WG

LOWER WILLAMETTE GROUP

PORTLAND HARBOR RI
DRAFT REMEDIAL INVESTIGATION REPORT

APPENDIX F
BASELINE HUMAN HEALTH RISK ASSESSMENT

DRAFT

DO NOT QUOTE OR CITE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.

September 23, 2009

KJ09-0001

Prepared for
The Lower Willamette Group

Prepared by
Kennedy/Jenks Consultants

RECOMMENDED FOR INCLUSION IN ADMINISTRATIVE RECORD



LWG Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

TABLE OF CONTENTS

LIS T OF AT T A CHMEN T S L.ttt e e et e e e e e e e ee et eeeeeeeeeeee e reeeaesessaeeeererreaeaseeaaaas \Y;
LIST OF TABLES ... ettt e e e e e e e ettt e e e e e e e e e et e teeeeeeeeeee i ereeaeeeeaaaas Vi
LIST OF FIGURES ..ot e ettt e e e e e e e e e ettt e e e e e e e e e e eereeeeeeeeeteeeaaeens XXi
LS T OF M A PSS ettt e et e ettt e e e e e e e ettt e e e e e e e eee e eeaeeeseeseeereeeens XXii
LIST OF ACRONY M. .ottt et e e e e e e ettt e e e e e e e e e st reeeeeeeeeeeearreeees XXV
GO S S A R .o e rr i —————— XXVii
EXECUTIVE SUMMARY ..ottt e ettt e e e et e e ettt e e e e e e e e eet et eeeeessaeeetarreeeeeeeaaaas 1
ES.1  BHHRA DAIASEL. ..ottt ettt e e et e e e e e e e eeeeseeeeeeee e aaaeeeeeeeeennes 2
ES.2  BHHRA EXPOSUIE SCENAIOS ....c.veviiitiriisiieiiesieieseste sttt sie s sse s b b sne e enes 3
ES.3 BHHRA EXPOSUIE ASSESSIMENT .....cuiiiiiiiriiieeiieee ettt 4
ES.4  BHHRA TOXICITY ASSESSMENT......oviitiitiiiiiiieiieieieie ettt 5
ES.5 BHHRA RiSK CharaCtrizZation ... ... .eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeseessesesennssensnnnsnnnnns 6
ES.6  SumMmary OF BHHRA . ......oo e 11
1.0 INTRODUGCTION .ottt et e ettt e e e e e e e ee et e e e e e e eee e reereeeeeeneeeees 12
1.1 ODJECTIVES ..ttt bbbttt bbbt 13
1.2 APPIOACH .t 13
1.3 Site BaACKGIOUNG. ..ot 14
1.4 OFQANIZALION. ....eiuiiiiiteiei ittt b bbbttt et et bbbt b e enes 15
2.0 DATA EVALUATION ..ottt ettt e e e e e e e e ettt e e e e e e e e e e e e eeeeeeeeeeeeees 17
2.1 AV AT ADTE DIATA. ... ettt ettt et nnnnnnnn 17
2. 1.1 BACK SEUIMEBNL ...ttt e e e e e e e e eeeaeens 17
2.0.2  IN-Water SEAIMENT ... 18
2.1.3  SUITACE WALEK ... 18
2.1.4  GrOUNUWALET SBEP....eeiteerieitieiteeiesieesieesieseesteeeesree e eseeaneesteeneesseesreenseaneesseeneesseesres 19
2. 0.5 FUSIN THSSUR ..ottt ettt e e e e e e e et e e e e e e e e e eaaeens 20
2.1.6  ShellfiSh TISSUR ... 21
2.1.7  TranSition ZONE Water ... ..ottt eeaa e 22
2.2 USE OF DIBLA ..ttt e nennnnnnnnnnnnns 23
2.3 Chemical SCreening Criteria.........cciiiieiieiieie et 23
2.3 SUAIMEBNT e 24
2.3.2  Surface Water and Groundwater SEEP .......cccvevevieieerieiieese e 25
2.3, THSSUE e 26

2.3.4 Hypothetical Future Exposure to Untreated Surface Water For Domestic
L] T 26

DO NOT QUOTE OR CITE i

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 Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

2.4 ldentification of Chemicals of Potential CONCErN...........ccceviriiiinininnese e 26
Ot S 1= o 10111 | PSS 27
2.4.2  SUIMTACE WALET ...ttt bbb rs 28
2.4.3  GrOUNOWALET SEEP....uiiueiieeeiteiteite sttt bttt ettt bbbt ene s 28
2.4.4  Fish and Shellfish TISSUE ........cccoiiiiiiiiieee s 29
2.4.5 Hypothetical Future Exposure to Untreated Surface Water For Domestic

L LTSRS TP P PPRTPPRRTRTPPN 29
3.0 EXPOSURE ASSESSMENT ....oiiiiiiiiieiiesie sttt sttt st 31

3.1 Identification of Potentially Exposed Human Populations..............cccceveivieiveneceenne. 31

3.2 Identification Of EXPOSUre PatNWaYS ..........cceieiiriiriiiiieseseseeee e 32
3.2.1 Definition and Significance of Exposure Pathways...........cccccvverieerenienieeninsenne 33
3.2.2 Conceptual Site MOUEL.........cccoiiiiiiiieieee s 34

3.3 EXPOSUIE SCENAIIOS ... ..cuviivieiteeieiteesteeie st e e et s e e ste e sra e te et e sbeesbe e e e steesteassesraeneesneenras 34
3.3.1 Direct Exposure to Beach Sediment ... 35
3.3.2 Direct Exposure to In-Water SEdiment..........cccocoveiveieiiicie e 36
3.3.3 Direct EXposure t0 SUIface WALer ...........coeieiiiiiiiiiesiseeeeee s 37
3.3.4 Direct Exposure to GroundwWater SEEPS........cvveveeieerieiieeieerieseesieeseeseesreesee e e 38
3.3.5  FISN CONSUMPTION ... 39
3.3.6  Shellfish CONSUMPLION.........cciiieiieie e 40
3.3.7 Potentially Overlapping EXpOSUre SCENAIIOS. ........c.cureriririeieienieniesie s 40

3.4  Calculation of Exposure POINt CONCENLIAtIONS........cccveieerveierieieeie e e eee e 41
3.4.1 BeaCh SEAIMENT .....oouiiiiieiece ettt enes 42
3.4.2  IN-Water SEAIMENT ....cveiiieiieie ettt e st eereenrs 43
343 SUIMTACE WALEK ...ttt 45
344 GrOUNOWALET SEEPS ....eiueiueereetiitestes ettt ettt sttt sttt ettt ab bbb s e 47
3.4.5 Fish and Shellfish TISSUE ........cocoiiiiiiiiiiiee s 48

3.5  Process to Calculate INTAKES.........ccoiiiriiiiiiiiieeee e 49
3.5.1 Population-Specific ASSUMPLIONS ......ccueieriiiieiie et 50
3.5.2 Chemical Specific Exposure Factors and ASSUMPLIONS...........ccevverereeneerinseenns 59

4.0  TOXICITY ASSESSMENT .....oiiiiiiiiiiiiiist ettt bbb 62

4.1  CarcinogeniC TOXICITY VAIUES .......ccceiieieiieieeie et ste e e e ae s 62

4.2 Noncarcinogenic TOXICILY ValUES ........ccooiiiieiiiieiiee e 62

4.3 Sources Of TOXICITY VAIUES.........c.ccveiieie et ae s 63

4.4  Chemicals With Surrogate TOXICItY VAIUES..........ccciverieiiiiieie e e se e 64

45  Chemicals Without TOXICItY VaAlUES.........cccevveiiiieiice e 66

4.6  Toxicity Values for Chemical MiIXIUIES .......ccccoueiieiiereiieieeie e see e sae e e 66

4.7  Dermal TOXICItY ASSESSIMENT........ccveiiieieiieieeiesee e ete e se e s aesreeseesneesreeseeeneessaeneeas 68

50  RISK CHARACTERIZATION ....ooiiiiiiiiieiit ittt bt 69

5.1  Risk Characterization ESHMALES .........ccccoviriiiiiiieieie e 69

5.1.1 Noncancer Hazard ESHMALES .........c.cooieuiiieiiiiesie e 69
DO NOT QUOTE OR CITE I

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

Portland Harbor RI/FS

Lower Willamette Group Draft Remedial Investigation Report

Appendix F: BHHRA
September 23, 2009

5.1.2  Cancer RiSK ESHIMALES ......cc.evviiieiiiisinieiee ettt et 70
5.1.3 Cumulative RiSK EStIMALES ........c.cccuerieiiiierieie et snee s 70
5.2 Risk CharaCterization RESUILS........cccueuiiieiiiiesie s 71
5.2.1 Beach Sediment Risk Characterization ReSUILS...........c.ccooeirrerinieneiiiesesesine 71
5.2.2 In-water Sediment Risk Characterization ReSUltS ...........ccccoovvvverviinrenienienie s 76
5.2.3 Surface Water Risk Characterization ReSUILS ...........cccovvriveiiiiiinenesc e 81
5.2.4 Groundwater Seep Risk Characterization ReSUltS...........ccccoovvieriiinnesienieriecee, 85
5.2.5 Fish Consumption Risk Characterization ReSUlts.............ccccccvvveeiieieiieeseere e, 86
5.2.6 Shellfish Consumption Risk Characterization ReSUltS ............cccoevvvviienverininnne. 91
5.2.7 Evaluation of Cumulative and Overlapping Scenarios.............cccocveveiveeivereeseene. 92
5.2.8 Risk Characterization 0f Lead ..........ccccviierieiieiie e 92
5.3  Summary of Risk CharaCterization............cocuoiriiieieieiese e 96
6.0 SCREENING OF SURFACE AND TRANSITION ZONE WATER DATA.........ccoveueee. 98
6.1  Screening of SUrface Water Data...........cccerverierieienienieseeie e e 98
6.2  Screening of Transition Zone Water Data...........ccceoererinininininieeese e 99
6.2.1 Potential Contribution to Surface Water ............ccocovvvieiiniiniininese s 99
6.2.2 Potential for BioaCCumMUIALION .........ccoiveiiiieiiees e 101
7.0  UNCERTAINTY ANALYSIS.. ..ottt 104
7.1 Data EVAIUALION........oiiiiieic ettt te e e sne e 105
7.1.1 Use of Target Species to Represent All Types of Biota Consumed ..................... 105
7.1.2  Source of Chemicals For Anadromous and Wide-Ranging Fish Species............ 106
7.1.3 Use of Either Whole Body or Fillet Samples to Represent All Fish
CONSUMPLION ...ttt bbbttt bbb eneas 106
7.1.4 Use of Undepurated Tissue To Represent Clam Consumption............ccccccveeniee. 107
7.1.5 Use of Different Tissue Types To Assess the Same Chemical...........c.ccocvevrinene 108
7.1.6 Detection Limits That Are Above Analytical Concentration Goals (ACGS)....... 108
7.1.7  USIiNg N-QUAlITIED DALA.......cceeieieieiiesiieie e 109
7.1.8 Using One-Half The Detection Limit For Non-Detect Results in Summed
ANAIYVEES ...t ae s 109
7.1.9 Chemicals That Were Not Analyzed In Certain Samples ..........ccccevvevviieivennene, 110
7.1.10 Chemicals That Were Not Included AS ANalYLeS........ccccoeviiiieniniieiese e 110
7.1.11 Chemicals That Were Analyzed But Not Included In BHHRA...........c..cceevenee. 112
7.1.12 Compositing Methods for Biota and Beach Sediment Sampling ...........c..ccc....... 112
7.1.13 Mislabeling of Smallmouth Bass Fish Sample..........cccccovvviiiiiiiiicc e 113
7.1.14 Use of DEQ Risk-Based Concentrations For Screening Values.............ccccceeuee.e. 113
7.1.15 Selection of Tissue Copcs Based On Detection of An Analyte ..........ccccceevvennee. 114
1.2 EXPOSUIE ASSESSIMENT. ... eeieiiiiieiiiieesitie ettt nnb e e nan e e 114
7.2.1  Model APPHCADIIITY .o.eoieeeie e 114
7.2.2  Subsurface Sediment EXPOSUIE........c.ciiueiieieiieieeiieseesie e e see e sae e see e 114
7.2.3  Potential EXPOSUIE SCENAIIOS. .....ccueiueieeiiaiesiieieseesieesiessessreeee e ssesseesseeseesnee e 115
7.2.4 Potentially Complete and Insignificant Exposure Pathways ...........ccccccoeevvennene. 116
T7.2.5  EXPOSUIE FACLOIS. ......eiieieiiiiatieeiee ettt ettt ettt ettt ire b et e nnne e 117
DO NOT QUOTE OR CITE ii

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 Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

7.2.6  Exposure Point CONCENIAtiONS..........cccveiviiieiicre e 124
7.3 TOXICILY ASSESSMENL.....ccviiiiieieiieeiteeiesteeste et esteeste e e ste et e s e e steeeesseesaeeaesreesteeneesneeneeas 129
7.3.1 Early Life EXpoSure t0 CarCiNOQeNS ..........coueiuererieriesiisisiieieiesie e 130
7.3.2 Lack of Toxicity Values for Delta-hexachlorocyclohexane and Titanium........... 131

7.3.3 Use of Toxicity Values From Surrogate Chemicals for Some Chemicals
that Lack TOXICItY VAIUES........c.ccveiieiecieseeie s 131
7.3.4  Toxicity Values for Chromilum. ..o 131

7.3.5 Toxicity Values for Polychlorinated Biphenyls and Applicability to
ENVIroNMENtal Data.........cccoviveiiiieiieiiee e 132
7.4 RISK CharaCteriZation...........ccueiiiieiieii ettt sae e snee e 133
7.4.1 Risks from Cumulative or Overlapping SCENArIOS ..........cccevvevieeieieeriesieseeeeans 133
7.4.2  RisSKS from Background ............ccocviiiiiiiiiiiic e 134
7.4.3  Risks from Lead EXPOSUIE........c.coueiieieeiieiieseesie e seeste e ste e sseesreenae e e e 135
TAA FULUIE RISKS ..euiiiiiiiecie ettt ettt neenteenaenneenneenee e 135
7.5  Overall Assessment of UNCEIaINTY..........coierierieriiinenisisieee e 136
8.0 SUMMARY ..ottt sttt R e Re et et et e reaneereeneenen 137
8.1 SUMMANY OF RISKS....uiiiiiiiiiieieitc st 137
8.1.1 Summary by EXPOSUIE SCENAIIO........cccveiuriieirierieeieseeste e sreeseesseesre e e sree e e 138
8.1.2 Comparison of Risks Between EXPOSUre SCENAIIOS .........coverververierieserenineannas 141
8.1.3  ChemiCals OF CONCEIM .......ciiiiiiiiisesieie e 141
8.2 RISK DIIVEIS .ottt b e bbbttt bbb e e eneas 142
8.2.1 Fish ConsumMpPtion SCENAIIOS. ........ccviuirieieieriesie ettt 143
8.2.2  Shellfish ConsUMPLION SCENANIOS .......ccccovviieiieeeiece e 146
8.2.3  In-Water SEdiment SCENAIOS. ......c.veuiiierireiereereeie st sie e e ie e sre e see e 148
8.2.4 Beach Sediment SCENAIIOS. .......ccivviiiirieieriese ettt 149
8.2.5  SUIface WALer SCENAIIOS ......cueivieieeiesiiesie e s se et e nee e te e sre e sreeseeenee e 149
8.2.6  SUMMArY OF RISK DIIVEIS ....c.eiiieiieiesiesie e e et 149
0.0  CONCLUSIONS..... .ottt bbbt bbbttt b e bbb enes 151
10.0  REFERENGCES ..ottt bbbt bbb ene s 153
DO NOT QUOTE OR CITE 0\

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 Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

LIST OF ATTACHMENTS

Attachment F1  Decisions Involving the EPA Regarding the BHHRA Methods
Attachment F2 ~ Summary of Data Management and Data Use Rules for BHHRA
Attachment F3  ProUCL Software Output From the Calculation of 95% UCLs

Attachment F4  Supporting Documentation for the Calculation of Blood Lead Concentrations
for Relevant BHHRA Scenarios

Attachment F5  Supporting Documentation for the Uncertainty and Variability Analysis

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

Lower Willamette Group

Table 2-1
Table 2-2
Table 2-3
Table 2-4
Table 2-5

Table 2-6
Table 2-7
Table 2-8
Table 2-9
Table 2-10

Table 2-11

Table 2-12

Table 2-13

Table 2-14

Table 2-15

Table 2-16

Table 2-17

Table 3-1
Table 3-2
Table 3-3

Table 3-4
Table 3-5

Portland Harbor RI/FS

Draft Remedial Investigation Report
Appendix F: BHHRA

September 23, 2009

LIST OF TABLES

BHHRA Data From Within Study Area, Summarized by Matrix
BHHRA Data From Outside of Study Area, Summarized by Matrix
Summary of BHHRA Sediment Data From Within Study Area
Summary of BHHRA Sediment Data From Outside Of Study Area

Summary of BHHRA Surface Water And Groundwater Seep Data From
Within Study Area

Summary of BHHRA Surface Water Data From Outside Of Study Area
Summary of BHHRA Tissue Data From Within Study Area

Summary of BHHRA Tissue Data From Outside Of Study Area
Summary of BHHRA Transition Zone Water Data

Occurrence, Distribution, and Selection of Chemicals of Potential Concern
- Industrial Use Beach Sediment

Occurrence, Distribution, and Selection of Chemicals of Potential Concern
- Sediment at Beaches Used for Recreation, by Transients, and/or by
Fishers

Occurrence, Distribution, and Selection of Chemicals of Potential Concern
- In-water Sediment

Summary of Samples Used in the Selection of Chemicals of Potential
Concern for Surface Water Exposure Scenarios

Occurrence, Distribution, and Selection of Chemicals of Potential Concern
- Surface Water, Direct Contact With Divers

Occurrence, Distribution, and Selection of Chemicals of Potential Concern
- Surface Water, Direct Contact With Transients or Beach Users

Occurrence, Distribution, and Selection of Chemicals of Potential Concern
- Groundwater Seep

Occurrence, Distribution, and Selection of Chemicals of Potential Concern
- Untreated Surface Water as a Hypothetical Domestic Water Source

Selection of Exposure Pathways
Exposure Point Concentration Summary - Industrial Beach Sediment

Exposure Point Concentration Summary - Transient, Recreational Users,
and Bank Fishers Beach Sediment

Exposure Point Concentration Summary - In-water Sediment

Summary of Samples Used in the Calculation of Exposure Point
Concentrations for Surface Water Scenarios

DO NOT QUOTE OR CITE Vi

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

Lower Willamette Group

Table 3-6
Table 3-7

Table 3-8
Table 3-9

Table 3-10
Table 3-11

Table 3-12

Table 3-13
Table 3-14

Table 3-15

Table 3-16

Table 3-17
Table 3-18

Table 3-19
Table 3-20
Table 3-21
Table 3-22
Table 3-23
Table 3-24
Table 3-25
Table 3-26
Table 3-27
Table 3-28

Table 3-29

Portland Harbor RI/FS

Draft Remedial Investigation Report
Appendix F: BHHRA

September 23, 2009

Exposure Point Concentration Summary - Surface Water, Transient Use

Exposure Point Concentration Summary - Surface Water, Recreational
Use

Exposure Point Concentration Summary - Surface Water, Diver Use

Exposure Point Concentration Summary - Surface Water, Hypothetical
Residential Use as an Untreated Domestic Water Source

Exposure Point Concentration Summary - Groundwater Seep

Exposure Point Concentration Summary - Smallmouth Bass, by River
Mile

Exposure Point Concentration Summary - Smallmouth Bass, Study Area-
Wide

Exposure Point Concentration Summary - Common Carp, by Fishing Zone

Exposure Point Concentration Summary - Common Carp, Study Area-
Wide

Exposure Point Concentration Summary - Brown Bullhead, by Fishing
Zone

Exposure Point Concentration Summary - Brown Bullhead, Study Area-
Wide

Exposure Point Concentration Summary - Black Crappie, by Fishing Zone

Exposure Point Concentration Summary - Black Crappie, Study Area-
Wide

Exposure Point Concentration Summary - Pacific Lamprey Tissue
Exposure Point Concentration Summary - Sturgeon Tissue

Exposure Point Concentration Summary - Adult Chinook Tissue
Exposure Point Concentration Summary - Crayfish, by Station
Exposure Point Concentration Summary - Crayfish, Study Area-Wide
Exposure Point Concentration Summary - Clam, by River Mile
Exposure Point Concentration Summary - Clam, Study Area-Wide
Values for Daily Intake Calculations - Beach Sediment Exposures
Values for Daily Intake Calculations - In-water Sediment Exposures

Values for Daily Intake Calculations - Surface Water and Groundwater
Seep Exposures

Values for Daily Intake Calculations - Tissue Exposures

DO NOT QUOTE OR CITE vii

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 Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

Table 3-30 Values for Daily Intake Calculations - Hypothetical Domestic Water
Exposures

Table 3-31 Chemical-Specific Dermal Absorption Factors for Sediment Contact

Table 3-32 Chemical-Specific Parameters for Dermal Exposure to Surface Water and
Groundwater Seeps

Table 3-33 Chemical-Specific Parameters for Dermal Exposure to Surface Water as a
Hypothetical Domestic Water Source

Table 4-1 Cancer Toxicity Data - Oral/Dermal

Table 4-2 Noncancer Toxicity Data - Oral/Dermal

Table 4-3 Toxic Equivalency Factors

Table 5-1 Toxicity Endpoints for BHHRA COPCs

Table 5-2 Calculation of Cancer Risks and Noncancer Hazard Quotients - Dockside
Worker, Beach Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-3 Calculation of Cancer Risks and Noncancer Hazard Quotients - Dockside
Worker, Beach Sediment Exposure, Mean Exposure

Table 5-4 Calculation of Endpoint-Specific Hazard Indices - Dockside Worker,
Beach Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-5 Calculation of Endpoint-Specific Hazard Indices - Dockside Worker,
Beach Sediment Exposure, Mean Exposure

Table 5-6 Calculation of Cancer Risks and Noncancer Hazard Quotients - Transient,
Beach Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-7 Calculation of Cancer Risks and Noncancer Hazard Quotients - Transient,
Beach Sediment Exposure, Mean Exposure

Table 5-8 Calculation of Endpoint-Specific Hazard Indices - Transient, Beach
Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-9 Calculation of Endpoint-Specific Hazard Indices - Transient, Beach
Sediment Exposure, Mean Exposure

Table 5-10 Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Beach User, Beach Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-11 Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Beach User, Beach Sediment Exposure, Mean Exposure

Table 5-12 Calculation of Endpoint-Specific Hazard Indices - Adult Beach User,
Beach Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-13 Calculation of Endpoint-Specific Hazard Indices - Adult Beach User,

Beach Sediment Exposure, Mean Exposure

DO NOT QUOTE OR CITE viii
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

Lower Willamette Group

Table 5-14

Table 5-15

Table 5-16

Table 5-17

Table 5-18

Table 5-19

Table 5-20

Table 5-21

Table 5-22

Table 5-23

Table 5-24

Table 5-25

Table 5-26

Table 5-27

Table 5-28

Table 5-29

Table 5-30

Table 5-31

Portland Harbor RI/FS

Draft Remedial Investigation Report
Appendix F: BHHRA

September 23, 2009

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child
Beach User, Beach Sediment Exposure, 95% UCL/Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child
Beach User, Beach Sediment Exposure, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Child Beach User,
Beach Sediment Exposure, 95% UCL/Maximum Exposure

Calculation of Endpoint-Specific Hazard Indices - Child Beach User,
Beach Sediment Exposure, Mean Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Tribal
Fisher, Beach Sediment Exposure, 95% UCL/Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Tribal
Fisher, Beach Sediment Exposure, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Tribal Fisher, Beach
Sediment Exposure, 95% UCL/Maximum Exposure

Calculation of Endpoint-Specific Hazard Indices - Tribal Fisher, Beach
Sediment Exposure, Mean Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - High-
Frequency Fisher, Beach Sediment Exposure, 95% UCL/Maximum
Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - High-
Frequency Fisher, Beach Sediment Exposure, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - High-Frequency Fisher,
Beach Sediment Exposure, 95% UCL/Maximum Exposure

Calculation of Endpoint-Specific Hazard Indices - High-Frequency Fisher,
Beach Sediment Exposure, Mean Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Low-
Frequency Fisher, Beach Sediment Exposure, 95% UCL/Maximum
Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Low-
Frequency Fisher, Beach Sediment Exposure, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Low-Frequency Fisher,
Beach Sediment Exposure, 95% UCL/Maximum Exposure

Calculation of Endpoint-Specific Hazard Indices - Low-frequency Fisher,
Beach Sediment Exposure, Mean Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - In-water
Worker, In-water Sediment Exposure, 95% UCL/Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - In-water
Worker, In-water Sediment Exposure, Mean Exposure

DO NOT QUOTE OR CITE IX

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 Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

Table 5-32 Calculation of Endpoint-Specific Hazard Indices - In-water Worker, In-
water Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-33 Calculation of Endpoint-Specific Hazard Indices - In-water Worker, In-
water Sediment Exposure, Mean Exposure

Table 5-34 Calculation of Cancer Risks and Noncancer Hazard Quotients - Tribal
Fisher, In-water Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-35 Calculation of Cancer Risks and Noncancer Hazard Quotients - Tribal
Fisher, In-water Sediment Exposure, Mean Exposure

Table 5-36 Calculation of Endpoint-Specific Hazard Indices - Tribal Fisher, In-water
Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-37 Calculation of Endpoint-Specific Hazard Indices - Tribal Fisher, In-water
Sediment Exposure, Mean Exposure

Table 5-38 Calculation of Cancer Risks and Noncancer Hazard Quotients - High-
Frequency Fisher, In-water Sediment Exposure, 95% UCL/Maximum
Exposure

Table 5-39 Calculation of Cancer Risks and Noncancer Hazard Quotients - High-
Frequency Fisher, In-water Sediment Exposure, Mean Exposure

Table 5-40 Calculation of Endpoint-Specific Hazard Indices - High-Frequency Fisher,
In-water Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-41 Calculation of Endpoint-Specific Hazard Indices - High-Frequency Fisher,
In-water Sediment Exposure, Mean Exposure

Table 5-42 Calculation of Cancer Risks and Noncancer Hazard Quotients - Low-
Frequency Fisher, In-water Sediment Exposure, 95% UCL/Maximum
Exposure

Table 5-43 Calculation of Cancer Risks and Noncancer Hazard Quotients - Low-
Frequency Fisher, In-water Sediment Exposure, Mean Exposure

Table 5-44 Calculation of Endpoint-Specific Hazard Indices - Low-Frequency Fisher,
In-water Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-45 Calculation of Endpoint-Specific Hazard Indices - Low-Frequency Fisher,
In-water Sediment Exposure, Mean Exposure

Table 5-46 Calculation of Cancer Risks and Noncancer Hazard Quotients -
Commercial Diver in Wet Suit, In-water Sediment Exposure, 95%
UCL/Maximum Exposure

Table 5-47 Calculation of Cancer Risks and Noncancer Hazard Quotients -
Commercial Diver in Wet Suit, In-water Sediment Exposure, Mean
Exposure

Table 5-48 Calculation of Endpoint-Specific Hazard Indices - Commercial Diver in

Wet Suit, In-water Sediment Exposure, 95% UCL/Maximum Exposure

DO NOT QUOTE OR CITE X

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 Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

Table 5-49 Calculation of Endpoint-Specific Hazard Indices - Commercial Diver in
Wet Suit, In-water Sediment Exposure, Mean Exposure

Table 5-50 Calculation of Cancer Risks and Noncancer Hazard Quotients -
Commercial Diver in Dry Suit, In-water Sediment Exposure, 95%
UCL/Maximum Exposure

Table 5-51 Calculation of Endpoint-Specific Hazard Indices - Commercial Diver in
Dry Suit, In-water Sediment Exposure, 95% UCL/Maximum Exposure

Table 5-52 Calculation of Cancer Risks and Noncancer Hazard Quotients - Transient,
Surface Water Exposure, 95% UCL/Maximum Exposure

Table 5-53 Calculation of Cancer Risks and Noncancer Hazard Quotients - Transient,
Surface Water Exposure, Mean Exposure

Table 5-54 Calculation of Endpoint-Specific Hazard Indices - Transient, Surface
Water Exposure, 95% UCL/Maximum Exposure

Table 5-55 Calculation of Endpoint-Specific Hazard Indices - Transient, Surface
Water Exposure, Mean Exposure

Table 5-56 Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Recreational Beach User, Surface Water Exposure, 95% UCL/Maximum
Exposure

Table 5-57 Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Recreational Beach User, Surface Water Exposure, Mean Exposure

Table 5-58 Calculation of Endpoint-Specific Hazard Indices - Adult Recreational
Beach User, Surface Water Exposure, 95% UCL/Maximum Exposure

Table 5-59 Calculation of Endpoint-Specific Hazard Indices - Adult Recreational
Beach User, Surface Water Exposure, Mean Exposure

Table 5-60 Calculation of Cancer Risks and Noncancer Hazard Quotients - Child
Recreational Beach User, Surface Water Exposure, 95% UCL/Maximum
Exposure

Table 5-61 Calculation of Cancer Risks and Noncancer Hazard Quotients - Child

Recreational Beach User, Surface Water Exposure, Mean Exposure.

Table 5-62 Calculation of Endpoint-Specific Hazard Indices - Child Recreational
Beach User, Surface Water Exposure, 95% UCL/Maximum Exposure

Table 5-63 Calculation of Endpoint-Specific Hazard Indices - Child Recreational
Beach User, Surface Water Exposure, Mean Exposure.

Table 5-64 Calculation of Cancer Risks and Noncancer Hazard Quotients -
Commercial Diver in Wet Suit, Surface Water Exposure, 95%
UCL/Maximum Exposure

Table 5-65 Calculation of Cancer Risks and Noncancer Hazard Quotients -
Commercial Diver in Wet Suit, Surface Water Exposure, Mean Exposure

DO NOT QUOTE OR CITE Xi
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 Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

Table 5-66

Table 5-67

Table 5-68

Table 5-69

Table 5-70

Table 5-71

Table 5-72

Table 5-73

Table 5-74

Table 5-75

Table 5-76

Table 5-77

Table 5-78

Table 5-79

Table 5-80

Table 5-81

Calculation of Endpoint-Specific Hazard Indices - Commercial Diver in
Wet Suit, Surface Water Exposure, 95% UCL/Maximum Exposure

Calculation of Endpoint-Specific Hazard Indices - Commercial Diver in
Wet Suit, Surface Water Exposure, Mean Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients -
Commercial Diver in Dry Suit, Surface Water Exposure, 95%
UCL/Maximum Exposure

Calculation of Endpoint-Specific Hazard Indices - Commercial Diver in
Dry Suit, Surface Water Exposure, 95% UCL/Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Resident, Hypothetical Future Domestic Water Use, 95% UCL or
Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Resident, Hypothetical Future Domestic Water Use, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Adult Resident,
Hypothetical Future Domestic Water Use, 95% UCL or Maximum
Exposure

Calculation of Endpoint-Specific Hazard Indices - Adult Resident,
Hypothetical Future Domestic Water Use, Mean Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child
Resident, Hypothetical Future Domestic Water Use, 95% UCL or
Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child
Resident, Hypothetical Future Domestic Water Use, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Child Resident,
Hypothetical Future Domestic Water Use, 95% UCL or Maximum
Exposure

Calculation of Endpoint-Specific Hazard Indices - Child Resident,
Hypothetical Future Domestic Water Use, Mean Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Transient,
Groundwater Seep Exposure, 95% UCL/Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Transient,
Groundwater Seep Exposure, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Transient, Groundwater

Seep Exposure, 95% UCL/Maximum Exposure

Calculation of Endpoint-Specific Hazard Indices - Transient, Groundwater
Seep Exposure, Mean Exposure

DO NOT QUOTE OR CITE Xii
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

Lower Willamette Group

Table 5-82

Table 5-83

Table 5-84

Table 5-85

Table 5-86

Table 5-87

Table 5-88

Table 5-89

Table 5-90

Table 5-91

Table 5-92

Table 5-93

Table 5-94

Table 5-95

Table 5-96

Portland Harbor RI/FS

Draft Remedial Investigation Report
Appendix F: BHHRA

September 23, 2009

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Tribal Fish Consumption, Multi-Species Diet, 95% UCL or Maximum
Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Tribal Fish Consumption, Multi-Species Diet, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Adult Tribal Fish
Consumption, Multi-Species Diet, 95% UCL or Maximum Exposure

Calculation of Endpoint-Specific Hazard Indices - Adult Tribal Fish
Consumption, Multi-Species Diet, Mean Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child
Tribal Fish Consumption, Multi-Species Diet, 95% UCL or Maximum
Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child
Tribal Fish Consumption, Multi-Species Diet, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Child Tribal Fish
Consumption, Multi-Species Diet, 95% UCL or Maximum Exposure

Calculation of Endpoint-Specific Hazard Indices - Child Tribal Fish
Consumption, Multi-Species Diet, Mean Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult,
Fish Consumption, Single Species Diet, Smallmouth Bass, 95% UCL or
Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult,
Fish Consumption, Single Species Diet, Smallmouth Bass, Mean
Exposure

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Smallmouth Bass, 95% UCL or
Maximum Exposure, High Ingestion Rate (17.5 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Smallmouth Bass, Mean Exposure, ,
High Ingestion Rate (17.5 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Smallmouth Bass, 95% UCL or
Maximum Exposure, Higher Ingestion Rate (73 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Smallmouth Bass, Mean Exposure,
Higher Ingestion Rate (73 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Smallmouth Bass, 95% UCL or
Maximum Exposure, Highest Ingestion Rate (142 g/day)

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.

Xiii



LWG Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

Table 5-97 Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Smallmouth Bass, Mean Exposure,
Highest Ingestion Rate (142 g/day)

Table 5-98 Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult,
Fish Consumption, Single Species Diet, Common Carp, 95% UCL or
Maximum Exposure

Table 5-99 Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult,
Fish Consumption, Single Species Diet, Common Carp, Mean Exposure

Table 5-100 Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Common Carp, 95% UCL or
Maximum Exposure, High Ingestion Rate (17.5 g/day)

Table 5-101 Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Common Carp, Mean Exposure, High
Ingestion Rate (17.5 g/day)

Table 5-102 Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Common Carp, 95% UCL or
Maximum Exposure, Higher Ingestion Rate (73 g/day)

Table 5-103 Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Common Carp, Mean Exposure,
Higher Ingestion Rate (73 g/day)

Table 5-104 Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Common Carp, 95% UCL or
Maximum Exposure, Highest Ingestion Rate (142 g/day)

Table 5-105 Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Common Carp, Mean Exposure,
Highest Ingestion Rate (142 g/day)

Table 5-106 Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult,
Fish Consumption, Single Species Diet, Brown Bullhead, 95% UCL or
Maximum Exposure

Table 5-107 Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult,
Fish Consumption, Single Species Diet, Brown Bullhead, Mean Exposure

Table 5-108 Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Brown Bullhead, 95% UCL or
Maximum Exposure, High Ingestion Rate (17.5 g/day)

Table 5-109 Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Brown Bullhead, Mean Exposure,
High Ingestion Rate (17.5 g/day)

DO NOT QUOTE OR CITE Xiv
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 Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

Table 5-110

Table 5-111

Table 5-112

Table 5-113

Table 5-114

Table 5-115

Table 5-116

Table 5-117

Table 5-118

Table 5-119

Table 5-120

Table 5-121

Table 5-122

Table 5-123

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Brown Bullhead, 95% UCL or
Maximum Exposure, Higher Ingestion Rate (73 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Brown Bullhead, Mean Exposure,
Higher Ingestion Rate (73 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Brown Bullhead, 95% UCL or
Maximum Exposure, Highest Ingestion Rate (142 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Brown Bullhead, Mean Exposure,
Highest Ingestion Rate (142 g/day)

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult,
Fish Consumption, Single Species Diet, Black Crappie, 95% UCL or
Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult,
Fish Consumption, Single Species Diet, Black Crappie, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Black Crappie, 95% UCL or
Maximum Exposure, High Ingestion Rate (17.5 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Black Crappie, Mean Exposure, High
Ingestion Rate (17.5 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Black Crappie, 95% UCL or
Maximum Exposure, Higher Ingestion Rate (73 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Black Crappie, Mean Exposure,
Higher Ingestion Rate (73 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Black Crappie, 95% UCL or
Maximum Exposure, Highest Ingestion Rate (142 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Single Species Diet, Black Crappie, Mean Exposure,
Highest Ingestion Rate (142 g/day)

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult,
Fish Consumption, Multi-Species Diet, 95% UCL or Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult,
Fish Consumption, Multi-Species Diet, Mean Exposure

DO NOT QUOTE OR CITE XV

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

Lower Willamette Group

Table 5-124

Table 5-125

Table 5-126

Table 5-127

Table 5-128

Table 5-129

Table 5-130

Table 5-131

Table 5-132

Table 5-133

Table 5-134

Table 5-135

Table 5-136

Portland Harbor RI/FS

Draft Remedial Investigation Report
Appendix F: BHHRA

September 23, 2009

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Multi-Species Diet, 95% UCL or Maximum Exposure,
High Ingestion Rate (17.5 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Multi-Species Diet, Mean Exposure, High Ingestion Rate
(17.5 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Multi-Species Diet, 95% UCL or Maximum Exposure,
Higher Ingestion Rate (73 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Multi-Species Diet, Mean Exposure, Higher Ingestion Rate
(73 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Multi-Species Diet, 95% UCL or Maximum Exposure,
Highest Ingestion Rate (142 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult, Fish
Consumption, Multi-Species Diet, Mean Exposure, Highest Ingestion Rate
(142 g/day)

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child,
Fish Consumption, Single Species Diet, Smallmouth Bass, 95% UCL or
Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child,
Fish Consumption, Single Species Diet, Smallmouth Bass, Mean
Exposure

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Smallmouth Bass, 95% UCL or
Maximum Exposure, High Ingestion Rate (7 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Smallmouth Bass, Mean Exposure,
High Ingestion Rate (7 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Smallmouth Bass, 95% UCL or
Maximum Exposure, Higher Ingestion Rate (31 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Smallmouth Bass, Mean Exposure,
Higher Ingestion Rate (31 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Smallmouth Bass, 95% UCL or
Maximum Exposure, Highest Ingestion Rate (60 g/day)

DO NOT QUOTE OR CITE XVi

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

Lower Willamette Group

Table 5-137

Table 5-138

Table 5-139

Table 5-140

Table 5-141

Table 5-142

Table 5-143

Table 5-144

Table 5-145

Table 5-146

Table 5-147

Table 5-148

Table 5-149

Portland Harbor RI/FS

Draft Remedial Investigation Report
Appendix F: BHHRA

September 23, 2009

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Smallmouth Bass, Mean Exposure,
Highest Ingestion Rate (60 g/day)

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child,
Fish Consumption, Single Species Diet, Common Carp, 95% UCL or
Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child,
Fish Consumption, Single Species Diet, Common Carp, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Common Carp, 95% UCL or
Maximum Exposure, High Ingestion Rate (7 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Common Carp, Mean Exposure, High
Ingestion Rate (7 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Common Carp, 95% UCL or
Maximum Exposure, Higher Ingestion Rate (31 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Common Carp, Mean Exposure,
Higher Ingestion Rate (31 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Common Carp, 95% UCL or
Maximum Exposure, Highest Ingestion Rate (60 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Common Carp, Mean Exposure,
Highest Ingestion Rate (60 g/day)

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child,
Fish Consumption, Single Species Diet, Brown Bullhead, 95% UCL or
Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child,
Fish Consumption, Single Species Diet, Brown Bullhead, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Brown Bullhead, 95% UCL or
Maximum Exposure, High Ingestion Rate (7 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Brown Bullhead, Mean Exposure,
High Ingestion Rate (7 g/day)

DO NOT QUOTE OR CITE XVii

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 Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

Table 5-150

Table 5-151

Table 5-152

Table 5-153

Table 5-154

Table 5-155

Table 5-156

Table 5-157

Table 5-158

Table 5-159

Table 5-160

Table 5-161

Table 5-162

Table 5-163

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Brown Bullhead, 95% UCL or
Maximum Exposure, Higher Ingestion Rate (31 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Brown Bullhead, Mean Exposure,
Higher Ingestion Rate (31 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Brown Bullhead, 95% UCL or
Maximum Exposure, Highest Ingestion Rate (60 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Brown Bullhead, Mean Exposure,
Highest Ingestion Rate (60 g/day)

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child,
Fish Consumption, Single Species Diet, Black Crappie, 95% UCL or
Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child,
Fish Consumption, Single Species Diet, Black Crappie, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Black Crappie, 95% UCL or
Maximum Exposure, High Ingestion Rate (7 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Black Crappie, Mean Exposure, High
Ingestion Rate (7 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Black Crappie, 95% UCL or
Maximum Exposure, Higher Ingestion Rate (31 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Black Crappie, Mean Exposure,
Higher Ingestion Rate (31 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Black Crappie, 95% UCL or
Maximum Exposure, Highest Ingestion Rate (60 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Single Species Diet, Black Crappie, Mean Exposure,
Highest Ingestion Rate (60 g/day)

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child,
Fish Consumption, Multi-Species Diet, 95% UCL or Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Child,
Fish Consumption, Multi-Species Diet, Mean Exposure

DO NOT QUOTE OR CITE XViii
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

Lower Willamette Group

Table 5-164

Table 5-165

Table 5-166

Table 5-167

Table 5-168

Table 5-169

Table 5-170

Table 5-171

Table 5-172

Table 5-173

Table 5-174

Table 5-175

Table 5-176

Table 5-177

Table 5-178

Portland Harbor RI/FS

Draft Remedial Investigation Report
Appendix F: BHHRA

September 23, 2009

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Multi-Species Diet, 95% UCL or Maximum Exposure,
High Ingestion Rate (7 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Multi-Species Diet, Mean Exposure, High Ingestion Rate (7

g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Multi-Species Diet, 95% UCL or Maximum Exposure,
Higher Ingestion Rate (31 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Multi-Species Diet, Mean Exposure, Higher Ingestion Rate
(31 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Multi-Species Diet, 95% UCL or Maximum Exposure,
Highest Ingestion Rate (60 g/day)

Calculation of Endpoint-Specific Hazard Indices - Child, Fish
Consumption, Multi-Species Diet, Mean Exposure, Highest Ingestion Rate
(60 g/day)

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Clam Consumption, 95% UCL or Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Clam Consumption, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Adult Clam
Consumption, 95% UCL or Maximum Exposure, Medium Ingestion Rate
(3.3 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult Clam
Consumption, Mean Exposure, Medium Ingestion Rate (3.3 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult Clam
Consumption, 95% UCL or Maximum Exposure, High Ingestion Rate (18
g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult Clam
Consumption, Mean Exposure, High Ingestion Rate (18 g/day)

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Crayfish Consumption, 95% UCL or Maximum Exposure

Calculation of Cancer Risks and Noncancer Hazard Quotients - Adult
Crayfish Consumption, Mean Exposure

Calculation of Endpoint-Specific Hazard Indices - Adult Crayfish
Consumption, 95% UCL or Maximum Exposure, Medium Ingestion Rate
(3.3 g/day)

DO NOT QUOTE OR CITE XiX

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

Lower Willamette Group

Table 5-179

Table 5-180

Table 5-181

Table 5-182

Table 5-183

Table 5-184

Table 5-185

Table 5-186

Table 5-187
Table 6-1

Table 6-2
Table 6-3
Table 6-4
Table 7-1
Table 7-2

Table 7-3

Table 7-4

Table 7-5

Table 7-6
Table 8-1

Portland Harbor RI/FS

Draft Remedial Investigation Report
Appendix F: BHHRA

September 23, 2009

Calculation of Endpoint-Specific Hazard Indices - Adult Crayfish
Consumption, Mean Exposure, Medium Ingestion Rate (3.3 g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult Crayfish
Consumption, 95% UCL or Maximum Exposure, High Ingestion Rate (18

g/day)

Calculation of Endpoint-Specific Hazard Indices - Adult Crayfish
Consumption, Mean Exposure, High Ingestion Rate (18 g/day)

Summary of Cumulative Cancer Risks and Noncancer Hazard Quotients
from Multiple Exposure Scenarios, 95% UCL or Maximum Exposures

Summary of Cumulative Cancer Risks and Noncancer Hazard Quotients
from Multiple Exposure Scenarios, Mean Exposures

Summary of Cumulative Cancer Risks and Noncancer Hazard Quotients
for Multiple Diver Exposure Scenarios, 95% UCL or Maximum
Exposures

Summary of Cumulative Cancer Risks and Noncancer Hazard Quotients
for Multiple Diver Exposure Scenarios, Mean Exposures

Ranges of Estimated Cumulative Excess Lifetime Cancer Risks and
Hazard Indices for Portland Harbor Human Health Scenarios

Preliminary Chemicals of Concern for Human Health

Screening Evaluation of Surface Water Concentrations Against Ambient
Water Quality Criteria

Initial Screening Evaluation of Shallow Transition Zone Water Data
Screening Evaluation of Estimated Surface Water Concentrations
Bioaccumulation Screening Evaluation of Transition Zone Water
Uncertainties Evaluated in the Baseline Human Health Risk Assessment

Comparison of Detection Limits of Undetected Analytes in Sediment to
LWG Analytical Concentration Goals

Comparison of Detection Limits of Undetected Analytes in Fish and
Shellfish Tissue to LWG Analytical Concentration Goals

Comparison of Detection Limits of Undetected Analytes in the
Groundwater Seep to LWG Analytical Concentration Goals

Comparison of Detection Limits of Undetected Analytes in Human Health
Surface Water Samples to LWG Analytical Concentration Goals

Clam Samples Missing Analytes
Chemicals of Concern for Human Health

DO NOT QUOTE OR CITE XX

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

Lower Willamette Group

Figure 3-1
Figure 7-1

Figure 8-1
Figure 8-2

Figure 8-3
Figure 8-4

Figure 8-5

Figure 8-6

Portland Harbor RI/FS

Draft Remedial Investigation Report
Appendix F: BHHRA

September 23, 2009

LIST OF FIGURES

Human Health Risk Assessment Conceptual Site Model

Concentration Ratios For Smallmouth Bass Collected at East and West
Sides of River

Ranges of Mean Exposure Cumulative Cancer Risk, by Medium

Ranges of Mean Exposure Toxicity Endpoint-Specific Hazard Indexes,, by
Medium

Ranges of 95% UCL or Maximum Exposure Cancer Risk, by Medium

Ranges of 95% UCL or Maximum Exposure Toxicity Endpoint-Specific
Hazard Indexes, by Medium

Relative Contribution of Individual Analytes to Cumulative Site-Wide
Risk for Adult Fish Consumption Scenario

Relative Contribution of Individual Analytes to Cumulative Site-Wide
Risk for Adult Tribal Fisher Scenario

DO NOT QUOTE OR CITE XXI

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

Lower Willamette Group Draft Remedial Investigation Report

Map

Map

Map

Map

Map

Map

Map

Map

Map

Map

Map

Map

Map

Map

Map

Map

1-1.

2-1.

2-2.

2-3.

2-4.

2-5.

2-1.

2-8.

5-1.

5-6.

5-7.

Portland Harbor RI/FS

Appendix F: BHHRA
September 23, 2009

LIST OF MAPS
Study Area Boundary for Baseline Human Health Risk Assessment

Designated Potential Human Use Areas and Associated Beach Sediment
Sample Locations

Sample Locations for Assessment of Direct Contact With In-water Sediment

Sample Locations for Assessment of Direct Contact With Surface Water by
Transients and Recreational Beach Users

Sample Location for Assessment of Direct Contact With Surface Water by
Divers

Sample Locations for Assessment of Direct Contact With Groundwater Seep

Sample Locations for Assessment of Smallmouth Bass and Carp Tissue
Ingestion

Sample Locations for Assessment of Shellfish Tissue Ingestion

Sample Locations for Assessment of Surface Water for Hypothetical Future
Domestic Use (Untreated)

Exposure Areas of Cumulative Risk > 10 or Hazard Index > 1, Direct
Contact Beach Sediment, RME and CT Scenarios

Exposure Areas of Cumulative Risk > 10™ or Hazard Index > 1, Direct
Contact Beach Sediment, RME and CT Scenarios

Exposure Areas of Cumulative Risk > 10 or Hazard Index > 1 Excluding
Risk from Background Arsenic, Direct Contact with Beach Sediment, RME
and CT Scenarios

Exposure Areas of Cumulative Risk > 10 or Hazard Index > 1, Direct
Contact In-water Sediment, RME and CT Scenarios

Exposure Areas of Cumulative Risk > 10™ or Hazard Index > 1, Direct
Contact In-water Sediment, RME Scenarios

Exposure Areas of Cumulative Risk > 10 or Hazard Index > 1, Direct
Contact In-water Sediment, RME Scenarios

Exposure Areas of Cumulative Risk >10° or Hazard Index > 1, Smallmouth
Bass Whole Body Tissue Ingestion Scenarios, High and Highest Consumption
Rates
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Exposure Areas of Cumulative Risk >10 or Hazard Index > 1, Smallmouth
Bass Whole Body Tissue Ingestion Scenarios, High and Highest Consumption
Rates

Exposure Areas of Cumulative Risk >10° or Hazard Index > 1, Common
Carp Whole Body Tissue Ingestion Scenarios, High and Highest Consumption
Rates

Exposure Areas of Cumulative Risk >10™ or Hazard Index > 1, Common
Carp Whole Body Tissue Ingestion Scenarios, High and Highest Consumption
Rates

Exposure Areas of Cumulative Risk >10 or Hazard Index > 1, Brown
Bullhead Whole Body Tissue Ingestion Scenarios, High and Highest
Consumption Rates

Exposure Areas of Cumulative Risk >10™ or Hazard Index > 1, Brown
Bullhead Whole Body Tissue Ingestion Scenarios, High and Highest
Consumption Rate

Exposure Areas of Cumulative Risk >10°® or Hazard Index > 1, Black Crappie
Whole Body Tissue Ingestion Scenarios, High and Highest Consumption
Rates

Exposure Areas of Cumulative Risk >10™ or Hazard Index > 1, Black Crappie
Whole Body Tissue Ingestion Scenarios, High and Highest Consumption
Rates

Exposure Areas of Cumulative Risk >10° or Hazard Index > 1, Shellfish
Ingestion Scenarios, High and Medium Consumption Rates, 95% UCL/Max
EPCs

Exposure Areas of Cumulative Risk >10™ or Hazard Index > 1, Shellfish
Ingestion Scenarios, High and Medium Consumption Rates, 95% UCL/Max
EPCs

Exposure Areas of Cumulative Risk >10™ or Hazard Index > 1, Shellfish
Ingestion Scenarios, High and Medium Consumption Rates, 95% UCL/Max
EPCs

Surface Water Exceedances of Human Health Ambient Water Quality Criteria
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LIST OF ACRONYMS

ACG analytical concentration goal

ALM Adult Lead Methodology

ATSDR Agency for Toxic Substances and Disease Registry
AWQC Ambient Water Quality Criteria

BEHP Bis 2-ethylhexyl phthalate

BERA baseline ecological risk assessment

BHHRA baseline human health risk assessment

Cal EPA California Environmental Protection Agency

CDC Centers for Disease Control

CDI chronic daily intake

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
cm centimeter

cm/hr centimeters per hour
CNS central nervous system
CcocC chemical of concern
Col chemical of interest
COPC chemical of potential concern
CRITFC Columbia River Inter-tribal Fish Commission
CSM conceptual site model
CT central tendency
DAGvent absorbed dose per event
DDD dichlorodiphenyldichloroethane
DDE dichlorodiphenyldichloroethylene
DDT dichlorodiphenyltrichloroethane
delta-HCH  delta-hexachlorocyclohexane
DEQ Oregon Department of Environmental Quality
DL detection limit
DQO data quality objective
E east
EPA United States Environmental Protection Agency
EPC exposure point concentration
EPD effective predictive domain
FS feasibility study
g/day grams per day
Gl gastrointestinal
GSI Groundwater Solutions, Inc.
HEAST Health Effects Assessment Summary Table
HHRA human health risk assessment
HI hazard index
HQ hazard quotient
IEUBK Integrated Exposure Uptake Biokinetic
IRIS Integrated Risk Information System
ISA initial study area
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XAD XAD-2 Infiltrex™ 300 system
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GLOSSARY
Term Definition
bioaccumulation the accumulation of a substance in an organism
bioconcentration the concentration of a chemical in the tissues of an organism
factor divided by the concentration in water
central tendency a measure of the middle or expected value of a dataset

chemical of concern  the subset of chemicals of potential concern with exposure
concentrations that exceed EPA target risk levels

chemical of interest ~ chemical detected in the Study Area for all exposure media (i.e.,
surface water, transition zone water, sediment, and tissue)

chemical of potential the subset of chemicals of interest with maximum detected
concern concentrations that are greater than screening levels

composite sample an analytical sample created by mixing together two or more
individual samples; tissue composite samples are composed of
two or more individual organisms, and sediment composite
samples are composed of two or more individual sediment grab
samples

conceptual site model a description of the links and relationships between chemical
sources, routes of release or transport, exposure pathways, and
the human receptors at a site

congener a specific chemical within a group of structurally related
chemicals (e.g., PCB congeners)

human health risk a process to evaluate the likelihood that adverse effects to human
assessment health might occur or are occurring as a result of exposure to one
or more contaminants

dose the quantity of an contaminant taken in or absorbed at any one
time, expressed on a body weight-specific basis; units are
generally expressed as mg/kg bw/day

empirical data data quantified in a laboratory

exposure assessment  the part of a risk assessment that characterizes the chemical
exposure of a receptor

exposure pathway physical route by which a contaminant moves from a source to a
human receptor
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Term

Definition

exposure point
exposure point
concentration
exposure area
hazard quotient

predicted data

reasonable maximum
exposure

receptor

risk

risk characterization

slope factor

Study Area

the location or circumstances in which a human receptor is
assumed to contact a contaminant

the value that represents the estimated concentration of a
contaminant at the exposure point

size of the area throughout which a receptor might come in
contact with an contaminant as determined by human uses

the quotient of the exposure level of a chemical divided by the
toxicity value based on noncarcinogenic effects (i.e., reference
dose).

data not quantified in a laboratory but estimated using a model

the maximum exposure reasonably expected to occur in a
population

The exposed individual relative to the exposure pathway
considered.

the likelihood that a specific human receptor experiences a
particular adverse effect from exposure to contaminants from a
hazardous waste site; the severity of risk increases if the severity
of the adverse effect increases or if the chance of the adverse
effect occurring increases. Specifically for carcinogenic effects,
risk is estimated as the incremental probability of an individual
developing cancer over a lifetime as a result of exposure to a
potential carcinogen. Specifically for noncarcinogenic
(systemic) effects, risk is not expressed as a probability but
rather is evaluated by comparing an exposure level over a period
of time to a reference dose derived for a similar exposure period.

a part of the risk assessment process in which exposure and
effects data are integrated in order to evaluate the likelihood of
associated adverse effects

toxicity value for evaluating the probability of an individual
developing cancer from exposure to contaminant levels over a
lifetime.

the portion of the Lower Willamette River that extends from
River Mile 1.9 to River Mile 11.8
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Term Definition
toxic equivalency numerical values developed by the World Health Organization
factor that quantify the toxicity of dioxin, furan, and dioxin-like PCB

congeners relative to 2,3,7,8-tetrachlorodibenzodioxin

transition zone water porewater associated with the upper layer of the sediment
column; may contain both groundwater and surface water

uncertainty a component of risk resulting from imperfect knowledge of the
degree of hazard or of its spatial and temporal distribution.

upper confidence a conservative high-end statistical measure of central tendency
limit on the mean

variability a component of risk resulting from true heterogeneity in
exposure variables or responses, such as dose-response
differences within a population or differences in contaminant
levels in the environment
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EXECUTIVE SUMMARY

The baseline human health risk assessment (BHHRA) was conducted as part of the
Remedial Investigation Report (Rl Report) to identify chemicals and exposure
pathways that may result in potential unacceptable risks and to focus on those that are
predicted to have the highest contribution to the estimated risk at the Portland Harbor
Superfund Site (Site), consistent with the requirements of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA). The results
of the BHHRA are used to develop remedial action objectives and to assist in risk
management decisions for the Site. Figure E-1 presents an overview of how the
development and production of the BHHRA fits in with the overall Remedial

Investigation/Feasibility Study (RI/FS) process for the Portland Harbor Superfund
site.

Figure E-1 Portland Harbor RI/FS Process and BHHRA
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The general objective of the BHHRA was to assess the potential risks to human
health from exposure to chemicals present in or entering into environmental media
(i.e., water or sediment) or bioaccumulating in the food chain. Specifically, this
included evaluating whether exposure to chemicals in sediment, surface water,
groundwater seeps, or biota may result in unacceptable risks to human health.

The BHHRA followed the approach that was documented in the Programmatic Work
Plan (Integral et al. 2004) and subsequent interim deliverables. It also reflects
numerous discussions, directives, and agreements on risk assessment techniques for
the Site with or from the United States Environmental Protection Agency (EPA),
Oregon Department of Environmental Quality (DEQ), Oregon Department of Human
Services (ODHS), and Native American Tribes. To minimize the chances of
underestimating risks, the BHHRA incorporated conservative, health-protective
assumptions into the identification of exposure scenarios, the estimates of exposure,
and the use of toxicity values.

Industrial use of Portland Harbor and adjacent areas of the Lower Willamette River
(LWR) has been extensive. Portland Harbor generally refers to a heavily
industrialized reach of the LWR between river mile (RM) 0 and RM 11.8, the extent
of the navigation channel. The approximate 10-mile portion of Portland Harbor from
RM 1.9 to 11.8 is referred to as the Study Area, which is the focus of the BHHRA.
Potential human uses of Portland Harbor were considered in identifying the exposure
scenarios and exposure media for evaluation in the BHHRA.

ES.1 BHHRA DATASET

The BHHRA dataset includes only those matrices relevant for direct human health
exposure pathways that were quantitatively evaluated: surface sediment (0 to 30.5
centimeter (cm) in depth), surface water, groundwater seep water, clam and crayfish
tissue, and fish tissue. Transition zone water (TZW) data were used in loading
calculations to estimate surface water concentrations that were compared with surface
water screening levels, but were not included in the risk characterization because
there are no complete direct exposure pathways for humans to TZW. Other matrices
included in the site characterization and risk assessment (SCRA) dataset (e.g.,
subsurface sediment) were not evaluated in the BHHRA because they were not
relevant to the exposure scenarios evaluated. Although the BHHRA focused on the
Study Area, data from outside the Study Area, from downstream to RM 1.0, including
Multnomah Channel, and upstream to RM 12.2, were also used to assess risk, per an
agreement with EPA. The following summarizes the data used in the BHHRA by
medium:

e Beach sediment: Composite beach sediment samples that were collected from
designated human use areas within the Study Area were included in the
BHHRA dataset.
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¢ In-water sediment: In-water sediment (i.e., not beach sediment) samples that
were collected from the top 30.5 cm in depth between the bank and the
navigation channel were included in the BHHRA dataset.

e Surface water: All Round 2 and Round 3 surface water data collected within
the Study Area and in Multnomah Channel were included in the BHHRA
dataset.

e Groundwater seep: Data from Outfall 22B, which discharges in a potential
human use area, were included in the BHHRA dataset. Samples collected
from this outfall as part of a stormwater sampling event were excluded from
the BHHRA groundwater seep dataset.

o Fish tissue: Composite samples, both whole body and fillet with skin (fillet
without skin samples were analyzed for mercury only), of target resident fish
species (smallmouth bass, brown bullhead, black crappie, and common carp)
were included in the BHHRA dataset. Composite samples of adult Chinook
salmon (whole body, fillet with skin, and fillet without skin), adult lamprey
(whole body only), and sturgeon (fillet without skin only) were also included
in the BHHRA dataset.

o Shellfish tissue: Field-collected composite samples of crayfish and clam tissue
(depurated and undepurated) were included in the BHHRA dataset.

ES.2 BHHRA EXPOSURE SCENARIOS

The BHHRA evaluated the following exposure scenarios, as provided in the approved
Programmatic Work Plan and subsequent agreements with or directives from the EPA
related to the BHHRA approach:

Beach In-water Surface Groundwater Fish/
Sediment: | Sediment: Water: Seeps Shellfish:

Ingestion and | Ingestion and Ingestion and | Ingestion and Ingestion
dermal dermal dermal dermal
absorption absorption absorption absorption
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e Dockside worker — direct exposure to (i.e., ingestion of and dermal contact
with) beach sediment.

e In-water worker — direct exposure to in-water sediment.

e Transient — direct exposure to beach sediment, surface water (for bathing and
drinking water scenarios), and groundwater seeps.

e Adult and child recreational beach user — direct exposure to beach sediment
and surface water (for swimming scenarios).

e Tribal fisher — direct exposure to beach sediment or in-water sediment, and
fish consumption.

e Fisher — direct exposure to beach sediment or in-water sediment, fish
consumption, and shellfish consumption.

e Diver — direct exposure to in-water sediment and surface water.

A hypothetical future resident was also included as an exposure scenario, as per
direction by the EPA, to evaluate the domestic use of untreated surface water
(ingestion and dermal contact), even though there are no known or anticipated future
uses of the LWR within Portland Harbor as a domestic water source. Divers and
clam consumption by fishers were not included in the original Programmatic Work
Plan but were included in the BHHRA as directed by EPA. Asian clams (Corbicula
sp.) are the only clam species that were found in the Study Area during sampling
events and were evaluated for shellfish consumption in the BHHRA. Harvest and
possession of Asian clams is illegal in the State of Oregon, and although
conversations with transients indicated shellfish may be eaten during their limited
time in an area (Wagner 2004), there is no documentation of ongoing shellfish
consumption by humans occurring in the Study Area.

Scenarios included in the BHHRA at the direction of EPA include:

e Exposure to untreated surface water as a domestic water source by a
hypothetical future resident

e Clam tissue ingestion

e Exposure to in-water sediment and surface water by commercial divers

ES.3 BHHRA EXPOSURE ASSESSMENT

The exposure assessment incorporated the reasonable maximum exposure (RME)
approach described by EPA (1989). The RME is intended to be a conservative
exposure level that is still within the range of possible exposures. Consistent with
EPA (1989), the exposure assessment also used central tendency (CT) values, which
represent average exposures, for certain exposure assumptions. However, for some
exposure scenarios, such as fish consumption, the exposure assumptions were based
on upper-bound (i.e., 90", 95", and 99™) percentiles only, at the direction of EPA.

DO NOT QUOTE OR CITE 4
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 Portland Harbor RI/FS
Lower Willamette Group Draft Remedial Investi'gation Report
Appendix F: BHHRA

September 23, 2009

Exposure point concentrations (EPCs) were calculated for media and pathways that
were evaluated quantitatively in this BHHRA. The EPCs used in this BHHRA
incorporate CT and RME methods.

EPCs for sediment, surface water, and tissue were calculated for individual exposure
areas and on a Study Area wide basis. The spatial scale of the individual exposure
areas and the resulting data included in the calculation of those EPCs were
predetermined through discussions with EPA based on assumptions about potential
human uses as well as the species’ home ranges in the case of tissue EPCs. Exposure
areas were designated throughout the Study Area based on the predetermined spatial
scales, regardless of the feasibility or practicality of use of the actual areas.

Assumptions about each population evaluated in the BHHRA were used to select
exposure parameters to calculate the pathway-specific chemical intakes. Site-specific
values are not available for all populations and pathways. Therefore, default values
were used where site-specific values are not available. Where default values are not
available, best professional judgment based on knowledge of human uses of the Study
Area or requirements from EPA were used. Because many of the exposure scenarios
that were evaluated in the BHHRA are highly variable and do not have standard
default exposure factors, uncertainties associated with the exposure factors are
anticipated to have significant impacts on the risk estimates.

ES.4 BHHRA TOXICITY ASSESSMENT

Toxicity values provide a quantitative estimate of the potential for adverse effects
resulting from exposure to a chemical. Cancer and noncancer toxicity values are used
in human health risk assessments to quantify the likelihood of adverse effects
occurring at different levels of exposure to a chemical. Toxicity values are often
based on the results of animal studies, and the extrapolation of toxicological data
from animal studies to humans can be one of the largest sources of uncertainty in a
risk assessment. Uncertainty or variability factors, which typically range from two to
three orders of magnitude (100 to 1,000 times), are often used by EPA in deriving
toxicity values for human health given the uncertainties in the toxicological data. As
a result, actual risks within the Study Area could be lower than the potential risk
estimates calculated in the BHHRA.

Some toxicity values are based on exposure to chemical mixtures and not to
individual chemicals. This is because these chemicals are commonly present as
mixtures in the environment, and the individual components of the mixtures have
similar modes of toxicity (such as dioxins). The chemicals that were evaluated in the
BHHRA for toxicity as mixtures include: chlordanes;
dichlorodiphenyldichloroethane (DDD), dichlorodiphenyldichloroethylene (DDE),
and dichlorodiphenyltrichloroethane (DDT); endosulfan; polychlorinated biphenyl
(PCBs); and dioxins and furans.
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ES.5 BHHRA RISK CHARACTERIZATION

Consistent with DEQ (DEQ 2000a) and EPA guidance (EPA 1989), noncarcinogenic
and carcinogenic effects were evaluated separately in the BHHRA. To characterize
potential noncarcinogenic effects, comparisons were made between projected intakes
of substances and toxicity values. To characterize potential carcinogenic effects,
projected intakes and chemical-specific, dose-response data were used to estimate the
probability that an individual will develop cancer over a lifetime of exposure.

Hazard quotients (HQs) were calculated for noncarcinogenic COPCs to estimate the
potential for noncarcinogenic effects. The HQs with common toxicological endpoints
were then summed to yield hazard indices (HIs) for each exposure area and for the
entire Study Area. Estimated HIs were compared to a target HI of 1, below which
remedial action at a Superfund site is generally not warranted (EPA 1991a).

As shown in Figure E-2, the exposure pathway with the highest range of HI estimates
is consumption of fish tissue. For the most part, exposure scenarios other than fish
and shellfish consumption did not exceed a target HI of 1. The ranges of HI estimates
are due to the evaluation of different exposure areas, RME and CT scenarios for
sediment and water, and multiple ingestion rates and diets for tissue consumption. For
example, the range of HI estimates for tissue, presented in Figure E-2 below,
encompass results for both adult and child consumers, results from three different
ingestion rates for each receptor, and results from five different diet compositions.
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Kp dermal permeability coefficient
I/day liters per day
LADI lifetime average daily intake
LWG Lower Willamette Group
LWR Lower Willamette River
ug/di microgram per deciliter
ug/kg microgram per kilogram
ug/l microgram per liter
MCL Maximum Contaminant Level
mg/kg milligram per kilogram
ml/day milliliters per day
ml/hr milliliters per hour
MRL method reporting limit
NHANES National Health and Nutrition Evaluation Survey
NLM National Library of Medicine
ODFW Oregon Department of Fish and Wildlife
ODHS Oregon Department of Human Services
pao/g picograms per gram
PAH polycyclic aromatic hydrocarbon
PBDE polybrominated diphenyl ether
PCB polychlorinated biphenyl
PEF potency equivalency factor
PPRTV Provisional Peer Reviewed Toxicity Value
PRG preliminary remediation goal
RBC risk-based concentration
RfD reference dose
RG remediation goal
RI/FS remedial investigation/feasibility study
RM river mile
RME reasonable maximum exposure
RSL Regional Screening Level
SCRA site characterization and risk assessment
SF slope factor
STSC Superfund Health Risk Technical Support Center
SVOC semivolatile organic compound
TCDD tetrachlorodibenzo-p-dioxin
TEF toxic equivalency factor
TEQ toxic equivalent
TZW transition zone water
UCL upper confidence limit
95% UCL/max 95% UCL or maximum
USDA United States Department of Agriculture
vVOC volatile organic compound
W west
WHO World Health Organization
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Figure E-2
Ranges for 95% UCL or Maximum Exposure
Toxicity Endpoint-Specific Hazard Indexes, by Medium
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Potential cancer risks were calculated for carcinogenic COPCs. This calculated risk
is expressed as the probability of an individual developing cancer over a lifetime as a
result of exposure to the potential carcinogen, and is a conservative, health protective
estimate of the incremental probability of excess individual lifetime cancer risk.
Estimated total cancer risks (summed across all chemicals) were compared to a 10
to 10°° risk range, which is the “target range” within which the EPA strives to manage
risk as a part of the Superfund program (EPA 1991a). The DEQ acceptable risk
levels are 1 x 10°® for individual carcinogens and 1 x 10™ for total cancer risks.

As shown below in Figure E-3, the exposure pathway with the highest range of
cancer risk estimates is consumption of fish tissue. For the most part, exposure
scenarios other than fish and shellfish consumption were within or below the target
risk range of 10 to 10°. The ranges of cancer risk estimates are due to the
evaluation of different exposure areas, RME and CT scenarios for sediment and
water, and multiple ingestion rates and diets for tissue consumption.
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Figure E-3
Ranges for 95% UCL or Maximum Exposure
Cumulative Cancer Risk, by Medium
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For both cancer risks and noncancer hazards, the maximum estimates are for fish
consumption and represent the highest consumption rate, the 95% UCL or maximum
tissue concentrations, and localized exposure areas. The following summarizes the
assumptions associated with the highest risk estimates:

o Fish ingestion rate. The highest ingestion rates for adult tribal fishers and
adult fishers (175 and 142 g/day, respectively) are equivalent to 23 and 19
meals per month, respectively, based on an 8-ounce serving size, every month
of the year exclusively of fish caught within the Study Area.

o Exposure duration. Fish consumption is assumed to occur at that same rate
every month of every year for 30 years for adult fishers and 70 years for tribal
fishers.

o Whole body tissue. Only whole body tissue (i.e., the entire fish) is
consumed.

o Single species. For non-tribal fishers, only one species (i.e., common carp) is
consumed.

o Source of fish. 100 percent of the fish consumed is caught/harvested from
the same location.
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In addition to the uncertainty associated with the exposure assumptions listed above,
there are uncertainties associated with the cooking and preparation methods for fish
consumption and background contributions of chemicals of concern (COCs) to the
Study Area. Possible effects of cooking methods, which can reduce concentrations of
lipophilic chemicals in fish tissue, were not considered. PCB concentrations have
been shown to be reduced up to 87 percent (Wilson et al. 1998) with various cooking
methods. In estimating the risks in this BHHRA, the conservative assumptions
regarding fish consumption were multiplied together, which magnifies the
conservatism in the risk estimates. The cumulative effects of the numerous
conservative assumptions made during this BHHRA are risk estimates that are
potentially significantly higher than actual risks that may exist within the Study Area.
The contribution of background sources of COCs is another important consideration.
On a regional scale, fish consumption results in risk estimates exceeding cumulative
risks of 10™ or HIs of 1 based on fish tissue data collected from the Willamette and
Columbia Rivers outside of the Study Area (EVS 2000, EPA 2002c).

Chemicals were identified as preliminary COCs if they resulted in a cancer risk
greater than 10°® or a HQ greater than 1 under any of the exposure scenarios for any
of the exposure point concentrations evaluated in the BHHRA, regardless of the
uncertainties. There were 28 chemicals identified as preliminary COCs for the
exposure scenarios listed above. Only a subset of these preliminary COCs were
associated with cancer risks exceeding 10 or HQs exceeding 1, and an even smaller
number of COCs contributed to most of the relative percentage of total risk.
Uncertainties associated with the analytical data for individual chemicals were
considered in the selection of the final COCs. Specifically, if chemicals were
identified as preliminary COCs based only on the use of N-qualified data as EPCs,
the chemicals were not identified as final COCs. There were 24 chemicals identified
as final COCs for human health.

As shown in Figure E-4, PCBs contribute the majority of the total cancer risk for the
fish tissue consumption pathway and are the primary risk driver for the Study Area.
Dioxins and furans are the secondary risk driver. PCBs and dioxins/furans contribute
approximately 98 percent of the cumulative cancer risk for fish consumption for the
Study Area. The remaining COPCs for fish consumption account for less than 2.5
percent of the cumulative cancer risk. PCBs and dioxins/furans also resulted in the
highest HQs for the Study Area. In regional studies of fish tissue data from the
Willamette and Columbia Rivers outside of the Study Area (EVS 2000, EPA 2002c)
both PCBs and dioxins/furans also resulted in cancer risks greater than 10 and/or
HQs greater than 1 for fish consumption using exposure assumptions similar to those
in the BHHRA.
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Figure E-4
Relative Contribution of Individual Analytes to Cumulative Site-Wide Risk For Representative
Fish Consumption Scenario

Total PCB TEQ
Cancer Risk =1 x 10

Total PCBs, Adjusted
Cancer Risk= 6 x 10°

Total Dioxin/Furan TEQ,
Cancer Risk =6 x 10"

Exposure Scenario:
Adult Fisher,

Whole Body Tissue Consumption,
Multi-species Diet,
Study-Area Wide

95% UCL/Max Scenario

Other Chemicals
Cancer Risk=2 x 10"

Cumulative Cancer Risk = 8 x 107

Note: Total PCBs, adjusted includes total PCB congeners minus dioxin-like PCB
congeners. Total PCB TEQ includes dioxin-like PCB congeners.

In addition to the quantitative evaluation of risks summarized above, the BHHRA
included a screening evaluation of surface water and TZW data to evaluate the
possible contribution to potentially complete and significant exposure pathways.
Specifically, surface water and TZW data were evaluated separately as a potential
source of chemicals in biota that are consumed by humans, and TZW data were also
evaluated as a potential source to untreated surface water that is hypothetically used
as a domestic water source. The results of the screening evaluation of surface water
and TZW data indicate that chemicals in these media may be contributing to the risks
from consumption of biota.

A bioaccumulation model was developed for Portland Harbor to determine the
relative contribution of sediment and surface water concentrations in biota
(Windward, 2009). Results of the model will be used to derive preliminary
remediation goals, and the model will be incorporated into a more comprehensive fate
and transport model for evaluation of the remedial alternatives in the FS. Under
current conditions, the bioaccumulation model preliminarily determined that
sediments are an important source of benthic invertebrate and fish tissue
concentrations for the bioaccumulative compounds.

However, it should be noted that risks from consumption of biota were evaluated in
this BHHRA using empirical tissue data collected within the Study Area. The use of
empirical tissue data to assess risks provides for greater confidence in calculated risk
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estimates than modeling tissue concentrations from sediment and/or water
concentrations. The results of the screening evaluation of TZW data as a potential
source to surface water used as a domestic water source indicate that TZW is not
likely to contribute significantly to the overall risk from surface water exposures,
even if untreated surface water was used as a domestic water source.

ES.6 SUMMARY OF BHHRA

The following presents the major findings of the BHHRA:

Risks resulting from the consumption of fish or shellfish are generally orders
of magnitude higher than risk resulting from direct contact with sediment,
surface water, or seeps. Risks from fish and shellfish consumption exceed the
target cancer risk range of 10° to 10 and target HI of 1. With the exception
of two ¥2-mile river segments for the tribal fisher scenario, direct contact with
sediment, surface water, and seeps results in risks within or below the EPA
target cancer risk range of 10 to 10 and below the target HI of 1. The
evaluation of shellfish consumption was done at the direction of EPA, and
there is no information documenting whether shellfish consumption actually
occurs on an ongoing basis within the Study Area. Therefore, fish
consumption is the exposure scenario that is considered the major risk driver
for the Study Area.

PCBs are the primary risk driver for fish consumption, and dioxins/furans are
a secondary risk driver for fish consumption. Risks from PCBs based on
consumption of fish within the Study Area exceed the EPA target risk range
of 10 to 10, with a maximum estimated risk of 6 x 102,

The uncertainties associated with the tissue consumption scenarios should be
considered when using the results of the BHHRA in risk management
decisions. The fish tissue consumption risks in the BHHRA incorporate
assumptions that may under-estimate, or more likely over-estimate the actual
risks.

On a regional basis, risks from exposure to bioaccumulative chemicals in
tissue exceed EPA target risk levels. For example, the PCB concentrations
detected in resident fish from the Willamette and Columbia Rivers are
approximately 20 to 100 times higher than the EPA target fish tissue
concentration, when adjusted for the ingestion rates used in this BHHRA and
based on a target risk level of 10°°.

The contribution of background sources of COCs is an important
consideration in risk management decisions. For example, arsenic
concentrations in beach sediment contribute approximately 50% of cumulative
risk from exposure to this medium for the highest-risk scenarios, yet arsenic
concentrations detected in beach sediment within the Study Area are
comparable to Oregon DEQ-established background levels.
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1.0 INTRODUCTION

This Baseline Human Health Risk Assessment (BHHRA) presents the Lower
Willamette Group’s (LWG’s) evaluation of risks to human health for the Portland
Harbor Superfund Site (Site) in Portland, Oregon. This BHHRA is intended to
provide an assessment of human health risks for the Site and to support risk
management decisions for the Site.

Portland Harbor encompasses the authorized navigation channel in the Lower
Willamette River (LWR) in Portland, Oregon, from the confluence with the
Columbia to about River Mile (RM) 11.8. Portland Harbor has been the focus of
numerous environmental investigations completed by the LWG and various other
governmental and private entities. Major LWG data collection efforts occurred
during three sampling rounds in the Remedial Investigation/Feasibility Study
(RI/FS) Study Area (RM 1.9 to 11.8) to characterize the physical system of the
river and to assess the nature and extent of contamination in sediment, surface
water, transition zone water, stormwater, and biota. This BHHRA incorporates
the results of these environmental investigations and builds from the initial
Human Health Risk Assessment (HHRA) performed as part of the Portland
Harbor RI/FS Comprehensive Round 2 Site Characterization Summary and Data
Gaps Analysis Report (Round 2 Report) (Integral et. al. 2007).

The LWG has worked with the United States Environmental Protection Agency
(EPA) to develop the methods and assumptions used in this BHHRA. At the
direction of EPA, this BHHRA incorporates conservative assumptions to provide
a health protective assessment of risks associated with chemicals present at the
Site. For many of the exposure scenarios evaluated in this BHHRA, upper-bound
literature values are used to quantify exposure due to the lack of site-specific
exposure information. In some cases, the maximum detected concentrations are
used to quantify long-term exposures. While the use of maximum detected
concentrations provides a health protective approach, it may not be representative
of conditions in the Study Area. Therefore, the results of the BHHRA have a
margin of conservatism built into the risk conclusions. The conservative
assumptions about exposure and toxicity also affect the preliminary remediation
goals (PRGs) and early activities in the Feasibility Study (FS).

This BHHRA is being conducted as part of the Remedial Investigation Report (RI
Report) to evaluate potential adverse health effects caused by hazardous substance
releases at the Site, consistent with the requirements of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA). The
BHHRA will be used to support the development of chemical thresholds to be
used as PRGs for sediment. The BHHRA PRGs are provided along with PRGs
developed under the baseline ecological risk assessment (BERA) for the Site.

The PRGs will provide preliminary estimates of the long-terms goals to be
achieved by any cleanup actions in Portland Harbor. During the FS process, the
PRGs will be refined based on background sediment quality, technical feasibility,
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and other risk management considerations. EPA will identify the final
remediation goals (RGs) for the site in the Record of Decision, following
completion of the FS.

1.1 OBJECTIVES

The general objective of a HHRA is to assess the potential risks to human health from
exposure to chemicals present in or entering into environmental media (i.e., water or
sediment) or bioaccumulating in the food chain. The overall objective of this
BHHRA for the Site is to evaluate whether exposure to chemicals in sediment,
surface water, groundwater seeps, or biota may result in unacceptable risks to human
health. To achieve the overall objective, the following are specific objectives of this
BHHRA:

e |dentify chemicals of potential concern (COPCs) for human health

e |dentify potential exposure pathways to populations who may contact COPCs

e Characterize potentially exposed populations and estimate the extent of their
exposure to COPCs

e Quantitatively characterize the noncarcinogenic and carcinogenic risks to the
populations resulting from potential exposure to COPCs and identify
chemicals of concern (COCs).

e Characterize uncertainties associated with this risk assessment

e |dentify the COCs that will be the focus of risk management decisions for the
Site.

1.2 APPROACH

This BHHRA follows the approach that was documented in the Programmatic Work
Plan (Integral et al. 2004) and subsequent interim deliverables. It also reflects
numerous discussions and agreements on appropriate risk assessment techniques for
the Site among interested parties, including the EPA, Oregon Department of
Environmental Quality (DEQ), Oregon Department of Human Services (ODHS), and
Native American Tribes.

Most of the exposure scenarios, including potential exposure pathways and
potentially exposed populations, were originally identified in the Programmatic Work
Plan. Most of the assumptions used to estimate the extent of exposure for these
scenarios were also identified in the Programmatic Work Plan. Additional
assumptions for estimating the extent of exposure were provided in the Exposure
Point Concentration Calculation Approach and Summary of Exposure Factors
Technical Memorandum (Kennedy/Jenks Consultants 2006) and the Human Health
Toxicity Values Interim Deliverable (Kennedy/Jenks Consultants 2004a). Exposure
scenarios that were not included in the Programmatic Work Plan were evaluated in
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this BHHRA based on direction from EPA. Specific agreements with and direction
from EPA related to the approach for this BHHRA are documented in Attachment F1.

The approach of this BHHRA is based on EPA (1989, 1991b, 2001a, 2004, 2005a)
and Region 10 EPA (2000a) guidance, except where further health protective
assumptions were used at the request or direction of EPA. The approach is also
consistent with DEQ guidance for HHRAs (DEQ 2000a).

1.3 SITE BACKGROUND

The LWR extends from the Willamette’s convergence with the Columbia River at
river mile RM 0 upstream to the Willamette Falls at RM 26. Portland Harbor
generally refers to a heavily industrialized reach of the LWR between RM 0 and RM
11.8, the extent of the navigation channel. Additional information on the
environmental setting of Portland Harbor, including historical and current land use,
regional geology and hydrogeology, surface water hydrology, the in-water physical
system, habitat, and human access and use is provided in Section 3 of the Rl Report.
The approximate 10-mile portion of Portland Harbor from RM 1.9 to 11.8 is referred
to as the Study Area (Map 1-1). Because the Site boundaries have not yet been
defined*, this BHHRA focused on the Study Area.

Portland Harbor and the Willamette River have served as a major industrial water
corridor for more than a century. Industrial use of the Study Area and adjacent areas
has been extensive. The majority of the Study Area is currently zoned for industrial
land use and is designated as an “Industrial Sanctuary” (City of Portland 2006a).
Much of the shoreline in the Study Area includes steeply sloped banks covered with
riprap or constructed bulkheads, with human-made structures such as piers and
wharves over the water in various locations. A comprehensive update of Portland’s
Willamette Greenway Plan and related land use policies and zoning (The River Plan)
is underway, addressing all of the Willamette riverfront in Portland (City of Portland
2006b). The plan update may affect land use practices in Portland Harbor, but it will
not affect the “Industrial Sanctuary” designation.

There are numerous potential human uses of Portland Harbor. Worker activities
occur at the industrial and commercial facilities in the Study Area. However, due to
the sparse beach areas and high docks associated with most of the facilities, worker
exposure to the in-water portion of the Study Area may be limited in shoreline areas.
Commercial diving activities also occur in the LWR.

In addition, the LWR provides many natural areas and recreational opportunities,
both within the river itself and along the riverbanks. Within the Study Area,
Cathedral Park, located under the St. Johns Bridge, includes a sandy beach area and a
public boat ramp and is used for water skiing, occasional swimming, and waterfront

! The Site boundaries will be defined by EPA in the Record of Decision for the Site.
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recreation. Recreational beach use also may occur within Willamette Cove, which is
a riverfront natural area, in Swan Island Lagoon, and on the southern end of Sauvie
Island, which is within the Study Area. Swan Island Lagoon includes a public boat
ramp. Additional LWR recreational beach areas exist on the northern end of Sauvie
Island and in Kelley Point Park, both of which are outside of the Study Area.

Fishing is conducted throughout the LWR basin and within the Study Area, both by
boaters and from locations along the banks. The LWR also provides a ceremonial
and subsistence fishery for Pacific lamprey (particularly at Willamette Falls) and
spring Chinook salmon for Native American tribes. Many areas in the LWR are also
important currently for cultural and spiritual uses by local Native Americans.

Transients have been observed along the LWR, including some locations within the
Study Area. The observation of tents and makeshift dwellings during RI sampling
events confirms that transients were living along some riverbank areas. Transients
are expected to continue to utilize this area in the future.

The RI/FS being completed for the Site is designed to be an iterative process that
addresses the relationships among the factors that may affect chemical distribution,
risk estimates, and remedy selection. Three rounds of field investigations have been
completed as part of the RI/FS. Round 1 was conducted in 2002 and focused
primarily on chemical concentrations in fish and shellfish tissue and in beach
sediment. Round 2 was conducted in 2004 and 2005 and focused on chemical
concentrations in sediment cores, in-water surface sediment, surface water, transition
zone water, and additional shellfish tissue and beach sediment. Round 3 was
conducted in 2006 and 2007 and focused on chemical concentrations in additional
surface water, sediment, and fish and shellfish tissue. These Round 1, Round 2, and
Round 3 sampling efforts, while initially focused on RM 3.5 to 9.2, which is the
Administrative Order on Consent-defined initial study area (ISA), extended well
beyond the ISA to RM 0 downstream and to RM 19 upstream.

1.4 ORGANIZATION

In accordance with guidance from EPA (1989), which is consistent with DEQ
guidance (2000a), the BHHRA incorporates the four steps of the baseline risk
assessment process: data collection and evaluation, exposure assessment, toxicity
assessment, and risk characterization (which includes an uncertainty assessment).

This BHHRA is organized as follows:

e Section 2, Data Evaluation — This section evaluates the available data for the
Study Area and identifies the COPCs for further evaluation in the BHHRA.

e Section 3, Exposure Assessment — This section presents potentially complete
routes of exposure and potential receptor populations for further evaluation in
the BHHRA, which are summarized in the conceptual site model (CSM).
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e Section 4, Toxicity Assessment — This section evaluates the potential hazard
and toxicity of the COPCs selected for quantitative evaluation in this
BHHRA.

e Section 5, Risk Characterization — This section presents the cancer risks and
noncancer hazards and identifies the COCs.

e Section 6, Screening of Surface and Transition Zone Water Data — This
section presents an evaluation of surface water and transition zone water
(TZW) data relative to screening levels and the results of the risk
characterization presented in Section 5. This evaluation was conducted
separately from the risk characterization, consistent with agreements with
EPA.

e Section 7, Uncertainty Analysis — This section discusses the uncertainties that
are inherent in performing a HHRA, and the uncertainties specific to this
BHHRA.

e Section 8, Summary — This section summarizes the findings of this BHHRA
and identifies risk drivers; that is, those COCs with the highest contribution to
estimated risks within the Study Area.

e Section 9, Conclusions — This section provides the conclusions for this
BHHRA.

e Section 10, References — This section lists the references used in this
BHHRA.
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2.0 DATA EVALUATION

Data collection and evaluation included the gathering and analysis of data
relevant to human exposures and the identification of those chemicals that are the
focus of this BHHRA. Data needs for the BHHRA were identified through the
data quality objective (DQO) process described in Section 7 of the Programmatic
Work Plan (Integral et al. 2004).

This section presents the data that were used in this BHHRA and the results of the
selection of COPCs in sediment, water, and tissue. The LWG sampling events
and non-LWG sampling events included in the site characterization and risk
assessment (SCRA) dataset are described in detail in Section 2.0 of the Rl Report.
The BHHRA dataset used in this risk analysis and described in this section is a
subset of data from the sampling events that comprised the SCRA dataset as of
September 2008. Additional information on the BHHRA dataset and details on
the use of the data in the BHHRA are provided in Attachment F2.

2.1 AVAILABLE DATA

The BHHRA dataset includes only those matrices relevant for direct human
health exposure pathways that were quantitatively evaluated: surface sediment (0
to 30.5 centimeter (cm) in depth), clam and crayfish tissue, fish tissue, surface
water and groundwater seeps. TZW data were used in loading calculations to
estimate surface water concentrations that were compared with surface water
screening levels, as presented in Section 6, but were not included in the risk
characterization because there are no complete direct exposure pathways for
humans to TZW. Other matrices included in the SCRA dataset (e.g., subsurface
sediment) were not evaluated in the BHHRA because they were not relevant to
the exposure scenarios evaluated (see Section 3). Although the BHHRA focused
on the Study Area, data from outside the Study Area, from downstream to RM
1.0, including Multnomah Channel, and upstream to RM 12.2, were also used to
assess risk, per an agreement with EPA. The BHHRA dataset is divided into
samples within the Study Area and outside of the Study Area, and summarized by
matrix in Tables 2-1 and 2-2. The dataset is described briefly in the following
subsections, and described in more detail in Section 2.0 of the RI Report.

2.1.1 Beach Sediment

Areas where potential exposure to beach sediment could occur were identified and
designated as human use areas in the Programmatic Work Plan. Human use areas
were designated based on current conditions. Beaches are relatively dynamic
environments; if beach conditions change in the future, additional risk evaluation of
the human use areas may be required. Composite sediment samples were collected
during Round 1 from each beach that had been designated as a potential human use
area within the ISA. Additional human use areas within the Study Area but
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downstream of the ISA were sampled during Round 2 as part of the sampling of
shorebird habitat. All of the Round 1 beach samples and the six Round 2 beach
samples that were collected from potential human use areas located downstream of
the ISA were included in the BHHRA dataset. The designated potential human use
areas and associated beach sediment samples are shown in Map 2-1. Table 2-3
presents a summary of the beach composite sediment samples included in the
BHHRA dataset.

2.1.2 In-Water Sediment

In-water surface sediment chemistry data in the BHHRA dataset include LWG
collected data (from Rounds 1, 2, and 3) and non-LWG collected data. Tables 2-3
and 2-4 present a summary of the surface sediment samples both within the Study
Area and outside of the Study Area that are included in the BHHRA dataset. All non-
LWG data included in the BHHRA dataset (see Section 2.0 of the Rl Report) met the
data quality requirements for risk evaluation (Category 1/QAZ2), as agreed to between
LWG, EPA, and EPA’s partners in the Programmatic Work Plan (Integral et al.
2004).

All in-water surface sediment data included in the BHHRA dataset were collected
from the top 30.5 cm in depth, outside of the navigation channel of the river.
Samples from within the Study Area were located throughout its entire length
(RM 1.9 to RM 11.8), and samples outside of the Study Area extended
downstream to RM 1.0, including Multnomah Channel, and upstream to RM 12.2.
Surface sediment samples that were collected from areas that have been
characterized in the SCRA as capped or dredged were not included in the
BHHRA dataset because these samples are no longer representative of the current
conditions in the Study Area. A more detailed description of the in-water
sediment dataset used in this BHHRA is provided in Attachment F2; a description
of samples that have been characterized as capped or dredged in the SCRA is
provided Appendix A of the Rl Report.

2.1.3 Surface Water

Surface water data were collected by the LWG during Rounds 2 and 3, as
described in Appendix A of the Rl Report. All Round 2 and Round 3 surface
water data between RM 1.9 and 11.8, as well as samples collected from
Multnomah Channel, were included in the BHHRA dataset. The use of the
surface water dataset in evaluating different human exposure scenarios is
discussed in subsequent sections and in Attachment F2. Surface water sampling
was performed in seven separate events between 2004 and 2007 to capture the
seasonal water flow conditions on the LWR. Tables 2-5 and 2-6 present a
summary of the surface water samples included in the BHHRA dataset from
within and outside of the Study Area.
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Amongst all seven sampling events, 37 surface water locations were sampled
between RM 1.9 and RM 11.8, and were included in the BHHRA dataset.
Surface water samples in the BHHRA dataset were collected from 32 single point
stations and 5 transect locations (at RM 2.0, Multnomah Channel, RM 3.9, RM
6.3, and RM 11). Surface water samples were collected with either a peristaltic
pump or an XAD-2 Infiltrex”™ 300 system (XAD). Single point samples included
near-bottom and near-surface samples, as well as vertically integrated water
column samples. Transect samples included horizontally integrated near-bottom
and near-surface samples, cross-sectional equal discharge increment samples (i.e.,
samples horizontally integrated across the entire width of the river into a single
sample for either near-surface or near-bottom horizontally integrated samples),
and vertically integrated samples from the east, west, and middle sections of a
transect on the river. Additional information on the surface water sampling
methods is available in Section 5.3 of the Rl Report.

214 Groundwater Seep

A seep reconnaissance survey was conducted during Round 1 to document readily
identifiable groundwater seeps along approximately 17 miles of riverbank from RM 2
to 10.5 (GSI 2003). Twelve potential groundwater seeps were observed at or near a
potential human use beach area. Of these, only three sites were identified where it
was likely for upland chemicals of interest (COIs) to reach groundwater seeps or
other surface expressions of groundwater discharging to human use beaches (GSI
2003): City of Portland storm sewer Outfall 22B, Willbridge, and McCormick and
Baxter (at Willamette Cove).

Of the three potential groundwater seep areas, only the Outfall 22B discharge was
evaluated in this BHHRA. At this location, groundwater infiltrates into the outfall
pipe, which subsequently discharges to a beach. The beach where Outfall 22B
discharges was identified as a potential transient use area, so exposure to the
groundwater seep in that beach by transients is considered a potentially complete
pathway. The groundwater seep identified at Willbridge is in a beach restricted to
industrial use, and exposure to groundwater seeps is considered an incomplete
pathway for workers. The groundwater seep identified during the seep survey (GSI
2003) in Willamette Cove, downgradient of the McCormick and Baxter Superfund
Site, was capped during remedial activities in 2004.

The stormwater pipeline that discharges at Outfall 22B provides a conduit for surface
discharge of groundwater containing COls that infiltrates into the pipe upland of the
beach. Samples of the discharge at Outfall 22B have periodically been collected for
analysis, both during stormwater events and outside of stormwater events. In order to
represent potential exposure from the groundwater seep, samples taken during
stormwater events were not included in the BHHRA dataset. The data from Outfall
22B met the data quality requirements for risk evaluation (Category 1/QAZ2), and the
results of this sampling were included in the SCRA database. Samples taken since
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2002 were used in the BHHRA. Table 2-5 presents a summary of the samples from
Outfall 22B that were included in the BHHRA dataset. The BHHRA Outfall 22B
dataset is further described in Attachment F2. The sampling events for this data are
described in Appendix A of the RI Report.

2.15 Fish Tissue

Target fish species for human consumption were identified in the Programmatic
Work Plan (Integral et al. 2004). Resident fish samples were collected during
Rounds 1 and 3 by the LWG. In addition, adult white sturgeon (Acipenser
transmontanus), adult spring Chinook salmon (Oncorhynchus tshawytscha), and
adult Pacific lamprey (Lampetra tridentate) were collected in the summer of 2003
through a cooperative effort of the ODHS, Agency for Toxic Substances and
Disease Registry (ATSDR), Oregon Department of Fish and Wildlife (ODFW),
the City of Portland and EPA Region 10. (This sampling effort is referred to as
the “ODHS Study” in the rest of this BHHRA). Table 2-7 presents a summary of
the fish tissue samples included in the BHHRA dataset.

2.1.5.1 Resident Fish Tissue

Smallmouth bass (Micropterus dolomieui), black crappie (Pomoxis nigromaculatus),
common carp (Cyprinus carpio carpio), and brown bullhead (4dmeiurus nebulosus)
were the resident fish species collected and analyzed to support the BHHRA. The
sampling design was based on the reported home ranges of the target fish, so the
sampling approach differed based on species. For Round 1 data collection, the tissue
compositing scheme for each sample was reviewed and approved by EPA in
November and December 2002 prior to laboratory analysis. For Round 3 data
collection, the tissue compositing scheme for each sample was reviewed and
approved by EPA in October 2007 prior to laboratory analysis.

During Round 1, smallmouth bass samples were collected from eight locations
between RM 2 and 9, each corresponding to approximately one river mile.
Smallmouth bass were collected and composited based on river mile locations due to
their small home range relative to the other fish collected during Round 1. Three
whole body replicate composite samples were collected at three of the eight river mile
locations. At each of the remaining five river mile locations, one whole body
composite sample and one fillet composite sample were collected. All Round 1
results from within the Study Area were included in the BHHRA dataset.

During Round 3, smallmouth bass were collected from 18 stations between RM 2 and
12, each corresponding to approximately one river mile, and either the west or east
portion of the river. One composite sample was collected from each station, for
which fillet tissue and remainder tissue (body without fillet) were analyzed
separately. All Round 3 results were included in the BHHRA dataset.
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During Round 1, black crappie, common carp, and brown bullhead samples were
collected and composited for two fishing zones, each approximately three river miles
in length (RM 3-6 and RM 6-9). Three whole body and three fillet replicate
composite samples were collected at each of the two fishing zones for common carp
and brown bullhead. Two whole body and two fillet replicate composite samples
were collected within each of the fishing zones for black crappie. All Round 1 results
from within the Study Area were included in the BHHRA dataset.

During Round 3, common carp samples were collected for three fishing zones, each
approximately four river miles in length (RM 0-4, RM 4-8, and RM 8-12). Three
common carp composite samples were collected from each fishing zone and analyzed
separately as fillet tissue and remainder tissue. All Round 3 results were included in
the BHHRA dataset.

For smallmouth bass, black crappie, and common carp, all fillet samples were
analyzed as fillet with skin, except for the analysis of mercury, which was performed
using fillet without skin. For brown bullhead, all fillet samples were analyzed as fillet
without skin.

2.1.5.2 Salmon, Lamprey, and Sturgeon

The tissue data collected during the ODHS Study were the only non-LWG fish tissue
data of acceptable data quality for risk evaluation (Category 1/QA2). Although these
data were not collected as part of the RI, they were evaluated by the LWG and used in
this BHHRA.

The adult Chinook salmon samples were collected at the Clackamas fish hatchery.
Whole body, fillet with skin, and fillet without skin composite samples were
analyzed. Each composite sample included three individual fish. Five whole body
composite samples, including one split, three fillet with skin, and three fillet without
skin composite samples were analyzed. The fillet without skin composite samples
were only analyzed for dioxin, furan, and polychlorinated biphenyl (PCB) congeners
and mercury.

The adult Pacific lamprey samples were collected at the Willamette Falls. Only
whole body composite samples were analyzed. Each composite sample included 30
individual fish. Four whole body composite samples were analyzed.

The adult sturgeon samples were collected between RM 3.5 and 9.2. Only fillet
without skin samples were analyzed. Each sample was an individual fish. Six fillet
samples, including one split, were analyzed.

2.1.6 Shellfish Tissue

Shellfish tissue in the BHHRA dataset included field-collected samples for
crayfish and clam (Corbicula sp.) tissue. Crayfish samples were collected during
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Rounds 1 and 3 and clam samples were collected during Rounds 1, 2, and 3.
Although data from laboratory bioaccumulation samples were also available from
Round 2, these data were not used because field-collected tissue samples provide
for a more direct evaluation of potential human exposure than laboratory
bioaccumulation samples. No field-collected, non-LWG shellfish tissue data of
acceptable data quality for risk evaluation (Category 1/QA2) were identified.
Tables 2-7 and 2-8 present a summary of the shellfish tissue samples included in
the BHHRA dataset, from both inside and outside the Study Area, respectively.

For crayfish, samples were collected from 24 stations during Round 1. The
Round 1 crayfish stations were selected based on habitat areas. Crayfish were
collected from 9 stations during Round 3. The Round 3 crayfish stations were
based on data needs identified by the EPA and habitat areas. Crayfish were
collected and composited from individual stations commensurate with their
limited home ranges. Only whole body composite samples were collected for
crayfish. During Round 1, two replicate composite samples were collected at
three of the 24 stations. At each of the remaining stations, a single composite
sample was collected. During Round 3, a single composite sample was collected
at each station.

For clams, samples were collected from 3 stations during Round 1, 33 stations
during Round 2, and 10 stations during Round 3. Clams were collected and
composited from individual stations that were selected based on habitat areas and
biomass availability. A single composite sample was collected at each station in
Rounds 1 and 2. In Round 3, two composite samples were collected from each of
five stations, and a single composite sample was collected from each of the
remaining five stations. Depuration is a common method for cleansing shellfish
that is often done prior to human consumption to eliminate the sediment present
in the gastrointestinal (GI) tract of the shellfish. The Round 1 and Round 2 field-
collected clams were not depurated prior to analysis, and the data therefore may
over predict human health risks from this exposure pathway for consumers that do
depurate clams prior to consumption. In Round 3, five samples were depurated
prior to analysis (depurated samples were from stations where two samples were
collected; one sample from each Round 3 station was not depurated). Additional
discussion of the potential effects of depuration on human health risks is included
in Section 7. All LWG field-collected clam samples were included in the
BHHRA dataset.

2.1.7 Transition Zone Water

TZW data consist of pore water samples that were collected by the LWG during
Rounds 2 and 3. TZW sampling was performed between October 3 and
December 2, 2005, to capture the relatively higher groundwater discharge to the
LWR. In addition, non-LWG data from the Siltronic Supplemental In-River
transition zone water sampling, which was performed in May and June of 2005,
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met the acceptable data quality for risk evaluation (Category 1/QA2). All shallow
(0 to 38 cm) TZW data, both filtered and unfiltered, were included in the BHHRA
dataset for purposes of the screening evaluation presented in Section 6. Table 2-9
presents a summary of the shallow TZW samples included in the BHHRA dataset.

The LWG TZW sampling locations were selected to focus primarily on the zones
of possible groundwater plume discharge, based on the Round 2 groundwater
pathway assessment pilot study discharge mapping effort conducted from August
1 to September 9, 2005 (Integral 2006). Nine high-priority Category A sites,
defined as sites with a confirmed or reasonable likelihood for discharge of upland
groundwater COls to Portland Harbor, were selected as TZW locations and
sampled within the Study Area. TZW samples were collected from the following
nine sites: Kinder Morgan Linnton Terminal, ARCO Terminal 22T, ExxonMobil
Oil Terminal, Gasco, Siltronic, Rhone-Poulenc, Arkema (acid plant and chlorate
plant areas), Willbridge Bulk Fuels Terminal, and Gunderson. LWG TZW
samples were collected with either a Trident® probe or small-volume peeper.

USE OF DATA

2.3

Prior to using the data in the BHHRA, data reduction was conducted consistent
with the Guidelines for Data Reporting, Data Averaging, and Treatment of Non-
Detected Values for the Round 1 Database (Kennedy/Jenks Consultants et al.
2004), the Exposure Point Concentration Calculation Approach and Summary of
Exposure Factors (Kennedy/Jenks Consultants 2006), and Proposed Data Use
Rules and Data Integration for Baseline Human Health Risk Assessment
(BHHRA), submitted to EPA in a May 28, 2008 email communication with EPA.
Data reduction and data use rules applied to the combining of surface water data
collected by different methods, the handling of non-detects, the summing of
chemical groups, and the calculation of exposure point concentrations (EPCs).
These rules are described in detail in Attachment F2.

CHEMICAL SCREENING CRITERIA

EPA guidance (1989) recommends considering criteria to limit the number of
chemicals that are included in a quantitative risk assessment while also ensuring
that all chemicals that may contribute significantly to the overall risk are
addressed. According to EPA guidance, the screening procedure is used to focus
quantitative risk assessment efforts on chemicals that could be of concern under
health-protective exposure assumptions. For purposes of the BHHRA, the only
screening criterion used to select COPCs was a comparison with risk-based
concentrations, as described in the Programmatic Work Plan (Integral et al.
2004). Frequency of detection was not used as a screening criterion per an
agreement with EPA. The risk-based concentrations used to select COPCs are
described below for the respective BHHRA media. When specified below,
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COPCs were selected for a medium based on a subset of data determined to
represent exposure to a specific human population. Potentially exposed human
populations are discussed as part of the exposure assessment in Section 3, and
include but are not limited to: transients, divers, recreational beach users, and
fishers.

2.3.1 Sediment

Sediment data were quantitatively evaluated in the BHHRA for direct exposure
scenarios. As a health-protective initial approach, the current EPA Regional
Screening Levels (RSLs) for soil (EPA 2009a) were used as the basis for
screening values for sediment. For chemicals that do not have EPA RSLs, EPA
RSLs for surrogate chemicals with similar chemical structures were used if
available (e.g., pyrene for phenanthrene). As required by EPA Region 10 (EPA
2007a), the EPA Region 6 Human Health Medium-Specific Screening Levels for
trichloroethylene (EPA 2008a), rather than the EPA RSLs, were used in this
BHHRA.

For carcinogenic chemicals, the EPA RSLs were used as the screening values.

For noncarcinogenic chemicals, the EPA RSLs were divided by 10 to account for
potential cumulative effects from multiple chemicals, as required by EPA Region
10 (2007a), and these modified RSLs were used as the screening values, with the
exception of EPA RSLs noted as being based on “max” or “sat”. For the EPA
RSLs noted as being based on “max” or “sat”, the expanded tables were
referenced to compare the integrated risk-based soil concentrations to the EPA
RSLs listed in the primary screening table. The concentration used was the lower
of the concentrations of the EPA RSL listed in the primary screening table and the
integrated risk-based concentration divided by 10. For chemicals that exhibit both
carcinogenic and noncarcinogenic effects, the lower screening value was used for
selecting COPCs.

EPA RSLs have been developed for both residential and industrial exposure
scenarios for soil. Residential soil EPA RSLs are based on exposure assumptions
of 350 days per year. For cancer endpoints, the residential EPA RSLs are
calculated using an age-adjusted soil ingestion factor that takes into account the
difference in daily soil ingestion rates, body weight, and exposure duration for
children from 1 to 6 years old and others from 7 to 31 years old (total exposure
over 30 years). For noncancer endpoints, the residential EPA RSLs are calculated
using exposure factors for children from 1 to 6 years old and chronic toxicity
criteria. Industrial soil EPA RSLs are based on exposure assumptions of 250 days
per year for 25 years. Both residential and industrial EPA RSLs are based on a
target cancer risk of 1 x 10°® for carcinogenic chemicals or a hazard quotient of 1
for noncarcinogenic chemicals. Dividing EPA RSLs for noncarcinogenic
chemicals by 10 is equivalent to using a hazard quotient of 0.1. Because the
potential exposure to sediments that may occur is anticipated to be less than the
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exposure that was assumed to occur with soil in developing the EPA RSLs, the
soil RSLs represent conservative screening values for protection of human health.
Because uses of Portland Harbor include both recreational and industrial
activities, COPCs were selected using both residential and industrial EPA RSLs,
consistent with the EPA comments on the Round 2 Comprehensive Report
provided on January 15, 2008 (EPA 2008b).

For beach sediment, residential soil EPA RSLs were used to select COPCs in
areas where exposures could occur during recreational, transient, or fishing
activities. In areas where occupational exposures could occur, COPCs were
selected using industrial soil EPA RSLs. The designated potential uses for
beaches in the Study Area are presented in Map 2-1.

The extent of direct contact (i.e., ingestion and dermal contact) with in-water
sediment that could occur under site-specific exposure scenarios would be
significantly less than with upland soil or beach sediment. Therefore, COPCs for
in-water sediment were identified using only the industrial soil EPA RSLs.

2.3.2 Surface Water and Groundwater Seep

Surface water and groundwater seep data were quantitatively evaluated in the
BHHRA for direct exposure scenarios. As a health-protective initial approach, EPA
RSLs for residential tapwater (EPA 2009a) were used as the screening values for
surface water and the groundwater seep to select COPCs for direct exposure
scenarios. For chemicals that do not have EPA RSLs, EPA RSLs for surrogate
chemicals with similar chemical structures were used if available (e.g., pyrene for
phenanthrene). As required by EPA Region 10 (EPA 2007a), the EPA Region 6
Human Health Medium-Specific Screening Levels for trichloroethylene (EPA
2008a), rather than the EPA RSLs, were used in this BHHRA. For carcinogenic
chemicals, the EPA RSLs were used as the screening values. For noncarcinogenic
chemicals, the EPA RSL was divided by 10 to account for potential cumulative
effects from multiple chemicals, and this modified EPA RSL was used as the
screening value, as required by EPA Region 10.

Residential tapwater EPA RSLs are based on domestic use of water, including
ingestion, and represent conservative screening values for direct contact scenarios
where water may not be used for domestic purposes, such as surface water contact
during beach recreation. EPA RSLs are based on a target cancer risk of 1 x 10°® for
carcinogenic chemicals or a hazard quotient of 1 for noncarcinogenic chemicals.
Dividing EPA RSLs for noncarcinogenic chemicals by 10 is equivalent to using a
hazard quotient of 0.1.
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2.3.3 Tissue

EPA Region 10 has not accepted any criteria for screening tissue from Portland
Harbor; therefore, per an agreement with EPA, risk-based concentrations were not
used for screening the tissue data, and all chemicals detected in fish and shellfish
in the BHHRA dataset were selected as COPCs for tissue.

234 Hypothetical Future Exposure to Untreated Surface Water For

2.4

Domestic Use

Although surface water within the Study Area is not currently used as a domestic
water source, nor are there future plans for domestic water use within the Study Area,
surface water data were quantitatively evaluated in the BHHRA as a hypothetical
future domestic water source at the direction of EPA (see Section 2.4.5 below). The
same criteria and screening values used for data to assess direct contact with surface
water and the groundwater seep were used to select COPCs for surface water as a
hypothetical future domestic water source. As with the surface water and
groundwater seep screening, the noncarcinogen RSLs were divided by 10 to account
for potential multiplicative effects, and the modified RSLs were used as the screening
values.

In addition to the EPA RSLs, EPA maximum contaminant levels (MCLs) for drinking
water (EPA 2003a) were used as screening criteria for the selection of COPCs for the
hypothetical future use of untreated surface water for domestic purposes. If the
maximum detected concentration for a chemical in the dataset selected to represent
hypothetical exposure to untreated surface water for domestic use exceeded either the
EPA RSL or the EPA MCL, the chemical was selected as a COPC for this scenario.

IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN

COPCs for human health were selected according to the approach described in the
Programmatic Work Plan (Integral et al. 2004) using the screening criteria described
in Section 2.3 and were quantitatively evaluated in this BHHRA. The process used to
select the COPCs for quantitative evaluation in this BHHRA is described in the
following subsections.

Also, surface water and transition zone water data were compared with additional
screening criteria but were not quantitatively evaluated in this BHHRA for the
scenarios associated with the screening criteria, per an agreement with EPA. The
screening evaluation of surface water and transition zone water is described in
Section 6.
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2.4.1 Sediment

Humans can be exposed to both beach sediment and in-water sediment. Because the
exposure scenarios for beach versus in-water sediment are different, COPCs were
selected for both beach and in-water sediment exposures.

2.4.1.1 Beach Sediment

Beach sediment data were evaluated in the BHHRA for potential risks to human
health through direct contact. The selection of COPCs for beach sediment evaluated
sediment data from potential human use areas where direct contact with human
receptors could occur (only reasonably accessible beach sediments, such as those with
access from contiguous upland areas or by boat). The locations of the beach sediment
data evaluated in the BHHRA are shown in Map 2-1.

For chemicals that were detected in beach sediment, the detected concentrations were
compared to risk-based screening levels described in Section 2.3.1. The maximum
detected concentration of each chemical from all samples collected in recreational,
transient, or fishing beach areas was compared to the screening level based on the
residential soil EPA RSL. The maximum detected concentration of each chemical
from all samples collected in industrial beach areas was compared to the screening
level based on the industrial soil EPA RSL. If the maximum detected concentration
of a chemical was greater than the screening level, that chemical was selected as a
COPC for beach sediment. The chemicals selected as COPCs for beach sediment and
the rationale for selection are presented in Tables 2-10 and 2-11.

Chemicals selected as COPCs for beach sediment were quantitatively evaluated in
this BHHRA. Chemicals with maximum detected concentrations less than the
screening values were not selected as COPCs and were not evaluated further in this
BHHRA for direct contact with beach sediment.

2.4.1.2 In-Water Sediment

In-water sediment data were evaluated in the BHHRA for potential risks to human
health through direct contact and not based on the potential for bioaccumulation. The
potential for bioaccumulation is evaluated separately in this BHHRA as part of the
fish and shellfish tissue assessments. The selection of COPCs for in-water sediment
evaluated all surface sediment data in the BHHRA dataset within the Study Area,
excluding the navigation channel and beach composite samples. The sample
locations of the in-water sediment data evaluated in the BHHRA are shown in Map
2-2.

For chemicals that were detected in in-water sediment, the maximum detected
concentration of each chemical from surface sediment samples was compared to the
screening level based on the industrial soil EPA RSL, as described in Section 2.3.1.
If the maximum detected concentration of a chemical was greater than the screening
level, that chemical was selected as a COPC for in-water sediment. The chemicals
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selected as COPCs for in-water sediment and the rationale for selection are presented
in Table 2-12.

Chemicals selected as COPCs for in-water sediment were quantitatively evaluated in
this BHHRA. Chemicals with maximum detected concentrations less than the EPA
RSLs were not selected as COPCs and were not evaluated further in this BHHRA for
direct contact with in-water sediment.

2.4.2 Surface Water

Direct contact with surface water was evaluated in the BHHRA for potential risks to
human health. The selection of COPCs for quantitative evaluation in the BHHRA in
surface water was based only on potential for direct human contact and not based on
the potential for bioaccumulation. The potential for bioaccumulation is evaluated
separately in this BHHRA as part of the fish and shellfish tissue assessments. Surface
water data gathered during the RI were used to identify the COPCs in surface water
for quantitative evaluation in the BHHRA. Because the exposure scenarios for divers
are different from those of transients and beach users, COPCs were selected
separately for both divers and transient/beach user exposures. For divers, COPCs
were selected from all available surface water samples taken within the Study Area,
as described in Section 2.1.3. Near-bottom and near-surface sample results, as well
as vertically integrated transect results, were combined according to the rules
described in Attachment F2 prior to selecting COPCs. For transients and beach users,
COPCs were selected from surface water samples taken from areas where direct
contact with transient or beach users could occur, including both single point
sampling stations and transect samples. A summary of samples used for each surface
water COPC screening is provided in Table 2-13. In addition, the sample locations of
the surface water data evaluated for transients and recreational beach user exposure
scenarios are shown in Map 2-3. The sample locations of the surface water data
evaluated for diver exposures are shown in Map 2-4.

For chemicals that were detected in each surface water dataset, the detected
concentrations were compared to screening values based on the residential tapwater
RSLs. If the maximum detected concentration of a chemical in surface water was
greater than the screening value, that chemical was selected as a COPC for surface
water and was quantitatively evaluated in the BHHRA. Chemicals that were detected
only at concentrations less than the RSLs were not selected as COPCs for quantitative
evaluation. The chemicals selected as COPCs for surface water and the rationale for
selection are presented in Table 2-14 for divers, and Table 2-15 for transients and
beach users.

2.4.3 Groundwater Seep

Direct contact with the groundwater seep at Outfall 22B, shown in Map 2-5, was
evaluated in the BHHRA for potential risks to human health. The selection of
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COPCs for quantitative evaluation in the BHHRA was based only on potential for
direct human contact with the groundwater seep, and not based on the potential for
bioaccumulation.

For chemicals that were detected in the groundwater seep, the detected concentrations
were compared to screening values based on the residential tapwater EPA RSLs. If
the maximum detected concentration of a chemical in the groundwater seep was
greater than the screening value, that chemical was selected as a COPC for the
groundwater seep and was quantitatively evaluated in the BHHRA. Chemicals that
were detected only at concentrations less than the EPA RSLs were not selected as
COPCs for quantitative evaluation. The chemicals selected as COPCs for the
groundwater seep and the rationale for selection are presented in Table 2-16.

2.4.4 Fish and Shellfish Tissue

Fish and shellfish tissue were evaluated in the BHHRA for potential risks to human
health through ingestion. Because EPA Region 10 has not accepted any criteria for
screening tissue from Portland Harbor, all chemicals detected in fish and shellfish
tissue in the BHHRA dataset were considered to be COPCs and evaluated further in
the BHHRA. Map 2-6 shows the general location of all fish for a particular
composite of the smallmouth bass and common carp tissue data evaluated for
ingestion scenarios in this BHHRA. Samples for brown bullhead and black crappie
were each composited for RM 3-6 and RM 6-9, and are not shown on a map. The
sample locations of the shellfish tissue data (both crayfish and clam) evaluated for
ingestion scenarios are shown in Map 2-7. Shellfish were also composited over areas
representing their assumed home range, and the sample locations on Map 2-7
represent the general spatial distribution of composited samples. The chemicals
detected in each individual species were selected as COPCs only for ingestion of that
species. For the multi-species diet scenarios (discussed in Section 3), analytes
detected in any of the target resident fish species (see Section 2.1.5) were selected as
COPCs. Since no screening took place to determine COPCs for tissue, the tissue
COPCs are presented in the exposure point concentration summary tables, discussed
in Section 3.

245 Hypothetical Future Exposure to Untreated Surface Water For
Domestic Use

There is no known current or anticipated future use of surface water within the Study
Avrea for a drinking water supply. Even in the unlikely event that surface water in the
Study Area were to be used for a domestic water supply, which includes drinking and
bathing, such use would be subject to requirements for adequate pretreatment in
accordance with the Safe Drinking Water Act, and Oregon rules. However, for this
BHHRA, EPA required assessment of domestic uses of untreated surface water from
the Study Area.
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Surface water as a hypothetical future domestic water source was evaluated in the
BHHRA for potential risks to human health. The selection of COPCs for quantitative
evaluation in the BHHRA in surface water was based only on potential for
hypothetical contact from domestic uses, and not based on the potential for
bioaccumulation. The potential for bioaccumulation is evaluated separately in this
BHHRA as part of the fish and shellfish tissue assessments. Surface water data
gathered during the RI were used to identify the COPCs for quantitative evaluation in
the BHHRA. Vertically integrated and combined transect samples collected by the
LWG within the Study Area were used to select COPCs for hypothetical future
domestic water exposure. These samples are presented in Table 2-13, and shown in
Map 2-8. Filter and column data collected from samples collected by XAD were
combined before selection of COPCs, according to the rules described in Attachment
F2. No further data reduction was performed on the hypothetical future domestic
water dataset prior to COPC selection.

For chemicals that were detected in this dataset, the detected concentrations were
compared to screening values based on the RSLs for tap water and on EPA MCLs for
drinking water (EPA 2003a). If the maximum detected concentration of a chemical in
surface water was greater than either of the screening values, that chemical was
selected as a COPC for surface water and was quantitatively evaluated in the
BHHRA. Chemicals that were detected only at concentrations less than both
screening values were not selected as COPCs for quantitative evaluation. The
maximum detected concentration did not exceed the MCL for any chemical (Table 2-
17). Maximum concentrations exceeded other RSLs (e.g., tap water screening levels
for arsenic and MCPP). The chemicals selected as COPCs for surface water as a
hypothetical domestic water source, and the rationale for selection, are presented in
Table 2-17.
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EXPOSURE ASSESSMENT

3.1

The objectives of the exposure assessment are to identify potential exposure pathways
for individuals who may come in contact with COPCs at the Study Area, to
characterize potentially exposed populations, and to estimate the extent of exposure.

The exposure assessment in this BHHRA followed EPA guidance and incorporated
the reasonable maximum exposure (RME) methods recommended by EPA. As stated
in EPA guidance (EPA 1989), the RME is a conservative exposure level that is still
within the range of possible exposures. The exposure assessment also used average
values, which represent central tendency (CT) exposures, for some exposure
scenarios. According to EPA (1989), an exposure assessment includes four primary
tasks:

e Identify potentially exposed human populations that may come in contact with
the COPC. This requires knowledge of (and/or making reasonable
assumptions regarding) both current and future populations.

e ldentify relevant exposure pathways for human populations by which
potentially exposed populations may contact environmental media containing
COPCs.

e Estimate EPCs at the points of potential human contact for all identified
COPCs.

e Estimate daily intakes for exposure routes and potentially exposed
populations. The daily intakes are derived using the EPCs and assumptions
regarding such variables as exposure duration, consumption rates, skin
absorption factors, and other parameters that describe human activities.

The exposure assumptions and methods for each task included in the exposure
assessment are discussed below.

IDENTIFICATION OF POTENTIALLY EXPOSED HUMAN
POPULATIONS

Potentially exposed and hypothetically exposed populations were identified based on
consideration of current, future, and hypothetical future uses of the Study Area and
EPA (1989) guidance. The human populations identified below represent those
populations that are anticipated to be maximally-exposed to chemicals within the
Study Area under current and reasonably foreseeable or hypothetical future
conditions. The evaluation performed for the selected populations is considered to be
protective of other potentially exposed populations that are not evaluated
quantitatively in this BHHRA. The populations for current, future, and hypothetical
future uses of the Study Area include the following:

e Dockside worker
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e In-water worker

e Transient

e Diver

e Recreational beach user

e Fisher

e Tribal fisher

e Hypothetical domestic water use

The above populations were identified based on human activities that are known to
occur within the Study Area, as described in the Programmatic Work Plan, or were
required by EPA for evaluation in this BHHRA. Divers, clam consumption by
fishers, and hypothetical domestic water use were included in this BHHRA as
required by EPA.

Potential risks were quantified for each of the receptor populations; however, certain
individuals may participate in activities resulting in potential exposures under more
than one category (e.g., recreational beach users may also be fishers). Potentially
overlapping exposures are discussed in Section 3.3.7 of this BHHRA.

This BHHRA focused on potential exposures occurring within and immediately
upstream and downstream of the Study Area in quantifying potential risks to humans.

Except for the hypothetical future exposure to untreated surface water for domestic
use, the exposure assessment assumes that future land and water use will be the same
as current land use; therefore, the risks characterized are based only on current use. If
land or water use changes in the future, exposures and risk may also change.

3.2 IDENTIFICATION OF EXPOSURE PATHWAYS

Exposure pathways are defined as the physical ways in which chemicals may enter
the human body (e.g., ingestion, inhalation, dermal absorption). A complete exposure
pathway consists of the following four elements:

e A source of chemical release

e A release or transport mechanism (or media in cases involving media transfer)

e An exposure point (a point of potential human contact with the contaminated
exposure medium)

e An exposure route (e.g., ingestion, dermal contact) at the exposure point.
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If any of the above elements is missing, the pathway is considered incomplete and
exposure does not occur.

As discussed in Sections 4, 5, and 6 of the Rl Report, the affected media within the
Study Area are sediment, water, and biota. Current and historical industrial activities
and processes within, upstream and downstream of the Study Area may have led to
chemical releases from either point or nonpoint sources to the Study Area. In
addition to these releases, discharges to the river from outfalls and groundwater may
be potential chemical sources to the Study Area. Finally, releases that occur upstream
and downstream of the Study Area and global, regional, and local emissions resulting
in atmospheric deposition may be potential sources to the Study Area. These
potential sources and release mechanisms are discussed in greater detail in Section 4
of the RI Report.

Chemicals in sediment and water may be accumulated by organisms in the water
column or associated with the sediments. Edible fish and shellfish species feeding on
these organisms and living within the Study Area may accumulate chemicals in their
tissues through dietary exposures and direct exposure to sediment and water. The
potential exposure pathways to human populations at the Study Area include:

e Ingestion of and dermal contact with beach sediment

e Ingestion of and dermal contact with in-water sediment
e Ingestion of and dermal contact with surface water

e Ingestion of and dermal contact with groundwater seep

e Ingestion of fish and shellfish.

Section 3.2.1 provides a more detailed discussion of potential exposures for the Study
Area under current, reasonably foreseeable and hypothetical future conditions, and
presents the rationale for including or eliminating pathways from quantitative
evaluation. The identified receptors, exposure routes, and exposure pathways, and
the rationale for selection are also summarized in Table 3-1.

3.2.1 Definition and Significance of Exposure Pathways
Exposure pathways are designated in one of the following four ways:

Potentially Complete: There is a source or release from a source, an exposure point
where contact can occur, and an exposure route by which contact can occur.
Pathways considered potentially complete are quantitatively evaluated in this
BHHRA.

Potentially Complete and Insignificant: There is a source or release from a source,
an exposure point where contact can occur, and an exposure route by which contact

DO NOT QUOTE OR CITE 33
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

Portland Harbor RI/FS

Lower Willamette Group Draft Remedial Investigation Report

Appendix F: BHHRA
September 23, 2009

can occur; however, the pathway is considered a negligible contributor to the overall
risk. Pathways considered potentially complete and insignificant were not evaluated
further in this BHHRA.

Incomplete: There is no source or release from a source, no exposure point where
contact can occur, or no exposure route by which contact can occur for the given
receptor. Pathways considered potentially incomplete were not evaluated further in
this BHHRA.

Potentially complete pathway, but evaluated under a different receptor category:
These pathways may be complete for individuals in this receptor category due to
overlapping exposure scenarios (e.g., some in-water workers may also be fishers), but
are not evaluated for the identified receptor category because the pathways are not
considered relevant for that receptor. These pathways are evaluated under different
receptor categories where the pathways are considered potentially complete and
significant. Overlapping exposures that may occur for the different receptor
categories are discussed further in Section 3.3.7 of this BHHRA.

3.2.2 Conceptual Site Model

3.3

The conceptual site model (CSM) for human exposures based on the current
understanding of the Study Area and requirements from EPA is presented in Figure 3-
1. The CSM graphically depicts possible sources of COPCs based on current
information, possible COPC-affected media, mechanisms of COPC transfer between
media, and the processes through which human receptors may be exposed to
chemicals. Additional information on potential sources of COPCs is provided in
Section 5 of the RI Report. Potentially complete exposure pathways were identified
in the Programmatic Work Plan or based on subsequent requirements from EPA. In-
water workers exposure to river sediment, transients exposure to shoreline seeps,
divers exposure to surface water and in-water sediment, breastfeeding by fishers, and
hypothetical future exposures of residents to surface water were included as
potentially complete pathways per requirements from EPA. Pathways that are
potentially or hypothetically complete and may result in significant exposure, or for
which significance is unknown, were evaluated quantitatively in this BHHRA, per
direction from EPA. Pathways included at the direction of EPA include clam
consumption, exposure to surface water and in-water sediment by a commercial
diver, and exposure to untreated surface water as domestic water source by a
hypothetical future resident.

EXPOSURE SCENARIOS

The following sections provide a detailed discussion of the exposure scenarios that
are quantitatively evaluated in this BHHRA. The following exposure scenarios were
identified based on exposures that may generically occur throughout the Study Area
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and do not consider site-specific conditions that may limit exposure at a given
location.

3.3.1 Direct Exposure to Beach Sediment

Ingestion of and dermal contact with beach sediment could occur within natural river
beach areas used by human populations within the Study Area. These areas were
identified as human use areas in the Programmatic Work Plan based on current and
future uses within the Study Area. Human use areas were further classified based on
the type of exposures that could occur at these beaches including recreational, fishers,
tribal fishers, transient, or dockside worker use areas. These classifications are
described in greater detail below. The human use areas in the Study Area and their
associated classifications are shown in Map 2-1.

3.3.1.1 Dockside Workers

Dockside workers include industrial and commercial workers at facilities adjacent to
the river who conduct specific activities within natural river beach areas, such as
unloading ships or barges from the beach itself or conducting occasional maintenance
activities from the water’s edge. The actual activities that occur within natural river
beach areas are site-specific and generally occur only very infrequently. Although
exposure is anticipated to be infrequent, workers conducting activities within natural
river beach areas may contact beach sediment within riverfront industrial and
commercial sites at the Study Area. Exposure for a given worker would occur only
within the defined dockside worker use area adjacent to the facility of that worker.

3.3.1.2 Transients

During past site tours, tents and makeshift dwellings were observed as evidence that
individuals were occupying some riverbank areas. While the tents and makeshift
dwellings were typically observed above the actual beach areas, transients may
contact beach sediment within transient use areas, which are beach areas that are not
active industrial sites and are not otherwise restricted from access. Exposure for a
given transient would likely occur only within a single transient use area, although it
is possible that transients move from one transient use area to others within or outside
the Study Area.

3.3.1.3 Recreational Beach Users

Both adults and children participate in recreational activities in beach areas within the
Study Area. Areas currently used for recreational beach activities, as well as other
areas in the Study Area where sporadic beach use may occur were identified as
recreational use areas. Recreational beach users may contact beach sediment within
recreational use areas at the Study Area. Some recreational beach users may
primarily use a specific recreational use area while other recreational beach users may
use various recreational use areas throughout and outside the Study Area.
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3.3.1.4 Tribal Fishers

The LWR provides a ceremonial and subsistence fishery for Native American tribes.
The extent to which tribal members fish within the Study Area, as well as the extent
to which that fishing occurs from beach areas and the degree of sediment exposure
that might occur while fishing are unknown. However, exposure assumptions
provided by EPA were used to evaluate beach sediment exposure by tribal fishers.

3.3.1.5 Fishers

Fishers who fish from the water’s edge within natural river beach areas could have
direct exposure to beach sediment. In theory, fishing could occur at any beach area
without restricted access. Therefore, all non-dockside worker use areas (i.e., all
transient and recreational use areas) were considered potential human use areas where
fishers could be exposed to beach sediment. Some fishers may primarily use a
specific beach area for fishing activities while other fishers may use beach areas
throughout and outside the Study Area.

For beach sediment exposure, two different fisher scenarios were included in this
BHHRA to evaluate differences in the frequency of fishing activities. High-
frequency fishers were assumed to fish recreationally, and at more frequent intervals
than the low-frequency fisher (exposure frequency of 156 days per year for high
frequency fishers compared to 104 days per year for low-frequency fishers). The
extent to which fishing from beach areas actually occurs is unknown, as is the degree
of sediment exposure that might occur while fishing.

3.3.2 Direct Exposure to In-Water Sediment

Ingestion of and dermal contact with in-water sediment could occur through over-
water activities (i.e., activities conducted from a boat or other vessel) that result in
bringing sediment to the river’s surface where exposure would be possible. Unlike
the beach sediment exposure scenarios that are restricted to specific beach areas,
potential exposure to in-water sediment could occur anywhere that over-water
activities occur. As a result, direct exposure to in-water sediment was evaluated
throughout the Study Area. At the direction of the EPA, exposure to in-water
sediment by divers is also evaluated in this BHHRA.

3.3.2.1 In-Water Workers

While this population is referred to as “in-water” workers, these workers are not
actually in the water. Rather, in-water workers are those workers who conduct over-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>