80 and 
39%. 

Because substantial toxicity (≥39% mortality) was observed in fish with whole body Cd 
concentrations that were significantly (p<0.05) elevated relative to control fish, EPA has 
determined that the LOEC of 0.60 mg/kg wet weight meets the TRV development guidelines 
and should be used for TRV development. 

•	 Scott et al. (2003):  This study evaluated the behavioral and physiological response of 
juvenile rainbow trout exposed to aqueous and dietary Cd.  Burt Shephard’s tissue residue-
effects database identified a LOEC of 0.05 mg/kg wet wt., which was associated with the 



 

 

 
 

 

 

 
 

 
 

   

elimination of predator avoidance behavior in rainbow trout.  The LWG rejected this study 
from TRV development because dietary Cd exposures resulted in similar tissue 
concentrations as aqueous Cd exposures, but predator avoidance effects were only 
observed in the aqueous exposures and not the dietary exposures. Note that the study 
authors suggested that olfactory exposures determined the response, not the whole body 
tissue concentration. 

Juvenile rainbow trout were exposed to either 2 µg Cd/L for 1 day, 0.5 µg Cd/L for 7 days, 
2 µg Cd/L for 7 days, or 3 µg Cd/g diet for 7 days.  Rainbow trout skin extract was added 
to the test systems in order to evaluate the alarm response over a 20 minute observation 
period. The aqueous Cd exposure of 2 µg/L for 7 days was the only one to eliminate the 
normal behavioral response to the alarm substance.  Whole body Cd concentrations in trout 
exposed to an aqueous Cd concentration of 2 µg/L or dietary Cd concentration of 3 µg/g 
for 7 days were not significantly different. 

The observation of the behavioral response in the aqueous Cd exposure but not the dietary 
demonstrates that the toxic effect is dependent on the route of exposure.  This dependency 
does not invalidate the study. All environmental benchmarks, guidelines, standards and 
TRVs, in any medium (e.g. water, sediment, tissue) are ultimately surrogates for the 
(usually) unknown internal chemical concentration in the receptor at the site of toxic 
action. In the case of tissue TRVs, we assume that the whole body residue is a sufficiently 
accurate surrogate for the concentration at the site of toxic action to be of use in ecological 
risk assessment.  For metals, toxicity does not necessarily depend on total accumulated 
metal concentration but is related to a threshold concentration of internal metabolically 
available metal.  Toxicity ensues when the rate of metal uptake from all sources exceeds 
the combined rates of detoxification and excretion of the metal.  In the Scott et al. 2003 
study, the metabolically active metal is in the gills, and comes from exposure to water.  The 
metal accumulated from the diet first goes through the gut, then in all likelihood into the 
liver, neither of which contain the metabolically active metal.  Since Scott et al. 2003 
demonstrate that the waterborne exposure route results in bioaccumulated metal and the 
toxic effect, and all other features of the study meet our TRV derivation requirements, the 
study should be retained. This retention is also consistent with the conceptual site model 
for the BERA, because bioconcentration of contaminants from water is a complete and 
significant exposure pathway in the BERA. 

EPA has determined that this study demonstrates that exposure via water results in 
bioaccumulation of cadmium to a level associated with toxicity and should be retained for 
TRV development.   

•	 von Westernhagen et al. (1974): This study evaluated the combined effects of Cd and 
salinity on the development and survival of herring eggs.  Burt Shephard’s tissue residue-
effects database identified a LOEC of 18.9 mg/kg wet wt., which was associated with an 
increase in abnormal trembling of larvae.  The LWG rejected this study from TRV 
development because eggs and embryos were exposed to Cd through hatching, but the 
study did not include sac fry exposure or effects.  

EPA has determined that this study should be excluded from TRV development because Cd 
concentrations were only measured in herring eggs, not in larvae or older life stages. 



 

 

 
 

 
 

 

 
 

 

 
 

 
 

 
 

COPPER 

•	 Khunyakari et al. (2001): This study evaluated the effects of aqueous copper on the 
guppy. Burt Shephard’s tissue residue-effects database identified a LOEC of 7.25 mg/kg 
wet wt., which was associated with 20% mortality in 8 days, reduced swimming speed, and 
increased fin movement.  The LWG rejected this study from TRV development because 
separate exposures were conducted for residue analysis and evaluation of behavior 
endpoints. 

Guppies (mean length of 2 cm) were exposed to aqueous Cu for 48 hours, which resulted in 
an LC50 of 710 µg/L. About 20 guppies were exposed to the LC20 (not reported) from the 
48-hour exposure for 8 days in order to measure Cu accumulation.  In a separate sublethal 
study with at a Cu exposure concentration equal to the LC20, fin movement and distance 
between the gills and operculum was evaluated after exposures of 24 and 48 hours.  
Following an 8 day exposure to the 48-hour LC20, the whole body Cu concentration in 
guppies was 7.25 mg/kg wet wt.  Fish exposed to the Cu LC20 for up to 48 hours showed 
reduced swimming speed, but fin movement increased in proportion with the exposure 
period. Fish exposed to Cu also had a white mucus secretion covering the gills.   

EPA has determined that this study should not be included for TRV derivation.  Because 
whole body Cu concentrations were measured after 8 days of exposure and effects were 
measured in separate studies after 48 hours of exposure, a whole body LOER could not be 
determined. 

•	 Kolok et al. (2002): This study evaluated the effects of aqueous Cu on the swimming 
speed of fathead minnows.  Burt Shephard’s tissue residue-effects database identified a 
LOEC of 7 mg/kg wet wt., which was associated with a 12% reduction in critical 
swimming speed and reduced whole body sodium.  The LWG rejected this study from 
TRV development because there was no dose-response relationship, i.e., the fish with the 
greatest reduction in swimming speed were those with the lowest whole body Cu 
concentrations. 

EPA has determined that that a LOER cannot be identified from this study for TRV 
development because there was a significant (p<0.05) negative relationship between the 
percent reduction in the critical swimming speed and whole body Cu concentration.  
Although the observed dose-response relationship may be illustrative of hormesis, the 
absence of the more typical dose-response relationship leads EPA to conclude this study 
should not be used for TRV development. 

•	 Varanka et al. (2001):  This study evaluated the effects of aqueous Cu on biochemical and 
morphological changes in common carp.  Burt Shephard’s tissue residue-effects database 
identified a LOEC of 10 mg/kg wet wt., which was associated with decreased swimming 
and catalase activity, liver necrosis, and skin color change.  The LWG rejected this study 
from TRV development because the Cu exposure route was via injection.  



 

 
 

 
 

 

 

 
 

 
 

Consistent with the TRV methodology, EPA has confirmed that this study should be 
excluded from TRV development because the exposure route used in this study was 
injection. 

•	 Daramola and Oladimeji (1989): This study evaluated the bioaccumulation of Cu in a 
catfish and Nile tilapia. Burt Shephard’s tissue residue-effects database identified LOECs 
of 3.1 and 6.9 mg/kg wet wt. for the catfish and tilapia, respectively, which were associated 
with reduced feeding by each species. The LWG rejected this study from TRV 
development because effects data were not presented for each species and dose level, and 
because the magnitude of effect could not be determined. 

Catfish (4.7-7.0 g) and tilapia (22-32 g) were exposed to nominal aqueous Cu 
concentrations of 27, 55, and 110 µg/L and 50, 100, and 200 µg/L, respectively. Four fish 
were sampled every two weeks and analyzed for whole body Cu.  During the first four 
weeks of the experiment the fish exposed to Cu consumed 3% of their body weight (dry 
weight of feed per wet weight of fish). Food consumption decreased to 2% of their body 
weight after four weeks. These were presumably daily consumption rates.  The objective 
of the study was not to evaluate the influence of Cu on the feeding rate of fish and, as such, 
no additional information was provided on the feeding rates.  The feeding rate was 
apparently suppressed in all three Cu treatments for each species.  In the catfish test, whole 
body Cu concentrations were not significantly different (p>0.05) in the lowest Cu treatment 
and in the control, indicating that a relationship between whole body Cu concentrations and 
feeding rate does not exist. In the tilapia test whole body Cu concentrations were 
significantly greater (p<0.05) than the control in all Cu treatments.  However, feeding rate 
was only generally referred to as a decline from 3% of body weight to 2% of body weight 
in Cu exposed fish. These feeding rates appear to be very approximate values since it is 
highly unlikely that all catfish and tilapia each exposed to three different Cu concentrations 
had the same exact reductions in feeding rate.   

EPA has determined that due to the lack of more quantitative feeding rate measurements 
for each species, Cu treatment, and exposure period, this study does not contain enough 
detail to be used for TRV development. 

DDX 

•	 Davy et al. (1972): This study evaluated the effects of DDT on the locomotor behavior of 
goldfish. The EPA used a LOEC of 1.65 mg/kg wet wt. from this study, based on the 
interpretation of Beckvar et al. (2005).  The LWG rejected this study from TRV 
development because the behavioral endpoint evaluated, consecutive turns, has not been 
directly linked to reduced survival, growth, or reproduction.  As discussed in the paper, 
"Successive turns made by normal goldfish in the course of unrestricted spontaneous 
locomotion display a highly significant time-dependent correlation of their magnitudes.  
This correlation decreases as the elapsed time between the turns increases and it becomes 
insignificant at time values in excess of a few seconds."  

The study authors suggest that exposure to DDT caused neurotoxicity that significantly 
reduced this time-dependent correlation. However, EPA has determined that this behavior 



 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 

 
 

endpoint cannot be clearly linked to reduced survival, growth, or reproduction.  As a 
result, this study should not be used for TRV development. 

•	 Dillon (1984):  This study was a review on the “Biological Consequences of 
Bioaccumulation in Aquatic Animals.”  The U.S. Army Corps of Engineers Environmental 
Residue-Effects Database (ERED) identified a LOEC of 7 mg/kg wet wt. for Atlantic cod, 
which was based on behavioral effects. The LWG rejected this study from TRV 
development because the original study was a secondary citation in Dillon (1984) and, 
therefore, did not meet the TRV development guidelines. 

Consistent with the TRV methodology, EPA has confirmed that this study is a secondary 
citation and should not be used for TRV development. 

•	 Faulk et al. (1999): This study evaluated the effects of dietary o,p’-DDT on Atlantic 

croaker swimming behavior. The EPA did not use this study in its TRV development. 


Consistent with the TRV methodology, EPA has confirmed that DDT concentrations were 
measured in eggs, not in the whole body fish and should not be used for TRV development. 

LINDANE 

•	 Ramamoorthy (1985): This study evaluated the bioconcentration potential of Lindane in 
rainbow trout and was one of the studies reviewed in support of the TRVs developed by the 
EPA. The EPA identified a LOER of 0.103 mg/kg wet wt., which was the mean Lindane 
concentration measured in rainbow trout fry in treatments showing lethargy.  The LWG 
rejected this study because the endpoint was not experimentally evaluated, no dose-
response information was presented, and the magnitude of effect could not be determined.   
This study was initiated with rainbow trout eggs exposed to nominal aqueous Lindane 
concentrations of 35, 350, and 700 μg/L for five weeks. The exposure system contained 
river water and bottom sediment. The eggs were placed in nylon mesh baskets suspended 
in the water, which hatched 7-14 days after they were place in the baskets. The trout fry 
were then also reared in the baskets for the remainder of the 5-week exposure period. The 
author noted that the Lindane levels were not acutely toxic, but fry in the Lindane 
treatments containing measured Lindane concentrations of 0.2-0.6 μg/L were lethargic 
compared to the control. No other details are provided on how lethargy was evaluated. 
Based on the measured Lindane concentration range reported to result in lethargy, the 
measured whole body Lindane concentrations in fry were 160.6 and 124.5 (mean = 142.6) 
μg/kg wet wt. in exposure chamber #1 and 41.5 and 86.4 (mean = 63.95) μg/kg wet wt. in 
exposure chamber #2. The resulting overall mean whole body concentration was 103 μg/kg 
wet wt., or 0.103 mg/kg wet wt.   

Lethargy was not quantitatively evaluated in this study.  In addition, the study author noted 
that the symptoms of sublethal toxicity observed could have been due to the build-up of 
ammonia and other fish metabolites, in addition to Lindane.  Accordingly, EPA has 
determined that this study does not meet the TRV methodology requirements and should 
not be used for TRV development. 



 

 
 

 

 

 

 
 

 

   
 

 

MERCURY 

•	 Fjeld et al. (1998): This study evaluated the effects of methyl mercury (MeHg) during 
Arctic grayling embryogenesis on the feeding behavior of the resulting fry.  This was one 
of the studies reviewed in support of the TRVs developed by the EPA.  The EPA identified 
a LOER of 0.27 mg/kg wet wt., which was associated with reduced feeding.  The LWG 
rejected this study because the LOER was based on the mercury concentrations in the eggs. 
Grayling embryos were exposed to aqueous MeHg concentrations of 0.16, 0.8, 4.0, and 20 
μg/L during the first 10 days of development, which resulted in total mercury 
concentrations in newly hatched fry of 0.09, 0.27, 0.63, and 3.8 mg/kg wet wt., 
respectively. Numerous embryos in the highest mercury treatment were unable to 
successfully hatch and several were malformed. Mortality in the highest mercury treatment 
(60%) was also higher than in the control and lower mercury treatments (15-30%). The 
surviving fish in each treatment were then held in mercury-free water and on a mercury-
free diet for a 3 year long breeding period, prior to feeding studies. In a feeding efficiency 
experiment, the number of prey (Daphnia magna) caught decreased with increasing MeHg 
exposure. Fish that were previously exposed to aqueous MeHg concentrations of 0.8, 4.0, 
and 20 μg/L as developing embryos consumed a significantly lower (p<0.05) number of 
prey than the control. In a second feeding experiment, fish from a mercury treatment were 
placed in the same tank as control fish and their competitive ability to capture prey was 
evaluated. The control fish caught 2 to 6 times as many daphnids as the fish from the three 
highest mercury treatment groups. Accordingly, yolk-sac fry with whole body mercury 
concentrations ≥0.27 mg/kg wet wt. had significantly reduced feeding efficiency and 
reduced ability to compete for prey relative to control fish. The authors hypothesize that 
MeHg caused neurotoxicity during development that ultimately affected their ability to 
locate, capture, handle, and ingest prey. 

EPA has determined that this study should not be used for TRV development due the length 
of time (3 years) between the tissue measurement and the observation of the effect, despite 
the known relationship between mercury bioaccumulation, neurotoxicity and delayed 
developmental and behavioral effects in fish and other species. 

•	 Matida et al. (1971):  This study evaluated the effects of field-collected mercury-
contaminated shell fish on rainbow trout.  Burt Shephard’s tissue residue-effects database 
identified a LOEC of 19 mg/kg wet wt., which was associated with loss of equilibrium and 
skin darkening. The LWG rejected this study because fish were exposed to prey from a 
contaminated site.   

Consistent with the TRV methodology, EPA has confirmed that this study does not meet the 
TRV development guidelines because the diet consisted of field-collected prey that likely 
included contaminants in addition to mercury. 

•	 Skak and Baatrup (1993):  This study evaluated the deposition of both organic and 
inorganic mercury in the inner ear of brown trout.  Fish were exposed to dietary 
methylmercury for 28 days, and a second group of fish was exposed to mercuric chloride 
(inorganic mercury) in water for 5 days.  A closer reading of the behavioral effects 
(abnormal swimming, loss of equilibrium) described in the abstract and the discussion (p. 
67) lead to questions whether the described swimming alterations were actually observed 



 

 

 
 

 
 

 

 

 

 

 
 

 

 

by the study authors, or are merely general references to this type of behavioral alteration 
observed in other studies. LWG rejected the results because the residues and effects are 
from different studies. 

Because it is uncertain whether the behavioral effects are from the Skak and Baatrup 1993 
study or from another study, EPA has determined that this study should not be used for 
TRV development. 

•	 Webber and Haines (2003): This study evaluated the effect of mercury on predator 
avoidance behavior by golden shiners. The ERED identified an ED168 of 0.536 mg/kg wet 
wt. for golden shiner, which was based on behavioral effects (as noted further below, this 
appears to represent a 168% increase in shoal area after settling).  The LWG rejected this 
study from TRV development because the behavioral endpoint (shoal vertical dispersal) 
has not been directly linked to reduced survival, growth, or reproduction. 
Golden shiners were exposed to a control diet and diets spiked with MeHg concentrations 
of 0.455 and 0.959 mg/kg wet wt. for 90 days.  A model of a belted kingfisher, a golden 
shiner predator, was used to evaluate the predator avoidance response in MeHg-exposed 
fish versus control fish. Groups of six fish were evaluated at a time, as this was a number 
commonly used to study the shoaling behavior of fish.  The model king fisher was released 
over the exposure tank and the fish reaction (time to initiate response, time to settle, and 
shoal cohesion) was videotaped. Shoal height and shoal area after settling were 
significantly greater (p<0.05) in the high MeHg diet relative to the low MeHg diet and the 
control.  Shoal height, measured as the mean of the distances of each fish from the bottom 
of the tank, was 57.0 cm in the high MeHg treatment and 5.9 and 7.7 cm in the control and 
low MeHg treatment, respectively.  The shoal area after settling, i.e., after a return to pre-
model king fisher exposure activity, was 322 cm2 in the high MeHg treatment and 120 and 
185 cm2 in the control and low MeHg treatment, respectively.  The whole body total Hg 
concentrations were 0.041, 0.230, and 0.536 mg/kg wet wt. in the control, low MeHg 
treatment, and high MeHg treatment, respectively.  Accordingly, the whole body LOER 
from this study was 0.536 mg/kg wet wt. (ERED cited an ED168 of 0.536 mg/kg wet wt., 
which appears to be based on the percentage increase in shoal area after settling in the high 
MeHg treatment relative to the control).  

EPA has determined that this study should be used for TRV development because the 
endpoints, particularly shoal height, are clearly relevant to the ability of a fish to avoid an 
aerial predator and thus linked to survival, growth and reproduction.   

PCBs 

•	 Dillon (1984):  This study was a review on the “Biological Consequences of 
Bioaccumulation in Aquatic Animals.”  The ERED identified a LOER of 26.3 mg/kg wet 
wt. for lake trout, which was based on behavioral effects.  This study was not used by the 
EPA for TRV development because the EPA identified lower LOER values based on 
mortality and growth endpoints.  The LWG rejected this study because it was based on a 
secondary citation and fish were exposed to multiple contaminants. 

Consistent with the TRV methodology, EPA has confirmed that this study is a secondary 
citation  (the primary source was cited as “Anonymous 1981” in Dillon [1984]) and fish 



 

 
 

 
 

 
 

 

 
 

 

 
 

 
 

were exposed to multiple contaminants (i.e., PCBs and DDE) and should not be used for 
TRV development. 

•	 Dillon (1984); Olofsson and Lindahl (1979):  This study was from a review on the 
“Biological Consequences of Bioaccumulation in Aquatic Animals” (Dillon 1984), with 
the primary citation being Olofsson and Lindahl (1979).  The ERED identified a LOER of 
110 mg/kg wet wt. for Atlantic cod, which was based on behavioral effects.  The LWG 
rejected this study because it was based on a secondary citation and fish were field-
collected. 

Consistent with the TRV methodology, EPA has confirmed that this study should be 
excluded from TRV development because fish were exposed to multiple contaminants in 
the field, including PCBs, DDT, and mercury. 

•	 Fisher et al. (1994):  This study evaluated Atlantic salmon embryo exposures to PCBs and 
resulting effects on hatching success, survival, growth, and developmental behavior of fry.  
Based on the review paper of Meador et al. (2002), a whole body LOER of 1.1 mg/kg wet 
wt. from Fisher et al. (1994) was used by the EPA for TRV development (the LOER was 
based on growth reduction). The LWG rejected this study because only Atlantic salmon 
embryos were exposed to PCBs and the resulting whole body PCB concentrations in 
alevins and fry were reflective of growth dilution. 

Eyed Atlantic salmon embryos were exposed to an aqueous 1:1:1:1 mixture (by weight) of 
Aroclors 1016, 1221, 1254, and 1260 at nominal concentrations of 62.5, 625, 6250, and 
62,500 µg/L for 48 hours. After the 48-hour exposure, eggs were transferred to clean 
water and evaluated for hatching success.  In addition, throughout a 7.5 month post-
exposure period, mortality and growth in eggs, alevins, and fry were evaluated.  Finally, 
the reaction of alevins to light and predator avoidance reactions were assessed (the latter 
endpoint was evaluated using an experimental laboratory “stream” in which largemouth 
bass were used the predator). At 176 days post-exposure, growth was significantly 
reduced (p<0.05) at PCB exposures of ≥625 µg/L. The PCB concentration in alevins at 
day 91 (the latest time period when PCBs were measured in fry) exposed to an aqueous 
PCB concentration of 625 µg/L was 1.1 mg/kg wet wt.   

Although growth dilution was observed, alevin growth reductions were not observed in the 
625 µg/L treatment at 71 days post-exposure.  This suggests that the whole body PCB 
concentration of 1.1 mg/kg wet wt. at day 91 can be reasonably associated with the growth 
reduction of fry at day 176. As a result, EPA has determined that this study may be used 
for TRV development and that 1.1 mg/kg wet wt. is an appropriate whole body LOER for 
reduction of growth in Atlantic salmon fry. 

•	 Johansson et al. (1972):  This study evaluated the metabolic effects of PCBs on brown 
trout. Burt Shephard’s tissue residue-effects database identified a LOEC of 10 mg/kg wet 
wt. for brown trout, which was associated with an enlarged liver, decreased hemoglobin, 
and sluggish behavior.  The LWG rejected this study from TRV development because fish 
were exposed to PCBs via gavage or injection. 



 

 
 

 
 

 
 

 

 

Consistent with the TRV methodology, EPA has confirmed that this study should be 
excluded from TRV development because  the exposure routes used in this study were 
either injection or gavage, which are not environmentally relevant exposure routes. 

ZINC 

•	 Farmer et al. (1979):  This study evaluated the effects of zinc on juvenile Atlantic salmon 
survival, food intake, and growth. The EPA identified a LOER of 38 mg/kg wet wt., which 
was associated with decreased food intake within 10 days.  The LWG rejected this study 
because a dose-response relationship was not observed between whole body zinc 
concentrations and effects and because the food intake rate recovered by the end of the 
experiment. 

Juvenile Atlantic salmon were exposed to aqueous Zn concentrations of 2 (control), 420, 
560, 750, and 1000 µg/L for 33 days in one experiment and to concentrations of 2 
(control), 320, 420, 560, and 750 µg/L for 64 days in a subsequent experiment.  In each 
experiment the food intake rate was measured. In addition, growth of juvenile Atlantic 
salmon exposed to aqueous Zn concentrations of 2 (control), 115, 240, and 560 µg/L and 
dietary rations of either 2.0 or 3.5% of body weight per day for 80 days was evaluated.  In 
the 33 day feeding rate experiment food intake was initially depressed in all Zn exposures, 
but intake reached control levels within 10-20 days.  In the 64 day feeding experiment food 
intake was again initially depressed in all Zn exposures, but again returned to control levels 
within 10-20 days. By day 51, food intake rate in the Zn-exposed fish was greater than in 
the control fish, with the food intake rate increasing with increasing Zn concentration.  In 
the 80 day growth experiment, no effects were observed between the Zn treatments and the 
control. 

Although food intake rates were initially depressed in Zn-exposed fish, food intake rates 
eventually returned to control levels.  In addition, growth effects were not observed in the 
80 day experiment, making the link between the observed feeding reduction and growth 
problematic. As a result, EPA has determined that this study cannot be used to identify a 
LOER for TRV development. 



 
 

 
  

 
 

 

 

  

 

   

 

 
 
  

Table 1 


Summary of TRVs Evaluated by EPA 


Study Chemical Endpoint Accepted 
by EPA? Rationale 

Hollis et al., 2000 Cadmium Impaired swimming Yes Adverse effects described in the paper. 
Scott et al., 2003 Cadmium Alarm Response Yes Effect linked to water concentration. 
von Westerhagen, 1974 (2) Cadmium Development and survival of eggs No Cd not measured in appropriate lifestage 
Khunyakari et al. 2001 Copper Reduced swimming speed No Effects measured at 48 hours; tissue levels 

measured at 8 days. 
Kolak et al., 2002 Copper Critical swimming speed No No dose response relationship 
Varanaka et al., 2001 Copper Biological and Morphological changes No Injection study 
Daramola and Olademeji, 1989 
(2) 

Copper Feeding rate No Lack of quantitative measurement of feeding 
rate. 

Davey et al., 1972 DDX Consecutive turns No Endpoint not linked to survival, growth and 
reproduction 

Dillon, 1984 DDX Behavioral effects No Secondary citation 
Faulk et al., 1999 DDX Swimming effects No Egg residue study 
Ramamoorthy, 1985 Lindane Lethargy No Lethargy not quantitatively measured; 

potential for ammonia toxicity in addition to 
lindane effects. 

Fjeld, 1998 Mercury Feeding behavior No Effects evaluated long after exposure (3 
years). 

Matida et al., 1971 Mercury Loss of equilibrium and skin darkening No Diet included field collected prey. 
Skak and Baaktrup, 1993 Mercury Loss of equilibrium No Effect not measured 
Webber and Haines, 2003 Mercury Reaction time Yes Avoidance behavior clearly linked to 

survival, growth and reproduction 
Dillon, 1984 PCBs Unknown No Secondary citation 
Dillon, 1984 (Olofsson and 
Lindahl, 1979) 

PCBs Behavioral effects No Fish exposed to multiple contaminants 

Fisher et al., 1994 PCBs Predator avoidance; growth Yes Reduced growth observed despite observed 
growth dilution. 

Johansson et al., 1972 PCBs Sluggish behavior No Gavage and injection study 
Farmer et al., 1979 Zinc Food intake No Food intake returned to normal; no growth 

effects observed. 



 
 

  

            
                  

 
 

 

 

 
 

 

 

 

 

 

 

CChhaaiirrppeerrssoonn:: BBoobb WWyyaatttt,, NNWW NNaattuurraall
 
TTrreeaassuurreerr:: FFrreedd WWoollff,, LLeeggaaccyy SSiittee SSeerrvviicceess ffoorr AArrkkeemmaa
 

February 6, 2009 

Chip Humphrey 
Eric Blischke 
U.S. Environmental Protection Agency, Region 10 
805 SW Broadway, Suite 500 
Portland, OR 97205 

Re: Fish Tissue Residue Toxicity Reference Values for the Baseline Ecological Risk 
Assessment (Lower Willamette River, Portland Harbor Superfund Site, USEPA 
Docket No: CERCLA-10-2001-0240) 

Chip and Eric: 

Thank you for your January 23, 2009 letter, in which you directed the Lower Willamette Group 
(LWG) to include the 11 specific lowest observed effects residues (LOERs) in the development 
of fish tissue residue TRVs for use in the Portland Harbor BERA. 

The LWG does not accept your assertions that EPA has objectively evaluated our technical 
arguments, and determined that inclusion of the 11 LOERs is necessary to ensure that the 
Portland Harbor BERA is conducted appropriately and in a manner consistent with the 
previously agreed upon TRV methodology. Specifically, we reject your arguments for including 
six of the 11 LOERs. We have communicated the specific rationale for rejecting the studies 
based on technical reasons having to do with the facts of the individual studies, and or conflicts 
with the process that the EPA previously approved for developing TRVs. 

Because EPA has directed the LWG to include the values, the LWG will include the 11 LOERs 
in the development of fish tissue residue TRVs as required by Section IX.1 of the Administrative 
Settlement Agreement and Order on Consent. 

Following is a summary of our objections to the aforementioned assertions. 

Behavioral Endpoints:  Following review of the Fish Tissue Residue Toxicity Reference Value 
(TRV) Reconciliation Tables submitted by the LWG to EPA on November 20, 2008, EPA 
identified exclusion of behavior studies as a primary area of disagreement with LWG regarding 
exclusion of LOERs from the species sensitivity distributions used to derive fish tissue-residue 
TRVs. EPA’s memo dated December 22, 2008 provided evidence linking prey capture ability, 
avoidance behavior, feeding behavior, and swimming activity to adverse effects at the population 
or community level. On January 14, 2009 the LWG provided you with its evaluation of the 
degree to which the evidence EPA provided for population level adverse effects described for 
these behaviors can be extrapolated to other studies: 



 
 

  

 
 

 
 

 
 

 
 

 

 

 

1. Predator-prey relationships 

EPA used the example of Weiss et al. (2000) to support inclusion of studies reporting 
predator-prey relationships in SSDs.  Weiss et al. (2000) provide literature as well as field 
and laboratory experimental evidence showing causal linkages between mummichog 
exposure to chemical contaminants (primarily mercury), reduced prey capture ability, and 
reduced growth and lifespan. The specific behavioral endpoint reported was time 
required to capture prey. A possible causal mechanism that was experimentally 
described was increased brain mercury concentrations causing decreased neurotransmitter 
levels. Linkages between organism and population level traits were demonstrated for a 
single contaminated site where several contaminants were present.  The LWG found that 
study convincingly tied reduced mummichog growth and life-span at the contaminated 
site investigated to decreased ability to capture prey, but that applying these results to 
predator-prey studies in general constitutes extrapolating outside the dataset.  
Nonetheless, we concluded that from a conservative perspective this study supports 
inclusion of studies reporting reduced prey capture rate in SSDs, and that more generally 
it suggests that any endpoint directly related to reduced prey capture ability might 
influence population level endpoints. Therefore, pursuant to EPA direction, LWG has 
agreed to include all studies reporting prey capture rate LOERs in SSDs, and to consider 
studies reporting other predator-prey interactions on a case by case basis. 

2. Avoidance behavior 

No avoidance behavior studies were included in the SSD database, therefore evidence 
supporting inclusion of studies reporting this category of behaviors was not reviewed. 

3. Feeding behavior 

EPA used the example of Weiss et al. (2000) (discussed above under predator-prey 
relationships) to support inclusion of studies reporting feeding behavior in SSDs.  Weiss 
et al. (2000) report that mummichog from a contaminated site fed on detritus, whereas at 
an uncontaminated reference site they fed on mobile prey.  No specific feeding behaviors 
other than prey capture rate (described above) were investigated.  EPA also referenced 
Buckley et al. (1982) as evidence that reduced feeding by coho salmon resulted in 
reductions in growth. Buckley et al. (1982) reports that feeding rates were initially 
depressed in copper exposed fish relative to controls but recovered to control levels with 
time and that weight of exposed fish (except at the highest exposure level) also became 
similar to that of controls near the end of the 100 day aqueous copper exposure.  At the 
highest treatment level, the observed growth effect was potentially attributable to loss of 
food from the tank due to reduced movement of the fish.  This study demonstrates that 
the effect of reduced feeding rate on population level endpoints is linked to the 
persistence and magnitude of the reduced feeding rate effect. Therefore, the LWG agreed 
to evaluate studies reporting feeding behaviors on a case-by-case basis to determine 
whether the magnitude and duration of the effect is likely to result in reduced growth, and 
if so to use that study in fish tissue TRV derivation. 

6650 SW Redwood Lane, Suite 333, Portland OR 97224 



 
 

  

  
 

 
 

 

 
 

 

 

 
 

4.	 Swimming activity 

EPA used the example of Smith and Weis (1997) to support inclusion of studies reporting 
effects on swimming activity in SSDs.  Smith and Weis (1997) did not experimentally 
investigate any swimming behaviors.  The nearest endpoints evaluated were the number 
of strikes by mummichog on grass shrimp made per fish per minute, the number of 
strikes per fish per kill, and the number of strikes per pursuit.  The authors found that 
mummichog from a contaminated site had fewer strikes on grass shrimp than 
mummichog from a reference site.  They suggest that a possible mechanism for this 
effect is related to contaminant-related changes in neurotransmitter levels causing 
reduced swimming activity. The evidence presented by EPA thus did not demonstrate 
causal relationship between swimming activity and population-level adverse effects.  
Therefore, the LWG concluded that it was necessary to reevaluate swimming behavior 
studies on a case-by-case basis. 

LWG’s conclusions regarding the general evidence for inclusion of these types of behavioral 
endpoints indicated the need to reevaluate the specific papers in question on a case-by-case basis.  
LWG and EPA collectively discussed the papers and the LWG’s conclusions during the January 
9 meeting.  The result of that discussion was EPA requesting a summary of the LWG’s analyses, 
clearly stating which specific behavioral studies were rejected based on grounds other than use of 
a behavioral endpoint.  The LWG submitted that work to EPA on January 14.  Twenty of the 27 
LOERs were rejected on grounds other than use of a behavioral endpoint.  Of the remaining 
seven, the LWG rejected two and accepted five.   The two that were rejected are Davy et al. 
(1972) and Webber & Haines (2003).  The LWG accepted Weber et al. (1991), Kania & O’Hara 
(1974), Begtsson (1980) and two LOERs from Gakstatter & Weiss (1967).   

In your January 23 letter you directed the LWG to accept six of the seven behavioral LOERs that 
weren’t rejected for some other reason besides the use of the behavioral endpoint, i.e., the five 
that the LWG had already agreed to include plus Webber & Haines (2003).  The LWG’s 
technical position continues to be that Webber & Haines (2003) should be rejected for tissue 
TRV derivation based on established acceptability criteria. 

•	 Webber & Haines (2003) reported that golden shiner exposed to mercury “had 
significantly greater shoal vertical dispersal following predator exposure, took longer to 
return to pre-exposure activity level, and had greater shoal area after return to pre-
exposure activity than controls.” Although the authors contended that these behaviors 
would increase vulnerability to predation, they did not present evidence linking these 
behaviors to population level effects to support their contention.  Therefore the LWG 
rejected this study for use in fish tissue TRV derivation because a direct link to reduced 
survival, growth or reproduction has not been established. 

Of the remaining 20 behavioral studies that the LWG rejected for reasons other than the 
behavioral endpoint, EPA has agreed to reject 17 and directed the LWG to use three. Those three 
studies are: Hollis et al. (2000), Fisher et al. (1994) and Scott et al. (2003).  The LWG’s technical 
position continues to be that all three of these studies should be rejected for tissue TRV 
derivation based on established acceptability criteria. 
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•	 Hollis et al. (2000) reported a LOER for reduced survival and impaired swimming.  
However, the authors report that “(m)ortality was minimal for all treatments (up to 14% 
for 0.11 µg/l Cd). No significant effects of chronic Cd exposure were seen in growth 
rate, swimming performance (stamina), routine O2 consumption, or whole body/plasma 
ion levels.” Therefore, the LWG rejected Hollis et al. (2000) for fish tissue TRV 
derivation because no adverse effects were associated with chronic Cd exposure. 

•	 Fisher et al. (1994) is a PCB study that EPA apparently had not reviewed as of our 
January 9 meeting on this issue. The study reports LOERs for reduced growth and 
retarded phototropism behavior in alevins.  Fish in this study were exposed only as eggs; 
therefore the study failed a study acceptability criterion that the LWG and EPA had 
agreed to for tissue TRV derivation, and the LWG rejected it. 

•	 Scott et al. (2003) experimentally investigated juvenile rainbow trout response to alarm 
substance extracted from fish skin.  At the highest aqueous treatment level, Cd exposed 
fish did not stop feeding, did not seek shelter, and continued to move similarly to when 
the alarm substance was not present whereas controls behaved in the opposite fashion.  
Behavior of fish exposed through diet, and at lower aqueous treatment levels was not 
statistically different from controls.  The dietary and highest aqueous exposures resulted 
in similar tissue burdens and the authors suggest that tissue burdens in the olfactory 
system determine toxicity.  Therefore, there is reasonable doubt as to whether the whole 
body tissue residue accurately represents a true effects threshold, but the LWG 
acknowledged that similar uncertainty applies to all short term effects studies and to 
metals in particular.  Despite this concession to uncertainty, the LWG found that neither 
the study itself nor EPA provided evidence directly linking the observed short term 
predator avoidance effects to reduced survival, growth or reproduction.  Therefore the 
LWG rejected this study for use in tissue TRV derivation. 

Inclusion of 1970s Great Lakes Sac-Fry Studies: In January 7 correspondence and at the 
January 9 fish tissue TRV meeting, the LWG argued that inclusion of the Berlin et al. (1981) and 
Broyles and Noveck (1979) studies is inconsistent with the LWG/EPA agreed-upon tissue TRV 
methodology.  Our arguments were provided to EPA in January 14 and January 21 
correspondence and in a telephone conversation between an LWG representative and Eric 
Blischke on January 22, 2009. The LWG’s technical position continues to be that these two 
studies should be rejected for tissue TRV derivation based on established acceptability criteria. 

•	 Berlin et al. (1981) showed that fry hatched from eggs from Lake Michigan lake trout 
(with a measured total PCB egg residue of 7.6 ppm and day-old fry residue of 3.8 ppm) 
chronically exposed to Aroclor 1254 water concentrations from 1x to 25x ambient 
concentrations in Great Lakes surface water (circa 1975) exhibited significant excess 
mortality. The LWG concluded that it is wrong to use the data in Berlin et al. (1981) to 
calculate a tissue TRV because exposure and effects weren’t measured at the same time.  
Significant excess mortality occurred in days 57-96 and (to a lesser extent) days 97-136, 
but tissue residue wasn’t measured until the end of the 176-day experiment, at which time 
the tissue residue was lower than at the beginning of the experiment (i.e., the initial tissue 
concentration due to maternal transfer of PCBs obtained from Great Lakes exposure was 
higher than the final tissue concentration. Therefore, the LOER based on measurements 
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taken at the end of the study is an underestimate and should be rejected for tissue TRV 
development. 

Broyles and Noveck (1979) showed that sac-fry hatched from Lake Michigan lake trout and 
Chinook salmon (with total PCB egg residues estimated to be in the 3-11 ppm range) exposed to 
low ppb water concentrations of PCB 153 caused excess mortality.  The LWG concluded that it 
is wrong to use of the data in Broyles and Noveck (1979) to calculate a tissue TRV because the 
study only provides tissue residue data for the 14C-labeled PCB 153 fraction of the total PCB 
tissue residue. The study did not account for the tissue burden resulting from maternal transfer.  
Therefore, the LOER based on measurements of 14C-labeled PCB 153 is an underestimate of the 
tissue residue and should be rejected. 

In conclusion, the LWG rejects your assertions regarding the appropriateness of six of the 11 
LOERs that you have now directed us to use for tissue TRV development.  Our counter-
arguments to your assertions have been restated in this letter.  Nonetheless, the LWG will 
comply with EPA’s direction to use these LOERs in TRV development for the BERA.  The 
LWG reserves the right to object to specific applications of the TRVs to establish remediation 
goals for the Portland Harbor site. 

It is our understanding that this concludes the process of fish tissue TRV development for the 
BERA, and specifically that EPA will not be asking or directing the LWG to make any changes 
to the November 20, 2008 fish tissue residue TRV reconciliation tables beyond what is directed 
in your January 23 letter. 

On a related matter, the LWG has not received direction on the benthic tissue TRVs, so we are 
planning to proceed with the benthic tissue TRVs we submitted to you on November 14, 2008, 
with the cadmium, copper and DDD updates requested by Burt Shephard, and submitted to him 
on November 26, 2008.  With the exception of PCBs, we reached verbal agreement on these 
TRVs, though that has not been formalized. With regard to the PCB TRV, you might recall that 
you were considering asking us to add the papers by Dillon et al. (1990) and Fowler et al. (1978) 
to the LOER dataset. The last we heard from you on this matter was that the question was on the 
agenda for your December 3, 2008 agency team meeting.   

It might be useful for you to know that the decision about whether to include these two studies 
has no effect on the benthic tissue PCB TRV (either way the TRV is 1.2 mg/kg-ww).  The LWG 
finds the LOER from Dillon et al. (1990) to be unacceptable because it’s a single congener (PCB 
101) study that didn’t meet our criteria for inclusion.  The LWG finds the LOER from Fowler et 
al. (1978) to be unacceptable because of weak study design (inadequate documentation of 
effect). Given that these are marginal LOERs about which we disagree, and that they have no 
effect on the TRV, the LWG plans to proceed using the November 14, 2008 benthic tissue PCB 
TRV submittal, unless directed to update and resubmit the benthic tissue TRV reconciliation 
table for PCBs.  
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Sincerely, 

Bob Wyatt 

cc: 	 Confederated Tribes and Bands of the Yakama Nation 
Confederated Tribes of the Grand Ronde Community of Oregon 
Confederated Tribes of Siletz Indians of Oregon 
Confederated Tribes of the Umatilla Indian Reservation 
Confederated Tribes of the Warm Springs Reservation of Oregon 
Nez Perce Tribe 
Oregon Department of Fish & Wildlife 
United States Fish & Wildlife 
Oregon Department of Environmental Quality 

 LWG Legal 
 LWG Repository 
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John Toll 

Subject: FW: EPA Determination Regarding Invertebrate Tissue Residue TRVs 
Attachments: EPAInvertTRVDirection021809.pdf 

----- Original Message -----
From: Blischke.Eric@epamail.epa.gov <Blischke.Eric@epamail.epa.gov> 
To: Wyatt, Robert 
Cc: Jim.McKenna@portofportland.com <Jim.McKenna@portofportland.com>; ricka@bes.ci.portland.or.us 
<ricka@bes.ci.portland.or.us>; johnt@windwardenv.com <johnt@windwardenv.com>; Humphrey.Chip@epamail.epa.gov 
<Humphrey.Chip@epamail.epa.gov>; Shephard.Burt@epamail.epa.gov <Shephard.Burt@epamail.epa.gov> 
Sent: Wed Feb 18 13:52:49 2009 
Subject: EPA Determination Regarding Invertebrate Tissue Residue TRVs 

Bob, here is our position on the invertebrate tissue-residue TRVs. 

Eric 

(See attached file: EPAInvertTRVDirection021809.pdf) 
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February 18, 2009 

Mr. Robert Wyatt 
Northwest Natural & Chairman, Lower Willamette Group 
220 Northwest Second Avenue 
Portland, Oregon 97209 

Re: Portland Harbor Superfund Site; Administrative Order on Consent for Remedial 
Investigation and Feasibility Study; Docket No. CERCLA-10-2001-0240 – Invertebrate 
Tissue-Residue Toxicity Reference Values for the Baseline Ecological Risk Assessment.  

Dear Mr. Wyatt: 

Between August and October 2008, EPA submitted a series of fish and invertebrate 
tissue-residue toxicity reference values (TRVs) for use in the baseline ecological risk assessment 
(BERA) for the Portland Harbor superfund site.  On October 10, 2008 a set of invertebrate 
tissue-residue TRV reconciliation tables were submitted to EPA for review.  The invertebrate 
TRVs were revised based on a series of meetings and discussions culminating with a set of TRVs 
submitted to EPA on November 13, 2008 and supplemented with additional information 
regarding PCBs on November 26 and December 1, 2008. 

As stated in your letter regarding the fish tissue TRVs dated February 6, 2009, EPA has 
not yet provided direction regarding fish tissue TRVs.  At issue are invertebrate tissue TRVs for 
cadmium, copper, DDD and PCBs.  This letter provides EPA’s determination regarding these 
TRVs. 

On November 26, 2008, EPA requested changes to the invertebrate tissue-residue TRVs 
for Cu and total DDx.  These changes were made and revised tables were submitted later in the 
day on November 26, 2008. The Cu TRV dropped slightly from 8.00 to 7.67 mg/kg whole body 
wet weight (ww) and the total DDx TRV went up slightly from 0.93 to 0.97 mg/kg ww.  At this 
time, the EPA and the LWG are in agreement regarding TRVs for copper and DDX as well as 
the other chemicals for which changes were not requested (arsenic, cadmium, zinc, tributyltin, 
bis (2-ethylhexyl) phthalate, di-n-butyl phthalate and DDD.   

On December 1, 2008, additional information was submitted to EPA regarding the 
invertebrate tissue TRV for PCBs. Based on this information, EPA has determined that the 
Dillon et al. (1990) and Fowler et al. (1978) studies must be included in the invertebrate tissue-
residue TRV for PCBs.  EPA understands that the LWG does not agree with the inclusion of 



 

 
 

 
 

 
 
 

  
  

 
 
 

 
 
 

           
 
  
 
 
 
 
 
 
 

these two studies but we are confident that the Dillon et al. (1990) and Fowler et al. (1978) 
studies meet the requirements of the TRV development methodology and are thus warranted for 
inclusion in the development of invertebrate tissue-residue TRVs for PCBs. 

If you have any questions, please contact Chip Humphrey at (503) 326-2678 or Eric 
Blischke (503) 326-4006. All legal inquiries should be directed to Lori Cora at (206) 553-1115. 

      Sincerely,

      Chip  Humphrey
      Eric  Blischke
      Remedial Project Managers 

cc: 	 Greg Ulirsch, ATSDR 
Rob Neely, NOAA 
Ted Buerger, US Fish and Wildlife Service 
Preston Sleeger, Department of Interior 

 Jim  Anderson,  DEQ  
Kurt Burkholder, Oregon DOJ 
David Farrer, Oregon Environmental Health Assessment Program 
Rick Keppler, Oregon Department of Fish and Wildlife 
Michael Karnosh, Confederated Tribes of Grand Ronde  
Tom Downey, Confederated Tribes of Siletz  
Audie Huber, Confederated Tribes of Umatilla 
Brian Cunninghame, Confederated Tribes of Warm Springs 
Erin Madden, Nez Perce Tribe 
Rose Longoria, Confederated Tribes of Yakama Nation  



 
     
             

     
   

                 
 

 
 

                                  
                                    
                              

                               
             

 
   

 
   
     
                     

            
 

      
      

 
    

 
                               
   

              
 
 
                                                                         
                                                                   
                                                          
                                                                  
                                              
                                                           
                                                                        
                                                                   
                                                
                                                              
                                                                         
                                                                         
                                                                         
                                                                         
                                                                         
                                                                         
 
 
 

John Toll 

Subject: confirmation request regarding Dillon et al. 1990 

From: Shephard.Burt@epamail.epa.gov [mailto:Shephard.Burt@epamail.epa.gov] 
Sent: Monday, March 02, 2009 1:12 PM 
To: John Toll 
Cc: Blischke.Eric@epamail.epa.gov 
Subject: Re: confirmation request regarding Dillon et al. 1990 

John, 

Your e‐mail summary attached below is correct. Only use the PCB 101 data from the Dillon et 
al. 1990 paper to derive invertebrate tissue TRVs. Do not use the PCB 77 data from Dillon et 
al. 1990 to derive an invertebrate TRV. Residue‐effects data for single PCB congeners with a 
dioxin‐like mechanism of toxic action are not being used to derive tissue TRVs for total PCB 
concentrations in the baseline ecological risk assessment. 

Best regards, 

Burt Shephard 
Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

John Toll 
<JohnT@windwarde 
nv.com> To 

Burt Shephard/R10/USEPA/US@EPA 
03/02/2009 01:07 cc 
PM 

Subject 
confirmation request regarding 
Dillon et al. 1990 
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Hi Burt. Per EPA’s 2/18/09 benthic tissue TRV directive we’re using the Dillon et al. 1990 
paper in developing the invertebrate tissue TRV for PCBs. Per our brief phone conversation 
this morning, we’re using the PCB 101 data from that paper, but not the PCB 77 data because 
PCB 77 is a dioxin‐like congener, and EPA and the LWG have agreed not to use dioxin‐like 
congener data to develop the invertebrate and fish tissue TRVs for PCBs. 

Would you please reply to this message to confirm that what I’ve said is correct? John 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 
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John Toll 

Subject: RE: Development of Reference Envelope for the Evaluation of Benthic Risk 

From: John Toll 
Sent: Tuesday, March 03, 2009 11:53 AM 
To: 'Blischke.Eric@epamail.epa.gov'; rjw@nwnatural.com 
Cc: Shephard.Burt@epamail.epa.gov; Humphrey.Chip@epamail.epa.gov; jay.field@noaa.gov 
Subject: RE: Development of Reference Envelope for the Evaluation of Benthic Risk 

Hi Eric. As promised I'm following up in writing on my voice‐mail from late Friday regarding 
your February 25 e‐mail (below). You listed two issues and provided your understanding of 
those issues, and asked us to confirm your understanding. I replied verbally in my Friday 
voice‐mail; this e‐mail just puts those replies in writing for the record. 

1) Establishment of the reference envelope. Yes, this is the general procedure that we're 
following, recognizing that different software packages return different values for the 5th 
percentile. 

2) Identifying samples as toxic or non‐toxic. As you've discovered the specific procedure 
for identifying samples as toxic or non‐toxic isn't completely explicated in Section 4.7 (or 
elsewhere) of the MacDonald & Landrum report; instead they cite MacDonald et al. (2003), 
which is a document describing the development and evaluation of PRGs for Calcasieu Estuary. 
We went to the source document (specifically MacDonald et al. (2003) Appendix E2 ‐ Assessment 
of Risks to the Benthic Invertebrate Community, pp. 28‐36) to find the procedure. The 
procedure uses the lower 95% prediction limit for the reference sites as the "reference 
envelope value." Specifically, for each bioassay endpoint they calculated a 95% two‐tailed 
prediction interval for the average (across sediment sample replicates) response rate. The 
lower 95% prediction limit for the reference sites is the lower end of that prediction 
interval, which is the 2.5th percentile of the reference response distribution. (Note that 
we've agreed to use the lower 5th percentile, which is a little bit more conservative than the 
Calcasieu procedure). They then added 10% to the lower 95% prediction limit to get the low 
toxicity threshold, and 20% to the lower 95% prediction limit to get the high toxicity 
threshold. The MacDonald et al. procedure is different in two ways from what you described 
in your e‐mail. First, it uses the lower 95% prediction limit where you used the reference 
area average as the reference envelope value. Second, it adds 10% and 20% to the reference 
envelope value, whereas you added 10% and 20% of the reference envelope value to the 
reference envelope value. 

So, the short answer to your question about the procedure for identifying samples as toxic or 
non‐toxic is no, we didn't follow the general procedure described in your 2/25 e‐mail, we 
followed the MacDonald et al. (2003) procedure that was cited in Section 4.7 of MacDonald and 
Landrum (2008), except that by agreement we used the lower 5th percentile instead of the lower 
2.5th percentile, which is a little bit more conservative than what was done for the 
Calcasieu. 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
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www.windwardenv.com 

The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 

‐‐‐‐‐Original Message‐‐‐‐‐
From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Wednesday, February 25, 2009 4:34 PM 
To: rjw@nwnatural.com 
Cc: John Toll; Shephard.Burt@epamail.epa.gov; Humphrey.Chip@epamail.epa.gov; 
jay.field@noaa.gov 
Subject: Development of Reference Envelope for the Evaluation of Benthic Risk 

Bob, during the sediment conference in Jacksonville, John Toll, Jay Field and I discussed the 
development of the reference envelope for the evaluation of benthic risk. At that time, we 
agreed that EPA would develop some additional clarity about what our concerns were given that 
the LWG was following the procedures outlined in the benthic evaluation framework developed 
by Don MacDonald and Peter Landrum. I think we have boiled it down to two questions ‐
establishment of the benthic envelope and evaluating sediment toxicity results relative to 
the reference envelope. I have tried to provide my understanding of these issues 
below: 

1) Establishment of the reference envelope: This step is described in Section 4.4 of 
MacDonald and Landrum: "While several procedures can be used to calculate the reference 
envelope, we recommend calculating the lower limit of the reference envelope as the 5th 
percentile of the control‐adjusted response data for each toxicity test and endpoint. It is 
recommended that the response data be log‐transformed prior to calculating the 5th percentile 
response level. The normal range of reference responses spans the range from the 5th 
percentile value to the maximum value in the data set." In the attached spreadsheet, a 5th 
percentile of response level is calculated as 74.5% for the Hyalella biomass endpoint. 

Please confirm that this is the general procedure that you will be following recognizing that 
different software packages will return different values for the 5th percentile. 

2) Identifying samples as toxic or non‐toxic: This step is also described in Section 4.4 of 
MacDonald Landrum: "Designate sediment samples with control‐adjusted effect values lower 
than the lower limit of the normal range of control‐adjusted responses in reference samples 
(i.e., lower than the 5th percentile) as toxic for the endpoint under consideration." These 
procedures our less well defined. MacDonald and Landrum specify a 10% and 20% difference in 
response rate for establishing low risk and high risk thresholds as stated in Section 4.7: 

These low risk toxicity thresholds were established at COPC/COPC 
mixture concentrations that corresponded to a 10% increase in the 
magnitude of toxicity to selected toxicity test organisms, relative 
to the average response rates for toxicity test organisms exposed to 
reference sediment samples. 
These high risk toxicity thresholds were established at COPC/COPC 
mixture concentrations that corresponded to a 20% increase in the 
magnitude of toxicity to selected toxicity test organisms, relative 
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to the average response rates for toxicity test organisms exposed to
 
reference sediment samples.
 

In the attached spreadsheet, the 10% and 20% difference is calculated as 79.0% and 70.2%
 
respectively. These toxicity thresholds (TT) are applied to samples for which we have
 
chemistry data only (i.e., to predict presence or absence of toxicity for a toxicity test
 
endpoint).
 
However, before a TT is selected, it is evaluated to determine if it can be used to reliably
 
classify samples as toxic or not toxic considering multiple endpoints.
 

Please confirm that this is the general procedure that you will be following.
 

We are interested in confirming these procedures consistent with our agreements regarding
 
check‐ins on the BERA and to avoid confusion regarding the appropriate procedures to follow.
 

Thanks, Eric
 

(See attached file: PH_Tox_RefStations_090212.xls)
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CChhaaiirrppeerrssoonn:: BBoobb WWyyaatttt,, NNWW NNaattuurraall
 
TTrreeaassuurreerr:: FFrreedd WWoollff,, LLeeggaaccyy SSiittee SSeerrvviicceess ffoorr AArrkkeemmaa
 

March 5, 2009 

Chip Humphrey 
Eric Blischke 
U.S. Environmental Protection Agency, Region 10 
805 SW Broadway, Suite 500 
Portland, OR 97205 

Re: Invertebrate Tissue – Residue Toxicity Reference Values for the Baseline Ecological 
Risk Assessment (Lower Willamette River, Portland Harbor Superfund Site, 
USEPA Docket No: CERCLA-10-2001-0240) 

Chip and Eric: 

Thank you for your February 18, 2009 letter, in which you directed the Lower Willamette Group 
(LWG) to include the Dillon et al. (1990) and Fowler et al. (1978) studies in the invertebrate 
tissue-residue TRV for PCBs. The LWG will comply with this directive. However, as you 
acknowledged in your February 18 letter, we disagree on technical grounds with the inclusion of 
these two studies because we do not believe they meet the requirements of the TRV development 
methodology that was agreed upon by EPA, its partners and the LWG. The TRVs proposed by 
the LWG were developed using the agreed-upon methods and are adequately protective of 
ecological receptors in the Willamette River. Although we will comply with the directive we do 
not agree that these studies are warranted for inclusion in the development of invertebrate tissue-
residue TRVs for PCBs. 

Sincerely, 

Bob Wyatt 

cc: 	 Confederated Tribes and Bands of the Yakama Nation 
Confederated Tribes of the Grand Ronde Community of Oregon 
Confederated Tribes of Siletz Indians of Oregon 
Confederated Tribes of the Umatilla Indian Reservation 
Confederated Tribes of the Warm Springs Reservation of Oregon 
Nez Perce Tribe 
Oregon Department of Fish & Wildlife 



 
 

  

  
 

 

 
    
 
 
 
 
 
 
 
 
 
 
 
 

United States Fish & Wildlife 
Oregon Department of Environmental Quality 

 LWG Legal 
 LWG Repository 

6650 SW Redwood Lane, Suite 333, Portland OR 97224 



 
      
             

     
                   

       
 
 
                         
                        
                     

                       
                    
                         
                 
                        

                
               

 
 

 
                     
                
                          

                      
                           

                        
                   

 
                       
                          
                        

                       
                        
                             

                   
 

   
 

                       
                         

                          
                   

                  
                   

 
                         
                         

                      
                     

 

John Toll 

Subject: RI/FS Agreement Summary 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Tuesday, March 17, 2009 9:49 AM 
To: Bob Wyatt 
Cc: Rick Applegate; Jim McKenna; Keith Pine; Jennifer Woronets; Humphrey.Chip@epamail.epa.gov 
Subject: RI/FS Agreement Summary 

On February 6, 2009, the LWG submitted a summary of the resolution of 
RI/FS issues. This list was based on EPA comments submitted on the 
Round 2 Report and represents the culmination of efforts to reach 
agreement on the procedures to be followed during the preparation of the 
draft RI and baseline risk assessment reports. EPA has identified 
issues where there appears to be a discrepancy in what was agreed upon, 
where further clarification is required and where additional resolution 
will take place through the FS process. Issues that have not been 
identified below are considered resolved. Clearly, further discussion 
regarding items 4 and 12 below are required. 

Discrepancy: 

Issue number 4 ‐ The language presented in the table does not match 
EPA's understanding. Consistent with the problem formulation, EPA 
requires evaluation of TZW relative to water TRVs in the BERA. This is 
more than a screening step as described here. Evaluation of TZW 
relative to water TRVs is considered a line of evidence for the BERA for 
which a hazard quotient should be calculated. EPA agrees that the pore 
water ventilation fraction may be addressed in the uncertainty section. 

Issue number 12 ‐ The language presented in the table does not match 
EPA's understanding. EPA did not agree that the evaluation of TZW as a 
source of contaminants in biota is no longer required. EPA agreed to 
rely primarily on tissue data for the evaluation of human health risks 
in the HHRA. However, EPA also requires the evaluation of TZW relative 
to fish consumption AWQC as a line of evidence in the HHRA and for the 
purpose of evaluating the contribution of TZW to biota tissue.. 

Clarification Required: 

Issue number 7 ‐ The LWG should confirm that the refined screen for the 
evaluation of effects on the benthic community will be based on a point 
by point comparison and not the 95% UCL of the site‐wide average. This 
is consistent with the problem formulation for the ecological risk 
assessment. Any estimation of exposure point concentrations (EPCs) in 
the refined screen must match the scale of the receptor. 

Issue number 11 ‐ Based on the language presented in the table, it is 
unclear whether the LWG will be screening TZW against EPA Region 6 tap 
water PRGs (Regional Screening Levels) and MCLs. The LWG should confirm 
that TZW should be screened against tap water PRGs and MCLs. 
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Issue number 22: The LWG should clarify which data falls into which 
data set (e.g., site wide vs. RM 1 ‐ 2). A table listing samples to be 
included in the RM 1 ‐ 2, upper Multnomah Channel and RM 11.8 ‐ 12.2 
data sets should be provided. 

Issue number 26: The LWG state that background concentrations will be 
estimated as directed by EPA on 9/19/2009. However, the table also 
states that a second set of background values will be developed without 
exclusion of statistical outliers unless EPA provides credible evidence 
that the outliers are affected by specific CERCLA‐like sources(s). The 
LWG should clarify how this second set of background values will be 
presented and what is meant by "EPA provides credible evidence." Please 
note that EPA and DEQ agreed to investigate potential sources in the 
vicinity of statistical outlier clusters., 

Issue number 31: Use of FPM to set SQVs: There are number of questions 
about application of the FPM which are not completely resolved. These 
include which COIs are to be modeled, acceptability parameters and how 
best professional judgement will be applied. It may be useful to 
schedule a check‐in on the application of the predictive models to 
facilitate agency review of the Portland Harbor RI and BRA. 

Issue number 38: EPA agreed to not include the breast feeding scenario 
in the draft HHRA. Pending resolution of this scenario, it will be 
included in the final HHRA. 

Issue number 50: The LWG should clarify that after the range is 
evaluated, the best performing degradation rate will be used. 

Issue number 55: The LWG should clarify that use of 1/2 the detection 
limit to represent non‐detect values detected at least once applies on a 
media specific basis. 

Issue number 57: The language in the table does not provide sufficient 
detail regarding which samples will be included in the background 
surface water data set. The LWG should clarify that the agreement was 
to use data from RM 16 and consider data from RM 11 (not including east 
side) in the evaluation of upstream surface water concentrations. 

Resolved Subsequent to February 6, 2009 RI/FS Issue Summary: 

Issue number 16: Upland Site Summary Issues: This issue is resolved 
per EPA email dated 3/9/2009 

Issue number 29: TRVs are resolved per LWG letter dated March 5, 2009. 

Issue number 45: Development of AOPCs will proceed as planned 
culminating with AOPC check‐in on May 27 and 28. 

Issue number 51: There appears to be agreement regarding the need to 
consider upland sources of contamination in the CSM (connect the dots). 
During the February 11, 2009 management meeting, it was agreed that a 
strict screening of upland data will not be performed but that a 
semi‐quantitative evaluation of the magnitude of upland contamination 
will be presented in the RI and that a quantitative evaluation would be 
performed in the FS. 
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Issue letter A: Pipeshed information: EPA understand that the City of 
Portland has provided sufficient pipeshed information for this issue to 
be resolved. 

Unresolved ‐ to be resolved through future FS discussions: 

Issue letter E: Evaluation of TZW in context of in‐water remedy and 
upland source control measures. Point of compliance issues aside, this 
is really a question of how the FS will consider the effectiveness of 
source control. 

Issue number 8: Application of WOE: This will need to be addressed 
through the early RI and BRA review and FS scoping steps. 

Issue number 27: Hilltopping Replacement Values: AOPC Check‐in. Use 
of GIS tool will allow a range of values to be considered (e.g., 
background, baseline, sediment trap results, upper study area bedded 
sediments, etc.) 

Issue number 39: Schedule and PRGs: EPA acknowledges that the overall 
project schedule is still under discussion. However, EPA understands 
that the schedule presented in the most recent FS Milestone table 
remains valid. 

Issue number 41 ‐ Benthic Toxicity PRGs: This will be addressed through 
the scheduled AOPC Check‐in. Feeds into the WOE evaluation. 

Issue number 42: Fish and Shellfish SWAC goals and hilltop values: 
This will be addressed through the scheduled AOPC Check‐in. 

Issue number 43: Surface Water PRGs: This will be addressed through 
the RAO and ARAR POC discussion. 

Issue number 44: TZW PRGs: This will be addressed through the RAO and 
ARAR POC discussion. 

Issue number 52: AWQC as PRGs and/or ARARs: This will be addressed 
through the RAO and ARAR POC discussion. 

Issue number 59: Comparison of background distributions: This will be 
addressed through the scheduled AOPC Check‐in. 

Thanks, Eric 
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John Toll 

Subject: FW: written confirmation needed 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Wednesday, June 10, 2009 12:27 PM 
To: Shephard.Burt@epamail.epa.gov 
Cc: Humphrey.Chip@epamail.epa.gov; John Toll 
Subject: Re: written confirmation needed 

I believe the approach described below is consistent with the resolution documented in the 
RI/FS Issues Table which states: 

EPA agrees that upstream fish tissue data should not be used in background assessments or 
risk assessment but could be presented in the RI Report for "informational purposes." I 
think we can consider the BERA as part of the RI report. As Burt states below, the results 
should not be used to define background risk or risk subtraction. 

Eric 

Burt 
Shephard/R10/USE 
PA/US To 

John Toll <JohnT@windwardenv.com> 
06/10/2009 11:26 cc 
AM Eric Blischke/R10/USEPA/US@EPA, 

Chip Humphrey/R10/USEPA/US@EPA 
Subject 

Re: written confirmation needed 
(Document link: Eric Blischke) 

John, 

Since the BERA is a part of the larger RI report, I have no issues or concerns with LWG 
presenting the upstream fish tissue data results for informational purposes in the BERA, but 
not for purposes of describing site risks (the upstream fish aren't from the site). Upstream 
fish results should not be used to define background ecological risks to fish, as the 
collection of the upstream fish wasn't designed for that purpose. Nor should they be used to 
subtract out background risks from risks associated with bioaccumulated chemicals in site 
fish. Your description of the upstream fish discussion as written in your 6/2/2009 e‐mail is 
consistent with my recommendations. 

Best regards, 

Burt Shephard 
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Risk Evaluation Unit 
Office of Environmental Assessment (OEA‐095) U.S. Environmental Protection Agency, Region 10 
1200 6th Avenue Seattle, WA 98101 

Telephone: (206) 553‐6359 
Fax: (206) 553‐0119 

e‐mail: Shephard.Burt@epa.gov 

"If your experiment needs statistics to analyze the results, then you ought to have done a 
better experiment"

 ‐ Ernest Rutherford 

John Toll 
<JohnT@windwarde 
nv.com> To 

Burt Shephard/R10/USEPA/US@EPA 
06/02/2009 05:49 cc 
PM 

Subject 
written confirmation needed 

Hi Burt. Back in May 2008 at one of the Portland Harbor issues resolutions meetings, you 
said that you agreed that upstream fish tissue data could be presented in the BERA risk 
characterization “for information purposes.” You even went so far as to say that you’d 
present them if you were writing the BERA, and you cautioned against using them to subtract 
out background risk. 

Unfortunately, the way it got documented was that the data shouldn’t be “used” in the risk 
assessment but could be presented in the RI for informational purposes. Based on what you 
said, I’m assuming that the data may be presented in the BERA risk characterization for 
informational purposes, because the BERA is part of the RI, but that they can’t be used to 
influence risk conclusions (e.g., to subtract out “background” risk, or even to define 
background risk). They’re just context. Is that consistent with what you articulated at 
the May ‘08 meeting? 

John 

John Toll, Ph.D. 
Partner 
Windward Environmental LLC 
200 West Mercer Street, Suite 401 
Seattle, WA 98119‐3958 
(206) 812‐5433 
(206) 913‐3292 (cell) 
www.windwardenv.com 
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The information contained in this e‐mail message is intended only for the personal and 
confidential use of the recipient named above. This message may be an attorney‐client 
communication and as such is privileged and confidential. If the reader of this message is 
not the recipient named above or an agent responsible for delivering it to the intended 
recipient, the reader is hereby notified that this message has been received in error and 
that any review, dissemination, copying or distribution of this message is strictly 
prohibited. If you have received this message in error, please notify the sender immediately, 
and delete this message. 
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John Toll 

Subject:	 FW: Benthic Interpretation 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov] 
Sent: Friday, July 31, 2009 2:31 PM 
To: Jim McKenna 
Cc: johnt@windwardenv.com; Jennifer Woronets; Lewis, Mark; Bob Wyatt; 
Humphrey.Chip@epamail.epa.gov; Shephard.Burt@epamail.epa.gov; rgensemer@parametrix.com 
Subject: RE: Benthic Interpretation 

Jim, just to follow‐up on your email below and subsequent voice message. 

Due to schedule constraints, EPA does not expect the benthic approach described below to be 
incorporated into the draft baseline risk assessment expected to be delivered to EPA on 
August 31, 2009. However, EPA would like to stress that the approach outlined below is fully 
consistent with the MacDonald benthic risk approach originally provided to the LWG in 
September 2008 and clarified through a series of email messages in October 2008, November, 
2008, February 2009 and finally March 31, 2009. Further, EPA will be using the approach 
described below in our interpretation of sediment bioassay results for the purpose of 1) 
evaluating the nature and extent of contamination; 2) estimating the risks to the benthic 
community; 3) developing sediment cleanup levels; 
4) refining AOPCs into SMAs; 5) developing and screening remedial action alternatives; and 6) 
any other evaluations and analyses as we see fit. 

Regarding the approach outlined below, EPA failed to note in our July 17, 2009 email that the 
development of the reference envelope approach should be based on log‐transformed data 
consistent with the MacDonald benthic risk evaluation approach. Revised language (in red 
bold text) is provided below: 

The raw toxicity data are to be expressed in terms of the proportion
 
of survivorship or biomass, depending on the toxicity test,
 
relative to the laboratory control survivorship or biomass.
 
Reference envelope responses for each of the 17 stations are to be
 
calculated using the following formulas: Survival = T / C, where
 
T and C are the test sample (T) survival and laboratory control
 
sample (C) survival, respectively. Biomass = REB / LCB, where REB
 
and LCB are the reference envelope sample (REB) and laboratory
 
control sample (LCB) biomass, respectively.
 

2. The	 survival and biomass results for all 17 reference envelope
 
station for each of the four toxicity tests are placed into rank
 
order, and log‐transformed if the software does not automatically
 
perform the log transformation.
 

3. Using	 a statistical software package to be approved by EPA, the
 
best fitting statistical distribution for each of the four sets of
 
reference envelope data will be calculated using the
 
log‐transformed data. The specific software package to be
 
employed is not as important as being sure it is one of the more
 
statistically robust packages with a number of distributions
 
available for fitting. Examples of acceptable software packages
 
include, but are not limited to SAS, Systat, SPSS, Statistica,
 
Best Fit, @Risk or Crystal Ball.
 

4. Several statistical procedures for quantifying the best fit from
 
amongst several given distributions (e.g. normal, lognormal,
 
logistic, Weibull, gamma, etc.) are available. Among the more
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commonly employed procedures are the Anderson‐Darling procedure, 
the Kolmogorov‐Smirnov D statistic and the chi‐squared test. Of 
these, the Anderson‐Darling procedure is preferred by EPA, because 
it gives more weight to the fit in the tails of the distribution 
than either the Kolmogorov‐Smirnov statistic or the chi‐squared 
test. 

5. It is likely that	 more than one statistical distribution will give 
high quality fits to each of the four reference envelope data 
sets. As a check on the statistical distribution fitting output, 
probability plots for the three best fitting distributions for 
each of the four reference envelope data sets will be plotted. 
With EPA agreement, a distribution may be selected for a reference 
envelope data set that does not have the best fit based on the 
results of the Anderson‐Darling procedure, but which, upon visual 
inspection of the probability plots, fits the lower (i.e., 5th 
percentile) tail of the reference envelope distribution better 
than the distribution with the best Anderson‐Darling fit. It is 
reiterated that EPA must agree to the selected distribution for 
each of the four reference envelope data sets. 

6. Once	 the statistical distributions for the four reference envelope 
data sets are selected, the lower 5th percentile of each data set 
is calculated, using output from the same statistical package used 
to fit the distribution, and the 5th percentiles, which are still 
log‐transformed, are back transformed to survival and biomass 
values. 

7. Calculations	 should be made with more significant digits than will 
needed for the final values of the reference envelope. Reference 
envelope values will not be rounded until after all calculations 
are complete. 

Please let me know if you have any questions about this. 

Thanks, Eric 

"McKenna, Jim" 
<Jim.McKenna@por 
tofportland.com> To 

Eric Blischke/R10/USEPA/US@EPA 
07/21/2009 11:24 
AM	 <rjw@nwnatural.com>, 

<jworonets@anchorenv.com>, 
<johnt@windwardenv.com>, "Lewis, 
Mark" <mlewis@newfields.com> 

Subject 
RE: Benthic Interpretation 
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Eric,
 

As a follow‐up on our phone call this morning I want to confirm that the benthic approach
 
presented below in your email is not expected to be in the draft BERA. For the draft BERA
 
the LWG will proceed per your instruction at the last Portland Harbor Managers Meeting.
 
Thanks, Jim.
 

From: Blischke.Eric@epamail.epa.gov [
 
mailto:Blischke.Eric@epamail.epa.gov]
 
Sent: Friday, July 17, 2009 5:40 PM
 
To: Wyatt, Robert; johnt@windwardenv.com
 
Cc: Humphrey.Chip@epamail.epa.gov; Shephard.Burt@epamail.epa.gov; rgensemer@parametrix.com;
 
jay.field@noaa.gov; Goulet.Joe@epamail.epa.gov
 
Subject:
 

Bob, As you are aware, we have been discussing some of the details of the LWG's
 
interpretation of the Portland Harbor sediment bioassay results. Some elements of the
 
interpretation were discussed during a conference call on Thursday, June 18, 2009. EPA has
 
further reviewed the bioassay results and information regarding the bioassay interpretation
 
provided by the John Toll on behalf of the LWG.
 

Here is where I believe we are:
 

1) No transcription errors were identified during a review of the reference envelope
 
bioassay results. However, minor discrepancies between effect levels observed between EPA
 
and LWG have been noted in the raw data. EPA believes these are due to rounding errors and
 
use of different numbers of significant digits during calculations. To eliminate these
 
discrepancies, calculations based on the raw toxicity data, such as the proportion of sample
 
survival and biomass relative to laboratory control and the reference envelope calculations,
 
should be carried through to as many significant digits as the data permits.
 
Rounding of results should take place only after calculations are complete
 
2) The total biomass calculations were done correctly. Although small discrepancies were
 
identified, they appear to be due to either minor differences in rounding or significant
 
digits or, in the case of the two stations with duplicate results, the treatment of these
 
samples as individual samples rather than the arithmetic mean of two data points.
 
3) Mortality should be calculated as percent survivorship relative to control and control
 
normalized values should be computed as test/control. This is consistent with Table 2‐1 in
 
the March 17, 2006 Bioassay Interpretation Report, ASTM Method E‐1706, and EPA Guidance.
 
4) Duplicate reference envelope samples should be pooled (arithmetic
 
mean) rather than treated as individual samples. This is consistent with EPA's March 31,
 
2009 direction on the development of the reference envelope (see last paragraph, first page).
 
5) Identification of Level 1, Level 2 and Level 3 thresholds: The toxicity thresholds
 
should be calculated based on 10% of the reference envelope not an absolute 10%. This is
 
consistent with Tables RE 1, RE‐2 and the text of EPA's March 31, 2009 direction on the
 
Calculation and Use of Reference Envelope for Portland Harbor Sediment Toxicity Test
 
Interpretation.
 
6) The reference envelope for the four types of sediment toxicity tests performed at
 
Portland Harbor is the lower 5th percentile of the best fitting statistical distribution of
 
the survivorship and biomass responses of the test organisms at the 17 reference envelope
 
sample locations. The 5th percentile will be calculated as follows:
 

The raw toxicity data are to be expressed in terms of the
 
proportion of survivorship or biomass, depending on the toxicity
 
test, relative to the laboratory control survivorship or biomass.
 
Reference envelope responses for each of the 17 stations are to be
 
calculated using the following formulas: Survival = T / C, where
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T and C are the test sample (T) survival and laboratory control
 
sample (C) survival, respectively. Biomass = REB / LCB, where REB
 
and LCB are the reference envelope sample (REB) and laboratory
 
control sample (LCB) biomass, respectively.
 
The survival and biomass results for all 17 reference envelope
 
station for each of the four toxicity tests are placed into rank
 
order.
 
Using a statistical software package to be approved by EPA, the
 
best fitting statistical distribution for each of the four sets of
 
reference envelope data will be calculated. The specific software
 
package to be employed is not as important as it being one of the
 
more statistically robust packages with a number of distributions
 
available for fitting. Examples of acceptable software packages
 
include, but are not limited to SAS, Systat, SPSS, Statistica,
 
Best Fit, @Risk or Crystal Ball.
 
Several statistical procedures for quantifying the fit of a given
 
distribution (e.g. normal, lognormal, logistic, Weibull, gamma,
 
etc.) are available. Among the more commonly employed procedures
 
are the Anderson‐Darling procedure, the Kolmogorov‐Smirnov D
 
statistic and the chi‐squared test. Of these, the
 
Anderson‐Darling procedure is preferred by EPA, because it gives
 
more weight to the fit in the tails of the distribution than
 
either the Kolmogorov‐Smirnov statistic or the chi‐squared test.
 
It is likely that more than one statistical distribution will give
 
high quality fits to each of the four reference envelope data
 
sets. As a check on the statistical distribution fitting output,
 
probability plots for the three best fitting distributions for
 
each of the four reference envelope data sets will be plotted.
 
With EPA agreement, a distribution may be selected for a reference
 
envelope data set that does not have the best fit based on the
 
results of the Anderson‐Darling procedure, but which, upon visual
 
inspection of the probability plots, fits the lower tail of the
 
reference envelope distribution better than the distribution with
 
the best Anderson‐Darling fit. It is reiterated that EPA must
 
agree to the selected distribution for each of the four reference
 
envelope data sets.
 
Once the statistical distributions for the four reference envelope
 
data sets are selected, the lower 5th percentile of each data set
 
is calculated, using output from the same statistical package used
 
to fit the distribution.
 

The above procedures for computing the results of the bioassay tests, calculating hit/no‐hit 
designations, developing the reference envelope and identifying Level 1, Level 2 and Level 3 
toxicity hits should be followed. 

As we have discussed, it would be helpful if we can schedule a conference call with you and 
John to discuss this further. 

Thanks, Eric 
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John Toll 

Subject: FW: BERA Submittal Letter 
Attachments: EPABERASubmittal081909.pdf 

From: Blischke.Eric@epamail.epa.gov [mailto:Blischke.Eric@epamail.epa.gov]  
Sent: Wednesday, August 19, 2009 8:46 AM 
To: Bob Wyatt 
Cc: Jennifer Woronets; Jim McKenna; Humphrey.Chip@epamail.epa.gov 
Subject: BERA Submittal Letter 

Bob, EPA's letter requesting submittal of the draft BERA is attached. 

Please let me know if you have any questions about this. 

Thanks, Eric 
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August 19, 2009 

Mr. Robert Wyatt 
Northwest Natural & Chairman, Lower Willamette Group 
220 Northwest Second Avenue 
Portland, Oregon 97209 

Re: Portland Harbor Superfund Site; Administrative Order on Consent for Remedial 
Investigation and Feasibility Study; Docket No. CERCLA-10-2001-0240 – Submittal of 
Baseline Ecological Risk Assessment  

Dear Mr. Wyatt: 

As you are aware, EPA has identified discrepancies between EPA’s preferred approach to 
the evaluation of benthic risk and the approach that the LWG is planning to present in the draft 
baseline ecological risk assessment (BERA).  These discrepancies were outlined in an EPA email 
dated July 31, 2009. Despite this discrepancy, EPA is not requiring that the LWG’s approach for 
evaluating benthic risk be modified for the draft baseline ecological risk assessment and requests 
that the draft BERA be submitted as soon as practicable.  EPA believes that submittal of the 
BERA within the next two weeks or so, and the baseline human health risk assessment 
approximately two weeks thereafter, will facilitate the overall project schedule.    

If you have any questions regarding this matter, please contact Chip Humphrey at (503) 
326-2678 or Eric Blischke (503) 326-4006. All legal inquiries should be directed to Lori Cora at 
(206) 553-1115. 

      Sincerely,

      Chip  Humphrey
      Eric  Blischke
      Remedial Project Managers 



 
 
 

 
 
 

           
 
  
 
 
 
 
 
 
 

cc: 	 Greg Ulirsch, ATSDR 
Rob Neely, NOAA 
Ted Buerger, US Fish and Wildlife Service 
Preston Sleeger, Department of Interior 

 Jim  Anderson,  DEQ  
Kurt Burkholder, Oregon DOJ 
David Farrer, Oregon Environmental Health Assessment Program 
Rick Keppler, Oregon Department of Fish and Wildlife 
Michael Karnosh, Confederated Tribes of Grand Ronde  
Tom Downey, Confederated Tribes of Siletz  
Audie Huber, Confederated Tribes of Umatilla 
Brian Cunninghame, Confederated Tribes of Warm Springs 
Erin Madden, Nez Perce Tribe 
Rose Longoria, Confederated Tribes of Yakama Nation 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

368 App G 5 EPA will be submitting a screening-level risk assessment (SLERA) and problem 
formulation for the baseline ecological risk assessment (BERA). The SLERA should be 
used to identify chemicals to be carried forward into the BERA. A refined screen may 
be performed to take into account Round 3 data, but EPA expects that the EPA SLERA 
will serve as the primary screening step for the BERA. The BERA problem formulation 
will serve as the basis for a final problem formulation to be developed by LWG and a 
mechanism for reaching agreement how to perform the BERA.  

EPA’s SLERA and refined screen (as outlined in EPA’s Problem 
Formulation [Attachment 2 of the BERA]) was used to identify COPCs 
that will be evaluated in the BERA. The SLERA and refined screen are 
presented in Attachment 5 of the BERA. All analytical steps identified 
in EPA’s Problem Formulation were included in the BERA, with the 
exception of those modifications that were accepted during negotiations 
between EPA and the LWG risk team, as noted in the BERA and in 
Attachment 2 of the BERA. In addition, as agreed to by EPA, additional 
analyses were included in the BERA, at the LWG’s discretion.  

369 App G – 
Main 
Text 

2 The Report states that after the identification of a “Round 2 COPC” the next step in the 
evaluation, regardless of the receptor of concern, is to “develop exposure concentration 
(UCLs, location-specific) and compare to criteria.” COPCs not exceeding the UCLs are 
not retained as iCOCs. The text should instead say “compare to appropriate exposure 
point concentration for the receptor of interest.” A table listing all of the exposure point 
concentrations and how they should be calculated should be developed based on the 
attached analysis plan and presented in the baseline ecological risk assessment (BERA). 
For example, it is not appropriate to use a site-wide UCL to evaluate the risk to sessile 
clams across the ISA. In some cases a point-by-point estimate is still the appropriate 
exposure point concentration.  

EPCs were developed on a sample-by-sample basis for all receptors, as 
well as on a receptor-specific scale basis for receptors other than benthic 
invertebrates and sculpin, for which a sample-by-sample basis was the 
only scale over which EPCs were developed. EPCs based on a receptor-
specific scale are provided in Attachment 4 of the BERA. 

370 App G – 
Main 
Text 

4 Surface-weighted average concentrations should not be used to calculate exposure point 
concentrations for any measurement endpoint in the BERA. Exposure point 
concentrations should be on a location-specific basis or estimated based on the 95% 
UCL of the mean.  

EPCs were developed on a sample-by-sample basis for all receptors, as 
well as on a receptor-specific scale basis. EPCs based on receptor-
specific scales were based on the 95th UCL of the mean or other 
appropriate statistics. Area-weighted averages were not be used.  

371 App G – 
Main 
Text 

4 In addition to the floating percentile method (FPM), the logistic regression model 
should be used as a screening criteria for the identification if iCOCs consistent with the 
EPA-developed problem formulation and weight of evidence evaluation.  

The FPM was used to develop site-specific SQGs. Reliable SQGs could 
not be developed using the LRM; hence the model was only used to 
identify COCs . The results of the FPM were included in a weight of 
evidence approach. 

372 App G – 
Main 
Text 

4 Crustal elements, including aluminum, beryllium, cobalt, iron, magnesium, manganese 
and potassium, were eliminated from the screening evaluation. These chemicals should 
be screened like any other COI, since they can be elevated and toxic as a result of 
industrial activity. This is of particular concern for manganese, since it is elevated 
within the Portland Harbor site (see Figure 2.7).  

Crustal elements were screened as all other COIs, per EPA’s Problem 
Formulation. The SLERA and refined screen are presented in 
Attachment 5 of the BERA.  
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

373 App G – 
Main 
Text 

4 The EPA has developed a CSM based on the CSM presented in our December 2, 2005, 
Identification of Round 3 Data Gaps Memorandum. This CSM will be EPA’s problem 
formulation for the baseline ecological risk assessment. Figure 3-1 should be modified 
to reflect the benthic community portion of the EPA-developed CSM. EPA also 
recommends including a comprehensive CSM for all receptor groups and 
environmental media.  

The CSM included as part of EPA’s Problem Formulation was adopted 
for the BERA. A simplified CSM (based on EPA’s Problem 
Formulation) was also presented in the BERA (Section 3) to aid the 
reader’s understanding.  

374 App G – 
Main 
Text 

4 All lines of evidence should be used in determining areas of potential concern, not just 
the results of the toxicity test and the toxicity testing predictive model.  

All reliable LOEs were used to determine potential benthic risk areas. 
These included toxicity test results, the toxicity testing predictive model, 
empirical and predicted tissue concentrations, surface water 
concentrations and TZW. 

375 App G – 
Main 
Text 

4 For the predictive tissue evaluation, COIs were identified as COPCs if the predicted 
95th percentile tissue concentration exceeded the TRV. Individual tissue concentrations 
predicted based on application of BSAFs to sediment concentrations should be 
generated. Points exceeding the TRV should be indicated just like field-collected 
samples that exceed the TRV. See also Section 3.3, Page 26 and Section 3.3.1.6, Page 
29.  

Tissue concentrations were predicted on a sample-by-sample basis for 
those benthic invertebrate and sculpin COPCs where a relationship 
between sediment and tissue concentrations could be demonstrated (i.e., 
data support development of a site-specific biota-sediment accumulation 
regression [BSAR]).  

376 App G – 
Main 
Text 

4 The assessment of risk to invertebrates should be based on a location specific basis.  Benthic invertebrate risks were evaluated on a sample-by-sample basis. 

377 App G – 
Main 
Text 

4 The Round 2 mussel tissue data should be included in the tissue residue assessment, for 
risks to mussels themselves as well as a dietary component of fish and wildlife risk 
evaluations. Compare mussel concentrations to acceptable tissue concentrations in prey 
for protection of fish and wildlife.  

Mussel tissue data were included as part of the tissue residue line of 
evidence for the benthic invertebrate assessment. In addition, mussels 
were evaluated as a dietary component for specific fish and wildlife 
receptors.  

378 App G – 
Main 
Text 

4 The field-collected clam tissue should be used to determine iAOPCs – not the site-wide 
UCL screening. Areas that present risk to the benthic community on a location-specific 
basis should be identified.  

AOPCs will be developed in the FS and were not identified as part of 
the BERA. Potential benthic risk areas were identified based on a 
sample-by-sample evaluation of all LOEs, including the field-collected 
clam tissue. 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

379 App G – 
Main 
Text 

2 The sediment data used here are not shown. The complete analysis of predictive tissue 
data should be available for review. LWG should develop predictive tissue 
concentrations based on BSAF relationships and using individual sediment points. 
Develop relationships for PCBs, DDTs, and dioxin and furans, and compare these to 
the food web model results. Calculate BSAFs on a PCB, DDTs, dioxin and furan 
congener-specific basis where data are available to do so, then back-calculate dioxin 
TEQs from the predicted individual congener tissue concentrations. For PCB samples 
without congener data, calculate BSAFs using total PCB and Aroclor data.  

The sediment data are shown in the BERA. Although it couldn’t have 
been anticipated at the time EPA submitted the comment, the 
bioaccumulation models for PRG development were finished and used 
to develop the early PRGs that were provided to EPA on March 27, 
2009. For the sake of consistency, and because the early PRGs were 
developed with the best available bioaccumulation models, these same 
models were used in the BERA for predicting tissue concentrations. The 
models are documented in a separate bioaccumulation modeling report 
that will be available for review. 

380 App G – 
Main 
Text 

4 The screening for invertebrates should include all surface water sampling locations, not 
just the near bottom samples. This will ensure that the screening step addresses benthic, 
epibenthic and water column invertebrates.  

All surface water samples were used in the SLERA and refined screen 
for defining COPCs. 

381 App G – 
Main 
Text 

4 Surface water EPCs should not be represented by the UCL of the mean concentration 
for near-bottom SW samples collected from within the Study Area, because the Study 
Area is not representative of the spatial exposure scale of benthic invertebrates. Surface 
water risks should be estimated on a sample--by-sample basis for each available water 
sample.  

Risks to benthic invertebrates were evaluated on a sample-by-sample 
basis. 
 

382 App G – 
Main 
Text 

4 EPA has developed a process for evaluating TZW in the BERA. All TZW should be 
screened against AWQC and other applicable screening level values (SLVs) and 
evaluated as a line of evidence in the BERA. The screening evaluation should consider 
the following elements: 
 • The screen should include total metals for all metals. 
 • The contaminant should not be screened out if a groundwater source has not been 
identified. The screening should be presented along with the uncertainties. It may be 
that a source has not been identified yet, or it could be that the contaminant is becoming 
more bioavailable as groundwater passes through sediment. 
 • Upstream chemistry data for metals should not be used at this stage of the evaluation. 
 • The sampling locations that screen in should be clearly presented. 
 • TZW results that screen in should be evaluated as a line of evidence in the BERA 
consistent with the problem formulation. 
 • Factors such as the size of the discharge area, spatial trends, pore water ventilation, 
and dilution, should be presented in the uncertainty section. 
 • The screen of TZW should include the deeper probe samples in addition to the screen 
of the shallower probe samples.  

TZW was be evaluated according to EPA’s Problem Formulation and 
further negotiated agreements between EPA and the LWG that 
supersede EPA’s January 15, 2008 comments. The SLERA and refined 
screening process for identifying TZW COPCs were conducted 
according to EPA’s Problem Formulation. 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

383 App G – 
Main 
Text 

2 In general, chemicals without SLVs should be carried forward in the risk assessment 
process. Realistically, chemicals without SLVs or other benchmarks cannot have risks 
quantified in the BERA. However, such chemicals should be identified as chemicals of 
potential ecological concern in the BERA problem formulation and risk 
characterization, and presented and discussed in the uncertainty section. For example, 
although it is possible to screen 2,3,7,8-TCDD concentrations through comparison to a 
2,3,7,8-TCDD water SLV, other detected dioxins and furans should also be carried 
forward. Specifically, dioxins and furans without individual congener SLVs should be 
converted to TEQs, and the total dioxin/furan TEQ compared to risk levels.  

Chemicals without SLVs were presented in the BERA. Evaluation of 
TEQ as part of the benthic invertebrate risk evaluation is not relevant 
and was not evaluated per EPA’s Problem Formulation. Per EPA 
(2008), TEQs should not be applied to abiotic media unless abiotic data 
are incorporated into a bioaccumulation model where abiotic media are 
being related to tissue concentrations. 
EPA. 2008. Framework for application of the toxicity equivalence 
methodology for polychlorinated dioxins, furans, and biphenyls in 
ecological risk assessment. EPA/100/R-08-004. June 2008. Risk 
Assessment Forum, US Environmental Protection Agency, Washington, 
DC. 

384 App G – 
Main 
Text 

2 The hardness reported for filtered samples seems high, and should be reviewed for 
accuracy. The average, median and maximum hardness concentrations are 478 mg/L, 
238 mg/L and 3,357 mg/L CaCO3 respectively. Further clarification and discussion of 
these results is required in the draft RI and risk assessment reports. EPA guidance does 
not recommend using hardness adjustments for waters greater than 400 mg/L as CaCO3 
hardness. Any corrections should be clearly shown in a table for each sample and 
applied on a sample-by-sample hardness adjustment or area-by-area basis, as 
appropriate – not as an average over the entire site.  

In the BERA, the average measured water hardness in the study area (25 
CaCO3 mg/L) was used to adjust water TRVs. No adjustments were 
made to water concentrations in samples collected from water study 
area.  

385 App G – 
Main 
Text 

5 A comparison to upstream metal concentrations is part of the refined screen, as 
described in the BERA analysis plan. Agreement on the background dataset to be used 
for site-to-background comparisons will be required prior to performing this portion of 
the refined screen.  

Per EPA’s Problem Formulation (Attachment 2 of the BERA), 
background concentrations were screened in the SLERA and refined 
screen (Attachment 5 of the BERA). Background concentrations were 
not used to exclude any COPCs in the SLERA and refined screen. 
Background sediment and surface water datasets are defined in Section 
7.0 of the RI.  

386 App G – 
Main 
Text 

2 The additional evaluations presented in this section should be presented in the risk 
characterization or the uncertainty section of the BERA, as appropriate.  

Background concentrations were not used to exclude any COPCs in the 
SLERA and refined screen. 

387 App G – 
Main 
Text 

2 The elimination of chloroethane based on an incomplete groundwater pathway should 
be further justified. If chloroethane is present in TZW above screening criteria, it 
should be retained and evaluated in the BERA as a line of evidence.  

Chloroethane was retained as a COPC in TZW for the BERA as was not 
excluded on the basis of an incomplete groundwater pathway.  
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

388 App G – 
Main 
Text 

2 Site-wide trends in TZW and exceedances of Eco SLs across the study area should not 
be used to further eliminate COPCs from further analysis. TZW COPCs are likely to be 
very localized to an area of concern. They should be retained even if exceedances are 
limited in extent (e.g., in one area of concern). For example, cadmium, copper, lead and 
nickel should be retained and evaluated as a line of evidence in the BERA. Areas of 
exceedances should be depicted on maps. This also applies to the herbicides, VOCs and 
SVOCs that were eliminated.  

Site-wide trends in TZW and exceedances of water TRVs were not used 
as a basis for eliminating TZW COPCs. TZW was evaluated according 
to EPA’s Problem Formulation and further negotiated agreements 
between EPA and the LWG. Chemicals exceeding ecoSLs are identified 
in the BERA by TZW sampling site, but they’re not mapped. 
 

389 App G – 
Main 
Text 

2 The purpose of the equilibrium partitioning assessment and the selection of the 
chemicals to be included in the equilibrium partitioning assessment are not clear. 
Mechanistic-based sediment quality values derived from equilibrium partitioning were 
identified as a line of evidence for the BERA in Table 3-2. However, not enough 
information is presented to evaluate the analysis presented in this section. Further 
direction on the use of mechanistic-based sediment quality values will be provided in 
EPA’s problem formulation for the BERA.  

The BERA evaluated the reliability of the mechanistic-based SQGs (i.e., 
their ability to predict bioassay results) by the same criteria that were 
used to evaluate other sets of SQGs. Because these SQGS did not meet 
the acceptability criteria defined in the BERA they were not used to 
identify potential benthic risk areas. 

390 App G – 
Main 
Text 

2 The floating percentile model for predicting benthic risk (FPM) did not evaluate 39 
sediment samples because these were analyzed primarily for PAHs. The draft BRA 
Report should provide justification for this step. Samples not evaluated should be 
clearly listed in a separate table.  

Any samples not evaluated in the FPM were clearly identified in the 
BERA.  

391 App G – 
Main 
Text 

5 EPA has developed a problem formulation for the BERA that describes the approach 
for estimating exposure point concentrations for the tissue residue assessment. This 
approach should be used in the BERA. As stated in previous comments, exposure point 
concentrations for clam, Lumbriculus, and crayfish tissue should not be done as a site-
wide UCL on a mean value.  

The LWG conducted the BERA following EPA’s Problem Formulation 
and subsequent agreements and negotiations, as noted. Risks to benthic 
invertebrates were conducted over a sample-by-sample basis.  

392 App G – 
Main 
Text 

4 One of the objectives of this assessment is to evaluate local populations of clam, 
crayfish and Lumbriculus invertebrates. Therefore, invertebrate tissue data should be 
presented on a composite-by-composite basis. In the evaluation presented here to 
determine iCOCs, an HQ could have exceeded 1 at a given area, but if the site-wide 
UCL did not exceed a HQ of 1, it was not carried forward as a “Round 2 iCOC.” Any 
individual sample or sample composite HQs that exceed 1 will be carried through in the 
BERA.  

Risks to benthic invertebrates were evaluated on a sample-by-sample 
basis. COPCs with HQs > 1.0 on a sample-by-sample basis for benthic 
invertebrates were identified as COCs. 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

393 App G – 
Main 
Text 

4,5 Concentrations of total PAHs in field-collected clams exceeded the aquatic TRV (risk 
to clams themselves) of 1,000 ug/kg ww at four locations: downstream of ARCO 
(BT012), US Moorings (embayment (BT014), adjacent to GASCO (BT015), and 
downstream of Arkema (BT017). For PCBs and total DDTs, the concentrations 
measured in field-collected clams exceeded the respective TRVs at Willamette Cove 
and downstream of Arkema, respectively. As stated above, field-collected clams should 
be evaluated on a composite-by-composite basis. Other lines of evidence for evaluating 
the benthic community should also be assessed consistent with EPA’s WOE approach 
presented in the attached problem formulation.  

Effects on benthic invertebrates were evaluated on a sample-by-sample 
basis. EPA’s Problem Formulation provided a WOE approach for the 
benthic risk assessment to integrate the results of all LOEs. EPA later 
recognized the limitations of this WOE approach, inasmuch as it did not 
account for differences in the quality of evidence for the different 
chemicals and LOEs. For example, the appropriate weights to assign to 
the tissue residue LOE versus a generic SQG might be very different 
depending on the chemical. Given the need to consider LOE quality by 
chemical, it was decided that the WOE framework should be revisited 
post hoc to determine an appropriate weighting scheme. 
Once it became apparent that the appropriate weights could vary by 
chemical, the idea of a formulaic weighting scheme became much more 
difficult to execute. Therefore, the approach used in the BERA is less 
formulaic than what was envisioned in EPA’s Problem Formulation. 
The LWG and EPA addressed the need for a less formulaic weighting 
scheme by improving the quality of the measurement endpoints used to 
assess the various LOEs. This was the outcome of extensive benthic 
interpretation negotiations that took place between May and December, 
2008. Quality control measures – such as establishing narrative intent; 
employing a reference envelope; applying reliability analysis to all 
SQGs; and using acceptability criteria, data interpretation rules, and 
species sensitivity distributions to set tissue TRVs – greatly improved 
the consistency and reliability of LOEs, to a large extent eliminating 
contradictory results, which in turn diminished the need for a formulaic 
WOE approach. 

394 App G – 
Main 
Text 

4 The following Round 2 iCOCs for laboratory-exposed clams dropped out when the 
site-wide UCL was calculated (see also Table 3-38). Total PAHs: Downstream of 
ARCO (BT012). As stated above, laboratory-exposed clams should be evaluated on a 
composite-by-composite basis as an LOE in the BERA, with chemical concentrations 
in any individual samples exceeding a HQ of 1 retained as iCOCs.  

Risks to benthic invertebrates were evaluated on a sample-by-sample 
basis. COPCs with HQs > 1.0 on a sample-by-sample basis for benthic 
invertebrates were identified as COCs. 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

395 App G – 
Main 
Text 

4 The following Round 2 iCOCs for laboratory-exposed worms dropped out when the 
site-wide UCL was calculated (See Figure 3-12 and Table 3-39). Locations are 
included for clarity: • Arsenic: International Slip (BT005), Terminal 4 Slip 1 (BT008), 
Linton Plywood (BT011), GASCO (BT015), Ridell Cove (BT019), McCall upstream 
of Willbridge docks (BT021), and Goldendale Aluminum (BT033). • Zinc: OSM 
(BT001 and BT002), Terminal 4, Slip 1 (BT007), McCall upstream of Willbridge 
docks (BT021), Front Avenue LP (BT024), Swan Island (BT023) and (BT026), 
Terminal 2 (BT032). • Benzo(a)anthracene: ARCO (BT012), and US Moorings 
(BT014). • Benzo(a)pyrene: US Moorings. • Benzo(b)fluoranthene: ARCO (BT012). • 
Benzo(k)fluoranthene: US Moorings (BT014). • Dibutyl phthalate: Willbridge (mouth 
of Saltzman Creek) (BT020). As stated above, laboratory-exposed worms should be 
evaluated on a composite-by-composite basis as an LOE in the BERA, with chemical 
concentrations in any individual samples exceeding a HQ of 1 retained as iCOCs.  

Risks to benthic invertebrates were evaluated on a sample-by-sample 
basis. COPCs with HQs > 1.0 on a sample-by-sample basis for benthic 
invertebrates were identified as COCs. 

396 App G – 
Main 
Text 

4 Site-specific BSAFs should be used to predict tissue concentrations at chemistry 
locations on a sample-by-sample basis. This information should not be used to develop 
a site-wide UCL concentration. Location-specific predicted tissue concentrations 
should then be compared to TRVs to estimate risks. Table 3-40 should present the 
range of HQ values based on sample-by-sample analysis. EPA is in the process of 
preparing detailed comments on the BSAF development process presented in Appendix 
E.  

BSARs were developed for those benthic invertebrate and sculpin 
COPCs for which a predictable relationship could be demonstrated. 
Predicted tissue concentrations were evaluated on a sample-by-sample 
basis.  

397 App G – 
Main 
Text 

4 The evaluation of surface water should be performed on a point-by-point basis. While 
near bottom samples may be used to evaluate risks to benthic invertebrates, other 
surface water samples should be used to evaluate risks to water column zooplankton 
and epibenthic invertebrates. For example, Willamette Cove does not show up 
screening in here (see Figure 3-13), although it is a relevant sample for the evaluation.  

The evaluation of surface water was conducted on a sample by sample 
basis for benthic invertebrates. All surface water samples (including 
near bottom and near surface samples) were evaluated.  

398 App G – 
Main 
Text 

2 Exceedances should be plotted by site with other lines of evidence. Table 4-4 in 
Attachment 2 shows the COPC screen for TZW. All COIs without SLVs should be 
carried forward as Round 2 COPCs. Most importantly, this would screen in TPH 
(diesel range hydrocarbons, gasoline range hydrocarbons, residual range hydrocarbons, 
and total petroleum hydrocarbons). If there are no SLVs, risks can be identified with 
further bioassay testing.  

During negotiation with EPA, the LWG and EPA managers and BERA 
leads have verbally agreed that the LWG will screen TZW 
concentrations against ecoSLs, then talk about the pore water ventilation 
fraction in the uncertainty section. 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

399 App G – 
Main 
Text 

2 During the clam bioaccumulation testing, growth and mortality data were collected. 
This data should be presented in the BERA as it provides growth the mortality toxicity 
data for another benthic species important in the lower Willamette River – clams. 
Based on the description presented in the Round 2 Report, this data shows that clams 
exposed to sediment samples collected at nine locations had less growth than in the 
control (60 to 79% of the initial estimated loading biomass or the final control 
biomass). These locations included downstream and upstream of Oregon Steel Mills, 
Terminal 4 upstream of Slip 3, US Moorings, GASCO, Willamette Cove, Ridell Cove, 
Portland Shipyard and Goldendale. The mortality data was not described, other than to 
say that survival rates ranged from 97 to 100% for the test organisms and the controls.  

Growth and mortality data from the Corbicula bioaccumulation test 
were included in the BERA data set. 

400 App G – 
Main 
Text 

2 Following EPA and Oregon DEQ Risk Assessment Guidance, COIs without TRVs 
need to be carried through as COPCs. Such COPCs should be identified in the BERA 
problem formulation and risk characterization as chemicals where risks cannot be 
quantified. The lack of TRVs for chemicals such as 2-methylnapthalene and benzyl 
alcohol should be addressed in the uncertainty section.  

Chemicals without TRVs were presented in the BERA. 

401 App G – 
Main 
Text 

2 Round 2 COPCs were further refined in this section to exclude Round 2 COPCs that 
exceeded TRVs based on single outlier data points, NJ-qualified data, or non-detects 
causing the UCL HQ exceedance. These chemicals should only be eliminated 
consistent with procedures identified in the refined screening process described in 
EPA’s BERA problem formulation and discussed in the uncertainty section of the 
BERA.  

COPCs were identified according to the methods presented in EPA’s 
SLERA and refined screening process, as presented in EPA’s Problem 
Formulation.  

402 App G – 
Main 
Text 

4 Risks to the benthic community should be evaluated using all benthic lines of evidence, 
not just the toxicity testing results and FPM predicted toxicity results. The weight of 
evidence approach outlined in EPA’s BERA problem formulation should be applied to 
assess risks to the benthic community.  

Risks to the benthic community were evaluated using all lines of 
evidence. For WOE approach see comment 393. 

403 App G – 
Main 
Text 

5 While there may not have been enough samples to included in a sediment predictive 
model, the detection of these contaminants in sediment should screened against other 
sediment SQGs as part of the SLERA and evaluated as a line of evidence in the BERA.  

Contaminants that were identified as COPCs in the SLERA were further 
evaluated in the BERA using published SQGs that met certain reliability 
criteria. The reliability criteria for the published SQGs were based on 
the ability of the published SQGs to predict effects to aquatic 
invertebrates in Portland Harbor. The uncertainties associated with using 
SQGs from the literature were discussed.  

404 App G – 
Main 
Text 

2 The dataset used for the analysis of background metal concentrations should be 
presented.  

The sediment and surface water background datasets referenced in the 
BERA are defined and presented in Section 7.0 of the RI. 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

405 App G – 
Main 
Text 

2 A total of 167 samples are in the “indeterminate” category based on conflicting 
predictions from the FPM and logistic regression models. However, the final risk 
classification for individual samples will be based on FPM and LR model predictions 
used in conjunction with other lines of evidence. In addition, the list of iCOCs 
identified based on the FPM is limited. Additional comments on the FPM itself will be 
sent in a separate group of comments. As a result, the evaluation of additional lines of 
evidence should be presented here, including national SQGs and tissue residue lines of 
evidence, consistent with procedures in the BERA analysis plan, to determine potential 
risks at any given sampling location.  

The benthic models were implemented per negotiated agreements 
between the LWG and EPA.  
 
Multiple lines of evidence were evaluated in the BERA and included 
measures or predictions of toxicity based on laboratory bioassays results 
and comparison to site-specific SQGs; comparison of chemistry data to 
national SQGs; comparison of benthic community and bivalve tissues 
residues to tissue TRVs, and comparison of surface water or TZW to 
AWQC or other water TRVs. 

406 App G – 
Main 
Text 

2 It is unclear why all the samples with HQs>1 are not shown on the map. For example, 
there are several stations where the total PCBs values exceed an HQ of 1 (e.g., 
Willamette Cove, with a value of 2,660 ug/kg). These should be presented in the draft 
RI and risk assessment reports.  

In the BERA, all benthic invertebrate tissue samples with HQs > 1.0 are 
presented in maps.  

407 App G – 
Main 
Text 

2 Risk estimates (for all contaminants) for all fish species where whole body tissue data 
are available should be presented in the risk characterization section of the BERA.  

HQs for all COPC-fish receptor pairs on a sample-by-sample basis are 
presented in Attachment 12 of the BERA.  

408 App G – 
Main 
Text 

2 White and black crappie should be classified as invertivores feeding on water column 
prey items.  

Per EPA’s Problem Formulation, white and black crappie were not 
evaluated as ecological receptors. Black crappie tissue data were 
evaluated as part of the uncertainty analysis for the fish tissue residue 
LOE. 

409 App G – 
Main 
Text 

4,5 The EPA has developed a CSM based on the CSM presented in our December 2, 2005, 
Identification of Round 3 Data Gaps Memorandum. This CSM is presented in EPA’s 
problem formulation for the ecological risk assessment. Figure 4-1 should be modified 
to reflect the fish portion of the EPA-developed CSM. EPA also recommends including 
a comprehensive CSM for all receptor groups and environmental media.  

The CSM included as part of EPA’s Problem Formulation was adopted 
for the BERA. A simplified CSM (based on EPA’s Problem 
Formulation) was also presented in the BERA (Section 3) to aid the 
reader’s understanding. 

410 App G – 
Main 
Text 

4,5 The salmonid olfactory and lesion occurrence in benthic fish were given a weight of 
zero based on the SLERA results. These two lines of evidence should be weighted 
according to the weight of evidence formula presented in EPA’s problem formulation 
for the BERA. Surface water data should be compared to water concentrations known 
to result in olfactory impairment for salmonids. In addition, the health assessment 
information collected during the Round 3 biota tissue sampling effort should be 
assessed to determine the incidence of lesions in benthic fish collected from the 
Portland Harbor site.  

The LOEs presented in EPA’s Problem Formulation were evaluated in 
the BERA, including the assessment of salmonid olfactory function and 
lesion occurrence in benthic fish.  
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

411 App G – 
Main 
Text 

4 Sculpin-specific BSAFs should be used to estimate tissue residues in sculpin from 
locations where empirical sculpin data are unavailable; then the predicted residues 
should be compared to the applicable tissue residue benchmark. This should be done 
for all site data, not just to the 95th percentile of site-wide sediment data.  

Tissue burdens in sculpin were predicted for those COPCs where a site-
specific relationship supports the calculation of a BSAR. Predicted 
sculpin tissue data were evaluated on a sample-by-sample basis.  

412 App G – 
Main 
Text 

4 An average lipid value should not be used in developing BSAF and other relationships. 
Rather, each sample should be lipid-normalized by the sample-specific lipid value and 
these lipid-normalized values used with sample-specific, TOC-normalized sediment 
contaminant concentrations in any subsequent analysis.  

This approach was incorporated into the development of BSARs. Only a 
single BSAR will be calculated for a receptor-COPC pair. 

413 App G – 
Main 
Text 

5 The Round 2 COPC risk analysis for tissue residue was based on the LWG-
recommended NOAEL and LOAEL TRVs (presented in the PRE) because “the use of 
SL TRVs is uncertain for evaluating risks to fish.” EPA will provide direction on TRVs 
for use in the refined screen and subsequent portions of the BERA at a later date.  

TRVs used in the BERA were approved by EPA.  

414 App G – 
Main 
Text 

2 If a total DDT number is selected, each isomer should also meet that value.  TRVs used in the BERA were approved by EPA, including the total 
DDT TRV in fish tissue.  

415 App G – 
Main 
Text 

4,5 For the dietary exposure assessment, LWG assumed that all fish receptors in the dietary 
dose LOE forage throughout the study area (e.g., a site-wide use factor of 1 in equation 
4-1). However, this assumption is not correct for some species such as sculpin and 
smallmouth bass. EPA will provide an exposure factor table for the various target 
ecological receptors for use in the BERA.  

Exposure parameters presented in EPA’s Problem Formulation were 
adopted for use in the BERA. The exposure scale used in the BERA for 
sculpin and smallmouth bass were sample-by-sample and 1-mile 
exposure areas, respectively. 

416 App G – 
Main 
Text 

4,5 Regarding equation 4-3, body weights for the dietary assessment should not be based 
on average body weights – the range of body weights should be represented in these 
equations as measured in the tissue sampling efforts. The big parameters that will 
influence these equations are body weight and temperature (influences feeding rate), 
and the range of both should be presented in this analysis. A range of body weights and 
temperatures relevant to site conditions should be evaluated. An exposure factor table 
for the various target ecological receptors will be presented in EPA’s BERA problem 
formulation.  

Dietary exposure concentrations for fish were estimated using average 
body weights from study area fish and an average water temperature. In 
the dietary risk assessment for fish, the impact of a high end temperature 
of feeding rates and varying body weights on risk estimates were 
evaluated as uncertainties.  

417 App G – 
Main 
Text 

4, 5 The chemical concentration in sediment should not be calculated as the UCL over the 
sediment exposure area for all receptors. Using only site-wide assumptions for all 
receptors is not conservative for some species (an SUF of 1 equals the entire site). 
UCLs should be calculated based on the home range of the species of interest. 
Direction on exposure scale will be provided in our problem formulation for the BERA.  

Dietary risks to fish were evaluated over receptor-specific scales based 
on home range data.  
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

418 App G – 
Main 
Text 

5 Laboratory bioaccumulation clams were not used in the dietary prey scenarios. Both 
laboratory and field-collected clams should be used in the dietary prey scenarios. 
Additional information on how clam tissue should be used in the various dietary prey 
scenarios will be presented in EPA’s BERA problem formulation.  

Both field-collected and laboratory-exposed clams were used in the 
dietary evaluation of individual prey (see Attachment 12 of the BERA); 
however, only field-collected clams were used in the evaluation of 
multiple prey species in the risk characterization section of the BERA, 
as field-collected clams are more representative of study area bivalve 
concentrations than laboratory-exposed clams. 

419 App G – 
Main 
Text 

5 EPA will provide direction on TRVs for use in the BERA at a later time. Dietary dose 
TRVs can be estimated from either the concentration in food (mg/kg) or ingested dose 
(mg/kg/day) literature, assuming individual literature citations present the necessary 
information to convert the units. When two types of TRV sources (concentration and 
dietary) are utilized, a larger available dataset will result, from which a TRV could be 
derived. As a result, concentration-based TRVs should be included. This will increase 
the number of TRVs that can be used in the BERA. For example, only four PAH 
studies were evaluated, whereas the Corps used 15 studies to develop their fish dietary 
TRV.  

TRVs used in the BERA were approved by EPA.  

420 App G – 
Main 
Text 

4 Surface water EPCs should not be estimated from the average of samples collected 
using both the peristaltic pump and the XAD system. Instead, surface water samples 
should be evaluated on a sample-by-sample basis.  

In the risk characterization section of the BERA, HQs for small-home-
range fish were calculated on a sample-by-sample basis and for large-
home-range fish on a site-wide scale using a site-wide UCL 
concentration. 

421 App G – 
Main 
Text 

2 The total PCB Eco SL for surface water in Table 4-35 is based on the EPA 2006 CCC 
(chronic) AWQC of 0.014 µg/L. The acute value of 2 µg/L is based on ODEQ.  

Water TRVs in the BERA were based on chronic water thresholds only.  

422 App G – 
Main 
Text 

4,5 Exposure to TZW should be complete for appropriate fish receptors. A revised CSM 
will be presented in EPA’s BERA problem formulation. A limited pore water 
ventilation rate for sculpin and lamprey (0 to 10%) should not be used for the 
evaluation of direct toxicity, as it is inconsistent with the measurement endpoint of 
comparison of TZW concentrations to AWQC. In addition, the text and tables are not 
clear about what specific pore water ventilation rate was used in this assessment.  

TZW was evaluated according to EPA’s Problem Formulation and 
further negotiated agreements between EPA and the LWG. 

423 App G – 
Main 
Text 

5 The range of potential dietary doses should be presented, as well as implications for 
varying body size and temperature. The dietary approach will be presented in EPA’s 
BERA problem formulation.  

Dietary exposure concentrations for fish were estimated using average 
body weights from study area fish and an average water temperature. In 
the dietary risk assessment for fish, the impact of a high end temperature 
of feeding rates and varying body weights on risk estimates were 
evaluated as uncertainties.  
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

424 App G – 
Main 
Text 

4 Screening should be presented in the SLERA on a sample-by-sample basis. For BERA, 
exposure point concentrations should be developed on a receptor-by-receptor basis that 
considers home range and location in the water column. For example, Table 4-52 on 
Page 351 shows the 95% UCL of the mean EPCs used in this equation to evaluate risk. 
The total PCB EPC was 0.0051 ug/L for peristaltic pump and 0.00325 ug/L for XAD, 
even though the maximum concentrations were 0.018 ug/L and 0.012 ug/L, 
respectively, for each method listed in the ERA dataset (see Table 6-5 in Attachment 1, 
EPCs in Surface Water).  

The dietary evaluation of fish conducted on a sample-by-sample basis in 
Attachment 12 of the BERA. In the risk characterization section of the 
BERA, HQs were calculated on a receptor-specific scale based on home 
range. 

425 App G – 
Main 
Text 

2 The discussion in this section regarding TZW exceedances is presented for only a 
subset of TZW chemicals that screen in (PAHs, DDTs, cyanide and perchlorate). 
According to Section 3.5 (TZ Water Assessment for Invertebrates), there were 53 
Round 2 COPCs identified after comparison to water Eco SLVs, including 8 metals, 2 
herbicides, 16 PAHs, 6 pesticides, 3 SVOCs, and 16 VOCs. All COPCs identified in 
the screen should be carried through to the BERA. See also attachment G2.  

TZW was evaluated according to EPA’s Problem Formulation and 
further negotiated agreements between EPA and the LWG. 

426 App G – 
Main 
Text 

2 Uncertainties associated with the composite fish samples relative to the range of 
exposure that may actually exist at the site should be discussed in the uncertainty 
analysis. This is especially important for fish that were likely composited over an area 
larger than their home range, such as bass collected during Round 1.  

The use of composites for evaluating risks to ecological receptors was 
approved as part of the field sampling programs for the RI/FS.  

427 App G – 
Main 
Text 

2 Composites for which the reporting limit exceeded the SL TRVs should be documented 
and addressed in the uncertainty analysis. In this Report, these instances were not 
carried forward (e.g. COIs were not retained as Round 2 COPCs). Table 4-53 shows the 
contaminants for which this occurred, which were mostly hexachlorocyclohexane (beta 
and delta), bis (2-ethylhexyl) phthalate, and dibutyl phthalate. This occurred in 
largescale sucker, sculpin, juvenile Chinook, smallmouth bass and northern 
pikeminnow tissue. In some cases the reporting limit exceeded the TRV by several 
orders of magnitude.  

According to EPA’s Problem Formulation, the refined screening process 
is based on the maximum detected concentration; therefore, chemicals 
with high detection limits and detected concentrations less than SL 
TRVs were not carried forward as COPCs.  

428 App G – 
Main 
Text 

2 This section should be revised to include dioxin TEQ numbers calculated using a fish 
TEF. A dioxin TEF for all dioxins and furans and dioxin-like PCBs should be used for 
comparison to a dioxin TRV.  

Dioxin/furan TEQ, PCB TEQ, and total TEQ concentrations in fish 
tissue were compared to the dioxin TRV in the SLERA and refined 
screen (see Attachment 5 of the BERA). 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

429 App G – 
Main 
Text 

5 The use of either a UCL or the 80th percentiles are mentioned here as appropriate 
exposure point concentrations for fish. Fish composites for evaluation of fish health 
should be evaluated on a composite-by-composite basis in the SLERA and BERA. It is 
not appropriate to utilize the 80th percentile as an EPC for a population-level evaluation. 
Risks should be estimated on two exposure point concentrations: a central tendency 
value (e.g., mean or median) and the 95% UCL of the central tendency summary 
statistic.  

The evaluation of tissue was conducted on a sample-by-sample basis for 
fish in Attachment 12 of the BERA. In the risk characterization section 
of the BERA, HQs were calculated on a receptor-specific scale based on 
home range. Receptor-specific scales were either: sample-by-sample, 1-
mile exposure areas, or site-wide. No risk conclusions were drawn based 
on 80th percentile EPCs. 

430 App G – 
Main 
Text 

2 An uncertainty analysis was presented in this section to determine if the use of a site-
wide exposure scale for all fish species is not conservative for species that range over 
smaller areas. However, sediment ingestion and prey items were varied individually 
(not together and co-located) to evaluate any potential changes in the HQs. This 
analysis should be re-run in the BERA to evaluate more localized areas using sediment 
and prey (e.g., clam and worm tissue) that vary throughout the receptor-specific 
exposure area, not just the entire Portland Harbor study area.  

In the risk characterization section of the BERA, HQs were calculated 
on a receptor-specific scale based on home range. Receptor-specific 
scales were either: sample-by-sample, 1-mile exposure areas, or site-
wide. 

431 App G – 
Main 
Text 

2 The uncertainty analysis should be performed with the range of prey tissue 
concentrations, not just an EPC based on a UCL value. In addition, the Report states 
that the uncertainty analysis was conducted only on those contaminants identified as 
Round 2 COPCs using a fixed prey composition (with no uncertainty analysis). 
Therefore, this analysis was done only on a limited list of chemical receptor pairs 
(those shown in Table 4-55) – e.g., only copper, mercury, total PCBs and Total DDTs. 
It will be important to go back and complete the uncertainty analysis for dietary items 
for all dietary COIs using appropriate dietary TRVs. This will be an important analysis 
for PAHs, which seem to drop out of this uncertainty analysis.  

A dietary uncertainty analysis is presented in the risk characterization 
section for fish where the range of prey tissue concentrations and 
possible prey portions is used to determine potential changes to 
calculated HQs for all COPCs. COIs screened out as COPCs were not 
evaluated beyond the screening step, as the screening step indicates that 
no risks from these COIs are present based on maximum exposure 
assumptions.  

432 App G – 
Main 
Text 

4 The 80th percentile of the data is identified again in this section as the appropriate 
population level endpoint. EPA does not accept the use of the 80th percentile of the data 
as an appropriate exposure point concentration for risk characterization.  

No risk conclusions were drawn based on 80th percentile EPCs. 

433 App G – 
Main 
Text 

5 A discussion of the identification of Round 2 COPCs must be based on the refined 
screen to be presented in EPA’s BERA problem formulation. The results of the BERA 
should include a spatial analysis of the results (e.g., how many composites of each 
species screen in and where they are located).  

EPA’s SLERA and refined screen (as outlined in EPA’s Problem 
Formulation) were adopted as part of the BERA. A spatial analysis of 
risk results is also presented in the BERA.  
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

434 App G – 
Main 
Text 

4 All chemicals with HQs greater than or equal to 1 should be identified and retained as 
iCOCs. Dropping metal COPCs such as cadmium and copper because they were not 
identified by other fish LOE is inappropriate in the SLERA. Toxicity from metals can 
occur to fish gills, a pathway which is not “covered” by other lines of evidence such as 
tissue residue or the dietary pathway.  

COPCs were identified for all LOEs using EPA’s SLERA and refined 
screening process. All COPCs with HQs > 1.0 based on a relevant 
exposure scale (and multi-species diet for the dietary LOE), were 
identified as COCs, regardless of uncertainty associated with exposure 
and effects data.  

435 App G – 
Main 
Text 

2 PAH HQs should be presented in Tables 4-47 through 4-51 for the evaluation of risk to 
sculpin, peamouth, juvenile Chinook, smallmouth bass, and northern pikeminnow.  

COPCs were identified based on receptor-specific basis. In the BERA, 
PAHs were identified as a dietary COPC for sculpin, peamouth, 
largescale sucker, and juvenile white sturgeon. The PAH HQs for these 
receptors on a sample-by-sample basis are presented in Attachment 12 
of the BERA. 

436 App G – 
Main 
Text 

2 The kingfisher should be included in the uncertainty section as previously requested in 
EPA comments. This bird ingests a lot of fish and is present year-round. The purpose of 
the evaluation is to confirm that the evaluations performed on bald eagle, osprey and 
merganser are protective of the kingfisher.  

Per EPA’s Problem Formulation, belted kingfisher was evaluated in the 
uncertainty section of the wildlife risk characterization based on the 
exposure assumptions presented in EPA’s Problem Formulation.  

437 App G – 
Main 
Text 

5 The EPA has developed a CSM based on the CSM presented in our December 2, 2005, 
Identification of Round 3 Data Gaps Memorandum. This CSM will be presented in 
EPA’s BERA problem formulation. Figure 5-1 should be modified to reflect the 
wildlife portion of the EPA-developed CSM. EPA also recommends including a 
comprehensive CSM for all receptor groups and environmental media.  

The CSM included as part of EPA’s Problem Formulation was adopted 
for the BERA. A simplified CSM (based on EPA’s Problem 
Formulation) was also presented in the BERA (Section 3) to aid the 
reader’s understanding. 

438 App G – 
Main 
Text 

2 The text states “The Round 2 COPC lists were integrated across LOEs to derive the 
overall list of Round 2 COPCs for fish.” The text here should state wildlife.  

This editorial comment from the Round 2 Report did not affect the 
BERA.  

439 App G – 
Main 
Text 

5 The results of the identification of Round 2 COPCs will change with the use of EPA-
recommended TRVs. EPA will be providing TRVs for use in the BERA in subsequent 
comments.  

TRVs used in the BERA were approved by EPA.  

440 App G – 
Main 
Text 

4 A site use factor of 1 was used for all wildlife. Smaller foraging areas should be 
evaluated for some species (e.g., the bald eagle, osprey, spotted sandpiper and hooded 
merganser, mink, river otter) consistent with the exposure information to be presented 
in EPA’s BERA problem formulation.  

Wildlife exposure areas and SUFs presented in EPA’s Problem 
Formulation were adopted for use in the BERA. 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

441 App G – 
Main 
Text 

4,5 The prey assumptions for the clam and worm are again UCL of the mean values from 
site-wide calculations. This may overlook areas with high habitat values and 
corresponding high prey and sediment concentrations, such as Willamette Cove. 
Individual composite locations should be evaluated for Round 2 COPCs on an 
individual basis throughout the ISA. Acceptable tissue levels for the prey can be 
calculated and applied, and maps can be developed that show the spatial extent of 
exceedances.  

The dietary evaluation on a sample-by-sample basis for wildlife, 
including the spatial distribution of shorebird beaches with exceedances, 
is presented in Attachment 17 of the BERA. In the risk characterization 
section of the BERA, HQs were calculated on a receptor-specific scale 
based on home range.  

442 App G – 
Main 
Text 

4,5 The diet of the sandpiper should be evaluated using the laboratory worm data as the 
more likely prey item. Additional information regarding the dietary pathway evaluation 
will be presented in EPA’s BERA problem formulation.  

A scenario based on laboratory-exposed worms as 100% of the 
sandpiper diet was conducted as part of the BERA. 

443 App G – 
Main 
Text 

2 Dioxin-like PCBs were analyzed for most beaches (13), and dioxins and furans were 
analyzed for 26 of the beach locations. Therefore, an exposure analysis to “TEQ” can 
be performed instead of using the co-located clam and worm data. The clam and worm 
data were collected in-river and not in the beach areas. PCB TEQ, dioxin TEQ and a 
total of dioxin-like PCBs and dioxins and furans should be evaluated using this data 
(not just PCB TEQ and dioxin TEQ presented separately). See Table 4-1 in the Round 
2A Site Characterization Report dated July 17, 2005, for a complete list of analytes and 
detections.  

TEQ was evaluated as dioxin/furan TEQ, PCB TEQ, and total TEQ. 
Data were available for a TEQ analysis for shorebirds in all 2-mile 
exposure areas. Where no TEQ tissue data were available, BSARs were 
used to predict prey (worm and clam) tissue.  

444 App G – 
Main 
Text 

4 A BSAF developed using the clam and worm data should be used to predict tissue 
concentrations of clams and worms where they were not collected, instead of the FWM 
(e.g. dioxins/furans, PCB congeners, DDTs). BSAF relationships should be explored 
for other chemicals of importance at the site such as BEHP, dibutyl phthalate, etc.  

For COPCs where no tissue data were available and where data 
demonstrated a predictable relationship between sediment and tissue 
concentrations, BSARs were used to predict prey (worm and clam) 
tissue concentrations for those COPCs. The FWM was not used to 
predict tissue concentrations in the BERA. 

445 App G – 
Main 
Text 

4,5 The hooded merganser was selected as a wildlife receptor in order to represent several 
guilds of waterfowl that either feed primarily on fish or invertebrates (e.g., common 
merganser - fish) by altering its dietary composition. As a result, a 100% fish scenario 
should also be evaluated. Additional information regarding the dietary pathway 
evaluation will be presented in EPA’s BERA problem formulation.  

The uncertainty analysis evaluated as part of the wildlife risk 
characterization section evaluates how varying prey portions may affect 
the calculated HQs for all wildlife receptors, including hooded 
merganser.  

446 App G – 
Main 
Text 

4,5 A site use factor of 1 should be utilized for the merganser. Smaller foraging areas 
within the study area should also be evaluated much like the sandpiper. The Report 
argues that evaluating smaller foraging areas would provide limited value because 
incidental sediment ingestion is estimated to be small. However, prey ingestion does 
change significantly throughout the study area. Additional information regarding the 
dietary pathway evaluation will be presented in EPA’s BERA problem formulation.  

Exposure assumptions presented in EPA’s Problem Formulation were 
adopted for use in the BERA. 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

447 App G – 
Main 
Text 

4,5 The BERA should evaluate small-scale exposure doses in the prey concentrations. 
Sample-by-sample (or compositeby-composite) screening should be done against 
acceptable fish tissue levels (for protection of osprey and eagle). This evaluation will 
help evaluate the variability (and uncertainty associated with using a site-wide average) 
in the fish tissue concentrations in bird prey. Several species of fish (e.g., pikeminnow) 
have significant variability in sample composite concentrations. Additional information 
regarding the dietary pathway evaluation will be presented in EPA’s BERA problem 
formulation.  

The dietary evaluation on a sample-by-sample basis for all wildlife 
receptors is presented in Attachment 17 of the BERA. In the risk 
characterization section of the BERA, HQs were calculated on a 
receptor-specific scale based on home range. Receptor-specific scales 
for wildlife receptors were based on EPA’s Problem Formulation and 
were either based on 1-mile exposure areas or 3-mile exposure areas. 

448 App G – 
Main 
Text 

4,5 Juvenile Chinook salmon should not be used as a prey item for mink or river otter. 
Peamouth was selected as a resident insectivore to represent that guild and should be 
used in place of salmon tissue. The uncertainty of assuming a Study-wide sediment 
foraging area should be replaced by an evaluation of assuming a Study-wide prey 
foraging area, as mentioned above for other wildlife receptors. Additional information 
regarding the dietary pathway evaluation will be presented in EPA’s BERA problem 
formulation.  

Exposure assumptions presented in EPA’s Problem Formulation were 
adopted for use in the BERA. Juvenile Chinook salmon were evaluated 
as a prey item for mink in the sample-by-sample analysis only; for the 
multi-species diet, juvenile Chinook salmon were not evaluated as a 
prey species for any wildlife receptor.  

449 App G – 
Main 
Text 

2 The BERA should evaluate how using smaller foraging areas affects the risk 
assessment for other wildlife besides the spotted sandpiper. EPCs for all other wildlife 
receptors were calculated using all data for the Study Area as one exposure dataset 
using Pro UCL. The details of this analysis are presented in summary table (Table 5-
10) and should be described. Total TEQ values of dioxin-like PCBs and dioxins and 
furans should be calculated using TEF comparisons to 2,3,7,8-TCDD, in addition to the 
separate dioxin TEQs and PCB TEQs presented in this section.  

The dietary evaluation on a sample-by-sample basis for all wildlife 
receptors is presented in Attachment 17 of the BERA. In the risk 
characterization section of the BERA, HQs were calculated on a 
receptor-specific scale based on home range. Receptor-specific scales 
for wildlife receptors were based on EPA’s Problem Formulation and 
were either based on 1-mile exposure areas or 3-mile exposure areas. 
TEQs were evaluated as total TEQ, dioxin/furan TEQ, and PCB TEQ.  

450 App G – 
Main 
Text 

5 The results of the identification of Round 2 COPCs will change with the use of EPA-
recommended TRVs. EPA will provide TRVs for use in the BERA in subsequent 
comments.  

TRVs used in the BERA were approved by EPA.  

451 App G – 
Main 
Text 

2 An analysis of bird egg concentrations using the range in concentrations on a 
composite-by-composite basis should be done to evaluate the spatial variability in risk 
estimates. The EPC used here was calculated using an upper confidence limit.  

The dietary evaluation on a sample-by-sample basis for all wildlife 
receptors is presented in Attachment 17 of the BERA. In the risk 
characterization section of the BERA, HQs were calculated on a 
receptor-specific scale based on home range. Receptor-specific scales 
for bald eagle and osprey (1-mile exposure areas) were based on EPA’s 
Problem Formulation. 

452 App G – 
Main 
Text 

5 The provisional TRVs developed jointly by EPA and LWG should be used in the 
SLERA. EPA will provide direction on TRVs for the BERA in subsequent comments.  

TRVs used in the BERA were approved by EPA.  
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

453 App G – 
Main 
Text 

2 Several COIs were not included in the Round 2 COPC screen for birds because there 
were no TRVs identified. These included antimony, silver, 2-methylnapthalene, 
hexachloroethane, 2-metholyphonol, 4-methylphenol, phenol, benzyl alcohol, 
dibenzofuran and N-nitrosodiphenylamine. Chemicals for which no TRVs are available 
should be identified as chemicals of potential ecological concern in the BERA problem 
formulation and risk characterization, and presented and discussed in the uncertainty 
section. As stated previously, EPA will provide subsequent direction on TRVs to be 
used in the BERA.  

TRVs used in the BERA were approved by EPA. COIs without TRVs 
were presented in the BERA. 

454 App G – 
Main 
Text 

2 Table 5-66 shows how the HQ results would change with some modifications to the 
dietary assumptions. This table shows that there are some key uncertainties associated 
with not identifying some contaminants as iCOCs for various receptors. including: 
Lead: Bald Eagle, Hooded merganser Mercury: Bald Eagle, Osprey, Mink Selenium: 
Mink BEHP: Bald Eagle, Osprey Total PCBs: Bald Eagle, Osprey, Mink, River Otter 
Dioxin TEQ: Bald Eagle, River Otter Sum DDE: Osprey Sum DDT: Bald Eagle The 
BERA should be based on the dietary assumptions presented in the attached problem 
formulation and EPA-developed TRVs (to be provided in subsequent comments).  

Exposure assumptions presented in EPA’s Problem Formulation were 
adopted for use in the BERA and TRVs used in the BERA were 
approved by EPA. 

455 App G – 
Main 
Text 

2 This section discusses how some of the results would change if smaller exposure areas 
were used in the risk assessment. However, specific areas in the ISA that trigger 
exceedances are not identified. Key changes noted in the LWG evaluation are: Use of 
maximum sediment concentration: Hooded Merganser: Lead, benzo(a)pyrene, dioxin 
TEQ doubles Bald Eagle: Dioxin TEQ, mercury Osprey: Dioxin TEQ, Lead, 
benzo(a)pyrene Mink: Mercury, selenium, dioxin TEQ risk values double River Otter: 
Dioxin TEQ, NOAEL dioxin TEQ value doubles Use of highest concentration of prey 
tissue concentrations: Hooded Merganser: Total PCBs, Sum DDT NOAEL doubles; 
LOAEL HQ>1 Bald Eagle: Mercury NOAEL HQ>1 River Otter: Dioxin TEQ LOAEL 
>1 The BERA should be based on the dietary assumptions presented in the attached 
problem formulation and EPA-developed TRVs (to be provided in subsequent 
comments).  

Exposure assumptions presented in EPA’s Problem Formulation were 
adopted for use in the BERA and TRVs used in the BERA were 
approved by EPA. 

456 App G – 
Main 
Text 

4 For determining exposure point concentrations to wildlife (dietary), UCL on the mean 
should be used, not the mean itself.  

In the risk characterization section of the BERA, dietary exposure point 
concentrations (EPCs) are based on UCLs (or the maximum 
concentration, if no UCL can be calculated due to a lack of samples).  
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

457 App G – 
Main 
Text 

2 The text points out uncertainties associated with using laboratory worm data to estimate 
the shorebird diet, claiming that this data may overestimate risk to shorebirds. 
However, it could be argued that worm data underestimate risk to shorebirds feeding 
on these organisms, since the laboratory data were not corrected for equilibrium 
conditions. For contaminants of interest mentioned here that have high Kow values, 
such as PCBs, dioxins and furans, and DDTs, it is likely that equilibrium was not 
reached during the 28-day testing period. Correction factors can be applied to the data 
to estimate what the concentrations in the worms would have been if they had been 
allowed to reach equilibrium. These factors can be found in the EPA and Army Corps 
of Engineers Upland Testing Manual. As for comparisons to the field clam data, it 
should be expected that worms, which live and feed in the sediment, may have higher 
accumulation than filter feeding clams, which feed at the sediment surface and water 
interface.  

As described in Attachment 3 of the BERA, neutral organic tissue 
concentrations of laboratory-exposed worms and clams used in the 
BERA were adjusted to estimate steady-state concentrations using the 
process in the US Army Corps of Engineers (USACE) inland testing 
manual (EPA and USACE 1998) based on based on McFarland (1995).  

458 App G – 
Main 
Text 

1 Several of the risk conclusions presented in this section will change in the draft BRA 
Report, based on previous comments.  

Risk conclusions in the BERA reflect the updated exposure and effects 
assumptions used in the BERA.  

459 App G – 
Main 
Text 

4,5 Exposure to shoreline seeps and beach sediment (which should be similar to riparian 
soil) should be complete. A revised CSM will be presented in EPA’s BERA problem 
formulation. Other changes include: Exposure to seeps should be complete and major; 
and Exposure to transition zone water should be complete and minor.  

The CSM included as part of EPA’s Problem Formulation was adopted 
for the BERA. A simplified CSM (based on EPA’s Problem 
Formulation) was also presented in the BERA (Section 3) to aid the 
reader’s understanding. 

460 App G – 
Main 
Text 

2 Figure 5-3 depicts beach locations by number (e.g. B1-28). However, figure 
designations do not match the beach numbers and locations presented in the Round 2A 
Report. Please clarify this apparent discrepancy.  

Beaches in the BERA were renumbered for clarity as beach sample 
transects collected during Round 2 sampling over continuous beach 
habitat areas were combined into one beach habitat area (therefore 
beach habitat areas were assigned new beach numbers) and beaches 
sampled as part of Round 1 sampling were also added a shorebird beach 
habitat areas and assigned beach numbers.  
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

461 App G – 
Att G2 

2 The reliability evaluation compares published SQGs with the reliability of the effects 
level 2 derived for this site. However, the published numbers use and predict different 
endpoints, and therefore the comparison really cannot be made. This would explain 
some of the skewed results of these SQGs, e.g., a higher false positive rate. In addition, 
it should be noted that the predicted models are expected to perform better when 
evaluated using same-site data than a model developed using data from another site. It 
would be a useful exercise to use the Round 3B bioassay data to validate the benthic 
toxicity predictive models. EPA acknowledges the difference between toxicity 
predicted based on application of SQGs and that predicted using the benthic toxicity 
predictive models, and has weighted them appropriately in the weight of evidence 
(WOE) framework included in the attached problem formulation.  

Most of the published SQGs are based on some distributional property 
of compiled measures of survival, growth, and reproduction of a variety 
of aquatic invertebrates. These effects endpoints are the same as those 
used in the Portland Harbor RI and the species used for the RI are 
common test organisms that are well represented in the effects databases 
used to derive the published SQVs.  
The reliability results for the published SQGs were based on the ability 
of the published SQGs to predict effects to aquatic invertebrates in 
Portland Harbor. As shown in both Attachment 2 and the Benthic 
Interpretive Report, the publish SQGs did not perform well with respect 
to discerning which sediments were toxic (or not). 
Site-specific SQGs were developed using the FPM aand used in the 
BERA. 

462 App G – 
Att G2 

2 This tissue should be corrected for equilibrium conditions using Kow correction 
factors.  

As described in Attachment 3 of the BERA, neutral organic tissue 
concentrations of laboratory-exposed worms and clams used in the 
BERA were adjusted to estimate steady-state concentrations using the 
process in the US Army Corps of Engineers (USACE) inland testing 
manual (EPA and USACE 1998) based on based on McFarland (1995). 

463 App G – 
Att G2 

2 Attachment 2, Invert RA, Page 9, Section 3.2, Predicted Tissue Assessment: The BSAF 
analysis discussed here should be presented, including scatter plots of the relationships 
between tissue and sediment concentrations and any model developed. Calculated 
BSAFs by location should be presented in the table format used in the analysis. Using 
the average of the BSAFs if the BSAF was found to be independent of sediment 
concentration may not be the best alternative. The text also indicates that non-detect 
concentrations were used in the analysis. Non-detects should not be used – they may 
indicate elevated reported limits. The text states “if the BSAF decreased as the 
sediment concentration increased and the tissue concentrations at the higher sediment 
concentration were non-detects, a BSAF was not determined.” BSAFs were not 
determined for PCBs, dioxins and furans, or DDTs because they are considered in the 
food web model. There may be some utility in developing BSAFs for these chemicals, 
in addition to relying on the results of the food web model. For example, location-
specific BSAFs for field clams, lab clams, lab worms, and crayfish could be generated, 
and an additional BSAF analysis that looks at site-wide relationships could be 
conducted.  

BSARs were calculated for the COPC-benthic invertebrate and COPC-
pairs for which a relationship between sediment and tissue could be 
demonstrated. Data sets were modified to address non-detects prior to 
looking at correlations between sediment and tissue. Details on the 
development of BSARs that were used in the BERA are presented in 
Attachment 8 of the BERA.  
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

464 App G – 
Att G2 

4 COPCs were identified by multiplying the 95th percentile of the site-wide sediment 
concentration by the BSAFs and comparing the result to the aquatic tissue TRV. 
Instead, the BSAF developed from the field and lab worms and the co-located sediment 
data should be applied to each sediment chemistry location, and areas above the TRV 
should be plotted. This will predict clam and worm tissue exceedance locations from 
sediment data where we don’t have benthic tissue.  

In the BERA, predicted tissue concentrations were evaluated on a 
sample-by-sample basis for benthic invertebrates and sculpin.  

465 App G – 
Att G2 

4 Only the near bottom surface water samples were used to evaluate the benthic 
community. However, we need to evaluate all invertebrates exposed to surface water 
(e.g., epibenthic and water column invertebrates), and we should be using all water 
samples as an initial screen. Each water sampling location should be screened 
individually (not averaged).  

The evaluation of surface water was conducted on a sample by sample 
basis for benthic invertebrates. All surface water samples (including 
near bottom and near surface samples) were evaluated. 
 

466 App G – 
Att G2 

2 The screening process for water excluded individual dioxins and furans detected in 
surface water or TZW. Only the results for 2,3,7,8-TCDD are presented. However, 
since the Report states that “the Eco SLs are considered to be protective of all aquatic 
receptors including benthic invertebrates, fish and amphibians,” the BERA should 
apply Toxicity Equivalency Factors to sum the dioxins and furans in order to compare a 
dioxin TEQ to the 2,3,7,8-TCDD Eco SL.  

Evaluation of TEQ in surface water was not evaluated per EPA’s 
Problem Formulation. Per EPA (2008), TEQs should not be applied to 
abiotic media unless abiotic data are incorporated into a 
bioaccumulation model where abiotic media are being related to tissue 
concentrations. 
EPA. 2008. Framework for application of the toxicity equivalence 
methodology for polychlorinated dioxins, furans, and biphenyls in 
ecological risk assessment. EPA/100/R-08-004. June 2008. Risk 
Assessment Forum, US Environmental Protection Agency, Washington, 
DC. 

467 App G – 
Att G2 

4 A number of crustal elements were eliminated from this evaluation, including 
aluminum, beryllium, cobalt, iron, magnesium, manganese and potassium. These 
should be screened like any other COI since they can be elevated and toxic as a result 
of industrial activity. See previous comment on this topic.  

Crustal elements were screened as all other COIs, per EPA’s Problem 
Formulation. The SLERA and refined screen are presented in 
Attachment 5 of the BERA. 

468 App G – 
Att G2 

5 TPH, including diesel-range hydrocarbons, gasoline-range hydrocarbons, and residual-
range hydrocarbons, were identified as COIs for benthic invertebrate receptors based on 
TZW data (Table 4-3). However, they were not evaluated in the Round 2 COPC screen 
because “LWG and EPA are currently discussing the TPH Eco SLs and TPH.” Further 
discussion between EPA and LWG is required to determine how to assess TPH.  

EPA provided TRVs for five of the chemical groups that are blended to 
form gasoline (EPA 2008a). Because these fractions were not quantified 
in study area samples, the average fraction of these components in 
gasoline was used to convert the total gasoline-range hydrocarbon 
concentration into gasoline fraction concentrations for comparison with 
the TRVs. Average fractions were derived from the literature (Fagerlund 
and Niemi 2003). 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

469 App G – 
Att G2 

2 Table 4-4, Results of COPC Screen of TZW: This list should include all contaminants 
detected that screen in or contaminants that do not have screening values and their 
detected concentrations (e.g., dioxins and furans). Chemicals without screening criteria 
should be identified as chemicals of potential ecological concern in the BERA problem 
formulation and risk characterization, and presented and discussed in the uncertainty 
section. Crustal elements should be added to this table. For metals, screening with both 
dissolved and total concentrations should be conducted.  

COPCs for TZW were identified in the SLERA and refined screen in 
accordance with EPA’s Problem Formulation (Attachment 2 of the 
BERA). The SLERA and refined screen are presented in Attachment 5 
of the BERA. 

470 App G – 
Att G2 

2 The text states that “for the hydrophobic organic COIs that were not identified as TZW 
COPCs and for which Koc values were available, an equilibrium partitioning evaluation 
was conducted to determine whether or not the COI was present within the Study Area 
at concentrations that could result in exceedances of water SLs.” However, the only 
COIs evaluated included only one PAH (acenaphthylene) and six VOCs (1,1-
Dichloroethane, 1,2Dichloroethane, acetone, chloroform, methylene chloride and trans-
1,2-Dichloroethene). The BERA should clarify how this list was developed and/or the 
objectives for the evaluation. Many of these chemicals may have limited partitioning 
relationships with organic carbon. The potential for clean groundwater to pass through 
contaminated sediment, resulting in a flux of contamination to the transition zone, 
should be evaluated for a much larger suite of chemicals. In addition, a site-wide 
maximum organic carbon concentration was used in the evaluation – this should be 
site-specific, as OC can vary throughout the study area.  

TZW was evaluated according to EPA’s Problem Formulation and 
further negotiated agreements between EPA and the LWG.  

471 App G – 
Att G2 

2 Table 4-2, Results of Round 2 COPC Screen of Near Bottom Surface Water, appears to 
present the wrong PCB Aroclor SLV. The sum should equal the total PCB number, and 
all of the Aroclors have to meet this value individually.  

TRVs used in the BERA were approved by EPA. Water TRVs are 
presented in Attachment 10 of the BERA.  

472 App G – 
Att G2 

2 The results of the SLERA and BERA should present tables and figures that depict 
which contaminant exceedances are predicted by the models.  

The SLERA and refined screen were conducted in accordance with 
EPA’s Problem Formulation (Attachment 2 of the BERA). The SLERA 
and refined screen are presented in Attachment 5 of the BERA.  

473 App G – 
Att G4 

4 COIs should include crustal elements in the screening step. See previous comment.  Crustal elements were screened as all other COIs, per EPA’s Problem 
Formulation. The SLERA and refined screen are presented in 
Attachment 5 of the BERA. 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

474 App G – 
Att G4 

2 PAHs, if detected, should also be included in the tissue residue approach as another line 
of evidence in assessing risk to fish, as well as just looking at where and which 
fractions were detected in different fish tissue. This is especially relevant for fish with 
benthic associations such as sculpin, largescale sucker and smallmouth bass. Although 
PAHs are metabolized, they can and have been detected in fish tissue. If a fish’s 
metabolism is overwhelmed, PAHs can begin to accumulate in tissue, and this is an 
important line of evidence that exposure is occurring. According to the Round 1 Site 
Characterization Report, PAHs were detected in fish tissue. Although there were 
detection limit issues, PAHs were detected at Georgia Pacific (approx. RM 3.5), T-4, 
Slip 1, Linton Plywood, Marine Finance, US Moorings, Willamette Cove, RR Bridge 
downstream of ARKEMA, Willbridge, Cascade General, and Lakeside Industries / 
Shaver. The highest concentration was at the RR Bridge outfall/Siltronic, at 132 ug/kg. 
Specific PAHs detected in sculpin tissue included acenaphthene, fluorene, and 
naphthalene. PAHs were also detected in largescale sucker tissue in the same area (fish 
composite 07009) at a total PAH value of 147 ug/kg. Other PAHs detected included 
fluorene, naphthalene and 2-methylnaphthalene. The smallmouth bass at the same 
composite number (07R009) also had the highest concentration (308 ug/kg) of total 
PAHs in tissue.  

Tissue residue TRVs for PAHs were not developed for fish tissue and 
PAHs were not evaluated as part of the fish tissue line of evidence 
(LOE), per EPA’s tissue TRV methodology and tissue TRV directive.  

475 App G – 
Att G4 

2 Dioxins and furans as well as dioxin-like PCBs should be assessed together in a TEQ 
analysis with comparison to a 2,3,7,8-TCDD TRV. See previous comment.  

Dioxin/furan TEQ, PCB TEQ, and total TEQ concentrations in fish 
tissue were compared to the dioxin TRV in the SLERA and refined 
screen (see Attachment 5 of the BERA). 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

476 App G – 
Att G4 

5 The Round 2 Report eliminates COIs that screened in based on elevated detection 
limits. A summary is provided below:  
 • Large scale Sucker: Dibutyl phthalate, beta-HCH, and delta-HCH had detection 
limits higher than the TRV, but were not carried forward as COPCs. Tissue was not 
analyzed for butyltins. 
 • Carp: The appropriate dioxin TEQ analysis screening needs to be completed (Carp 
was evaluated based only on 2,3,7,8-TCDD detections). Although Carp was analyzed 
for other COIs, they were not evaluated in this Report. 
 • Sculpin: Detection limits exceeded the TRVs occurred for dibutyl-phthalate, delta-
HCH, and hexachlorobutadiene. Tissue not analyzed for butyltins. 
 • Juvenile Chinook: Detection limits exceeded the TRVs for BEHP, butylbenzyl 
phthalate, and dibutyl phthalate. 
 • Peamouth: Tissue not analyzed for butyltins, dioxins, furans, PCB congeners, 
phthalates, phenols, and SVOCs. 
 • Smallmouth Bass: Detection limits exceeded the TRV for Beta-HCH, delta-HCH, 
and dibutyl phthalate. Tissue not analyzed for butyltins. 
 • Northern Pikeminnow: Detection limits exceeded the TRV for Beta-HCH and delta-
HCH; tissue not analyzed for butyltins, dioxins, furans, dioxin-like PCB congeners, 
phthalates, phenols, and SVOCs. These chemicals should be retained.  

According to EPA’s Problem Formulation, the refined screening process 
is based on the maximum detected concentration; therefore, chemicals 
with high detection limits and detected concentrations less than SL 
TRVs were not carried forward as COPCs. The SLERA and refined 
screen are presented in Attachment 5 of the BERA. 

477 App G – 
Att G4 

2 A predicted tissue assessment should be presented for those contaminants analyzed in 
the food web model (PCBs, dioxins and furans, and DDTs). This will help verify the 
food web model, especially in localized areas. BSAFs developed in localized areas may 
outperform the model.  

A bioaccumulation modeling report has been written that includes a 
predicted tissue assessment that can be used to “verify” the mechanistic 
model.  

478 App G – 
Att G4 

2 It is stated that a site use factor (SUF) of 1.0 was assumed for all fish species for the 
identification of Round 2 COPCs. For some receptors, an SUF smaller than 1.0 
(smaller than the entire site) should have been used. This may change the results of 
COPC identification using the dietary approach. In addition, the report should clarify 
whether an SUF greater than 1.0 was used in the subsequent analysis (the identification 
of iCOCs.  

Exposure assumptions (including exposure scales) presented in EPA’s 
Problem Formulation were adopted for use in the BERA. 
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

479 App G – 
Att G4 

2 The text states that “the maximum concentration in any of the associated species in the 
ERA dataset” was used to identify Round 2 COPCs. However, the maximum was only 
selected from a select dietary matrix for that species. Potential prey species such as 
laboratory-exposed clams were not used for any prey species, which could 
underestimate exposure where the field clams had elevated detection limits or were 
analyzed for a reduced suite of analytes. A sensitivity analysis should be run using 
conservative dietary fractions for the identification of COPCs, with an expanded list of 
potential dietary items. In addition, some tissue either was not analyzed for certain 
COIs or had elevated detection limits, and it is unclear how this influences the results. 
It is surprising that sculpin did not screen in for any COI, given that its small home 
range puts it in contact with high sediment and prey concentrations. Since the details of 
the Round 2 Report analysis are not presented here, the reasons for this should be 
investigated. It is also not clear, for example, why only worms, field clams and other 
sculpin were investigated as dietary items for the sculpin.  

Exposure assumptions (including dietary assumptions) presented in 
EPA’s Problem Formulation were adopted for use in the BERA. COPCs 
for all LOEs were identified using EPA’s SLERA and refined screening 
process as outlined in EPA’s Problem Formulation (Attachment 2 of the 
BERA). 

480 App G – 
Att G4 

2 Surface water should be screened using a TEQ approach. This analysis only looks at 
2,3,7,8-TCDD and screens the rest of the detections of other dioxins and furans out 
because “no data were available.” See previous comment.  

Evaluation of TEQ in surface water was not evaluated per EPA’s 
Problem Formulation. Per EPA (2008), TEQs should not be applied to 
abiotic media unless abiotic data are incorporated into a 
bioaccumulation model where abiotic media are being related to tissue 
concentrations. 
EPA. 2008. Framework for application of the toxicity equivalence 
methodology for polychlorinated dioxins, furans, and biphenyls in 
ecological risk assessment. EPA/100/R-08-004. June 2008. Risk 
Assessment Forum, US Environmental Protection Agency, Washington, 
DC. 

481 App G – 
Att G4 

2 Even though concentrations of dissolved copper in the study area ranged from 0.37 to 
1.64 ug/L, which is within the range of the TRV for effects (0.10 to 88 ug/L), this line 
of evidence was not carried forward for further evaluation in the risk assessment to fish 
receptors.  

All lines of evidence included in EPA’s assessment endpoint table in 
their Problem Formulation (Attachment 2) were evaluated as part of the 
BERA, including the evaluation of olfactory function in salmonids.  
 

482 App G – 
Att G4 

2 Even though the spatially weighted average PAH concentration in the study area 
(24,285 ug/kg) is above the threshold presented by Johnson et al. (2002) and Stern et al. 
(2003) (240 to 4,000 ug/kg), this line of evidence was not further evaluated in the risk 
assessment for fish.  

All lines of evidence included in EPA’s assessment endpoint table in 
their Problem Formulation (Attachment 2) were evaluated as part of the 
BERA, including the evaluation of lesion occurrence in benthic fish.  
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Response to EPA Comments: Comprehensive Round 2 Site Summary and Data Gaps Analysis Report Appendix G 
(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

483 App G – 
Att G4 

2 It is inappropriate to screen data using TRVs for 4,4’-DDE and 4,4’-DDT that are 
higher than the total DDT TRV. TRVs for individual chemical should be lower or the 
same as the total DDT number.  

TRVs used in the BERA were approved by EPA. All SL TRVs are 
presented in Attachment 5 of the BERA.  

484 App G – 
Att G4 

2 Each composite should be normalized individually by lipid content, and these 
individual sample lipid-normalized fish tissue concentrations should then be used in the 
predicted tissue analysis, including the max predicted tissue concentration.  

Sample specific lipid content were used to calculate site-specific BSARs 
to predict sculpin tissue concentrations from sediment for those COPCs 
for which there was a demonstrated relationship between sediment and 
tissue. Predicted tissue concentrations were evaluated on a sample-by-
sample basis. 

485 App G – 
Att G6 

2 Attachment 6, Wildlife RA, Page 4, Section 2.1.2, Identification of COPCs: Several 
COIs were not carried forward as COPCs because no TRV or appropriate surrogate was 
identified. For birds, these include: antimony, silver, 2-mehtylnaphthalene, 
hexachloroethane, 2-methylphenol, 4-methyphenol, phenol, benzol alcohol, 
dibenzofuran, and n-nitrosodiphenylamine. For mammals, these include: Antimony, 
silver, 2-methylphenol, 4methylphenol, benzyl alcohol, dibenzofuran, and n-
nitrosodiphenylamine. Such chemicals should be identified as chemicals of potential 
ecological concern in the BERA problem formulation and risk characterization, and 
presented and discussed in the uncertainty section.  

Chemicals with no TRVs are presented in the BERA.  

486 App G – 
Att G6 

2 In addition to the evaluation of a dioxin TEQ and a dioxin-like PCB TEQ in the bird 
egg approach, a TEQ total that includes the summation of dioxins and furans and 
dioxin-like PCBs into one TEQ should be evaluated.  

TEQs were evaluated as total TEQ, dioxin/furan TEQ, and PCB TEQ. 

487 App G – 
Att G6 

2 Several COIs were only detected in invertebrate tissue. According to Table 2-1, these 
include tetrabutyltin, diethyl phthalate, dimethyl phthalate, and di-n-octyl phthalate. 
These should be further evaluated with respect to uncertainties in the existing fish 
tissue data. Other chemicals were detected in surface sediment, but were not analyzed 
for in fish or invertebrate tissue (Table 2-3). These chemicals should be evaluated in the 
uncertainty analysis.  

Chemicals with no TRVs are presented in the BERA. Butyltins were 
analyzed in Round 3 fish tissue and these data were incorporated in the 
BERA dataset.  

488 App G – 
Att G6 

2 The biomagnification factors (BMFs) utilized in the Round 2 Report are generally 
consistent with BMFs presented in DEQ’s Guidance for Assessing Bioaccumulative 
Chemicals of Concern in Sediment, with the exception of total PCBs for the bald eagle. 
In this instance, the BMF selected for DEQ’s guidance is significantly higher than the 
BMF presented in the Round 2 Report (113 versus 11).  

The BMFs directed by EPA for use in the Rd2 Report were also used in 
the BERA. The bird egg line of evidence was assessed as outlined in 
EPA’s Problem Formulation.  
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(EPA Letter Dated January 15, 2008) 

Comment 
Number Section 

EPA 
Comment 
Category EPA Comment/Summary Resolution 

489 App G – 
Att G7 

2 Although not specified in the text, the following amphibian sampling locations 
exceeded the Eco Screening level TRVs (see also Table 2-6, page 20): Zinc (dissolved): 
Fireboat Cove, during the Nov. 2004 sampling event. 4-Chloro-3-methylphenol: Mouth 
of Multnomah Channel – south side, during the March 2005 sampling event. Total 
PCBs: International Slip - Tip, during the March 2005 sampling event; Willamette 
Cove was very close to the SLV (0.0120). 2,4’-DDT: OSM – downstream end, during 
the March 2005 sampling event. 4,4’-DDT: Gunderson – downstream of site, during 
the March 2005 sampling event. Total DDTs: OSM – downstream end, during the Nov. 
2004 sampling event; Willbridge Cove near Saltzman Creek, during the March 2005 
sampling event; Gunderson, downstream of site, during the July 2005 sampling event. 
Note that several amphibian exposure areas with corresponding surface water sampling 
locations were not included in the screening although they were identified by EPA as 
amphibian habitat. Figure 6-1 in the main text of the appendix shows the amphibian 
habitat, but not all of the corresponding water samples taken at those locations. These 
included water sampling locations W12 off the GASCO pond area, W15 (Rhone 
Poulenc / ARKEMA near the RR Bridge), and W16 off ARKEMA, W20 in Swan 
Island Lagoon, and W22 in Fireboat Cove. This will change some of the identification 
of COPCs in Table 2-2, Attachment 7. For example, GASCO has several PAHs that 
exceed the chronic Eco SL. These locations are not listed in Table 2-3 on page 15, 
which summarizes the amphibian exposure areas. These samples should be added and 
screened.  

Per EPA’s Problem Formulation, risks to amphibians were evaluated on 
a sample-by-sample basis using surface water samples collected within 
amphibian-specific exposure areas (i.e., quiescent areas and amphibian 
habitat areas) identified in the study area. The risk evolution of 
amphibians is presented in Section 9 of the BERA. The SLERA and 
refined screen are presented in Attachment 5 of the BERA and were 
conducted in accordance with EPA’s Problem Formulation (Attachment 
2 of the BERA). All surface water samples were screened in the SLERA 
and refined screen to identify surface water COPCs that were evaluated 
in the amphibian risk assessment.  

490 App G – 
Att G8 

2 Since aquatic plants are sessile, the exposure point concentration for aquatic plants 
should be point-by-point screening. Areas that exceed, such as those mentioned here, 
should be identified as posing a risk to plants in that area (amphibians are mentioned 
here, but EPA assumes that the correct reference is aquatic plants). The text statement 
“the aquatic plant community of the LWR consists of species that are expected to exist 
in the habitat of an industrial harbor providing additional evidence that risks to aquatic 
plants at the Study Area are not significant at the community level” should be removed.  

Per EPA’s Problem Formulation, risks to aquatic plants were evaluated 
on a sample-by-sample basis using surface water samples collected 
within aquatic plants -specific exposure areas (i.e., quiescent areas and 
aquatic plants habitat areas) identified in the study area. The risk 
evolution of aquatic plants is presented in Section 10 of the BERA. 

491 App G – 
Att G8 

2 Screening tables should be presented for TZW and aquatic plants. It is not clear how 
some of the contaminants (esp. herbicides) are screened out.  

COPCs for TZW were identified in the SLERA and refined screen in 
accordance with EPA’s Problem Formulation (Attachment 2 of the 
BERA). The SLERA and refined screen are presented in Attachment 5 
of the BERA. 
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