


TC 8526-06
FINAL REPORT
VOLUME |

RECONNAISSANCE SURVEY OF THE
LOWER COLUMBIA RIVER

TASK 6: RECONNAISSANCE REPORT

MAY 1993

Prepared For:

The Lower Columbia River
Bi-State Water Quality Program

Prepared By:

TETRA TECH
15400 NE 90TH, SUITE 100
REDMOND, WA 98052

In Association With
EVS CONSULTANTS
DAVID EVANS & ASSOCIATES



ACCESSIBILITY INFORMATION: THIS PUBLICATION IS AVAILABLE IN ALTERNATE
FORMAT (E.G., LARGE PRINT, BRAILLE) UPON REQUEST, PLEASE CONTACT EITHER
ED SALE INOREGON DEPARTMENT OF ENVIRONMENTAL QUALITY’S PUBLIC AFFAIRS
OFFICE AT (503) 229-5766, OR KURT HART IN WASHINGTON DEPARTMENT OF
ECOLOGY’S PUBLIC AFFAIRS OFFICE AT (206) 459-6712 TO REQUEST AN ALTERNATE
FORMAT



CONTENTS

) Page

LIST OF FIGURES . . e e e e e e e e e e vi
LIST OF TABLES ... e e et e et e e e e xii
ACKNO,\.VLEDGMEN;FS ............................................. xvi
EXECUTIVE SUMMARY . . ...ttt e i et xviii
LISTOF ACRONYMS . . ... . i i i e U xxiv
1.0 INTRODUCTION ... .o oot e e e e et 1-1
1.1 LOWER COLUMBIA RIVEﬁ BI-STATE PROGRAM ................. 1-2

1.2 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY ...... e 1-3

1.2.1 Reconnaissance Survey Sampling LOCAtONS « v v v eee e 1-4

1.2.2" River Flow and Rainfall Conditions During the Survey . .. ........ 1-4

1.3 REPORT ORGANIZATION . . ..... e e e RN 1-20

2.0 WATER COLUMN CHARACTERISTICS . .. .. e e e e e e 2-1
2.1 INTRODUCTION ..................... e e e e e 2-1

2.2 SAMPLING LOCATIONS .. .......... e e e e 2-3

2.3 SAMPLING METHODS ................. e e 2-8

2.4 LABORATORY METHODS ... ..........oouieininenanannn.. 2-9

2.5 APPLICATION OF WATER QUALITYCRITERIA .................. 2-12

2.6 RESULTS ............ ... .. ..... e e e 2-14

| © 2.6.1 Field Parameters . ... ... .........ouuueunnn.. P - 2-14

2.6.2 Nutrients and Misceilaneous Water Column Parameters .......... 2-28

2.6.3 Phytoplankton ............... P v . 2433

2.6.4 Bacteria ..... e et e et e e 2-43

i




265 Metalsand Cyanide .. ...... ... ... .. .. ... 2-48

2.6.6 Organic Compounds . . .. . .. ..ttt ittt it e 2-64

2.7 DISCUSSION . i e e e et e et e e 2-73

2.7.1 Field and Miscellaneous Parameters . ... ..............0.v... 2-75

2.7.2 Nutrients and Phytoplankton . .......................... 2-78

273 Bacteria . ... ... e e e 2-82

274 Metalsand Cyanide . .. ....... ... ... .. iiiiimnn... 2-87

2.7.5 OrganicCompounds . . . .. ... . ittt ittt 2-99

2.8 SUMMARY . ... ... e e e e e e e 2-106

3.0 SEDIMENT CHEMISTRY . ... . .. i i it et e e e e eeen 3-1

3.1 INTRODUCTION ... .. ittt i n oo eeenn SEPR e 3-1

3.2 SAMPLING LOCATIONS . .. ... . ittt ittt it i i e 3-3

3.3 SAMPLINGMETHODS . ........... ...ttt 3-7

3.4 LABORATORY METHODS .. ... ... ... ..ttt 3-10

3.5 STATISTICAL METHODS . .. . ... . . ittt e e e ieeannan 3-11

3.5.1 Tests of Relationships Among Biotic and Abiotic Variables ........ 3-12

3.5.2 Tests of Differences Among station Groups . ... .............. 3-13

3.5.3 Identification of Areas of Concernr . ... .................... 3-14

3.6 RESULTS ... e e e e e e e 3-17
3.6.1 Physical Characteristics, Total Organic Carbon, and Acid Volatile

Sulfides

3.6.2 Metals, Cyanide, Radionuclides, and Organic Compounds ........ 3-25

3.6.3 Identification of Potential Areasof Concern . .. ............... 3-57

3.7 DISCUSSION ... i i e e e e e e e 3-77

3.7.1 Sediment Grain Size and Organic Carbon Content ., ............. 3-77

372 Metals .. ... .t e e e 3-81

3.7.3 Radionuclides . . .. . .. ... i i e 3-89

3.7.4 Organic Compounds . . .. .............. e 3.95

3.75 Areasof Concern . .. ... .. ... e e e e e, 3-104

3.8 SUMMARY ... .. e e e 3-107

iii




4.0 TISSUE BIOACCUMULATION .............. .. ..... e S

4.1 INTRODUCTION .« . o oot et e e e e e e e e 4-1

4.2 SAMPLING LOCATIONS . . . ot e e e e e e s e et e e e naans 4-4

4.3 SAMPLING METHODS .. ...t it e e et e e e s et e 4-13
431 Crayfish ....................... e 4-13

4.3.2 Carp, Peamouth, and Largescale Sucker .......... e 4-13

433 White Sturgeon . . .. ... ... . e e e e e e 4-14

4.4 LABORATORY METHODS ........ P 4-14

4.5 RESULTS '« .o oo e e e S e, 4-15

4.5.1 Species SizefAgeData .. ................. N 4-15

4.5.2 Tissue Metal Concentrations . . . . . . . v i ot it i m et e e e e e et e ae e 4.20

4.5.3 Tissue Semivolatile Organic Chemical Concentrations . ........... 4-48

4.,5.4 Tissue Pesticide Concentrations .. . ..o vt v v vt m e e e e 4-53

4.5.5 Tissue Dioxin and Furan Concentrations .. ....... ... 4-84

4.6 DISCUSSION ............... S e e e e e e 4-87

4.6.1 Trace Metals . . ..ottt e e e e, 4-89

4.6.2 Organic Compounds . .................. e 4-105

4.6.3 Identification of Potential Areas of Concern .................. 4-131

47 SUMMARY ..\ e e . 4-133

5.0 BENTHIC COMMUNITY ASSESSMENT . . .. .. i e et et et e e e e 5-1

5.1 INTRODUCTION ...\ttt ittt it e 5-1

5.2 SAMPLING LOCATIONS . ........ ... ..., e e e e e e e e e e 5-2

5.3 SAMPLINGMETHODS ........ ... ... e e 5-2

5.4 LABORATORY METHODS . . . .. i i e et e ea 53

5.4.1 Taxonomic Analyses ............. [ &c'

5.4.2 Quality Assurance and Quality Controt . ...... A

5.4.3 Analysis of Benthic Community Structure . .......... e 5-4

iv



5.5 RESULTS ...ttt e e e e i e e s 5-9

5.5.1 Taxonomic Analyses . . .. ... ... ir i onnnnsennnn 59

5.5.2 Habitat Characteristics . ......... . .. ...t iiinennnn. 59

5.5.3 Benthic Community Characteristics . ....................... 5-14

5.5.4 Differences AMONZ Stations . . . . . . v vt i it it it e e e e 5-26

5.6 DISCUSSION . .. it e e e e e e e e 5-38

5.6.1 Comparison With Historical Data . . . .. ........ ... ... ... 5-42

5.6.2 Significance and Recommendations . . . ... .. ................. 5-45

5.7 SUMMARY ... e e e e e e 5-46

6.0 OVERVIEW AND CONCLUSIONS . . .. . ... i i e e e et e e 6-1
6.1 WATER COLUMN . .. ... . i e it et et aens 6-7

6.2 SEDIMENT CHEMISTRY . ... ... . . it it e i e e 6-10

6.3 TISSUE BIOACCUMULATION . .. ... . ittt e i e e i inas 6-12

6.4 BENTHIC COMMUNITY . ... . ... i it i e et en e 6-14

6.5 CONCLUSIONS . . ... e e e e e e e e e ena 6-16

7.0 REFERENCES . ... ...ttt e it e et e ennaens 7-1
GLOSSARY ... e e e e e e e e e GL-1



Number

1-1

FIGURES

Samplmg locations for water, sediment, tissue and benthos, River
SBEMENt 1 . . o i e e

Sampling locations for water, sedlment tissue and benthos, River
segment 2 .., ... e e

Sampling locations for water, sediment, tissue and benthos, River 7
SBEMIBNL 3 L o . . e e e

Sampling locations for water, sediment, tissue and benthos, River
SEEMENt 4 . . . . ... e e PN

Historical and 1992 Discharge Data for the Columbia River at
The Dalles, OR . . . . it et e e e e e e e e e

Historical and 1991 discharge data for the Wlllamette Cowlitz, Sandy,
and East Fork Lewis Rivers . . .. .. .. ... ... iiiiiinnnnn

Daily Rainfall at Astoria, Longview, Portland, and Bonneville Dam
during the period of reconnalssance survey sampling . ................

Water column profiles of salinity, sigma-t, temperature, and dissolved
oxygen (DO) at the transect station W33 ... .....................

Water column profiles of salinity, sigma-t, temperature, and dissolved
oxygen (DO) at the transect station W8 . ... ................ e

Water column profiles of salinity, sigma-t, temperature, and dissolved
oxygen (DO) at the transect station W6 . . ... ... ... ...,

Water column profiles of salinity, sigma-t, temperature and dlssolvecl
oxygen(DO) ... ... e e e e e e e e e e e

Trends in salinity and conductivity in the lower Columbia River .........

Trends in pH, turbidity, and total suspended solids (TSS) in the
lower Columbia River . ... ... ... ... . ... . it

vi



2-10

2-11

2-12

2-13

2-14
2-15
2-16

2-17

2-18

2-19

3-1a

3-1b

3-2a

3-2b

3-4a

Trends in temperature, dissolved oxygen (DO), and percent DO saturation

inthe lower Columbia River . .......... .. .. ... .. ... ... ..... 2-25
Trends in chloride, sulfate and hardness in the lower Columbia River ... ... 2-31
Trends in phytoplankton density in the lower Columbia River ........... 2-40
Trends in phytoplankton biovolume in the lower Columbia River . . . . ceees 2-41

Geometric mean fecal coliform densities at six stations in the lower
Columbia River . ... ... i e e e e e e e e e e 2-46

Trends in aluminum and iron and comparison with total suspended solids
(TSS) and turbidity, in the lower Columbia River . . ... .............. 2-52

Trends in barium, copper, and zinc in the lower Columbia River . ..... .., 2-55
Trends in lead, chromium, selenium, and cadmium in the tower Columbia River 2-57
Comparison with chronic criteria for aluminum in the lower Columbia River . 2-61

Comparison with chronic criteria for cadmium, copper, and iron in the
lower ColumbiaRiver . ... ..... ... ... .. ... 2-62

Comparison of chronic criteria with lead, selenium, and zinc in the
lower Columbia River . ... ........ ... ... . ... . ... . ..., 2-63

Trends in adsorbable organic halogens (AOX) in the lower Columbia River .. 2-74

Composition of sediments at 54 stations in the Columbia River below
Bonneville Dam (RM 146) . . ... ... ... ... ittt 320

Percent sediment fines at 54 stations in the Columbia River below
Bonneville Dam (RM 146) . . . .. . ... i it i e sttt aas e 3-21

Percent total organic carbon (TOC) at 54 stations in the Columbia River
below Bonneville Dam (RM 146) . . .. .. i it it e ettt o nenns 3-23

Scatter plot indicating the relationship between total organic carbon
(TOC) and the percentage of fine sediments . ..................... 3-24

Locations of the sediment sampling stations where metals were detected
during the lower Columbia River Reconnaissance survey . ............. 3-28

Concentrations of aluminum and arsenic (mg/kg dry wt) at 54 stations in
the Columbia River below Bonneville Dam (RM 146) ................ 3-30

vii



3-4b
3-4'c.
3-4d
3-4e

3.4f

3-13a
3-13b

3-13¢

Concentrations of barium and cadmium (mg/kg dry wt) at 54 stations in
the Columbia River beiow Bonneville Dam (RM 146). . ... ...........

Concentrations of chromium and copper (mg/kg dry wt) at 54 stations in
the Columbia River below Bonneville Dam RM 146) .. ... ... ........

Concentrations of iron and lead (mg/kg dry wt) at 54 stations in the

" Columbia River below Bonneville Dam (RM 146) . ... ......... D

Concentrations of mercury and nickel (mg/kg dry wt) at 54 stations in
the Columbia River below Bonneville Dam (RM 146) . ...............

Concentrations of silver and zinc (mg/kg dry wt) at 54 stations in
the Columbia River below Bonneville Dam (RM 146) . ....... .. e

Locations of the Sediment sampling stations where semivolatile organic
compounds were detected during the lower Columbia River Reconnaissance
SUIVEY & i v v vttt ettt e et e e e e e

Locations of the sediment stations where pesticides and PCBs were
detected during the lower Columbia River Reconnaissance survey . ........

~ Locations of the sediment sampling stations where dioxins, and furans were

detected during the lower Columbia River Reconnaissance survey . ... .. ...

Concentrations (pg/g dry wt) of dioxin congeners in sediments from 20
stations in the Columbia River below Bonneville Dam (RM 146) . ........

Concentrations (pg/g dry wt) of furan congeners in sediments from 20
stations in the Columbia River below Bonneville Dam (RM 146} . ... .. I

Concentrations (ug/kg dry wt) of organotins in sediments from 10 stations
in the Columbia River below Bonneville Dam (RM 146) .. ...........,

' Scatterplots illustrating relationships between inorganic. chemlcals and

sediment conventional variables . ... ............ ... .. ... .. ...

Scatterplots illustrating relationships between organic chemicals and
sediment conventional variables . .. ... ............. e e e

Linear regression results of sediment iron vs, aluminum, arsenic, and -

barium measured at 54 stations in the lower Columbia River . ... .. ...... ‘

Linear regression results of sediment iron vs. cadmium, chromium, and
copper measured at 54 stations in the lower Columbia River . ...........

Linear regression results of sediment iron vs. lead, nickel, and zinc
measured at 54 stations in the lower Columbia River , .. ..............

viii



3-14

3-15

4-4
4-5
4-6

4-7

4-9

4-10
4-11
4-12
4-13
4-14
4-15
4-16
4-17
4-18
4-19
4-20

4-21

Distributions of dioxins and furans measured at 34 stations in the .
lower Columbia RIVeT . . . . v v it i i et e e e e e et et e bt e s ee e n 3-67

Distributions of organotins measured at 10 stations in the lower Columbia River 3-70

Minimum, maximum, and mean wet weights of species coliected
in the Lower Columbia River . .......... e e e e 4-16

Minimum, maximum, and mean fork lengths of fish species collected

in the Lower Columbia River . ... ... ... ... . i 4-18
Arsenic concentrations intissue . ................ e e 4-34
Barium concentrations intissue .. ... ... ... ... ... 4-35
Cadmium concentrations intissue . .. .............. e e e e 4-40
Copper concentrations in tissue . ........ . .A .................. 4-41
Lead concentrations in tissue . . ... ... ... .. ...t rnna., 4-42
Mercury concentrations intissue .. .... ... ... . ... . .t .., 4-44
Nickel concentrations in tissue . . . .. ... .. ittt m i e 4-46
Silver concentrations intissue . ................. e e 4-47
Zinc concentrations in tissue . ... ... e e e e e e e 4-49
0,P’-DDT concentrations in tissue . ............ e e e e e 4-55
4,4’-DDT concentrations in issue . . . . ... ...ttt e 4-56
0,P’-DDE concentrations in tissue ... .. I .. 461
4,4’-DDE concentrations intissue . . . .. . ... . i e e 4-62
O,P’-DDD concentrations in tissue . . ... ... ittt i e 4-64
4.4’-DDD concentrations in tssue . . .. .. ... . e e e . 4-65
Aldrin concentrations intissue . . . .. ... ... .. i e e e e 4-67
Dieldrin concentrations intissue . . .. ... ... .. . . i e i e 4-68
Methyl parathion concentrations intissue . ........... ... o,y 4-70
Parathion concentrations intissue . .. ... .... ... . ... 4-71



42
423
4-24
4-25
426
4-27
4-28
4-29
4-30
4-31

4-32

4-33

4-34

4-35

5-1

5-4

5-5

Isophorone concentrations intissue .. ....... ... ... . . oL 4-73
Endosulfan 1 concentrations in tissue . .................. PP 4-74
Endrin concentrations inm tSSue . . . . . ..o e e ... 476
Endrin aldehyde concentrations in tissue . e e 4-77
Methoxychlor concentrations in tissue . ............ [P e 4-79
Beta-BHC concentrations intissue ... ..... ... ...ttt 4-80
Gamma-BHC concentrations intissue . ................. PIPIT 4-81
Aroclor 1254 concentrations i tissue . . ... .. ...t 4-83
Aroclor 1260 concentrations intissue . .... ... ... ... . . e 4-85
Toxicity equivalency concentrations for dioxins and furans in tissue ....... 4-88
Metals detected in fish and crayfish tissue samples collected for
the Lower Colimbia River reconnaissance survey . . . .......... e 490
Semivolatile compounds detected in tissue samples in the ,
Lower Columbia River reconnaissance survey .................... 4-107
Pesticides detected in fish and crayfish tissue samples collected
for the Lower Columbia River reconnaissance survey .........., .. .. 4115
Polychlorinated biphenyl compounds (PCBs) and dioxin and furan
compounds detected in fish and crayfish samples collected for the
Lower Columbla River reconnaissance survey ... ..... ... onu., 4-119
Normal and log-transformed probability plots examining the distributional

attributes of richness and abundance data at 54 stations in the lower
Columbia River . ........... ... .. ... ...... A 5-7
Richness and abundance per 0.06 m? at each of the 54 sampling
stations in the lower Columbia River . . ... ... .. ... .. .. .. ... .. . 5-15
Distributions of richness and abundance data at 54 stations
in the lower Columbia River . . . ... ... ... .. ... ... ... .... w... 5-18
Percent composition of major taxa groups at 15 stations in Segment 1
of the lower Columbia River ... .................. e e 5-22
Percent composition of major taxa groups at 13 stations in Segment 2
of the lower Columbia River . . ... .. ... ... ... .. 523



5-6

5-10

5-1t

5-12

5-13

6-1

6-4

Percent composition of major taxa groups at 11 stations in Segment 3

ofthe lower Columbia River . ... ... ... .. i, 524
Percent composition of major taxa groups at 15 stations in Segment 4

of the lower Columbia River . . .. .. ... ... ... .. .. . i, 5-25
Dendrogram resulting from a Bray-Curtis classification analysis of the

benthic community data at 11 marine and estuarine stations in the lower

Columbia River . .................... e e e e e 5-29
Dendrogram resulting from a Bray-Curtis classification analysis of

the benthic community data at 43 freshwater stations in the lower

Columbia River ... ... ... i i i et e e i e e e 5-30
Relationship between habitat characteristics and benthic

community attributes . . . .. ... e 5-34
Comparisons between richness and abundance data for estuarine stations

and median references values . . .. ...... ... ... .. e 5-39
Comparisons between richness and abundance data for freshwater

coarse-grained stations and median references values . . ... ............ 5-40
Comparisons between richness and abundance data for freshwater

fine-grained stations and median references values . ......... e 5-41
Sampling locations where water quality parameters were measured

at levels of potential concern, River Segment I ... ....."............ 6-3
Sampling locations where water quality parameters were measured

at levels of potential concern, River Segment 2 .. ................... 6-4
Sampling locations where water quality parameters were measured

at levels of potential concern, River Segment 3 ... .................. 6-5
Sampling locations where water quality parameters were measured

at levels of potential concern, River Segment 4 ... ... e e 6-6

xi



2-10

2-11

TABLES

Chemicals of concern analyzed in various media during the lower
Columbia ReconnaiSsance SUrvey . .. .. ..o oo v vn i i inn e nueennnn

Monthly (September, November 1991) rainfall at four locatlons along
the lower Columbia River . . . . .. .. ... .. .. . . i e

Station locations and time of water sampling for the lower Columbla
River Reconnaissance SUIVEY . . . . . . .o vttt it it et e e e oo

Stations at which water column parameters were measured .. ...........
Mean and coefficient of variation of field replicated nutrient and
miscellaneous parameters from the lower Columbia River Reconnaissance

SUTVEY o v v v e e et e m e e e e et ottt e e e m et e

Comparison of the field replicated phytoplankton samples from the
lower Columbia River Reconnaissance survey .....................

List of phytoplankton taxa identified from the lower Columbia River
Reconnaissance SUrvey . . . . .. .o vt ittt s i e e e e

Dominant phytoplankton taxa at each station from the lower Columbia

River Reconnaissance survey . . .. ................... e

Summary bacteria data from the lower Columbia River Reconnalssance
SUTVEY . o v iie s ieeee i s e e e e

Mean and coefficient of variation of field replicated metal samples
from the lower Columbia River Reconnaissance survey ...............

Summary of water column metals and cyanide data from the lower
Columbia River Reconnaissance survey . .......... ... ¢cuvveue....

Summary of water column organic compound sample detection limits and
water quality criteria . ... . ... ... .. e

Mean water nutnent concentrations reported by WDOE for Bradwood
(RM 39} and Warrendale RM 141)in 1990 ....... e e .

xii



2-12

2-13

2-14

3-1

34

3-5

3-6

3-10

3-1

Comparison of WDOE and USGS measured water column dissolved metals
concentrations in the Columbia River at Warrendale (RM 141) during 1990

Total water column metal concentrations reported by WDOE at Bradwood
(RM 39) and Warrendale (RM 141)in 1990 ........... ... ... .....

AQOX discharge data from pulp and paper mills that discharge directly to
the lower Columbia River below BonnevilleDam . . . ............... 2

Lower Columbia River Reconnaissance survey: Locations and Time of
sediment and benthic infaunasampling . . ... ... ... ..

Lower Columbia River Reconnaissance survey stations at which sediment
parameters were measured . . ... ... L. e e

Summary of sediment metals and cyanide data from the lower Columbia
River Reconnaissance SUrveY . . . . . o v v v i i i v vt vttt et o s e

Summary of sediment radionuclide data from the lower Columbia River
ReCONNAISSANCE SUIVEY . . . . . o i it e vt it e et o e et e e e e e s an

Summary of sediment organic compounds from the lower Columbia River
ReCcONNAISSance SUTVEY . . v v v v v v v v o vt s e it ettt e e a e e

Summary of sediment dioxin and furan from the lower Columbia River
Reconnaissance SUIVEY . . . . . . . v ittt it i i i e e

Summary of sediment butyltin data from the lower Columbia River
ReCONNAISSANCE SUIVEY . o v o o v vt v ettt se oo i bt ie s i ee s ar s

Comparison of total metals concentrations among sediment types .........

Identification of sediments that may potentially be elevated in the
indicated metal due to input from anthropogenic sources ..............

The identification of areas of concern for sediment quality based on areas
identified as potentially enriched due to anthropogenic sources and
exceedances of sediment quality guidelines . ................. . ...,

Comparison of reconnaissance survey sediment radionuclide results with
recent and historical data from locations above (Priest Rapids Dam) and
below (McNary Dam) Hanford operations .. .......... ... ...,

Lower Columbia River reconnaissance survey: locations and time and
crayfishsampling . .. ... .. .. e e

Lower Columbia River reconnaissance survey: locations and date
of fishsampling . . .. ... ... .. i i i e



43

4-4

4-5

46

4-7

49

4-10

4-11

4-12

4-13

5-1

5-2

5-4

Sampling stations from which captured biota were analyzed for .
tissue chemistry .. ..... e e e e e e 4-10

Lower Columbia River reconnaissance survey: white sturgeon collection
areas and tissue chemicals analyzed . . ............ .. .. ... ... 4-11

Estimated relationship between whole-body wet weight and age
for the crayfish pacifastacis lenjusculus .. ... ... ... . .. ..., 4-17

Chemicals detected in five species collected in the
lower Columbia River reconnaissance’survey . .. .. ... ........ e 4-21

Detection limits reported for chemicals not detected in any tissue
samples for one or more of the five species collected in the
lower Columbia River ... ... ... .. . . i 4-28

Locations of maximum measured trace metal concentrations in
HSSUE SAMPIES . . . . oot e e e e 4-36

Locations of maximum measured pesticide concentrations in
tissuesamples ... ................ e e o, 457

Comparison of reconnaissance survey tissue contaminant levels
with those measured nationwide in the national bioaccumulation study
and national contaminant biomonitoring program ... ................ 4-91

Concentrations of mercury, chlorinated benzines, polychlorinated
biphenyl compounds, and pesticides in fish collected from the lower
Columbia River for the national bioaccumulation study .............. 4-108

Dioxin and furan concentrations in fish from the lower Columbia River
collected for the national bioaccumulation study ... ................ '4-122

Comparison of lower Columbia River reconnaissance survey tissue data
with proposed New York state Piscivorous fish criteria . ............. 4-127

Selected examples of infaunal taxon classification . .................. 5-10

Near-bottom salinity at nine reconnaissance survey water _
sampling stations in the lower Columbia River . . . ... ............... 5-11

Richness, abundance, and sediment conventional characteristics at
each of the 54 benthos sampling stations in the lower Columbia River ... ... 5-12

Mean richness and abundance of benthic infaunal organisms for

estuarine and freshwater fine-grained and coarse-grained habitats in
the lower Columbia River reconnaissance survey ................ s 5417

Xiv



Abundances of major taxonomic groups at each of the 54 stations in the
lower Columbia River sampled during the reconnaissance survey .........

Probability of significant differences between habitats based on
total richness, total abundance, annetid abundance, and miscellaneous
taxa abundance . .. ... e e e e e e

Correlation coefficients, coefficients of determination, and significance

levels for correlations among biotic and abiotic variables ..............

Median richness and abundance values for reference stations sampled
in the lower Columbia River reconnaissance survey .................

Xy



ACKNOWLEDGMENTS

This report was prepared by Tetra Tech, Inc of Redmond, Washington for the Lower Columbia River
Bi-State Water Quality Program under Contract Nos. C91228 (WDOE) and 78-91 (ODEQ). The
Project Coordinators for the Bi-State Program were Ms. Cordelia Shea and Mr. Don Yon from the
Oregon Department of Environmental Quality and Mr. Neil Aaland from the Washington Department of
Ecology. Tetra Tech’s Project Managers for the Lower Columbia River Bi-State Water Quality Program
were Dr. Steven Ellis and Dr. Ted Turk.

Tetra Tech, Inc. had the lead responsibility for the report sections discussing the water and tissue results,
and survey conclusions, The principal authors of these sections were Mr. Curtis DeGasperi and
Dr. Steven Ellis, Additional support was provided by Mr. Tad Deshler, Mr. Gary Braun, Mr. Glen
St. Amant, Dr. Mahmood Shivji. EVS Consultants, Inc. had the lead responsibility for the report
sections discussing sediment chemistry and benthos. The principal authors were Dr. Bob Dexter,

Ms. Dena Hughes, Ms. Nancy Musgrove, and Ms, Sandra Salazar.

The following laboratories provided analytical services for this project:

n Alden Analytical Labs - Semi-volatile and volatile organics, pesticides/PCBs
| Precision Analytics, Inc. - Metals, nutrients, sediment grain size

] Keystone/NEA - Dioxins/furans, lipids

u Analytical Resources, Inc, - Sediment conventionals, organotins

n Weyerhaeuser Labs - AOX

u Washington Department of Health - Radionuclides

u Coffey Labs - Bacteria

u EVS Consuitants, Inc - Invertebrate taxonomy

» Aquatic Analysts - Phytoplankton

xvi



This report was reviewed by members of the Lower Columbia River Bi-State Steering Committee.
- Additional comments, which have been addressed in this report, were received from the following groups

or individuals;

Columbia River Intertribal Fish Commission (CRITFC)

Stewart Lombard, Washington Department of Ecology

Rick Swartz; U.S. Environmental Protection Agency

Bruce Cleland, U.S. Environmental Protection Agency

Russel Peterson, U.S. Fish and Wildlife Service

Mark D. Sipola, UJ.S. Army Corps of Engineers

Jon K. Graves, Columbia River Estuary Study Taskforce

Dana Davoli, U.S. Environmental Protection Agency

Raymond C. Beamesderfer, Oregon Department of Fish and Wildlife-
Norm H. Anderson, Oregon State University '

Robert L. Emmett, National Marine Fisheries Service

Xvii



EXECUTIVE SUMMARY

The Columbia River is the largest river entering the northeastern Pacific Ocean, and is the second largest
river in the United States; in terms of volume discharged. The river’s drainage basin, which covers
660,480 km? (255,000 mi?) in the U.S. and Canada, is the focus for major fishing, forestry,
hydroelectric, mining, shipping, agricultural, manufacturing, and recreational activities. The lowerl
Columbia river consists of the 146 mile stretch of river below Bonneville dam to the river’s mouth at the
Pacific Ocean. This region contains the most highly industrialized and largest population centers found

along the Columbia River.

There is increasing public concern that urbanization, coupled with extensive industrial and agricultural
activity along the lower Columbia River and in its upper and lower drainage subbasins, might be having
an adverse effect on the river’s water qhality. Concern has also been expressed regarding the transport
and potential impacts of toxic chemicals in the productive estuarine habitats of the river. The Lower
Columbia River Bi-State Water Quality Program (Bi-State Program) was initiated in- 1990 by the Oregon
and Washington state legislatures to address these concerns by assessing the overall water quality of the

lower Columbia River.

As part of the Bi-State Program’s assessment of water quality, areconnaissance survey of the lower river
was conducted during September to November 1991. The purpose of this survey was to make a
preliminary assessment of water quality conditions that could be used to identify potential water quality
proi:vlems and direct future Bi-State studies. Water, sediment, and tissue samples were collected
thropghout the lower river and analyzed for an extensive list of chemicals. Benthic organisms were also
enumerated at all sediment collection sites to permit examination of the relationships among benthic
community indices, sediment contaminant levels, and habitat characteristics. This survey represents the
most extensive sampling effort ever conducted on the lower Columbia river. The types of analyses

conducted are summarized below.
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Water: Samples were collected from 45 locations in the lower Columbia River.
Parameters analyzed at all, or some portion of these locations, included temperature,
conductivity, pH, dissolved oxygen (DO), total suspended solids, turbidity, hardness,
essential plant nutrients, bacteria, and 16 metals and 119 organic chemicals bf potential

concern.

Sediments: Sediment samples were collected at fifty-four locations in the lower
Columbia River. These samples were analyzed for particle size, total organic carbon,

16 metals, 108 organic chemicals, and 7 radionuclides.

Tissue: Tissue samples were collected from 20 locations in-the lower Columbia river,
These samples were analyzed for the presence of 11 trace metals and 108 organic
chemicals of potential concern, Contaminant levels in five species were documented
(carp, crayfish, largescale sucker, peamouth, and white sturgeon). These species were
selected for analysis because their feeding characteristics (e.g., bottom feeders), fat
content, and/or longevity (e.g., white sturgeon) might suggest that they would have

higher contaminant levels than other aquatic species.

Benthos: The types and abundance of benthic organisms were recorded at 54 locations

in the lower Columbia River. These sites were also analyzed for sediment chemistry.

The map on the following page shows the sites sampled in the 1991 reconnaissance survey and indicates

the water quality parameters that were measured at levels of potential concern. It should be noted that

there are varying degrees of confidence associated with the designation of parameters of concern. In the

case of water, identification of potential problems is relatively straightforward as both Oregon and

Washington have established state criteria that can be used to evaluate water quality. Determination of

potential problems in sediment, tissue samples, and benthic communities is more problematic as neither

Oregon or Washington have established criteria to facilitate identification of problems in these media.

Water quality parameters or chemical concentrations that exceeded these federal or state criteria are

indicated on the map as being of potential concern. In general, the water column study of the lower

Columbia river indicated a number of potential water quality problems. Measured concentrations of
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enterococcus bacteria exceeded federal criteria at all the stations surveyed for bacteria, .dis'solvecl 0Xygen
levels were below state standards at several stations, and there were indications that the water temperature

criterion of 20° C is exceeded regularly in the study area below Bonneville Dam.

In the case of sediment, contaminant concentrations were compared to reference, or guidance, values
developed by other regulatory or resource management progfams. Sources of these reference values were
the recently issued draft U.S. Environmental Protection Agency freshwater sediment criteria which
includes criteria for five chemicals, the Ontario Ministry of the: Environment’s Provincial Sediment
Quality Guidelines for freshwater sediments, and data compiled as part of the National Oceanic and
Atmospheric Administration’s National Status and Trends program that idéntiﬁes ranges of chemical
concentrations in marine and freshwater sediments associated with adverse impacts to benthic organisms.
Chemicals with sediment concentrations that exceeded these reference values are identified as being of
potential concern on the map of the lower Columbia River, Metals concentrations exceeded the sediment
reference levels adopted for.this study at a number of stations, Polycjc]ic aromatic hydrocarbons
(PAHs), PCBs, and most pesticides were detected relatively infrequently, but the detected concentrations
generally exceeded their effects-based reference values. Didxihs and furans, and organotin compounds
~ were detected frequently at the more limited number of stations sampled for these compounds. However,
assessment of the biological significance of the detected levels of dioxins, furans, and organotin
compounds is difficult because of the lack of effects-based reference values for these contaminants. It
is important to note that reference values were unavailable for many of the chemicals analyzed in
sediment samples. It is not possible at present to evaluate the potential impact on water quality from

these chemicals.

The reference values used to identify potential chemicals of concern in tissue samples were tissue residue
guidance values developed by the New York State Department of Environment Conservation. These
values, which are intended only as guidance to New York Stafe regulatory agencies, were developed
using toxicological data studies of traditional laboratory animals and wildlife species and are intended to
be used to estimate safe levels of contaminants in fish tissue that will protect fish-eating wildlife. These
guidance values are available for only a small number of the chemicals measured in tissue samples
collected from the lower Columbia River. Chemicals with tissue concentrations that exceeded these
reference values are identified as being of potential concern on the map of the lower Columbia River. .

The tissue data suggests that the contaminants of primary concern in the lower Columbia River are PCBs,

xxii



dioxin/furans, and chlorinated pesticides. All three of these groups of chemicals are widely distributed
throughout the lower river and the concentrations measured in fish from several locations are sufficiently

high that they may adversely affect fish-eating wildlife.

Potential impacts to benthic populations were identified by comparing organism abundance and the
number of different types of organisms (taxa) with specific reference conditions identified for the lower
Columbia River. This required designation of reference conditions for coarse and fine sediment habitats
in the freshwater region of the river, and a reference condition for the lower estuary. Sites where both
total abundance and the number of taxa were 50 percent lower than these reference conditions are
identified on the enclosed map as being of potential concern. Reductions in benthic abundance and
numbers of taxa were not correlated with sediment contaminant levels. The limited data collected
suggests that changes in these indices may be influenced to a greater extent by physical or habitat
characteristics than by water quality. However, the data are not adequate to completely dismiss water
quality, or any other factor, as a cause of relatively lower abundance or numbers of taxa in sediments

of the lower river.

The primary purpose of the 1991 reconnaissance survey was to collect data that would permit a
preliminary assessment of water quality in the lower Columbia River. As indicated on the summary map,
several potential water quality problems have been identified that will serve to direct future Bi-State
studies. Because of uncertainties associated with reference values for media other than water, the lack
of reference values for many of the chemicals measured, and the fact that this survey is only a single
snapshot of river conditions during summer low-flow conditions, it is important to recognize that further
efforts are needed to confirm and evaluate the potential problems inferred from the reconnaissance survey.
Nevertheless, the reconnaissance survey resuits do provide strong evidence that there is a need for

continued concern about water quality in the lower Columbia River.
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LIST OF ACRONYMS

'ADI
AOX
APHA
AVS

BHC
BCF
BOD

CA

cfs

Ci

CLP
CREDDP
CSO

DDD
DDE
DDT
DEHP
°C
°F
DL
DO
EDL
EPA

" ER-L

ER-M

Acceptable daily human intake
Adsorbable organic halogens
American Public Health Association
Acid volatile sulfides

Arizona

Benzene hexachloride [or HCH (hexachlorocyclohexane))
Bioconcentration factor

Biochemical oxygen demand
California

cubic feet per second

Curie

Contract Laboratory Protocols
Columbia River Estuary Data Development Program
Combined storm-sewer overflow
Conductivity-temperature-depth meter
Dichloro diphenyl dichloroetﬁane
Dichloro diphenyl dichioroethylene
Dichloro diphenyl trichloroethane
Di-(2-ethylhexyl)phthalate

Degrees Centigrade

Degrees Fahrenheit

Detection limit

Dissolved oxygen

Estimated detection limit
Environmental Protection Agency
Effects-range low

Effects-range medium
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FDA
GPS
HI
HxCDD
HxCDF
1A

L
ICP/AES
ICP/MS
IQR

1b
LLD
LC
LMCL
LOEL
MEI
MGD
MI

kg

mg
mMhos
MPN
mrem ‘
MS
MSD
NASQUAN
NBS
NCASI -
NCBP
NOAA
NOEL
NPDES

U.S. Food and Drug Administration
Global positioning system

Hawaii

Hexachloro-dibenzodioxin

Hexachloro-dibenzofuran

Towa

Liters

Inductively coupled plasma/atomic emission spectrometer
Inductively coupled plasma/mass spectrometer
Inter-quartile range

Pounds

Lower limit of detection

Lethal concentration

Lower method calibration limit

Lowest observed effects level

Maximally exposed individual

Million gallons per day

Michigan

Micrograms

Milligrams

Micromhos

Most probable number

Millirems

Matrix spike

Matrix spike duplicate

National Stream Quality Accounting Network

National Bioaccumulation Study

National Council of the Paper Industry for Air and Stream Improvement

National Contaminant Biomonitoring Program
National QOceanic and Atmospheric Administration
No observed effects level

National pollutant discharge elimination system
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NTU Nephelometric turbidity units

NYS New York State

OAR Oregon Administrative Rules

OCDD Octachloro-dibenzodioxin

OCDF : "Octachloro-dibenzofuran _
ODEQ Oregon Department of Environmental Quality
OR Oregon

P Probability

PAH Polycyclic aromatic hydrocarbon

PCB Polychioerinated b_iphenyl' compound
PCDD Polychlorinated dibenzodioxin

PCDF Polychlorinated dibenzofiran

pCi Picocuries

PeCDD * Pentachloro-dibenzodioxin

PeCDF ' Pentachloro-dibenzofuran

PGE Portland General Electric

pg Picograms

ppm : Parts per million

ppt | Parts per thousand

ppt Parts per trillion (pg/g)

QA Quality assurance

QC Quality contr'ol.

r correlation coefficient

i2 coefficient of determination

rad " absorbed ionizing radiation

RM River mile '

RPD Relative percent difference

SM Standard Methods _
STORET U.S. EPA’s data storage and retrieval system database
TBT Tributyltin .
TCDD Tetrachloro-dibenzodioxin

TCDF Tetrachloro-dibenzofuran
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TEC Toxicity equivalent concentration

TEF Toxicity equivalency factor

TKN Total Kjeldahl nitrogen

TMDL Total maximum daily load

TOC Total organic carbon

TP Total phosphorus

TSS Total suspended solids

USACOE U.S. Army Corps of Engineers
USDOE U.S. Department of Energy
USFWS U.S. Fish and Wildlife Service
USGS U.S. Geological Survey

UT Utah

WA Washington

WAC Washington Administrative Code
WDOE Washington Department of Ecology
WSDH Washington State Department of Health
WWTP Wastewater treatment plant

YSI Yellow Springs Instruments
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1.0 INTRODUCTION

The Columbia River, the largest river entering the northeastern Pacific Ocean, is the second largest river
in the United States in terms of volume discharged (Fox et al. 1984). The river’s drainage basin, which
covers 660,480 km? in the U.S. and Canada (Simenstad et al. 1990), is the focus for major fishing,
forestry, hydroelectric, mining, shipping, agricultural, mannfacturing, and recreational activities.

The lower Columoia River is the section of the river from the river’s mouth near Astoria, Oregon to
Bonneville Dam at river mile 146, This section, which forms part of the bofder between Washington
and Oregon supports the most concentrated population and industrial base along the U.S. portion of the
river. The lower nver s drainage subbasin contains several major tributaries. Much of the land use in
the subbasm is devoted to forestry and, to a lesser extent, agnculture urban and suburban business, and

re31dent1al use

Major population centers 6n the lower Columbia River include Astoria, Rainier, Portland, St. Helens and
'froutdalé' in Orégon and Longview-Kelso, Kalama, Vancouver, and Camas-Washougal in Washington.

The utility-of the lower €olumbia River as a major shipping channel has encouraged the deve!opment of
major port faclhtles and heavy industrial activity in these population centers. The lower Cqumbla also
supports major salmonid and sturgeon fisheries; it is also home to three national wildlife refuges (Lewis
and Clark, the Julia Butler Hansen and the Ridgefield National Wildlife Refuges) and a wildlife manage-
ment area (Sauvie Island Wildlife Management Area). The estuarine portion of the lower Columbia
provides critical nursery and feeding habitat for several ecologically and economically important fish and

invertebrate species.

There is increasing public concern that urbanization, coupled with extensive industrial and agricultural
activity along the lower Columbia River and in its upper and lower drainage.éubbasins, might be having
an adverse effect on the river’s water quality. Concern has also been expressed regarding the transport

and potential impacts of toxic chemicals in the productive estuarine habitats of the river.
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1.1 LOWER COLUMBIA RIVER BI-STATE PROGRAM

The Oregon and Washington state legislatures directed the formation of the Lower Columbia River Bi-

State Water Quality Program (Bi-State Program) in 1990. The Bi-State Program is a four-year plan

designed to assess overall water quality in the lower Columbia River. The Bi-State Program’s overall

four-year goals are:

To identify water quality problems,
To determine if beneficial/characteristic uses are impaired.
To develop solutions to problems in the lower river.

To make recommendations on a long-term bi-state framework.

The Bi-State Program is to accomplish these goals by carrying out the following tasks:

Involve the public through education and by inviting public participation. -

Develop work plans that identify the studies needed to characterize the river’s
water quality.

Evaluate existing data and conduct reconnaissance surveys.
Carry out baseline studies.
Conduct advanced studies and recommend long-term monitoring.

Make recommendations to regulatory agencies.



1.2 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

In general, reconnaissance surveys are conducted to make a preliminary assessment of environmental
conditions of a study area to. identify current environmental conditions and contaminant levels, and
identify potenitial contaminants and areas of concern for more specific studies. When coupled with
knowledge of historical studies and information on potential pollutant sources, the results of a
reconnaissance survey may provide a preliminary assessment of potential environmental problems or
" reveal additional data gaps that could be filled through more focused studies. ‘Therefore, the
reconnaissance survey is typically of broad scope and attempts to sample a large number of contaminants,
potential problem areas, and environmental media (i.e., water, sediments, and biota) with the financial
and technical resources available. A reconnaissance survey may then be followed by contaminant-, site-,
and/or media-specific studies that would allow reﬁnément in the knowledge of problems identified based
on the reconnaissance survey. Therefore, reconnaissance survey results do not allow for the complete
identification of contaminants of concern, problem areas, or a complete assessment of the environmentat
health of the study area. These concerns are more appropriately addressed through inter-state and inter-

agency coordination of specific environmental investigations and routine monitoring programs.

The reconnaissance survey 6f the lower Columbia River was conducted to make a preliminary assessment
of the environmental conditions of the lower Columbia River and to -gather data that would aid in the
development and design of future environmental investigations and monitoring programs for the river.
The task of conducting a reconnaissance survey of the lower Columbia River was accomplished during
September to November 1991 (Tetra Tech 1991a), following the guidance and protocols outlined in the
final QA/QC (Tetra Tech 1991b) and sampling plans (Tetra Tech 1991¢). The primary‘objectives of the

reconnaissance survey were:

n - To provide a reconnaissance of levels of contaminants in water, sediments, and

tissue of resident river biota.

n To begin to address data gaps identified from an evaluation of existing water
quality data (Tetra Tech 1992a).



u To tentatively identify problem areas in the lower river.

. To provide recommendations for baseline studies to be conducted in subsequent

years of the Bi-State Program.

1.2.1 Reconnaissance Survey Sampling Locations

Four environmental media (water, sediments, tissue, and benthic communities) were surveyed to assess
water quality in the lower Columbia River. Forty-five locations were sampled for water column
characteristics, 54 locations each for sediment chemistry and benthic community assessment, and 20
locations for tissue (fish and/or crayfish) bioaccumulation of contaminants. The sampling locations are
shown in Figures 1-1 through 1-4. The rationale for selecting the sampling locations is provided in
subsequent sections addressing each of the environmental mediums surveyed. A list of the chemicals of

concern analyzed in each environmental medium is provided in Table 1-1.

1.2.2 River Flow and Rainfall Conditions During the Survey

River flow and rainfall conditions prevailing during the reconnaissance survey are important because they
can affect the water quality parameters measured. For example, when river flows are low, pollutants
discharged from point sources may approach maximuin concentrations because dilution by river water
will be reduced. When rainfall is high, input to the river of pollutants from non-point sources, such as
run-off, increase. Short-term variation in flow and rainfall conditions is expected to affect the levels of

pollutants more in the water column than in sediments or fish tissue.

Vessel-based sampling of water, sediment, fish and benthos was performed under low-flow conditions
in the lower Columbia River and its tributaries during September and October 1991 (see Figures 1-5
and 1-6). Shore-based bacterial sampling was conducted during the second half of October and the first
half of November 1991 under conditions of heavy rainfall and increasing flow in the lower Columbia

River and its tributaries (see Figures 1-5 through 1-7).

Monthly average, maximum, and minimum discharge of the Columbia River at The Dalles, OR
(RM 188.9) for 1991 is compared with the historical average, maximum, and minimum discharge in
Figure 1-3, These data are from the U.S. Geological Survey (USGS) discharge monitoring station located

above the Bonneville Dam, and therefore do not reflect the peak winter flows (resulting from heavy
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TABLE 1-1, CHEMICALS OF CONCERN ANALYZED IN VARIOUS MEDIA

DURING THE LOWER COLUMBIA RECONNAISSANCE SURVEY
(Page 1 of 7)

Number of Samples (Excluding Duplicates)

Water

Sediments

Tissues

METALS AND CYANIDE
Aluminum 45 54
Antimony?® 45 54 72
Arsenic®P 45 54 72
Barium 45 54 72
Beryllium? 45 54
Cadmium®-P 45 54 72
Chromium® 45 54
Copper®D 45 54 72
Iron 45 54
Lead®P 45 54 72
Mercury“'b’,d 45 54 72
.. Nickel? 45 54 72
Selenium® P-4 45 54 72
Silver? 45 54 72
Thallium® 45 54
Zinct b 45 54 72
Cyanide® 45 54
ORGANOTINS 10
VOLATILES
Vinyl chloride? 5
Methylene chloride® 5
1,1-Dichloroethane® 5
Chioroform®. 5
1,1,1-Trichloroethane® 5
Bromodichloromethans 5
trans-1,3-Dichloropropene 5
Dibromochloromethane® 5
Benzene® 5
Bromoform® 5

"
o




TABLE 1-1. CHEMICALS OF CONCERN ANALYZED IN VARIOUS MEDIA
DURING THE LOWER COLUMBIA RECONNAISSANCE SURVEY

(Page 2 of 7)
Number of Samples (Excluding Duplicates)

I Compound Water Sediments Tissues i

Tetrachloroethene® 5

Chlorobenzene®

Total xylenes

Chloroethane®

1,1-Dichloroethene

trans-1,2-Dichlorcethenc®

1,2-Dichloroethane?

Carbon tetrachloride®

1,2-Dichloropropane®

Trichloroethene®

1,1,2-Trichloroethane®

- c¢is-1,3-Dichloropropene

1,1,2,2-Tetrachloroethane®

_ Toluene?
Ethylbenzene®
Methyl chloride®
Methyl bromide® . '

ADSORBABLE ORGANIC

HALOGENS (AOX) .
0
ACID EXTRACTABLE ORGANICS (SEMIVOLATILES)

th [ L [ JLh (W Jh Jh Jthh fth Jby Jth Jta fLn Jon (i

i
O

Phenolic Compounds
Phenol* 5 54 | 72
2-Methylphenol 5 54
4-Methylphenol 5 54
2,4-Dimethyiphenol® 5 54
Pentachlorophenol® 5 54 72
2-Chlorophenol® 5 54 ' 72
2,4-Dichlorophenol® 5 54 72
2,4-Dinitrophenol® 5 54 72
2-Nitrophenol® 5 54 72
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TABLE i-1. CHEMICALS OF CONCERN ANALYZED IN VARIOUS MEDIA
DURING THE LOWER COLUMBIA RECONNAISSANCE SURVEY
(Page 3 of 7)

Number of Samples (Excluding Duplicates)
Compound + Water * Sediments Tissues
4-Nitrophenol® . 5 54
2,4,6-Trichlorophenol?® 5 54 72
BASE/NEUTRAL EXTRACTABLE QORGANICS (SEMIVOLATILES)
_Halogenated Ethers (Other than those listed elsewhere)
bis(2-chloroethyl)ether® 5 54 72
bis(2-chloroethoxy)methane? 5 54 72
bis(2-chloroisopropyl)ether® 5 54 72
4-Bromophenylphenylether? 5 54 72
L 4-Chlorophenylphenylether?® 5. 54 72
Nitroaromatics
2,4-Dinitrototuene® 5 54 72
2,6-Dinitrotoluenc® 5 54 72
Nitrobenzene® 5 54 72
Nitrosamines
N-nitroso-di-n-propylamine® 5 54 72
_riu_i_tmsqdipi{;yramge_a_ 5 54 72
Chlorinated Naphthalene
2-Ch]oronaphthal'énea . 5 54 7
Polynuclear Aromatics
Acenaphthene? 5 54 72
Acenaphthylene? 5 54 72
Anthracene® 5 54 72
Benzo(a)anthracene? 5 54 72
Benzofluoranthenes(b,k)® 5 54 72
Benzo(a)pyrene® ' 5 54 72
Benio(g,h,i)perylene'il 5 - 54 72
Chrysene® 5 54 72
I Dibenzo(a,h)anthracene? 5 54 72
Fluoranthene® 5 54 72
Fluorene® 5 54 72
1



TABLE 1-1. CHEMICALS OF CONCERN ANALYZED IN VARIOUS MEDIA
DURING THE LOWER COLUMBIA RECONNAISSANCE SURVEY
(Page 4 of 7) _

Number of Samples (Excluding Duplicates)

Compound Water Sediments Tisgusa H
Indeno(i,2,3-cd)pyrenc? 5 54 72 E
Naphthalene® 5 54 72 'II
Phenanthrene® 5 54 72
Pyrene® 5 54 72

Tm -
Chlorinated Benzenes
1,3-Dichlorobenzene? 5 54 72
1,2-Dichlorobenzenc® 5 54 72
1,4-Dichlorobenzene® 5 54 72
1,2.4—Trichlorobenzenea’d 5 54 72
L Hexachlorobenzene®d 5 54 72
Hexachlorinated Organic Compounds
Hexachlorobutadiene®d 5 54 72
Hexachloroethane® 5 54 72
Hexachlorocycl-opéntadiene‘ 5 54 ;12
] o]
]=Benzidines ‘ ‘ ‘
" 3,3’-Dichlorobenzidine®® 5 ' 54 72
Phthalate Esters -
Dimethylphthalate® 5 54 72
Diethylphthalate® 5 54 72
Di-n-butylphthalate® 3 54 72
Butylbenzylphthalate® 5 54 72
bis-2-(ethylhexyl)phthalate™*® 5 54 72
Di-n-octylphthalate® 5 54 72 |
PESTICIDES/PCBs
Pesticides
0,p"-DDE 5 54 72
0,p’-DDD 5 54 72
o,p’-DDT 5 54 72
4,4-DDT%b:c:e 5 54 72
1



TABLE 1-1. CHEMICALS OF CONCERN ANALYZED IN VARIOUS MEDIA
DURING THE LOWER COLUMBIA RECONNAISSANCE SURVEY

(Page 5of 7)
Number of Samples (Excluding Duplicates)
Cormpound Water Sediments Tissues
4,4'-DDE&D.Cde 5 54 72
4,4-DDD®b:c.e 5 54 72
Heptachlor®b»¢:d.e 5 54 72
Heptachlor epoxide®?:c.d.e 5 54 72
Total chlordane®®:¢:de 5 54 72
Aldrin®b:¢ 5 54 72 -
Dieldrin®b:¢:dse 5 54 72
Mirex (dechlorane)® 5 54 72
Dacthal® ' 5 54 72
Dicofol 5 54 72
Methyl parathion 5 54 72.
Parathion 5 54 72
Malati:xio;n 5 54 72
Toxaphenea’h'e‘ - sy 72
Tsophoronc® 5 s§ 72
Endosulfan I8 5 54 72
Endosulfan II* 5 54 72
Endosulfan sulfate® 5 54 72
Endrin®b:¢:d 5 54 72
Endrin aldehyde® 5 54 72
Methoxychlor 5 54 7i
alpha-BHC®B:¢,de 5 54 72
beta-BHC®® 5 54 72
 delta-BHC? 5 54 7
gamma-BHC (Lindane)?0:¢,d.0 S | 54 7}
PCBs '
Aroclor 10168/%:€ 5 54 72 -
Aroclor 12218:%° 5 54 72
Aroclor 1232%:C:8 5 54 72
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DURING THE LOWER COLUMBIA RECONNAISSANCE SURVEY
(Page 6 of 7)

Number of Samples (Excluding Duplicates)

Compound Water Sediments Tissues
Aroclor 12428:b:¢,8 5 54 72 -
Aroclor 12482:0:¢: 5 54 72 i
Aroclor 1254%5,6:€ 5 54 72 i
Aroclor 1260%b:¢.¢ 5 54 72

DIOXINS AND FURANS
2,3,7,8-TCDD®C:d:e 20 44
1,2,3,7,8-PeCDDS:4 20 44
1,2,3,4,7,8-HxCcDDY 20 44
1,2,3,6,7,8-HxCDD%4 20 44
1,2,3,7,8,9-HxcDDY 20 44
1,2,3,4,6,7,8-HpcDDCd 20 44
‘Octachlorodibenzo-p-dioxin® 20 44
2,3,7,8-TCDF¢d 20 44
1,2,3,7,8-PeCDFCd 20 44
2,3,4,7,8-PeCDF4 20 44
1,2,3,4,7,8-HxCDFd 20 44
1,2,3,7,8,9-HxCDFY 20 44
1,2,3,6,7,8-HxCDFd 20 44
2,3,4,6,7,8-HXCDFY 20 44
1,2,3,4,6,7,8-HpCDF 20" 44
1,2,3,4,7,8,9-HpCDFd 20 44
Octachlorodibenzofuran 20 44 |
RADIONUCLIDES
Americium-241
Cesium 137
Cobalt-60

Europinm-152

Europium-153

L T - T < T - T -
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TABLE 1-1, CHEMICALS Of CONCERN ANALYZED IN VARIOUS MEDIA

DURING THE LOWER COLUMBIA RECONNAISSANCE SURVEY

(Page 7 of 7)
Number of Samples (Excluding Duplicates)
Compound i Water i Sediments Tissues . "
' Plutonium-238 : 6 ‘ ql
" Plutonium-239/240 6 '

CONVENTIONALSf

Nitrogen (TKN, NO,, NO,, NH,)) 45

Phosphorus . 45

Total suspended solids 45

Hardness ' 45

Total organic carbon ' 5 54

Grain size ’ 54

Acid volatile sulfides . - 54 -

Total solids 54

. Lipids . . .., | . _ R 72

BACTERIAS :

Fecal coliform : 30

Enterococcus 30
2 Priority pollutants. _
b Target compoundé of U.S. Fish and Wildlife Service bioconcentration study (Schmitt and Brumbaugh
1990, Schmitt et al, 1990).
€ Currently monitored by Oregon Department of Environmental Quslity.
d Bioconcentrating compounds mouitdréd in the National Bioaccumulation Study (U.S. EPA 19%1a).
€ Chemicals of highest concern listed by U.S. EPA (1991b).
f The following measurements were taken at each station in the field:  pH, dissolved oxygen, conductivity,
water temperature, and turbidity.

: £ Six shore-based bacteria stations were sampled five times ove_n:a_30—day period.
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Figure 1-5. Historical and 1992 Discharge Data for the Columbia River at The Dalles, OR
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Figure 1-6. Historical and 1991 Discharge Data for the Willamette, Cowlitz, Sandy, and East Fork Lewis Rivers.




8I-1

- ASTORIA PORTLAND
2 N
_-—'E 1.5 E 154
g 10 8 1.0
_§§§§§§§§§§§i§i§§§§§§.52§§§§E§2%%§§§§§§§§§§§£§ FE R P e B e Y
1891 : 1991
) LONGVIEW ) : . BONNEVILLE DAM
g} g g 1.0+

SRRREREREEEEEEARREEEEIREESERRERERES

191

1901

Source: NOAA, Climatological Data for Gregon and Washington, 1991,

HIH

Figure 1-7. Daily Rainfall at Astoria, Longview, Portland, and Bonneville Dam During the Period of
Reconnaissance Survey Sampling.




rainfall) typical of the lower river. This USGS station, however, is the only monitoring station in the
lower river with complete discharge information. The provisional discharge data from the USGS moni-
toring station at Beaver Army Terminal (RM 53.8) are incomplete and not adequate for characterization
of discharge in the lower river during October and November of 1991, Discharge data at The 'I)ail.es may
be fairly representative of conditions at Bonneville Dam, however, since no large tributaries discharge
to the Columbia River between The Dalles and Bonneville Dam. Based on the USGS .data, monthly
average discharge was slightly above the historical average, ranging from 123,300 cubic fest per second
(cfs) in Septernber to 137,800 cfs in November, 1991 (see Figure 1-5). The average monthly flow during
the water column sampling portion of the survey (September through October) was 124,000 cfs, and the
monthly average flow during the entire survey period (September through November)-was 128,600 cfs.
The maximum and minimum daily average flow for September and October were within historical ranges,
but the maximum reported flow for November (171,000 cfs) was slightly 1_1igher thap the historically
recorded maximum (162,700 cfs) (see Figure 1-5). .

Monthly average, maximum, and minimum discharge of the four largest lower Columbia River tributaries
(Willamette, Cowlitz, East Fork Lewis, and Sandy rivers) for 1991 is compafed with their historical
average, maximum, and minimum discharge in Figure 1-6. Monthly average, maximum, and minimum
discharge in September were within historical measurements. In October and November, however,
"monthly average, minimum and maximum flows were higher than historical measurements (see Fig-
ure 1-6). Higher than normal maximum flows in October and November were due to the higher than
normal rainfall that began in mid-October and continued throughout the latter period of the reconnaissance
survey (see Figure 1-7). September and October average, maximum, and minimum monthly discharges
recorded on the Sandy, East Fork Lewis, and Cowlitz rivers were much lower than historical measure-
ments. In November, the average monthly discharge of these rivers was close to the historical average
for those rivers, but the monthly maximum flow was much greater than the historically recorded maxi-
mum (see Figure 1-6). Again, the higher than normal maximum flow measured in November was due
to higher than normal rainfall that began in mid-October. The lower maximum flows measured in
October, relative to historical data on these rivers, may have been due to storage of the initial rainfall in

upstream impoundments.

The vessel-based sediment an& water sampling portion of the reconnaissance survey (23 September to
16 October 1991} was conducted during an extended period without rainfall (see Figure 1-7), However,
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the bacterial and fish sampling efforts (15 October to 14 November) were conducted during a relatively
wet period of heavy rainfall throughout the study area (see Figure AI-‘T). Total monthly rainfall in
September measured at Astoria, Longview, Portland, and Bonneville Dam was 1.6 to 3.0 inches less than
normal (Table 1-2). Although measurable rainfall was recorded during the latter half of October, total
monthly rainfall recorded at the four monitoring locations was 1.5 to 3.8 inches less than normal
(Table 1-2). However, rain fell throughout the study area in September and total monthly rainfall at the

four locations was 0.7 to 2.7 inches greater than normal (Table 1-2).

1.3 REPORT ORGANIZATION

This report presents and interprets the results of the lower Columbia River reconnaissance survey; it is
osganized by the type of environmental medium surveyed (i.e., water, sediment, and tissue contaminant
levels; and benthic community assessment). The results for each medium are presented separately due
to the differences in sampling strategy, available reference values or criteria, and the types of analyses
conducted anlxong the media. This reporting method facilitates assessment of the state of each medium
over the entire study area. Depending on the medium sampled, the levels of contaminants measured were
reported, the levels were compared to available criteria or reference values, and problem chemicals and
problem areas within the study area were identified. The benthic community assessment characterized
the benthic communities present at the sampling locations, and correlations between several environmental
variables were explored (e.g., salinity, grain size, and sediment organic carbon content) to explain the

variation in the benthic communities that were identified.

The single water column samples collected for the reconnaissance survey are poor indicators of overall
water quality in rivers due to (1) the transitory nature of river water and (2) the typically low
concentrations of toxic substances in the water column. These concentrations are often below the
detection limits of conventional analytical techniques. However, water column criteria are generally well
established for water for a variety of toxic compounds and elements. The reconnaissance survey water
column data collected during this study were of limited utility for identifying problem chemicals and areas
of concern within the study area. The water column data were also limited for identifying the relationship
between water contamination and potential effects to aquatic and terrestrial biota or humans, due to the
limited parameters that were detected above the laboratory detection limits. Also due to the limited
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TABLE 1-2. MONTHLY (SEPTEMBER-NOVEMBER 1991) RAINFALL AT FOUR LOCATIONS
ALONG THE LOWER COLUMBIA RIVER |
Astorin Longview Portland Bonaeville Dam
Rainfall Departure From Normal Rainfall Departure From Nosmal Raiofall Depasture From Normal Rainfall Depasture From Normal

Month (inches) (inches) (inches) (inches) (inches) (inches) (inches) Ginches)
September 0.007 3.04 041 -1.80 0.02 -1.59 0,29 -2.65

October 2.44 -3.77 2.34 -1.73 L.51 -lv.54 3.58 <277
November 10.53 +0.65 8.84. +2.56 6.36 +1.19 6.97 +2.43

NOAA, Ciimatological Data for Washington and Oregon, 1991.




number of detected contaminant concentrations, it was not possible to compare the relative concentrations

of contaminants among the stations sampled.

Sediments, especially those in depositional areas that collect the fine sediments that tend to be associated
with toxic contaminants, are generally considered to be a good indicator of long-term water quality.
Sediments are the record of inputs of toxic substances from point and nonpoint sources to the river.
Since toxic substances become concentrated in the sediments, detection of many of the toxic constituents
is possible with conventional laboratory techniques. However, sediment criteria or guidelines available
for comparison have only recently been developed and are often limited by the medium covered (marine
vs. freshwater) and/or the number of chemicals for which standards have been developed. Several
sediment standards are also only in the draft stage of development (e.g., state’of Washington freshwater
" sediment standards, EPA sediment criteria), Therefore, identification of potential effects to aquatic and

terrestrial biota and human health was much more difficult. Vessel-based sediment sampliﬁg during the
low-flow period also hampered efforts to enter and collect fine sediments from quiescent areas away from

the main channel of the river. Howa;e\ier, since many of the toxic constituents were detected, differences

among stations could be evaluated. When this information was coupled with the limited se:dimentl

standards that were available, both potential problem areas and problem contaminants could be identified.

Tissue contaminant concentrations are also a good indicator of environmental quality since this is a direct
measure of the amount of contaminant accurnulated by the biota. If the sampled biota spend long periods
in a single“location in the river, the tissue contaminant levels should reflect long-term exposure to
contaminaﬁt’s in a locally poiluted area. However, regulatory criteria or guidelines are poorly developed
for tissue contaminant levels; this makes it difficult to assess the relative significance of the measured
contaminant levels in tissues. However, tissue contaminant levels are of direct concern for human
consumption of commercial and game species and of direct concern to carnivorous wildlife, especially
fish and birds, that live within and along the river, Therefore, contaminant levels of commercially
important fish (e.g., sturgeon and crayfish), fish that are likely importani food for piscivorous fish, birds,
and mammals {e.g., peamouth and largescale sucker), and fish with a high lipid content (e.g., peamouth
and carp) were selected for sampling. Since many of the organic contaminants accumulate in the fat of
organisms, animals with higher fat content are likely to accumuiate higher contaminant levels. To
identify potential problem areas and problem contaminants. Tissue contaminant levels from this study
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were then compared to tissue contaminant levels measured in national bioaccumulation studies, and
available guidance values for tissue contaminant levels were established for the protection of piscivorous
wildlife, |

Benthic community structure can be an effective means of assessing environmental quality when the
influence of both physical and chemical variables are accounted for in the assessment. A presumably
unaffected reference area of similar physical character is often chosen for comparison to the potentially
affected locations. However, regulatory criteria or guidance are not yet well developed to facilitate the
assessment of environmental quality based on benthic community structure. Analysis of sediment benthic
community structure was therefore conducted to achieve a broad-scale characterization of the benthic
invertebrate commuriities of the lower river. The data on invertebrate communities were then coupled
with physical and chemical data to establish ecological zones in the river. A preliminary assessment was
also made to identify individual taxa that could be useful indicators of environmental stress in spegcific
ecological zones of the lower river. | ' ‘

The sections for each medium are also accompanied by a brief review of the quality of the data usedfin
this report; Data that did not.meet the quality objé}:tivw of this study have been qualified appropriately
or have been rejected and not used in this report. ‘The qualification of data does not imply that the gverall
quality of the data is poor, but it alerts future investigators to the level of confidence in the- data reported.
The reader should realize that the measurement of trace amounts of environmental contaminants is not
a simple exercise and that measurements may be complicated by concentrations of constituents that are
at, or very near, the detection limits of conventional laboratory methods and matrix interferences in the
media studied. Therefore, results that are acceptable based on currently accepted sampling and analytical
protocols and available quality assurance information may be questioned following further investigations

and/or improvements in analytical technology.

Results of the water column characterization survey are provided in Section 2.0. Section 3.0 presents
the results of the sediment chemistry suevey. Tissue bioaccumulation results are presented in Section 4.0
and benthic community assessment results in Section 5.0. Section 6.0 provides an overview of the major
findings of the reconnaissance survey. The validated survey data for each medium and QA memoranda

are available under separate cover as appendices to this report,
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2.0 WATER COLUMN CHARACTERISTICS

2.1 INTRODUCTION

Assessment of water column characteristics has traditionally played a significant rofe in water quality
studies for several reasons. First, contaminants are introduced into aquatic environments primarily
through the water column. Second, most contaminant transport in aquatic environments occurs in the
suspended, dissolved, and particulate phases (Bero and Gibbs 1990). Predictions of contaminant transport
threrefore require some knowledge of the levels and types of contaminants in the water column. Third,
although some of the suspended contaminants will be deposited in sediments, a portion will remain
suspended in dissolved or particulate form for some time. The dissolved contaminants may be available
for uptake and accumulation (i.e., bioconcentration) by exposed biota depending on several factors,
including hydrophobicity characteristics of the contaminants (Barron 1990). Fourth, the concentration
and nature of the contaminants suspended in the water column influence the environmental behavior (e.g.,
sorption-desorption kinetics, partitioning coefficiénts) of sediment-associated contaminants, thus

potentially affecting bioavailability (Landrum and Robbins 1990; Farrington 1991).

Several broad-scale; conventional water quality studies of the lower Columbia River were conducted prior
to 1979 (e.g., Lincoln and Foster 1943; Robeck et al. 1954; Sylvester apd Carlson 1961). The earliest
water quality data available for the river were reported by Van Winkle (1914). Studies of the transport
of sediment (Conomos 1968; Whetten et al. 1969), nutrients (Haértel et al. 1969; Park et al. 1969, 1970,
1972) and phytoplankton (Haertel et al. 1969; Williams and Scott 1962; Williams 1964, 1972) have also
been reported. Since 1979, however, water column studies in the lower Columbia River have been quite
limited, both in frequency and scope (see Tetra Tech 1992a for a review of these studies). The only
exceptions are the long-term USGS water quality monitoring studies at Bradwood, Oregon (1973-1980);
Warrendale, Oregon (1972-present); and Beaver Army Terminal (1990-present) (see Figures 1-1 through
1-4). Other recent studies have also described the nutrient and phytoplankton ecology of the Columbia
River estuary (Lara-Lara et al. 1990a,b) and organic carbon trai{sport in the river (Dahm et al. 1981;
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Hedges et al. 1984). However, most water quality studies conducted in the lower river since 1979 have
been sporadic and designed to characterize water quality conditions around specific point source

discharges only.

To gain a comprehensive assessment of current water quality conditions in the lower Columbia River,
the Bi-State Program directed the inclusion of water column characterization as part of the lower

Columbia River reconnaissance survey. The objectives of the water column sampling were to:

n Characterize levels of chemicals of concern in the water column and provide data

for the development of conceptual models on contaminant transport in the river.

u Characterize levels of indicator bacteri: «1 water near beneficial use areas.

L Characterize levels of nutrients to address concerns about potential eutrophication
of the river. ’

= Characterize levels of conventional variables (i.e., dissolved oxygen, tempera-

ture), metals, and organic contaminants throughout the lower Columbia River and
" compare these levels with established criteria and standards to assess potential

adverse impacts to beneficial uses.

®  Characterize levels of adsorbable organic halogens (AOX) as an indicator of the

influence of pulp and paper mills on the lower Columbia River.

The water column characteristics section reports on the results of the water-column sampling conducted
as part of the lower Columbia River reconnaissance survey. The results are interpreted and discussed

in terms of the survey objectives outlined above.




2.2 SAMPLING LOCATIONS

Forty-five water-column stations were sampled during the reconnaissance survey (Figures 1-1 through
14; Table 2-1), Geographic coordinates for the stations sampled by boat were obtained using a
Magnavox MX200 GPS Navigator System operated by the skipper -(Dr. James G. Norris) of the R/V
Brendan D 11, Details of the navigation system operation are provided in Section 5.1 of the final QA/QC
plan (Tetra Tech '1991b). Geographic coordinates for the shore-based water column samples were
obtained using a portable Trimble Transpak I GPS receiver. Geographic coordinates and corresponding

river mile information for each sampling station are shown in Table 2-1.

The following survey needs were considered in selecting the water column sampling stations (Tetra Tech
"1991c): '

1. Obtaining broad scale coverage of the entire lowe;' Columbia River.

2. Obtaining: data that could be used to develop conceptual models for contaminant

transport in the lower river,

3. Estimating pollutant contributions from the major tributaries entering the lower
river,
4. Assessing water quality near to, and its potential impacts on, beneficial use areas

(i.e., contact recreation and shellfish harvesting areas).

5. Assessing the impacts of point sources and major industrial areas on surrounding

water column characteristics.

Based on the above considerations, the 45 water column sampling stations were positioned as follows:.
(2) one transect station was positioned at the upstream boundary of each identified river segment,
including a station just below the Bonneville Dam at the upper_ end of the study area; (b) one station was
located in the river’s mouth at RM 0; (c) 11 stations were positioned-in or just downstream of the mouths .

of major tributary rivers; (d) 17 stations were positioned throughout the lower river in beneficial use
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TABLE 2-1. STATION LOCATIONS AND TIME OF WATER SAMPLING
FOR THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

Page 1 of 4
e L n e e B e ——— PP iy e e—
Station Number River Mile? | Latitude/Longitude | Sampling Date/Time Tide Water Depth (m)
St
w1 0 46-14.86N 10-8-91 Flood 21.0
124-05.776W 0855-0935
” w2 1.8 46-16-50.1N 10-15-91 Flood 0.5
124-03-36.8W 1300
w3 3 46-18-09,9N 10-15-91 Flood 0.5
124-02-12.4W 1440
w4 11 46-10.805N 10-10-91 Ebb 6.8
i {Skipanon River) 123-54.543W 0800-0830
w5 13 46-09.648N 10-9-91 Flood 4.2
(Lewis and Clark River) 123-51.333W 0835-0855 :
W6 13 46-11.64N 10-10-91 Flood 16.5
(Transect) 123-51.16W 0920-0950 '
' 46-14.60N 10-10-91 Flood 20.0
123-51.94W 1120-1145
46-13.67N 10-10-91 Flood 3.0
123-52.06W 1150-1215
w7 — 14.5 46-10.106N 10-9-91 ‘Flood 10.0
(Youngs River) 123-50.337W 0920-0940 ’
w8 19.5 46-16.30N 10-10-91 Ebb 19.6
(W50 field duplicate) 123-46.20W 1605-1635
{Transect} ' A
46-13.24N 10-10-91 Ebh . 15.5
123-45.75W 1745-1815 '
46-13.94N 10-10-91 Ebb 6.5
123-45.42W 1820-1850
w9 22 46-17.935N 10-10-51 Ebb 4.8
123-43,108W 1500-1530 - ’
Wi0 23 46-10.324N 10-11-91 Flood 9.2
123-40,384W 1110-1130
Wil 26 46-13.343N 10-12-91 Flood 7.2
123-37.256W 1330-1345
W12 30.5 46-14.259N 10-7-91 Ebb 6.5
123-31.296W 1400-1420
w13 325 46-15.917N 10-11-91 Ebb 2.0
123-28.511W 1740-1800
wi4 37.5 46-12.900N 10-6-91 Ebb 6.5
(Transect) 123-25.117W 1530-1550
46-12.497N 10-6-91 Ebb 13.5
123-25.572W 1600-1620
46-12-14N 10-6-91 Ebb 7.5
123-26.03W 1630-1650
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TABLE 2-1. STATION LOCATIONS AND TIME OF WATER SAMPLING

FOR THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

2-5

Page 2 of 4
Station Number River Mile? | Latitude/Longitude | Sampling Date/Time Tide Water Depth (m)
W15 44 -46-10.93N " 10-6-91 Flocd 16.0
123-21.14W 1025-1045 .
B + R ¥
W16 46,5 Tt 46-08-21.2N -10-15-91 Flood 0.5
123-19-07.4W 1755
w17 47.5 46-09.89N 10-6-91 Flood 6.5
(Transect) 123-17.64W 1125-1145
46-08.68N 10-6-91 Fleod 13.5
123-17.74W 1155-1215 '
46-08.55N 10-6-91 Flood 10.5
123-17.75W 1225-1245
w18 50 46-09.235N 10-5-91 Ebb 4.6
(Clatskanie River) 123-13.707TW 1805-1825
wi9 53 46-10.922N 10-5-91 Flood 18.0
It (Transect) 123-11.136W 1000-1030
46-10.99N 10-5-91 Flood 18.0
123-11.18W 1040-1100
46-11.04N . 10-5-91 Flood 17.0
123-11.13W 1110-1130
W20 56 46-11.39N 10-4-91 Ebb 7.0
123-06.91W 1620-1640
w21 60 46-10.12N 10-4-91 Flood 8.0
{W49 field duplicate) 123-03.04W 1125-1155
w22 61.5 46-08.529N - 10-3-91 ~ Ebb 15.0
123-01.953W 1450-1520
w23 64 46-07.255N 10-3-91. Ebb 4.5
123-00.287W 1340-1415
W24 68 46-05.67TN 10-3-91 Flood 1.5
{Cowlitz River) 122-55.05W 0945-0955
W25 ! 46-04.040N 10-3-91 Flood 5.5
122-52.225W 0900-0930
W26 72 46-02.823N 10-2-51 Ebb 14.0
(W52 field duplicate) 122-52.948W 1310-1325
{Transect)
46-02.844N 10-2-91 Ebb 13.0
122-52.817TW - 1330-1350
46-02.844N 10-2-91 Ebb 13.0
122-52.691W - 1405-1425
w27 73 46-02.185N 10-2-91 Flood/Slack 35
(Xalama River) 122-52.554W 1025-1045




TABLE 2-1. STATION LOCATIONS AND TIME OF WATER SAMPLING
FOR THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

Page 3 of 4
— e s ey, — TOCTEI crems P e e ey re—
Station Number River Mile® | Latitude/Longitude | Sampling Date/Time Tide Water Depth (m)
w28 75 46-00.553N 10-1-91 Ebb/Slack 22.0
122-52.320W 1645-1715
W29 80 45-56.863N 10-1-91 " Ebb 6.0
f 122-47.206W 1205-1235
W30 81 45-56.313N 10-1-91 Ebb 15.0
(W48 field duplicate) 122-48.278W 1050-1130
w3l 87 45-51.19N 9-30-91 Ebb/Slack 3.4
(Lewis River) 122-46.80W 1520-1545
W32 87.5 45-50.92N 9-30-91 Ebb 17.0
| (Multnomah Channel) 122-47.86W 1255-1315
' w33 88 45-50.878N 9-30-91 Ebb 12.0
(Transect) 122-47.2U1W 1135-1140
45-50,91N 9-30-91 Ebb 15.9
122-47.50W 1155-1210
45-50,91N 9-30-91 Ebb 16.0
122-47.01W 1225-1235
W34 80.5 45-49.25N 9-30-91 Ebb 4.5
(Lake River) 122-45.25W 1435-1455 -
w3is 08 45-42-23.6N 10-16-91 Flood 0.4
122-46-20.0W 1045
W36 101.5 45-36.381N 9.28-91 Ebb 15.0
H - (Willamette River) 6P 122-47.04TW 1600-1620
w37 A 102 45-39.016N 9-28-91 Ebb 18.2
(W47 field duplicate) 122-45.525W 1250-1315
(Transect}
45-39, 106N 9-28-91 Ebb 18.1
122-45.416W 1330-1355
45-39.180N 9-28-91 Ebb 11.3
122-45.205W 1400-1420
w33 104 45-38-02.5N 10-16-01 Flood/Slack 0.4
122-44-25.6W 1315
W39 115 45-35.09N 9-27-91 Ebb 8.5
122-30.71W 1000-1020
W40 115 45-33-50.0N 10-16-61 Ebb 0.4
122-30-41.0W 1425
wal 120 45-34.011N 9-23-91 Ebb 11.0
(W51 field duplicate) 122-24.507W 1310-1420
(Sandy River)
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TABLE 2-1. STATION LOCATIONS AND TIME OF WATER SAMPLING
FOR THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

Page 4 of 4
Station Number River Mile? | Latitude/Longitude | Sampling Date/Time Tide Water Depth (m)
W42 123.5 . 45-33.83IN 9.25-91 Flood 4.1
(Transect) 122-20.890W- 1140-1145
45-33,868N 9-25-91 Flood 6.7
122-20.776W 1200-1210
45-33.920N 9-25-91 Flood 11.9
122-20.662W 1230-1240 :
w43 128.5 45-32.744N 9-24-91 Flood 8.8
122-15.574W 1510-1615
- wa4 141 45-36.844N 9-26-91 Ebb 14.0
(W46 field duplicate) 122-01.582W 1110-1130
W45 146 45-38.32N 9-26-91 Ebb 8.9
(Transect) 121-57.40W 0805-0810 -
45-38.34N 9-26-91 Ebb 8.1
121-57.47TW 0835-0840 -
45-38.39N 9-26-91 Ebb 8.2
L 121-57.49W 0910-0915 :

3 Approximate Columbia River Mile (to the nearest half mﬂe) calculated from géographic coordinates,

® Willamette River sampled at St. Johns Bridge (Willamette River RM 6) six miles from the confluence with the Columbia
River and upriver from the confluence with the Multnomah Channel (Willamette River RM 3.4).
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areas, upstream and downstream of point sources, urban and industrial areas, and tributary confluences,
and at the former USGS water quality monitoring station at Warrendale; (e) six shore-based sampling
stations were located in shallow waters where primary contact recreation and shellfish harvesting occur,
More specific details on the rationale for siting each water column station are proviﬁed in Section 4.4 and
Table 3 of the final sampling plan (Tetra Tech 1991c).

During field operations, five water column sampling stations were relocated a short distance from their
originally proposed locations because of navigational difficulties or to sample a more representative area.

Details of these relocations are provided in Section 2.2 of the Cruise Report (Tetra Tech 1991a).

2.3 SAMPLING METHODS

With the exception of the six shore-based samples, all water column sampling was conducted concurrently
with sediment and benthos sampling during the low-flow period of September 23 to October 12, 1991,
Low flow was chosen as the period to assess the water quality of the river because pollutant loading from
point and nonpoint sources would have the greatest potential to adversely affect water quality due to the
decreased dilution capacity of the river during the low-flow period. The six shore-based samples were
collected i.mmediately after the field cruise during October 15 to November 14, 1991. The date and time
of sampling at each station, and the tide (ebb or flood tide prediction adjusted to the approximate area

of sampling) is provided in Table 2-1.

Vessel-based water samples were collected 1 m below the surface, 1 m above the bottom, and in between
these depths using three to five proportionally spaced 2.5-Liter polycarbonate Niskin bottles. The number
of bottles used depended on the river’s depth at each sampling station. For stations at the upstream
boundary of river segments, water samples were collected at three locations along a transect across the
width of the river. These locations were at mid-channel and at points halfway between the channel center
and each river bank. Water column temperature, conductivity, and dissolved oxygen levels were
measured as depth profiles at 1 to 2 m intervals, depending on the depth of the river at each station. The
six shore-based water samples were collected close to shore, approximately 40 ¢m below the surface in

water 1 m deep.



All vessel-based water samples collected were composited into a single sample by emptying the contents
of al! Niskin bottle casts into a large 20-Liter polycarbonate carboy. The contents of the carboy were
thoroughly homogenized before decanting subsamples (including samples for volatile organics) into
appropriate sample containers. Samples for chemical analyses were stored on ice until delivery to the
laboratories. Bacteria samples were collected five times at each of the six sampling stations over a period
of 30 days, in compliance with the Oregon water quality regulations [Oregon Administrative Rules (CAR)
1992]. Al bacteria samples were collected in 500 mL sterilized glass bottles and stored on ice until
delivered to the appropriate laboratory for enumeration of fecal coliform and enterococcus bacteria.
Phytoplankton samples were f;u'eserved with Lugol’s solution and stored in the dark until analysis.
Further details of sampling methods and holding times for water column parameteré are available in
Section 5.2 of the final QA/QC plan (Tetra Tech 1991b) and Sections 4.2 and 4.3 of the final sampling
plan (Tetra Tech 1991c). '

2.4 LABORATORY METHODS |

Water column parameters analyzed included conventionals [i.e., temperature, conductivity, pH, dissolved
oxygeﬂ (DO), total suspended solids (TSS), turbidity, chloride, fluoride, cyanide, sulfate, and hardness],
nutrients [i.e., total Kjeldahl nitrogen (TKN), ammonia, total phosphorous. (TP), and nitrate/nitrite],
chemicals of concern (metals and 6rganic compounds_identified -in Table 1-1), indicator bacteria (fecal .
coliforms and enterococci), phytoplankton, and total orgahic carbon (TOC). The stations where each

parameter was analyzed are identified in Table 2-2.

Conductivity and temperature were measured using a conductivity-temperature-depth {(CTD) recorder.
DO was measured by lowering a probe attached to a YSI Model 51B DO meter. Temperature-corrected
pH and turbidity were measured on aliquots from the composited sample using a portable pH meter
(Orion SA250) and a Hach 16800 portable turbidimeter, respectively. Salinity and Sigma-t [Sigma-
t=(water density-1)x1,000] were calculated from the measured temperature and conductivity profiles
determined at the vessel-based water quality stations using the method of Perkin and Walker (1972).

Sigma-t is a surrogate measure of water density, which is a function of temperature and salinity.
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Chemicals of concern, nutrients, and conventional parameters were analyzed according to approved
U.S. EPA methods listed in Table 5 of the final QA/QC plan (Tetra Tech 1991b). The.only exceptions
were fluoride and nitratelnitrite, which were determined. by anion chromatography, and adsorbable
organic halog;ans (AOX), which was determined by a modification of the microcoulometric method
(SM 506) outlined by the American Public Health Association (APHA 1985). There are currently no
EPA-approved methods for the determination of AOX. Dioxin and furan compounds were not sampled
due to the relatively great expense of these analyses and the expectation that ambient water concentrations
of these compounds would be below the detection limits that could be achieved for these analyses. A
typical detection limit for 2,3,7,8:TCDD (the most potent form of dioxin) is 10 pg/L, while the predicted
water column concentration is likely below 0,06 pg/L (U.S. EPA 1991c, LTI and Tetra Tech 1991).

Bacteria samples were analyzed in duplicate within 24 hours of sample collection. All fecal coliform
* bacterial densities (with one exception) were determined using the membrane filtration method
(SM 9222D) outlined by the American Public Health Association (APHA 1989). The single exception
involved samples collected on November 1 and 2, 1991, which were enumerated using the most probable
number (MPN) method (SM 9221C) due to laboratory technical oversight. Both methods are approved
for the enumeration of fecal coliform bacteria and should provide consistent results (APHA 1989). Enter-
ococcus bacteria were enumerated using the membrane filtration method (SM 9230C) outlined in APHA
(1989). Phytoplankfon biomass and species composition were determined by Jim Sweet of Aquatic
Analysts in Portland, Oregon using microscope slides prepared by filtering an appropriate volume of
sample through a 0.45 pm membrane filter (Guillard and Kilham 1977). Species iflgntiﬁcation,
enumeration, and biovolume estimates were méde using a Zeiss standard microscope; ‘('I,OOOx, phase

contrast).

Total recoverable metals, conventional parameters, and nutrients were measured in unfiltered, whole-
water samples from all 45 stations (Table 2-2). The metal extraction procedure involved heating the
sample with nitric acid according to EPA method 3005 (U.S. EPA 1986b). Adsorbable organic halogens
(AOX) is a measure of the adsorbable halogenated organic matter in a water sample; it includes iodated,
brominated,. and chlorinated organic compounds. The test measures the total molar amount of halo-
genated organic compounds, but does not yield information on the individual halogenated compounds
present.  Adsorbable organic halogens were reported as chloride (i.e., ug CI/L) in samples collected at
19 stations. Chemicals of concern (excluding AOX) and TOC were measured in composite samples from
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five stations. Indicator bacteria were enumerated in grab samples from six stations located near beneficial
use areas (i.e., contact recreation and shell fishing areas). Phytoplankton biomass and species
composition were measured in composite samples from 22 stations. Specific stations where the above

measurements were taken are shown in Table 2-2.

All laboratory analytical procedures for water samples were performed by contract laboratories approved
by WDOE. Conventional parameters, nutrients, and metals were analyzed by Precision Analytics
Incorporated of Pullman, Washington. Chemicals of concern (with the exception of metals and AOX)
were analyzed by Alden Laboratories of Seattle, Washington. AOX was analyzed by Weyerhaeuser
Technology Center Analytical Laboratories of Tacoma, Washington, under subcontract to Alden Labora-
tories. Bacteriological analyses were conducted by Coffey Laboratories, Inc., and phytoplankton samples
were analyze&»by Aquatié Analysts, both of Portland, Oregon. '

An extensive QA/QC review of the analytical data was performed according to the data validation
guidance provided in U.S. EPA (1988a,b). QA/QC reviews of the water column chemistry data included
assessments of sample holding times, initial and continuing calibration, blank results, detection limits,
accuracy (matrix spike, matrix spike duplicate, and surrogate recoveries, when appliéable), and precision
(using blind laboratory and field replicates). Complete results of the QA/QC reviews are provided in the
QA memoranda in Appendix A. A brief summary of the QA/QC reyiews is provided with the results

in the following sections.

2.5 APPLICATION OF WATER QUALITY CRITERIA

The lower Columbia River has been designated by the state of Washington (WAC 173-201 1988,
WAC 173-201A 1992) as a freshwater Class A waterbody to the mouth of the river. Therefore, the
Washington State freshwater criteria apply (Butkus, S., 22 July 1992, personal communication).
[Note: The state of Washington water quality standards were revised after the reconnaissance survey was
conducted (adopted November 25, 1992). The most significant revisions covered the application of the
metals criteria for fresh and marine waters. In this document, the 1988 water quality staﬁdards will
be applied, but relevant differences between the 1988 and 1992 standards will be identified in the text
and tables of the report.] The state of Oregon has promulgated specific standards for the North Coast-
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Lower Columbia Basin in which freshwater, marine, and estuarine state criteria apply depending on the
definition given in OAR 340-41-006 (1990) where estuarine waters are defined as "all mixed fresh and
oceanic waters in estuaries of bays from the point of oceanic water intrusion inland to a line connecting
the outermost points of the headlands or protective jetties." For the purposes of this report, freshwatef
chronic criteria will be applied to the data collected at all stations above station W8 off Tongue Point.
Chronic criteria are more restrictive than acute criteria (short-term elevated levels) and were developed
to protect aquatic organisms from harm due to long-term exposure to low levels of toxicants. Although
'conductivity meaéurements made at station W9 in Grays Bay also showed evidence of the influence of ‘
marine waters, this station and stations W10 and W11 just upriver of station W8, are within the Tidal
Fluvial Zone defined in the Columbia River Estuary Data Development Program (CREDDP), and are
strongly influenced by freshwater tiver inputs (Simenstad et al. 1990).

An sstuary is a dynamic place where the mixing of marine and freshwater occur. Due to fluctuations in
- tidal heights and changes in the flow of the river, the furthest point of intrusion of marine waters varies
over a period of as little as a few hours. Specific water quality criteria have been developed only for the
protection of strictly marine and freshwater organisms, due to the distfnct physical and chemical
characters of marine and freshwater and the adaptations of the organiéms that live in these environments.
However, an estuary is a location where these two distinci: environme,‘ri,t.; (;verlqp; a place where
temporally, marine, freshwater, and estuarine organisms exist. Since criteria have not been developed
for estuarine waters, and due to the transitory nature of an estuary, it is difficult to apply either marine
or freshwater criteria to an estiary. Oregon considers parf of the Columbia River to be-an estuary; to
ensure that organisms inhabiting the estuarine portion of the Columbia.River are pfotected, the most
stringent of the freshwater or marine criteria will be applied to stations W8 to W1. The only exception
is for DO for which the state of Washington provides a general consideration that the marine water
quality criterion shall apply when salinity is one part per thousand or greater (WAC 173-201-0335, 1988).
Stations W8 to W1 also fall within the Estuarine Mixing Zone defined by CREDDP (Simenstad et al.
1990).
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2.6 RESULTS

This section describes the water column sampling results of the reconnaissance survey. Raw water

column data are provided under separate cover in Appendices B-1 through B-20.

2.6.1 Field Parameters

All field collected data and water quality profiles are provided in Appendices B-1, B-2, and B-3. -Total
Suspended solids (TSS) will also be discussed in this section to facilitate comparison with field measured
turbidity. TSS data are provided in Appendix B-4,

2.6.1.1 Summary of Quality Assurance/Quality Control. Field protocols, including instrument cafibra-
tions, were performed at the frequency specified in the QA/QC plan (Tetra Tech 1991b). No turbidity
data were reported for two stations (W33 and W42) due to loss of power in the portable field unit. All

data were acceptable for their intended use in this report.

2.6.1.2 Spatial Trends. Fifty-nine depth profiles of temperature, DO, and conductivity were determined
at 39 stations. Ten of these were transect stations at which three separate depth profiles were determined.
Several typical depth profiles from the survey are presented in Figures 2-1 through 2-4. Horizontal
trends in field parameter values throughout the study area are also presented using the mean values
determined from the depth profile data. All the water quality profiles determined during the
reconnaissance survey are provided under separate cover in Appendix B-1. Raw profile data are provided

in Appendix B-2.

Vertical Profiles. In general, the river above the estuarine pofﬁon is well mixed showing no
density stratification due to temperature. For example, at transect station W33 (sampled on an ebb tide)
below the Portland/Vancouver area, all three stations have similar temperature, Sigma-t, and DO
concentration profiles with depth (see Figure 2-1). Dissolved oxygen was 9 mg/L or greater at all depths
at all three stations. Measurement of DO did not always extend to the bottom due to the limited recorder
cable length; it extended only to about 12 m. Temperature was approximately 19° C throughout the river

at this transect,
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Figure 2-1. Water Column Profiles of Salinity, Sigma-t, Temperature, and Dissolved Oxygen (DO) at the '
Transect Station W33 (RM 88, ebb tide). ’

A: Washington Side; B: Mid-Channel; C: Oregon‘Sirde
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Figure 2-2. Waiter Column Profiles of Salinity, Sigma-t, Temperature, and Dissolved Oxygen (DQ) ai the
Transect Station W8 (RM 19.5, ebb tide).

A: Washington Side; B: Mid-Channel; C: Oregon Side
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Figure 2-3. Water Column Profiles of Sahmty, Sigma-t, Temperature and Dissolved Oxygen (DO) at the
Transect Station W6 (RM 13, flood tide).

A: Washington Side; B: Mid-Channel; C: Oregon Side
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Evidence of salinity intrusion was observed as far upriver.as transect station W8 off Tongue Point
(sampled on an ebb tide). Surface water salinity ranged from 1 to 6 ppt at the surface and increased with
depth to about 10 ppt at the two deeper stations on either side of the river, indicating that although some
mixing of river and marine water occurred, higher salinity water was overlain by a mixture of river water
and seawater (see Figure 2-2). The gradué! increase of Sigma-t with depth indicated slight density strati-
fication in the main navigational channel on the Oregon side and on the Washington side (Figures 2-2A
and 2-2C). The mid-channel profile, taken in an area of extensive sand shallows (depth=7 ) showed

~ no stratification (Figure 2-2B).

“Surface DO was 6.5 to 7.0 mg/L and decreased with depth at the two deeper profiles. This decrease was
most pronounced at the profile in the navigational channel off Tongue Point, where DO decreased to 6.2
mg/L at 12 m depth (see Figure 2-2C). Temperature ranged from approximately 17° C at the surface

to 15° C near the bottom due to the influence of colder oceanic water.

More pronounced stratification was gvident at transect station W6 (sampled on a ﬁood tide). Surface
salinity ranged from 5.5 to almost 6 ppt and increased with depth at all transect stations (Figure 2-3).
Salinity and density increased with depth at all transect stations, with bottom salinities ranging from 10
to 26 ppt. Strong density stratification was noted at the transect statio;1 in the navigation channel on the
Oregon side off Astoria (Figure 2-3C). DO ranged from 6.4 mg/L at the surface and decreased slightly
with depth to 5.6 mg/L in the navigation channel on the Oregon side. DO increased slightly with depth
. at the shallower mid-channel station from 6.2 mg/L at the surface to 6.4 mg/L near the bottom. Water
temperature was over 16° C at the surface and decreased to about 12° C in the deeper channel on the

Washington side due to the intrusion of and mixing with colder oceanic water.

At station W1 (sampled on a flood tide) at the river mouth, a single profile was determined (Fig-
ure 2-4A). Salinity at the surface was 16 ppt, indicating the presence of river water mixed with seawater.
Salinity and Sigma-t increased with depth, indicating stratification. Salinity of the bottom water was over
30 ppt indicating the influence bf mbstly oceanic water. DO increased gradually from 7.2 mg/L at the
surface to 7.7 mg/L at 12 m. | Temperature at the surface was 13.5° C and decreased to almost 9.5° C

at the bottom of the profile due to the colder oceanic water.
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Because of shallow water at the mouths of the various tributaries to be sampled, vessel-based sampling
was only possible upstream of the mouth in the Skipanon (station W4), Lewis and Clark {(W5), Youngs
(W7), Clatskanie (W18), Cowlitz (W24), Lewis (W31), Lake (W34), and Willamette (W36) rivers and
in the Multnomah Channel (W32). Vessel-based sampling above the mouths in the Sandy and Kalama
tributaries was not possible; therefore, sampling was performed as near to the mouth as possible. The
influence of estuarine waters was evident in all of the rivers sampled in the estuary (i.e., Skipanon, Lewis
and Clark, and Youngs rivers). The tributaries that were sampled above the estuarine portion of the river
were generally unstratified. The profiles from the Skipanon and Willamette rivers were selected as
typical examples of tributary profiles in the estuary and upriver, respectively.

The Skipanon River (located in the estuary and sampled on an ebb tide) depth profile indicates the
intrusion of saline water into the river (Figure 2-4B). Surface water salinity was about 6 ppt indicating
some mixing of Skipanon river water with the estuary water, Temperature of the surface water was
15.5° C, decreasing with depth to about 12,1° C, DO was 6.2 mg/L at the surface and decreased slightly
to 5.4 mg/L at 6.m depth. -

No density stratification (sampled on an ebb tide) was apparent in the Willamette River (Figure 2-4C).
Dissolved oxygen was. 8.8 mg/L, and temperature was 17.9 to 17.8* C throughout the water column,

Horizontal Trends. Horizontal salinity trends across the length of the lower Columbia River are
shown in Figure 2-5A. Salinity intrusion into the estuarine portion of the river was evident up to station
W38 (sampled on an ebb tide) where the average salinity was 13 ppt (Figure 2-5). The average salinity
in the estuary ranged from slightly less than 28.5 ppt at station W1 at the river mouth to about 6 ppt at
station W35 in the Lewis and Clark River mouth (sampled on a flood tide) and at station W7 in the
Youngs River mouth {(sampled on a flood tide).

Above station W8, conductivity was used as a more sensitive measure of the total amount of ionic sub-
stances dissolved in the water column. Although the satinity of the water sampled at station W9 in Grays
Bay (sampled on an ebb tide) was less than 1 ppt, the high conductivity measured (0.37, mMhos/cm) indi-
cates the influence of estuarine waters at this station. The conductivity of the water in the main channel
of the Columbia River was about (.08 to 0.09 mMhos/cm, with large variations at a number of stations

due to the influence of tributaries and poorly mixed waters in channels along the river (Figure 2-3B).
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Four peaks in conductivity were measured at the shore-based bacterial sampling stations across from
Government Island (station W40), in Portland Harbor (W38), off Sauvie Island (W35), and near Puget
Island (station W16). The lower conductivity of the Willamette River, Multnomah Channel, the Cowlitz
River, and Clatskanie River suggest that during the sampling period, these rivers were delivering lower
_ concentrations of dissolved ions than were to be found in the Columbia River. Rivers that likely
contained higher levels of dissolved ions included Lake River (W34), and the Kalama River (W27).

Measured pH varied considerably, especially in the upper reach of the river, but with no obvious spatial
trend along the length of the lower river (Figure 2-6A). The range in pH was between 7.2 to 8.4. The

mean of all the measurements was 8.1 and the median was 7.7.

Turbidity is a measure of the scattering of light by suspended particles in the water.- These particles are
clay, silt, fine organic matter, phytoplankton, and other small organisms, Turbidity measurements ranged
from as low as 1 Nephelometric turbidity unit (NTU) at station W12 to almost 35 NTU in Lake River
(station W34) (Figure 2-6B). Higher turbidity was also evident in the Lewis River, which had a turbidity
of 16 NTU. Higher turbidities were measured in the estuary from station’ W2 to station W9, ranging
from over 6 to 20 NTU. The mean of all turbidity measurements was 7 NTU; the median was 6 NTU.
With the exception of the two turbidity peaks in the Lake and Lewis rivers, and the higher turbidity in
the estuary, turbidity in the river during the survey was generally below 10 NTU.

The concentration of total suspended solids (TSS) was highly variable. Most of the variation was possibly
due to the influence of rivers, shore-based sampling points prone to sediment resuspension, and samples
collected in the estuary, which generally contained more suspended sediment than that in the upper river
(Figure 2-6C). The higher TSS levels in the estuary may be due to resuspension of sediments as a result
of the more vigorous tidal mixing and currents. Higher TSS concentrations were measured at three of
the six shore-based bacteria sampling stations. These include station W3 (60 mg/L), W16 (46 mg/L),
and W40 (18 mg/L) indicating that shallow areas along the shore typically have higher TSS concentra-
tions. Elevated TSS concentrations were also noted at station W21.in the channel behind Fisher Island
(14 mg/L) and at the Lake River station W34 (29 mg/L). The concentration of TSS in the Willamette
River (W36, 9 mg/L) was similar, but slightly higher than that at station W37 uﬁriver from the
confluence with the Columbia River (7.8 mg/L). Lower concentrations of TSS were noted at station W31
in the Lewis River (1.3 mg/L) and at station W20 in Coal Creek Slough (0.5 mg/L).
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Comparing TSS concentrations with turbidity shows that elevated turbidity and TSS did not always
coincide (see Figures 2-6B and 2-6C). This finding is not unusual given that the size and refractive
characteristics of suspended material do not always correlate significantly with the weight concentration
of the suspended matter. Peaks in-turbidity and TSS coincided at three stations (W40, W34, and W16),
but a turbidity peak in the Lewis River (W31) occurred when the TSS concentration was low. In the
estuary, both TSS and turbidity were generally higher than upriver concentrations, but the extremely high
TSS concentration at station W3 (Ilwaco) was not reflected in the measurement of turbidity.

The station temperatures ranged from 19.1° C in the upper reaches of the study area below Bonneville
Dam to 10.6° C at the mouth (Figure 2-7A). The mean and median of all temperature measurements
were 18.1° and 18.0° C, respectively. Temperature generally decreased from stations in the upper reach
of the study area below Bonneville Dam to the mouth, except for one elevated temperature-(18° C)
measured at the shore-based station in Ilwaco (W3). This overall trend was likely due to the warming
of the river in the numerous impoundments above Bonneville Dam, the influence of cooler water from
tributaries such as the Cowlitz (11.7° C) and the Willamette (17.8° C) rivers, and the intrusion of the

cooler ocean water in the estuary.

The DO content of the river and its tributaries ranged from 5.8 mg/L at station W4 in the Skipanon River
to over 12 mg/L at station W3, the shore-based station in Ilwaco (Figure 2-7B). Most of the lower values
of DO were recorded in the estuary, except for low DO measured at the mid-channel station W13
(6.5 mg/L). The general trend in the DO data was for a gradual decrease from the upper river to the

lower river. The mean and median DO were 9.0 and 8.8 mg/L, respectively.

Because the solubility of DO depends on water temperature, comparing results among stations is
facilitated by calculating the percent saturation of DO, At cooler water temperatures, more oxygen is
expected to dissolve in the water, while at higher temperatures the solubility of oxygen is decreased.
Thus estimating DO percent saturation allows an assessment of whether the DO concentration is lower
than would be expected based on water temperature. DO percent saturation ranged from 56 percent at
station W4 in the estuary to 129 percent at the shore-based station W3 in Ilwaco (Figure 2-7C). The
mean and median DO percent saturation were 94 and 93 percent, respectively. DO percent saturation
in the estuary, with the exception of Ilwaco (W3), was generally below 100 percent (5670 percent). This
low DO in the estuary reflects the lowered DO content of intruding ocean water (Haertet and Osterberg
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1967; Conomos 1972; Neal 1972) and the biological respiration within the estuary (Park et al., 1972).
Low DO percent saturation was also noted at the mid-channe!l station W13 (67 percent). The DO percent
saturation in the rest of the stations above the estuary—including estimates from tributaries—ranged from
81 percent in Lake River (W34) to 108 percent in the channel behind Sandy Island (28). DO was super-
saturated just below Bonneville Dam (101-107 percent).

2.6.1.3 Comparison with Water Quality Criteria. Parameters such as pH, turbidity, TSS, temperature,
and DO have a significant effect on biota in the river, especially coldwater anadromous fish. The pH
may directly affect organisms, and pH indirectly affects the toxicity of dissolved substances in the water.
Elevated turbidity and TSS may reduce the light available for photosynthetic organisms, reducing primary
production whichlmay in turn affect biota higher up on the food chain. Sediments may also affect
bottom-dwelling organisms when excessive amounts of sediment are deposited on the river bottorn. These
sediments may also adversely affect the spawning areas of anadromous fish. Water temperature affects
the metabolic rate of organisms, and colder temperatures are required for the maintenance of anadromous
coldwater fish, DO is an essential requirement for all animals: adequate levels are necessarj for the
protection of aquatic orgénisms.' Anadromous coldwater fish'dre particularly sensitive to reductions in

the DO content of marine and freshwaters.

Although water quality criteria have been established for salinity, turbidity, and TSS, the criteria for these
parameters are ‘Harrative in form and generally apply only to the evaluation of the impacts caused by
specific point or nonpoint source discharges. Due to the broéd-scale design of the reconnaissance survey,
it was not possible to assess whether or not exceedances of the narrative criteria for salinity, turbidity,
and TSS oceurred during the survey period. However, concentrations of these parameters were not
unusual at any station, suggesting that large-scale alterations of these parameters due to anthropogenic

influences did not occur during the survey.

Specific numerical water quality criteria are available to determine exceedances of pH, temperature, and
DOQ. The freshwater and marine standards for pH are the same for Oregon (OAR 1990) and Washington
{(WAC 1988, 1992). The freshwater standard states that water column pH should not exceed the range
of 6.5 to 8.5. The marine standard states that the range of pH should not exceed the range of 7.0 to 8.5.
Although the pH at a few stations reached 8.4, all pH measurements ranged within the more restrictive
marine standard of 7.0 to 8.5 (see Figure 2-6A). o
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Although Oregon has established temperature criteria, the cri_teria apply only to relative temperature
changes above and below specific point and nonpoint source discharges. The Washington regulations
provide both general temperature criteria for Class A waters as well as Specific criteria for the lower
Columbia River. The Class A waters criteria require that the freshwater temperature not exceed 18° C
and the marine water temperature not exceed 16° C. However, regulations promulgated specifically for
the lower Columbia River establish a freshwater temperature criterion not to exceed 20° C. During the
reconnaissance survey, water temperatures at the freshwater stations were frequently above 18° C.
Several stations in the uppef segment of the study area exceeded 19° C (see Figure 2-7A). No
measurements, however, exceeded 19. i" C in the study area. In the estuary at stations W1 to W8, the
manne temperature criterion of 16° C was exceeded at the shore-based station W3 (Ilwaco marina)
(18" C) and at station W8 off Tongue Point (16.3° C). Because the Tro_;an Nuclear Power Plant was not
operatlng during this survey, the possible effect of heated discharge from this facihty_muld not be
assessed However, historical instream-monitoring of the effluent mixing zone in the Columbta River -
did not indicate a szgmﬁcant (greater than 0.1° C) effect on river temperature beyond the defined d mixing
zone (momtonng data reported to ODEQ, Carter, L., 13 Ianuary 1993, personal commumcanoir)

";4
[N e
e st

Both Oregon and Washington_-_lggve numerical criteria for DO. The Oregon freshwater critérié;n for DO
states that DO shall not b_é less than 90 percent saturation (OAR 340-41-205, 1990), The Oregon
marine/estuarine criterion states that DO shall not be less than 6 mg/L, except within zones of upwelled
marine waters naturally deficient in DO. The class A freshwater criterion for the state of Washington
states that DO shall exceed 8 mg/L (WAC 173-201-45, 1988). The Washington Class A marine criterion
states that DO shall exceed 6.0 mg/L (WAC 173-201-45,1988) and should apply when salinity is greater
than 1 ppt (WAC 173-201-035, 1988). DO above station W8 fell below 8 mg/L at three stations—station
W9 in Grays Bay (6.4 mg/L), station W13 near Skamokawa Creek (6.5 mg/L), and station W34 in Lake
River (7.6 mg/L) (see Figure 2-11B). In the estuary, DO fell below 6 mg/L at station W4 in the Skip-
anon River (5.8 mg/L). DO percent saturation was below 90 percent at 10 stations abosze the estuary:
transect station W9 (67 percent), W10 (86 percent), W12 (87 percent), W13 (67 percent), W14 (87 per-
cent), W17 (87 percent), W20 (88 percent), W26 (88 percent), W27 (89 percent), and W34 (81 percent)
(Figﬁre 2-11C). DO percent saturation in the estuary was generally greater than 60 percent, but lower
than 90 percent, with the exception of station W4 in the Skipanon River (56 percent}, and the shore-based
station W3 in Ilwaco (129 percent). )
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2.6.2 Nutrients and Miscellaneous Water Column Parameters

Nutrients and miscellaneous water column parameters include the nutrients nitrate plus nitrite nitrogen,
ammonia nitrogen, total Kjeldahl nitrogen (TKN), and total phosphorus (TP); and the miscellaneous
parameters fluoride, chloride, sulfate, hardness, total suspended solids (TSS), and total organic carbon
(TOC). All nutrient and miscellaneous data are provided under separate cover in Appendix B-4. Median
values presented below for nutrients and miscellaneous parameters are based on values reported as
detected above the DL and one-half the DL for values reported as undetected,

2.6,2.1 Summary of Quality Assurance/Quality Control. Nutrients and miscellaneous parameters, with
" the exception of TOC, were measured at all water quality sampling stations. TOC was medsured at five
stations (stations W6, W14, W26, W37, and W45). When sample concentrations were below the DL
they were qualified as "U" (sample concentration below the detection limit). All nutrient data were
qualified as unusable (these data are qualified as "R" in the appendix) due to the reporting of unacceptably
high detection limits by the analytical laboratory. Three hardness values (stations W3, W6, and W8)
were qualified as unusable due to the use of more titrant than recommended in the analytical method

employed.

Methad blanks were reported for TSS, TOC, fluoride, chloride, sulfate, and nitrate/nitrite. Method blank
contamination was reported for chioride, but the level of contamination was less than the reported DL
of 0.5 mg/L. Chloride data were not blank corrected. Blank contamination was reported for TOC and
the data were blank corrected.,

Laboratory duplicates were reported for all compounds. However, the large number of undetected levels
precluded an assessment of laboratory variability, with the exception of TSS, TOC, hardness, fluoride,
chloride, sulfate, and nitrate/nitrite. Field duplicates for all parameters, except TOC, were analyzed for
samples collected from five stations. The coefficient of variation of the field replicated samples indicated
that variability associated with field sampling and laboratory analysis was generally not greater than
20 percent (Table 2-3). The high variability associated with the W21/W49 and W30/W48 samples for
TSS may indicate poor homogenization of the field sample prior to dispensing into the field sample

containers.
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TABLE 2-3. MEAN AND COEFFICIENT OF VARIATION OF FIELD-REPLICATED
NUTRIENT AND MISCELLANEOUS PARAMETERS FROM THE
LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY
| Station
Parameter W3 w21 W26 W30 Wa4
| Mean (mg/L) + %CV,n =2
TKN 0.2U, 0.2U 0.2U, 0.2U 0.2U, 0.2U 0.2U, 0.2U 0.3, 0.2U
Ammonia 0.1 + 0.0 0.1 + 0.0 0:1 + 0.0 0.1 + 0.0 0.1, 0.1U
Chloride - 2,800 + 11 5.2, 0.5U 3.6 +2 3.5 + 0.0 2.0 + 4
Sulfate 388 + 2 11 3 20 10 + 0.0 10 + 0.0 8.7+2
Hardness 987 + 0.3 57 + 0.0 62 + 10 55+5 55+ 5 H
TSS 16.6 + 2 9.2 + 80 38407 | 38+19 | 68+ (L
U = Undetected. Number is the detection limit, )



The reported DLs were generally above the target DLs specified in the QA/QC plan (Tetra Tech 1991b),
with the exception of cyanide. The reported DL for fluoride (0.5 mg/L) was five times greater than that
specified in the QA/QC plan (0.1 mg/L). The reported DLs for the nutrients were all greater than those '
specified in the QA/QC plan. The reported DLs were 0.5 mg/L for nitrate/nitrite, 0.2 mg/L for TP,
0.2 mg/L for TKN, and 0.1 mg/L for ammonia nitrogen. Since nutrients are typically detected at much
lower concentrations than the DLs reported for this project, and the generally lower nutrient
concentrations associated with indications of eutrophic conditions, these data were qualified as unusable
(these data have been qualified with an "R" in the appendix) and will not be discussed in the text below.
The DLs specified in the QA/QC plan for these compounds were 0.05 mg/L for nitrate/nitrite, 0.1 mg/L
for TP, 0.03 mg/L for TKN, and 0.03 mg/L for ammonia. The reported DLs for TOC and fluoride were
also greater than those specified in the QA/QC plan (2.4 vs. 1.0 mg/L' and 0.5 vs. 0.1 mg/L,
respectively).
Results and summary statistics of blind laboratory and field replicate samples [e.g., mean and relative
percent differences (RPDs)] for those data are presented under separate cover in the QA memorandum,

Appendix A-1..

2.[5.2.5 .S‘Ifariat Trends. TOC was not detected above the DL of 2.4 mg/L at stations W45, W26, or
W14, TOC was detected at a concentration of 0.7 mg/L at the transect station W6 in the estuary.

Fluoride was not detected above the reported DL of 0.5 mg/L.

Chloride was detected above the DL of 0.5 mg/L at all but one station—station W21 in the channel
behind Fisher Island (Figure 2-8). Since chloride is more concentrated in seawater, the concentration of
chloride closely reflects salinity and the extent of saline water penetration into the estuarine portion of
the river. In the estuary, the concentration of chloride was greatest at station W1 at the mouth of the
river (14,380 mg/L), and decreased to 129 mg/L at station W9 in Grays Bay (Figure 2-8A). Chloride
content of the river above station W9 was fairly constant and averaged 4.2 mg/L. Chloride concentration
in the freshwater portion of the lower Columbia River ranged from 1.6 to 2.0 mg/I. measured below the
Bonneville Dam. These concentrations gradually increased to 7.8 mg/L (W10), with higher concentrations
recorded in the Willamette River, Multnomah Channel, and Cowlitz River (see Figure 2-8B). Those

higher chloride concentrations were 6.3, 7.4, and 7.7 mg/L, respectively.
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Figure 2-8. Trends in Chloride, Sulfate and Hardness in the Lower Columbia
River, September - October 1991
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Sulfate was detected at all sampling stations. It ranged from 1,780 mg/L at station W1 at the mouth of
the Columbia River to 2 mg/L in the Lewis River (W31) (see Figure 2-8). Like chloride, sulfate
typically concentrates more in seawater, and therefore highly elevated sulfate concentrations reflect the
influence of saltwater intrusion in the estuary. Sulfate concentrations above station W9 were fairly
constant, averaging 10 mg/L. However, the concentration of sulfafe in- the Cowlitz River was slightly
higher (18 mg/L); the concentrations in the Lewis River, Multnomah Channel, and the Willamette River
were somewhat lower, at 2.0, 4.6, and 4.1 mg/L, respectively. A low concentration of 1.5 mg/L was

also noted at station W15,

Hardness, a measure of the polyvalent metal ion content of the water, significantly affects the potential
toxicity of metals. In freshwater, hardness is primarily due to the content of calcium and magnesium
ions. Elevated hardness (i.e., higher concentrations of calcium and magnesium and associated metallic
carbonates and hydroxides) reduces the toxicity of metals due to the antagonistic effects of the principal
cations contributing to hardness and/or to the complexation/precipitation of toxic trace metals with metal
hydroxides and carbonates (U.S. EPA 1986a). The elevated hardness of the water in the estuarine portion
of the river is due to the higher calcium and magnesium content of the intruding oceanic water. In the
estuary, hardness ranged from 989 mg/L (W8) to 5,292 mg/L (W1) at the mouth of the river (Fig-
ure 2-8). Hardness was generally much lower above the estuary and ranged from 92 mg/L (W9) (in the
transition area between estuarine and freshwater) to 10 mg/L in the Lewis River (Figure 2-12B). Lower
hardness was evident in a number of other rivers including the Cowlitz (35 mg/L), Multnomah Channel
(21 mg/L), and the Willamette (23 mg/L). The median hardness of the river above the estuary was
57 mg/L.

2.6.3.3 Comparison with Water Quality Criteria. There are no water quality criteria established for
hardness, sulfate, or TOC. The chronic freshwater criterion for chloride (230 mg/L) (U.S. EPA 1986a)
was not exceeded at any of the freshwater stations. No criteria have been established for nutrients, with
the exception of a 10 mg/L drinking water standard for nitrate, and a pH-dependent criterio_n for un-
ionized ammonia (U.S. EPA 1986a). The freshwater chronic criterion for un-ionized ammonia is depen-
dent on pH and temperature. For pH of 8.5 and 2 water temperature of 20° C (the most conservative
estimate for the conditions encountered during the survey), the criterion for un-ionized ammonia is
equivalent to total ammonia (which was measured in this survey) of 0.32 mg/L. Although the laboratory
detection timit for ammonia achieved in this study was higher than the DL specified in the QA plan, the
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reported detection limit (0.1 mg/L) was adequate for evaluation of the un-ionized ammonia criterion.
This criterion was not exceeded in any sample collected during this survey. The marine criterion (pH
and temperature dependent) of 2.2 mg/L (pH=8.5, temperature=20° C) was not exceeded in the samples
collected in the estuary. The highest level of ammonia nitrogen measured in the survey was 0.2 mg/L
(Appendix B4). - ‘

2.6.3 Phytoplankton ‘ _
The results of the analysis of phytoplankton samples are described below. Complete raw data are

) ‘provided under separate cover in Appendix B-5.

2.6.3.1 Sdmmaly of Quality A;surdnce’/QuaIity Control. Phytoplankton were identified to species;
where possible, by a qualified planktologist (Jim Sweet of Aquatic Analysts, Portland, Oregon) using
acceptable methods. One field duplicate from station W8 (sample W50) was also analyzed- and was
comparable to the original sample. Species identifications were not independently veriﬁéd and samples
were not independently recounted. However, mounted slide preparations have been archived in Tetra
Tech files.

The variability associated with sampling and analysis was assessed usiﬁg one blind field duplicate sample.
Comparison of the dominant taxa in the two samples indicates that some variability was associated with
estimates of relative density and biovolume. Most variation was associated with estimates of relative
density. This was not unusual and was primarily due to the low concentration of phytoplankton in the
water and the largér number of small-celled taxé. Thalassiosira sp. was> the most abundant taxon in
sample W8 (14 percent) while Stephanodiscus hantzchii was most abundant in sample W50 (18 percent)
(Table 24). Less variability was associated with relative biovolume. 'Fragilaria crotonensis was the
dominant spécies in both samples, although the relative biovolume of the second most dominant species
varied between the two samples (Table 2-4). The coefficient of variation was generally not greater than
20 percent for the number of taxa identified, and relative numbers, and the relative biovolume of each
major taxa group (Table 2-4). However, more variability was associated with the density and biovolume
of the less abundant groups of chlorophyte and cryptophyte algae (Table 2-4). Although there appears
to be some variability associated with field sampling and laboratory analysis, comparison of the relative
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TABLE 2-4, COMPARISON OF THE FIELD-REPLICATED PHYTCPLANKTON SAMPLES
FROM THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

e o vy

Dominant Four Taxa

minutula

Sample By Density Relative Percent By Biovolume . Relative _Percent
W8 Thalassiosira sp. 14 Fragilaria crotonensis 18
Melosira granulata 8 Stephanodiscus astraea 17
Nitzchia seriata 6 Nitzchia seriata 15
Stephanodiscus subsalsus 5 Thalassiosira sp. 12
Cryptomonas erosa 5
Rhodomas minuta 5
W50 Stephanodiscus hantzchii 18 Fragilaria crotonensis 49
Melosira granulata 10 " Melosira granulata 10
- Fragilaria crotonensis 6 - Nitzchia seriata 8
Stephanodiscus astraea 6 Thalassiosira sp. 6

B
’ ' MNumber of Taxa Identified

Sample Total of Diatoms of Greens of Cryptophytes
—
w8 KK} 25 6 2
W50 36 27 6 3
Mean+ %CV 34.5 + 6.1 260 4+ 5.4 6+ 0.0 25 +2.7
Density (#/mL) and Biovolume (un*/mL x 10°) of Taxa Identified
Total of Diatoms of Greens of Cryptophytes
Sample Density Biovolume | Density I Biovolums Density Biovolume | Density | Biovolume
e T e —
W 518 303.6 406 280.6 60 8.9 52 14.1
W50 405 304.6 336 290.1 46 6.4 23 8.1
Mean+ %CV | 462417 | 304.140.2 { 371413 | 285.4+2 | 53419 77423 | 38155 | 11.1+38
L - o — e
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abundance of major groups of taxa and the dominant spécies'amongfstations should be appropriate for

this report.

2.6.3.2 Spatial Trends. During the reconnaissance survey, 122 taxa of phytoplankton were identified.
Most of these were identified to species. Of these, 91 -taxa belonged to the Class Bacillariophyceae
(diatoms), 22 belonged to the Division Chloroph'yta {i.e., green algae), four belonged to the Division
Chrysophyta (excluding diafoms), three belonged to the Division Cryptophyta, one belonged to the
Division Cyanophyta (blue-green algae or cyanobacteria), and one was an unidentified alga from the
Division Pyrhophyta (dinoflagellates) (Table 2-5). The phytoplankton sampled were dominated- by
diatoms, both in density and biovolume (Figures 2-9 and 2-10; Table 2-6). The total number of taxa in
| each water sample ranged from 10 to 36; the lowest number occurred at the three upper stations (W45,
W43, and W30) and the river mouth (see Table 2-6). Phytoplankton abundance ranged from 1,852
cells/mL just below the Bonneville Dam (W45) to 518 cells/mL in the estuary (WR8), Phytoplanktdn bio-

volume ranged from 2.0x10° .‘um’!mL (W45) to 0.1x10°* pm®*/mL it Grays Bay (W9). Because phyto- |
plankton speéies vary greatly in size, a small-celled species may dominate phytoplankton denéity, while
- another large-celled species may dominate the total biovolume. In nearly all samples in which one small-
Eglled taxon had the highest density (e.g., Stepha;:odiscus astrea minutula at station W13), a larger celled
species (Fragilaria crorohensis) comprised the largest portion of the biovolume (see Table 2-6). Marine
phytoplankton taxa dominated the phytoplankton in the Columbia River estuary from Astoria (W6) to the
mouth (W1). Station W8 was transitional, with the marine diatom Thalassiosira sp. dominating phyto-
plankton numbers, but the freshwater diatom Fragilaria crotonensis dominated phytoplankton biovolume.

Freshwater taxa dominated both density and biovolume at all stations above the estuary.

Small cryptophyte algae were abundant at a few stations (see Figure 2-9; Table 2-6). The phytoplankton
density at station W28 was dominated by the small, motile ci'yptophyte Rhodomonas minuta. However,
the large-celled diatom Melosira granulata dominated the total biovolume. At station W14, the dominant
taxa were the diatom Stephanodiscus astraea minutula (21 percent) and Rhodomonas minuta and Melosira
granulata (11 percent each). At station ‘W13 the dominant taxa were Stephanodiscus hantzchii (21 per-
cent) and Rhodomonas minuta (15 percent). One sample, collected from the Willamette River (W36) had
one of the highest cell densities measured (1732 cells/mL), but it also had the lowest total biovolume
(502,181 um’/mL) due to the relatively abundant, but small-celled taxa identified. The cell density in
this sample was dominated by the diatom Cyclotella atomus, which dominated the phﬁoplmhon density
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THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

Diploneis smithii

(Page 1 of 4)

Code Taxa Authority
B Aphanizemenon flos-aquae {Linn.) Ralfa
D Achnanthes clevei Grun.

D Achhanihes exiqua Grun.
b Achnanthes hauckiagna Grun,
b Achnanthes lanceolata {Breb.) Grun.
D Achnanthes lewisiana Patr.
D Achnanthes lnearis {W.Sm.) Grun.
D Achnanthes minutissima Kutz.
D Achnanthes peragalli Brun & Herib.
D Achnanthes sp. Bory
D Amphora coffeiformis (Ag.) Kutz.
D Amphora ovalis Kutz,
D Amphora perpusilla (Grun,) Grun,
D Asterionella formosa Hass.
D Chaetoceros sp.
D Cocconeis klamathensis Sov.
D Cocconeis placentula Ehr.
D C‘ascinodiscu& sp. Ehr.
D Cyclotella atomus Hust.
b Cyclotella meneghiniana Kutz.
D Cyclotella ocellata Pantocsek
D Cyclotella pseudostelligera Hust.
b Cyclotella stelligera Cl. v. Gnm,
b Cymatopleura solea (Breb.) W. Sm.
b Cymbella affinis Kutz.
b Cymbella minuta Hilse ex Rabh.
D Cymbella sinuata Greg. |
D Diatoma hiemale mesodon (Ehr.) Grun,
D Diatoma tenue elongatum Lynghb.
D Diatoma vulgare Bory

f D Diploneis puella (Schum.) CL
D

{Breb. ex W.Sm.) Cl
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TABLE 2-5. LIST OF PHYTOPLANKTON TAXA IDENTIFIED FROM
THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

) (Page 2 of 4)
I Code Taxa Authority
D Fragilaria bicapitata. A, Mayer
D Fragilaria capucina mesolepta 7Rabh.
D Fragilaria construens (Ehr.) Grnun.
D Fragilaria construens venter (Ehr.) Grun.
D Fragilaria crotonensis Kitton
- D Fragilaria leptostauron (Ehr.) Hust.
D Fragilaria pinnata Ehr.
D Fragilaria vaucheriae (Kutz.) Peters.
il D Gomphonema angustatum (Kutz.) Rabh.
D Gomphonema clevei - .Fricke
D Gomphonema olivaceum (Lyngb.) Kutz.
D Gomphonema ventricosum Greg.
|k D Hannaea arcus (Ehr.) Patr.
" D Melosira ambigua {(Grun.) O. Mull.
| D Melosira distans Ehr) Kuz.
|| D Melosira granulata (Ehr.) Ralfs.
|| D Melosira granulata angustissima Muller
ﬂ D Melosira italica (Ehr.) Kutz,
D Navicula biconica Patr,
" D. Navicula capitata Ehr,
I! D Navicula contenta biceps (Am.) V.H.
D -Navicula cryptocephala Kutz.
D Navicula cryptocephala veneta (Kutz.) Rabh.
D Navicula decussis Ostr.
D Navicula gregaria Donk.
D Navicula menisculus upsaliensis (Grun.) Grun.
D Navicula minima Grun.
D Navicula minuscula Grun.
D Navicula mutica Kutz,
D Navicula pseudoscutiformis Hust,
D Navicula pupula Kutz,
D Navicula radiosa Kutz.

2-37




TABLE 2-5,

(Page 3 of 4)

LIST OF PHYTOPLANKTON TAXA IDE
THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

—

NTIFIED FROM

Taxa Authority
D Navicula sp. Bory
D Navicula tripunctaia (O.Mull.} Bory "
D Neidium sp. H
H D Nitzschia acicularis W. Sm. u
D Nitzschia amphibia Grun.
D Nitzschia capitellara Hust.
D Nitzschia dissipata (Kutz.) Grun.
D Nitzschia frustulum {Kutz.) Grun.
D Nitzschia holsatica H;st )
D Nirzschia hungarica Grun.
b Niizschia palea (Kutz.) W. Sm.
D Nirzschia paleacea Grun.
D ' Nirzschia seriata
D Nitzschia sigmoidea (Ehr.) W. Sm.
D Ni:z.s'chﬁ; sp. Hassall
il D Pinnularia sp. Ehr. o
l’ . D Rhoicosphenia curvata (Xutz.)Grun. ex Rabh.
D Stephanodiscus astraea (Ehr.) Grun. |
D Stephanodiscus astraea minutula (Kutz.) Grun.
D Stephanodiscus hantzschii Grun.
D Stephanodiscus subsalsus (A. CL.) Hust.
D Synedra delicatissima W. Sm.
D Synedra radians Kutz,
D Synedra rumpens Kutz.
D Synedra ulna (Nitz.) Ehr.
D Thalassiosira sp.
D Unident. centric diatom
D Unident. pennate diatom
F Unident. dinoflageilate
"7 G Ankistrodesmus falcatus (Corda) Ralfs
L€, Chlamydomonas sp. Ehr.
u G Chlorella sp. Beyerinck
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TABLE 2-5. LIST OF PHYTOPLANKTON TAXA IDENTIFIED FROM
THE LOWER COLUMEIA RIVER RECONNAISSANCE SURVEY

(Page 4 of 4)

Taxa - Authority

(w]
&

ll

G Chodatella quadriseta

G Chodatella wratislawiensis (Schroed.) Ley.

G Crucigenia quadrata Morren

G Crucigenia tetrapedia (Kirch.) West & West
G Micractinium pusillum Fresenius

G Mougeotia sp. ' (C.A.Ag.) Wittrock
G Nephr.ocyt:'um sp. Naeg.

G Qocystis }.'Jusilla o Hansg.

G Pediastrum duplex o Meyen.

G Plankiosphaeria gelatinosa ’ G.M. Smith’

G Scenedesmus abundans | (Kirch.) Chodat,

G Scenedesmus bijuga ‘ (Turpin) Lag.

G Scenedés:ﬁus quadricauda | (Turpin) Kutz.

G Selenastrum minutum - (Naeg.) Collins
G’ | Sphaerocystis schroeteri Chodat.

G ' Tetraedron minimum ‘ " | (A. Braun) Hansg.
G Ulothrix sp. . | Rutz.

G Unident. desmid

G Unident. green alga

K Chrysococcus rufescens Klebs.

X Dinobryon sp. Ehr.

K Kephyrion sp ' Pascher

X Ochromonas sp. Wystozid

Y Cryptomonas erosa Ehr,

Y Cryptomonas $p.

Y Rhodomonas minuta | . Skuja ]

B = Cyanophyta (blue-green algae),
D = Bacillariophycea (diatoms).

F = Pyrrhophyta (dinoflagellates).
G = Chlorophyta (green algae).

K = Chrysophta.

Y = Cryptophyta.
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Figure 2-9. Trends in Phytoplankton Density in the Lower Columbia River, September-October 1991




1T

2000000

. T =Transect Station

1800000
1600000
1400000
1200000
1000000

800000

Biovolume (um3/mL)

600000
400000

200000

@ cryptophytes [dl Greens

w12

E
Wi4-T
W17-T

Blue-greens B Cheysophytes

Willamette

River

W37-T
W39
w43

Wa5.-T

Dinoflagellates

- Figure 2-10. Trends in Phytoplankton Biovolume in the Lower Columbia River, September-October 1991




e ——— .~ ——— .

2-42

TABLE 2-6, DOMINANT PHYTOPLANKTON TAXA AT EACH STATION FROM
THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY
B e e e ——— e
Dominant Taxa
Relative Relative Total Number
Station By Density Percent By Biovolume Percent of Taxa
W1 Thalassiosira sp. 46 Nitzschia seriata 47 n
W3 Thalassiosira sp. 23 Thalasyiosira sp. 26 36
w6 Thalassiosira sp. 21 Nitzchia seriata 43 35
w8 Thalassiosira sp. 14 Fragilaria crotonensis 18 33
Wo Cyclotella atomus 39 Melosira italica 14 23
W10 Stephanodiscus hantzchii® 22 Melosira ambigua 16 24
w12 Cyclotella atomus 17 Fragilaria crotonensis 29 29
W13 Stephanodiscus hantzchii® 21 Fragilaria crotonensis 58 25
Wi4 Stephanodiscus astrea 21 Melosira granulata 33 23 .
o minutula
w17 Melosira granulata 28 Melosira granulata 59 28
wis Stephanodiscus hantzchii® 18 Fragilaria crotensis 38 29
W20 Melosira granulata 15 Cymatopleura solea® 29 31
w22 Melosira. granulata® 29 Melosira granulata 38 28
W25 Melosira granulata 44 Fragilaria crotonensis 27 23
w28 Rhodomonas minuta® 30 Melosira granulata 47 25
W28 Melosira granulata 16 Melosira granulata 38 32
W33 Melosira granulata 55 Melosira granulate 71 23
W36 Cyclotella atomus* 30 Stephanodiscus astrea 25 29
(Willamette River)
W37 Melosira granulata 76 Melosira granulaia 80 14
W39 Melosira granulatad 21 Melosira granularad 82 i0
w43 Melosira granulata® 78 Melosira granulata 81 10
W45 Melosira granulamd 87 Melosira granulaxad 82 10
WwSs0° Stephanodiscus hantzchii 18 Fragilaria crotonensis 49 36
—_— . -
a The cryptophyte Rhodomonas minuta was also abundant.
b The diatom Stephanodiscus subsalsus was also abundant,
¢ The diatom Melosira granulata wss also abundant.
d The blue-green alga Aphanizomenon flos-aquae present, but not ‘abundant.
® W50 is the field replicate sample for W8. :
S — . — . — S T




in only one other sample (W12) (see Table 2-6). The phytoplankton biovolume was dominated by
Stephanodiscus astraea. That species did not dominate any other sample, but did appear at low densities

throughout the lower Columbia River above and below the confluence with the Willameite River.

Only one species of cyanobacteria (blue-green algae), Aphanizomenon flos-aquae, was noted (stations
W39 and W45) (see Table 2-6). Density and biovolume of this species was 1 percent or less at both
stations (Appendix B-3).

2.6:3.3_' Compan'son' Wh Water Quality Criteria. To date, no water quality criteria have been
established for either phytoplankton biovolume or density, although the state of Oregon has established
a criterion of 15 pg/L of chlorophyll a (an additional surrogate measure of phytoplankton biomass) for
the identification of rivers and estuaries in which the water body’s recognized beneficial uses may be
impaired (OAR 1990). In general, the low phytoplankton numbers (less than 1,853 cells/mL) and bio-‘
volume (less than 2.0x10° mm®/mL), as well as the taxa identified, indicate no nuisance algal problems
due to eu@tophicat_ion'of the river. The maximum biovolume reported in this study, less than
2x10% pm®/mL, may be compared to the maximum biomass reborted for 1981 in eutrophic.lGreen Lake
- in Seattle, WA _(25x10° pm’/mL) (Bolstridge 1982), a maximum less than 6x10° pn‘_n’lrnL reported for
mesotrophic Lake Washington during ‘a period following diversion of direct treated-sewage discharges
to the lake in the mid-1960s (1973-1979) (Edmondson and Litt 1982), and a maximﬁm biomass of
| 0.2x10° um*mL reported for 1987 in oligotrophic Crater Lake, OR (Debacon and MclIntire 1991). _‘

2.6.4 Bacteria
Bacterial concentrations were measured at six stations on five separate occasions over a 30-day period

during the survey. Complete bacteria data are provided under separate cover in Appendix B-6.

2.6.4.1 Summary of Quality Assurance/Quality Control. Fecal coliform and enterococcus bacteria were
analyzed on five samples, each collected from six stations (stations W2, W3, W16, W35, and W40).
Although the multiple tube fermentation technique was used for the determination of fecal coliform
densities in samples collected on November 1 and 2, 1991, this is an acceptable method approved by the -
American Public Health Association for use in enumeration of fecal coliform bacteria and should provide
results that are consistent with the membrane filtration method (APHA 1989). None of the bacteria data

were qualified, and they are considered acceptable for their intended use in this report.
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2.6.4.2 Spatial and Temporal Trends. Fecal coliform and enterococcus bacterial counts for each station
during the five sampling events are shown in Table 2-7. Geometric means of counts at each station over
the 30-day sampling period are summarized in Figure 2-11 and 2-12. The highest fecal coliform counts
were noted at station W3 near the Ilwaco marina (geometric mean=236 colonies per 100 mL), station W16
near Puget Island (geometric mean=32 colonies per 100 mL), station W35 off Sauvie Island (geometric
mean=28 colonies per 100 mL), and station W38 in Portland Harbor (geometric mean=31 colonies per
100 mL). Much lower counts were noted at station W2 off the Ilwaco spit (geometric mean=4 colonies
per 100 mL), and at station W40 near Government Island {geometric mean==10 colonies per 100 mL),
which is upriver from the Portland/Vancouver area but downstream of the municipal wastewater discharge
of the city of Gresham (see Figure 1-4). The density of enterococcus bacteria was consistently higher
than the fecal coliform density, and the spatial pattern was somewhat different. Relatively higher
geometric mean enterococcus densities were noted at stations W3, W16, W35, W38, and W40; 113, 82,
96, 113, and 99 colonies per 100 mL, respectively. Relatively lower enterococcus densities were noted

at station W2 (geometric mean=44 colonies per 100 mL).

The temporal variability characteristic of bacterial distributions is evident in the considerable variation
in fecal c;'Jliform and enterococcus bacterial densities found at each station during the five sampling events
(Table 2-7). Generally, higher concentrations were noted on the first, second, and fifth sampling events
at each station although this pattern did not hold true for every sampling station or sampling date
(Table 2-6). Bacterial sampling was initiated on October 15 and 16, 1991 prior to the passage of a storm
system that brought rainfall throughout the study area shortly thereafter on October 17 and 18 (see Fig-
ure 1-7). Sampling that was performed after the initial sampling effort was conducted under conditions
of intermittent faiﬁfall. Peaks in rainfall intensity evident in Figure 1-7 did not appear to coincide with

peaks in measured fecal coliform or enterococcus densities.

2.6.4.3 Comparison with Water Quality Criteria. Both Oregon and Washington have established fecal
coliform criteria for marine, fresh, and shellfish growing waters (WAC 1988,1992; OAR 1990). The
Oregon standards include a specification of the sampling frequency for the application of the criteria.
The criteria aré based on the collection of a minimum of five samples collected over a 30-day period.
For the freshwater portion of the lower Columbia River, the geometric mean of the samples collected
should not exceed 200 colonies per 100 mL, and no more than 10 percent of the samples collected should
have fecal coliform concentrations exceeding 400 colonies per 100 mL. For marine and shellfish growing
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TABLE 2-7. SUMMARY BACTERIA DATA FROM THE
LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

Fecal Coliform Counts Geometric Mean® Enterococcus Counts Geometric Mean
Station Sampling Date {Colonies per 100 mL) (n=>5) (Colonies per 100 mL) (n=5)
w2 10/15/91 5,5 4 175, 145 4
10/22/91 ND, ND 95, 120
11/1/91 3,5 8,8
11/7/91 7,8 63, 68
11/13/91 3,5 15, 20
w3 10/15/91 265, 305 36 400, 600 113
10/22/9 35,25 ' 170, 125
11/1/91 30, 23 37,35
11/7/91 12, 10 32,33
11/13/91 26, 23 210, 220
wi6 10/15/91 50, 60 32 1300, 700 82
10/22/91 85, 80 375, 355
11/1/91 15, 19 30, 34
11/7/91 17, 12 16, 9
11/13/91 28, 32 23,27
w35 10/16/91 ND, ND 28 93, 101 96
10/23/91 30, 35 415, 385
11/1/91 21,25 31, 31
11/7/91 97, 106 21,24
11/14/91 214, 227 285,.310
wi3s 10/16/91 3, ND 31 180, 200 113
10/23/91 205, 195 220, 250
11/2/91 40, 35 65, 70
11/8/91 22,17 19, 16
11/14/91 99, 109 325, 360
W40 10/16/91 3,4 10 160, 180 99
10/23/91 7,79 263, 330
11/2/91 ND, ND 85, 95
11/8/91 11, 16 217,22
11/14/91 36, 31 75,95

ND = No colonies detected.

& Geometric means for fecal coliforms were calculated using ND' = 1 (i.e., the detection limit),

i
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waters, the median concentration of 14 colonies per 100 mL should not be exceeded, and no more than
10 percent of the samples should exceed 43 colonies per 100 mL. For estuarine waters other than shell-
fish growing waters, the standard is the same as that for freshwaters. The Washington standards do not
specify the sampling frequency needed for application of the criteria. For freshwater the geometric mean
of 100 colonies per 130 mL should not be exceeded, and no more than 10 percent of the samples collec-
ted should exceed 200 colonies per 100 mL. For marine waters, the Washington standard is similar to
that of Oregon for marine and shellfish growing waters—the geometric mean of 14 colonies per 100 mL‘
should not be exceeded, with not more than 10 percent of the samples exceeding 43 colonies per 100 mL.
Stations W2 and W3 were located in Washington in the estuarine waters around the Port of Ilwaco.
Because shellfish may be harvested in these waters, the Washington marine water standard of 14 fecal

coliform colonies per 100 mL has been used to determine sanitary quality at these stations,

There are currently no state-promulgated standards for enterococcus bacterial densities. (Note: the
proposed Oregon standard was not adopted into law). The U.S. EPA (1986a) standards for enterococcus
bacteria in fresh and marine bathing waters are 33 and 35 colonies per 100 mL, respectively, .
Geometric mean fecal coliform standards exceeded the marine standard at the estuarine station W3 in the
area of Ilwaco (Figtir'e 2-11). The geometric mean of the freshwater stations did. not exceed the
Washington criterion of 100 colonies per 100 mL (Figure 2-11). However, 10 percent.of; the samples
at the marine station W3 exceeded the 43 colonies per 100 mL standard and 10 percent of the samples
at stations W35 and W38 exceeded the freshwater Washington criterion of 200 colonies per mL (see
Table 2-7). '

(Geometric mean enterococcus bacterial densities exceeded the U.S. EPA standards for enterococcus

bacteria at all of the stations sampled (Figure 2-12).

2.6.5 Metals and Cyanide

Metals were detected in a number of samples collected during the survey. The median values presented
below for the metals data are based on reported values above the detection limit and one-half the DL for
values reported as not detected. Complete metals data are provided under separate cover in Appen-
dix B-7. Cyanide was not detected in the survey nor did the DL exceed the freshwater criteria for this
chemical. Cyanide data are included with the nutrient and miscellaneous water quality data in Appen-

.dix B-4.
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2.6.5.1 Summary of Quality Assurance/Quality Contrel. Field samples for metals analyses were
collected from all water quaiity stations. A field duplicate was collected at stations W8, W21, W26,
W30, and W44 (identified as samples W50, W49, W52, W48, and W46, respectively). The metals data
were considered acceptable‘ for the use in this report, although many of these data have been qualified
as estimates due to poor recovery and precision of MS 'and MSDs (i.e., those metals with MS/MSDs
outside of the rangé of 60-145 percent and RPDs greater than 35 percent) (Appendix A-3). These include
samples W7, W18, and W52 for iron; samples W18 and W52 for antimony, and samples W43 and W52
for selenium and arsenic, respectively. All of the metals data have also been qualified as estimates (using
the qualifier "E"), with the exception of cadmium and lead, due to the lack of supporting quality
assurance information on quality control check standards and cahbratlon data. However, the cadmium
" and lead data were qualified as estimates as well, due to the mconsxstency of the water metals results
when compared to recent measurements made using ultra-clean sampling and analysis techniques. These
data will be discussed in detail in Section 2.7.4. Most of the data were qualified with a "U" for values |
at or below the DL However, some of the DLs reported were not within those established in the
QA/QC Plan, speclfically those reported for antimony (15 -150 vs. 19 pg/L), cadmium (0.5-5.0 vs. 0.5
ug/L), selenium (5-100 vs,_S pg/L), and silver (2 vs. 1 pg/L) (Tetra Tech 1991b). Elevated detection
limits were due to dilution of the sample to correct for matrix interferences. "Method blank analyses
indicated concentrations of aluminum and iron above the DL it concentrations of 86 and 110 pug/L,
respectively. The iron and aluminum data have not been blank corrected, although this level of possible
contamination may indicate an overestimation of actual sample concentrations of aluminum and iron. The
concentrations of iron and aluminum that were less than 5 times the reported blank concentrations were
qualified as undetected (qualifier "U") as directed in the U.S. EPA Contract Laboratory Guidelines for
the evaluation of inorganics analyses (U.S. EPA 1988a). The conc;entrations of iron and aluminum that
were greater than 5 times the blank concentration were qualified as estimates using the data qualifier "E."
Field blanks were not reported for the metals data; therefore, an assessment of possible contamination

of the samples in the field cannot be made.

Comparison of the field replicate data for metals indicates that variability associated with field sampling
and laboratory analysis is generally not greater than 20 percent, although a few replicates had coefficients
of variation much greater than 20 percent (Table 2-8). These included barium at station W21 (44 per-
cent), lead at station W26 (64 percent), and copper at station W30 (44 percent). Much of this uncertainty
may be associated with laboratory variability for samples with concentrations very near the DL.
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TABLE 2-8. MEAN AND COEFFI
FIELD-REPLICATED METAL SAMPLES FROM THE

NT OF VARIATION OF

LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY
— =

2-50

Station
Pasameter w8 w21 w26 W30 W44
Mean (ug/L) + %CV, n=2

Alumimum 370 + 11 225 +3 200 + 7 215 + 3 235 _4_-, 9
Barium 26 + 8 18 + 44 30 £ 0.0 35 + 3 28 + 4
Copper 5U, 5U 10 + 10 7, 5U 9 + 44 50, 5U
Tron 435 + 5 260 + 22 505 + 13 565 + 14 310 + 5
Lead 1U, 1U 3.5+ 17 7.5 + 28 5042 1.0, 1U
Selenium 100U, 100U 5U, 50 22 + 64 5843 5U, 5U
Zinc 20U, 20U 20U, 20U 20U, 20U 20U, 20U 33.0, 20U
U = Undetected. Number is the detection limit.




Results and summary statistics of blind laboratory and field replicate samples (e.g., mean and relative
percent difference) are presented under separate cover in the QA memorandum in Appendix A-3,

2.6.5.2 Spatial Trends. The concentration of aluminum and iron was highly variable with no trend

apparent in the river (Figure 2-13). Concentrations of iron and aluminum that were reported as

‘undetected due to the presence of iron and aluminum in the method blank are éiso presented here to

illustrate river trends of these metals. Extremely high peaks of both aluminum and iron were measured
at stations W42 and W43 in the upper river (1100 and 1300 pg/L of aluminum and 1300 and 1800 pg/L

of iron, respectively). Peaks were also noted at the shore-based bacteria sampling stations W3

(1,300 pg/L of aluminum and 1800 pg/L of iron) and W16 (1100 pg/L of aluminum and 1300 ug/L of

iron). Because aluminum and iron are primarily associated with. sediments, the aluminum and iroﬁ data
- were compared to the TSS and turbidity data (see Figure 2-13). The peaks at the shore-based stations

W3 and W16 coincide with peaks in TSS and, to a lesser extent, to turbidity. The peaks in aluminum

and iron at stations W42 and W43 did not, however, correspond to peaks- in either TSS or turbidit_y.

Sev‘érél trace metals (antlmony, arsemc, bery]hum mercury, silver, and thallium) and cyanide were not
detected in any of the water samples at concentrations above the DL (Table 2-9). However, the DLs for
a few of these samples were very high due to laboratory. dilution of the est_uarme 'samples to control
interferences from the high concentration of additional ions present in seawater. Therefore, sample
dilution resulted in two DLs for those samples. For example, the DLs for samples collected in the
estuary for antimony and thallium. were, 130 and 360 ug/L, respectively, ..qu |

Barium, cadmium, chromium, copper, lead, nickel, selenium, and zinc were detected above their respec-
tive DLs at several stations. Barium was detected above the DL of 10 pg/L at 44 of the 45 water quality
stations, with a median concentration of 26 ng/L (Table 2-9). The concentration of barium was fairly
constant throughout the river and ranged from undetected (DL =10 ug/L) to a maximum of 42 pg/L at
station W5 at the mouth of the Lewis and Clark River (Figure 2-14). Coppet was detected above the DL
of 5 ug/L less frequently (10 of 45 stations) with a median concentrat:on 0E2 5 pg/L (Table 2-9). The

detected concentrations of copper were variable, with the highest concentrations occurring at station W28
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TABLE 2-9. SUMMARY OF WATER COLUMN METALS AND CYANIDE DATA
FROM THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY®P )

(Page 1 of 2)

Units in ug/L Chronic Water Quality Criteria Water Quality
Frequency of Detection Criteria for
Parameter Detection Limit(s) Range Median® Freshwater Marine Fish Consumption%
Aluminum 45i45 - - 120-1300 250 87 - -
Antimony 0/45 15, 150° 15U-1500 7.5U 1,600 - 45,000
Arsenic® 0/45 5 sy 2.5U 48 (190)h 13 ae)bb 0.0175%
Barium - 4445 10 10042, 26 - - -
Beryllium 0/45 5 su 2.5U 5.3f - 0.1174
Cadmium 3/45 0.5, 5P 0.5U-3.5 0.25 0.7 9.3 8.0y -
Chromium® 3/45 5 5U-5.5 2.5 nm som 3.433x 1061
Copped 10/45 5 5U-54 2.5 7.3k0 - -
Iron) 43/45 100 100U-1§00 430 1,000 - -
Lead 25/45 1, 20 TU-§} 2.1 1.65p 5.6 (5.8)1 -
Mercury® - 0/4s 0.5 0.5 0.25U 0.012 -~ 0.025 0.146
Nickell - olds 40 aouis 20 ogk.q 8.3 (7.9) 100
Selenium® 3/45 - 5, 100° 5U-2F22 2.5 5.0. 7 -
Silved o145 2 w U 0.12 - -
Thallinm 0/45 36, 3600 36U-3600 18U aof - 48
Zino) 12/45 20 20U-84 ) 10 66kt 86 (76.6)1 -
Cyanide 0/45 2 w o U 5.2 -~ 200
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TABLE 2-9. SUMMARY OF WATER COLUMN METALS AND CYANIDE DATA
FROM THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY®P
(Page 2 of 2)

U = Undetected.

-- = Not available.

-V e - o

Lokl - il - B T

=

1

Criterion is the same for Oregon, Washington, and U.S. EPA for the protection of aquatic organisms, except where noted.

All metals data have been qualified as estimated. See text for details.

Median based on detected concentrations and half tie detection limit for undetected concentrations.

Human health water quality criteria for ingestion of fish and shellfish. These criteria are based on the predicted water concentration of a particular contaminant that
would not result in an adverse human health effect for a non-carcinogen, and for carcinogens, a Ilfetlme incremental increase in cancer risk of cne additional cancer
in populations ranging from 10 miltion to 100,000 people.

The higker detection limit was due to dilution of the sample before analysis. ]

No criteria established. Value is the lowest observed effects level (LOEL). ?

Updated Washington criterion based on measurement of total recoverable metal concentration (WAC 1592).

Least observed effects level (LOEL) for pentavalent arsemic. Chronic criterion for trivalent arsenic in parentheses.

The metal is a carcinogen. Human health criteriz reported for three risk levels. Value presented is the incremental risk of one cancer in a population of oge million,
people.

Updated Washington criterion based on measurement of dissolved metal concentration (WAC 1992).

Criterion is hardness dependent. The median freshwater hardness from this stu.gdg (57mg/L) was used.

Formula for caleulating critericn for cadmium js e 7852 [l (harduess)] - The result is multiplied by 0.865 for applicstion of the Washington updated
dissolved criterion (WAC 1992).

M Criterion for hexavalet chromium,

a
o

p
q

I

Criterion for trivalent chromium. '

Formula for calculating criterion for copper is ¢(0.8545 [ln (barduess)] - 1.465) The result is multiplied by 0.862 for application of the Washington updated
dissolved criterion (WAC 1992).

Formula for calwla.tmg critesion for lead is ¢(1:273 [ (hardness)] - 4.705), The result is multiplied by 0.687 for application of the Waskiagton updated dissolved
criterion (WAC 1992).

Formula for calculating criterion for nickel is ¢(0.8460 [In (hardness)] + 1.1645) ppe peqit js nmltlphed by 0.950 for spplication of the updated Washington
criterion (WAC 1992).

Formula for calculating criterion for zinc is ¢(0-8473 [In (harduess)] + 0. 7614) The mﬂt is multiplied by 0.891 for application of the updated Washington
criterion (WAC 1992).

Source: OAR (1990), WAC (1988, 1992), U.S. EPA (1986a).
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Figure 2-14. Trends in Barium, Copper, and Zing, in the Lower Columbia River, September-October 1991.
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behind Sandy Island (54 pg/L) (Figure 2-14). Zinc was also detected above the DL of 20 pg/L at 12 of
435 stations with a median concentration of 10 ug/L (Table 2-9). The highest concentration measured was
at station W9 in Grays Bay (84 pg/L) (Figure 2-14). Concentrations above 50 ug/L were measured at
stations W16 (the shore-based bacteria sampling station near Puget Island), W32 (Multnomah Channel)
W39 (in the main channel between Camas and Vancouver), and W42 {above Camas).

Lead was detected above the DL of 1 to 20 ug/L at 25 of the 45 stations with a median concentration of
2.1 pgfL (Table 2-9). The higher DL was reported at only four of the stations located in the estuary,
where lead was not detected at stations with the lower 1 pg/L DL. Lead was detected in varying
concentrations at a number of stations in the upper portioxi of the study area below Bonneville Dam. It
was also dgtected at all stations from W34 (Lake River) below the Portland/Vancouver area to station
W14 at RM 37.5, the transect station below Cathlamet and Wauna. This station is also just above the
point where the river widens, river velocity decreases, and sedimentation of particulate matter increases
(Tetra Tech 1992b). Highest concentrations were noted at stations W23 in the channel behind Lord
Island (8.8 pg/L) and the transect station W26 in the main channel below Kalama. '

Of the other metals det'ected,. chromium was above the DL of 5 pg/L at 3 of the 45 stationé with a mediﬁn
conceﬁtration'of 2.5 ug/L (éee Tébie 2-9). The highest concentration of chromium (5.5 pg/L) was
measured at two stations, station W6 off Tongue Point and station W37 in the Portland/Vancouver area
(Figure 2-15). Seienium was defected above the DLs of 5 and 100 pg/L at 3 of the 45 stations with a
median concentration of 2.5 ug/L (Table 2-9). The higher DLs were reported for several stations in the
estuary. Very high concentrations of selenium were reported for two stations. These stations were W23
in the channel behind Lord Island (16 pg/L) and the transect station W26 below Kalama (32 ug/L),
although selenium was also detected at the transect station W30 (6 pg/L) (Figure 2-15), Cadmium was
detected above the DL of 0.5 and 5 ug/L at 3 of the 45 stations with a median concentration of 0.25 pg/L
(Table 2-9). The higher DLs were reported for several stations in the estuary. However, cadmium was
not detected at the few estuarine stations with the lower DL of 0.5 ug/L. Cadmium was detected at
stations W22 (1.2 pg/L), W28 (2.9 ug/L), and W37 (3.5 pg/L).

Of the metals anatyzed, only iron, barium, and zinc were detected at the Willamette River station (W36),
but other trace metals were not detected including cadmium, chromium, copper, lead, nickel, and
selenium. The aluminum concentration was qualified as undetected at a concentration of 370 ug/L.
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2.6.5.3 Comparison with Wé:er Quality Criterig. U.S. EPA freshwater chronic water quality criteria
are available for cyanide and most of the metals measured in the reconnaissance survey, except barium
(see Table 2-9). Oregon and Washington have adopted the EPA (U.S. EPA 1986a) metals criteria (WAC
1988; OAR 1990). The recently revised water quality standards for Washington waters have also adopted
the use of dissolved and total recoverable metal concentration limits for specific metals (WAC 173-201A
1992} (see Table 2-9). Marine chronic criteria have been established for eight of the metals measured.
Generally, the marine criteria are less restrictive than those for freshwater, with the exception of the
criteria for nickel and arsenic., Freshwater criteria for several of the metals depend on the hardness of
the water tested. These metals are cadmium, copper, lead, nickel, and zinc. To assess possible
exceedances of these hardness-based criteria in the non-estuarine portion of the river, the median hardness

of 57 mg/L was used to calculate the criteria for these metals.

Historically, EPA has recommended the measurement of total recoverable or acid-soluble concentrations
of metals for comparison with the established water quality criteria for metals in ambient waters (U.S.
EPA 1986a). The use of the total recoverable method is still recommended for evaluation of effluent
quality (U.S. EPA 1992). However, EPA has recently (since the reconnaissance survey was conducted)
re-evaluated the use of these methods for the assessment of water quality compliance for metals in
ambient waters (U.S. EPA 1992). Thisguidance supersedes past criteria document-statements expressing
criteria in terms of an acid- soluble or total recoverable method. In general, the EPA has stated that
although use of the total recoverable measurement provides greater safety than does the dissolved method,
the total recoverable method may result in overestimation of metal toxicity. The EPA has further stated
that while adjustment of the criteria to dissolved metal may be small for some metals (e.g., copper), other
metals may require larger adjustments to account for the much lower percentage of dissolved to
particulate metal present during toxicity testing (e.g., aluminum) (U.S. EPA 1992). Three approaches
have been recommended by EPA for applying the metals criteria (U.S. EPA 1992):

. Continue to use the total recoverable method for water quality standard
assessment,
u Measure dissolved metal concentration and compare these concentrations to

criteria appropriate for dissolved metal.
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L Use case-by-case assessment of the "water-effect ratio” in the receiving water to

determine a site-specific value of the criteria.

Although the first recommendation has been applied in this study, the other approaches should be
considered in future studies of the lower Columbia River. The use of dissolved metal measurements and
criteria has been recently adopted by the state of Washington for several metals (i.e., cadmium, copper,
iron, lead, nickel, silver, and zine; see Table 2-9) (WAC-201A, 1992).

Although the state of Washington designates the Columbia River to the mouth as freshwater, the state of
Oregon provides for the application of marine criteria in the estuarine portion of the river (Mullane, N.,
22 July 1992, personal communication). Therefore, to ensure adequate asseSsment of potential effects
on aquatic organisms, the lowest of the marine or freshwater criteria will be used for lth'e; identification
of water quality problems in the estuary.
Water :qgﬂgt_xqcriteria for the éonsumption of fish have also been compared (se¢ Table 2-9). The water
qufd_ity criteria for fish consumption are water-column concentrations that would not result in an adverse

~ health effect for a non-carcinogen, and for carcinogens, a concentration that would result in a lifetime

R O

incremental increase in cancer risk of one additional cancer in human populations ranging from 10 million
to 106,000 people. These criteria are presently available for cyanide and seven metals measured in the
reconnaissance survey. They include antimony, arsenic, beryllium, chromium, mercury, nickel, and
thallium. The fish consumption criteria for arsenic, beryllium, and chromium are even more resﬁictive
than the freshwater. and marine criteria, while the criteria for antimony, mercury, nickel, thallium, and

cyanide are less restrictive.

Detection limits were higher than the water concentration criteria for fish consumption for arsenic and
mercury, which prevents an assessment of potential effects on human health due to the consumption of
fish (see Table 2-9). Detected water metal concentrations did not exceed available metal water
concentration criteria for fish consumption for antimony, beryllium, chromium, nickel, thallium, or

cyanide,

The available chronic freshwater quality criteria were never exceeded for antimdny, beryllium, chromium,

nickel, thallium, or cyanide. In some cases, the exceedances of water quality criteria could not be
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assessed because the DLs were higher than the available criteria. This was true for the freshwater
chronic criteria for lead, mercury, selenium, and silver and for the marine chronic criteria for lead,
mercury, nickel, and selenium. The concentrations of aluminum that were qualified as undetected due

to possible laboratory contamination also exceeded the freshwater quality chronic criterion for aluminum.

Exceedances of the freshwater chronic criteria due to detected concentrations occurred for these metals:
aluminum, cadmium, copper, iron, lead, and zinc. The exceedances of the chronic freshwater criterion
for aluminum (87 ug/L) occurred at all stations where aluminum was not qualified as undetected
(Figure 2-16). The lowest concentration reported as undetected (120 pg/L) was over 30 pg/L higher than
the chronic freshwater criterion. The freshwater criterion for cadmium (0.7 pg/L) was exceeded at
stations W22 (1.2 ug/L), W28 (2.9 pg/L), and W37 (3.5 pg/L) (Figure 2-17).- The higher cadmium DL
of 5 ug/L for six stations in the estuary, and station W9 above the estuary, exceeiféd the freshwater
chronic criterion of 0.7 pg/L. However, the DL of 5 ug/L is lower than the marine chronic criterion
of 9.3 ug/l.. Exceedances of the freshwater criterion for copper (7.3 ug/L) occurred at 8 stations
[W2 (1t-pg/L), W13 (10:pg/L), W21 9 pg/L), W23 (8 pg/L), W28 (54 pg/L), W30 (i1 pg/L), W3l
(47 pgiL), W32 (47 pg/L), W39 (13 ug/L)] (Figure 2-17).

Exceedances of the freshwater criteriop for iron (1,000 pg/L) occurred at four stations: at the shore-
based stations W3 in Ilwaco and W16 near Puget Island (1300 pg/L), and stations W42 near the mouth
of the Sandy River (1300 pg/L) and W43 (1800 pg/L) in the upper reach of the study area below ﬁonne-
ville Dam (Figure 2-17). No marine criterion for iron is currently available for comparison with the data
collected from the estuarine stations. Exceedances of the freshwater criterion for lead (1.6 ug/L), based
on detected concentrations, occurred at 22 stations (see Figure 2-18). The DL reported for four of the
estuary stations (20 pg/L) was higher than the freshwater criterion of 1.6 pg/L; lead was not detected at
other estuarine stations with the lower DL of 1 pg/L. The 20 pg/L detection limit was also greater than
the marine chronic criterion of 5.6 ug/L. All three of the detected concentrations of selenium exceeded
the chronic freshwater criterion of 5 ug/L (Figure 2-18). Samples from eleven stations exceeded the
freshwater criterion for selenium based on the DL of 100 ug/L reported for samples collected at those
stations. Although the DL for selenium at all but one station in the estuary was greater than the chronic
marine criterion of 71 ug/L, at station W4 selenium was not detected above the DL of 5 pg/L. Exceed-
ances of the freshwater criterion for zinc (66 ug/L) occurred at four stations (W9, W16, W32, W42) (see

Figure 2-18). No exceedances of the marine criterion for zinc (86 pg/L) were noted in the estuary.
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2.6.6 Organic Compounds

The discussion of the organic compound data is divided into separate sections on priority pollutant organic
compounds and pesticides and a section on adsorbable organic halogens (AOX), due to the distinct nature
of these compounds and the rationale for their inclusion in the reconnaissance survey. Priority organic
pollutants are considered toxic when in sufficient concentration; they may derive from a variety of point
and nonpoint sources. AOX on the other hand are discharged in relatively high concentrations in
bleached kraft pulp and paper mill wastewater. They are not considered a toxic pollutant, although
specific halogenated organic compounds measured indirectly as AOX are highly toxic. Complete raw
data for semivolatile organic compounds, volatile organic compounds, pesticides and PCBs, and AOX

are provided under separate cover in Appendices B-6, B-7, B-8, and B-9, respectively.
2.6.6.1 Summary of Quality Assurance/Quality Control

Semivolatile Organic Compounds. Field samples for semivolafile organic compounds were
collected from stations W6, W14, W26, W37, and W45. A field duplicate was analyzed from station
W26 (identified as sample W52), and two carboy blanks were analyzed from stations W37 and W41
(identified as samples W47 and W51, respectively). The semivolatile organic compound data were
considered acceptable for use in this report, with the exception of the data for station W6. All of the data
for station W6 were qualified as unusable (qualifier code "R") due to unacceptably low surrogate spike
recoveries. In addition, method blank analyses indicated possiblé contarnination of the station W6 sample
with the common laboratory contaminant bis(2-ethythexyl)phthalate. The reported concentration of this
compound in sample W6 was above the DL, but below the value detected in the blank. Because the
semivolatile data for station W6 have been qualified as unusable, they will not be discussed further in the
report. Most of the semivolatile organics data were qualified with a "U" for values at or below the DL.
The DLs (2-40 pg/L) were within those established in the QA/QC plan (Tetra Tech 1991b).

Results and summary statistics of blind laboratory and field replicate samples (e.g., mean and relative

percent difference) are presented under separate cover in the QA memorandum in Appendix A-4,

Volatile Organic Compounds. Field samples for volatile organic compounds were collected from
stations W6, W14, W26, W37, and W45. A field duplicate was analyzed from station W26 (identified
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as sample W52) and two carboy blanks were analyzed from stations W37 and W41 (identified as samples
W47 and W51, respectively); The volatile organic compound data were considered acceptable for use
in this report. Most of the data were qualified with a "U" for values at or below the DL. The DLs
(1-10 pg/L) were within those established in the QA/QC plan (Tetra Tech 1991b). Method blank
analyses did not indicate contamination of any samples; therefore, no data were qualified based on meﬁmd
blank results.

Results and summary statistics of blind laboratory and field replicate samples (e.g., mean and relative

percent difference) are presented under separate cover in the QA memorandum in Appendix A-5.

Pesticides and PCBs. Field samples for pesticides and PCBs were collected from stations W6,
W14, W26, W37, and W45. A field duplicate was analyzed from station W26 (identified as sample
W52) and two carboy blanks were analyzed from stations W37 and W41 (identified as samples W47 and
W51, respectively). The pesticide and PCB data were considered acceptable for use in this report. One
compound, nonachlor, specified in the sampling plan was not reported (Tetra Tech 1991¢) due to lack
' of a suitable standard for this compound. All of the data were qualified with a "U" (undetected) for
values at or below the DL. The reported concentrations of endosulfan sulfate and methoxychlor in two
samples from station- W26 (W26 and the field duplicate W52) were qualified with an "E" (estimated
value) as a result of the laboratory continuing calibration falling outside QC criteria. However, these
values were also qualified as undetected at the DL and will be treated as undétected values below. The
reported concentrations of dieldrin and endrin aldehyde at station W6 were qualified with a "U" and an
"E" due to unacceptably high matrix spike and matrix spike duplicate recoveries reported for this sample,
even though the reported concentrations (0.06 ug/L. and 0;07 pg/L for dieldrin and endrin aldehyde,
respectively) were slightly greater than the reported DL of 0.05 pg/L.. These two compounds will be
treated as undetected in the sample from station W6. The DLs (0.05-5.0 ug/L) were within those
established in the QA/QC plan (Tetra Tech 1991b), except for the DI reported for dicofol (0.5 vs.
0.05 pg/L).

Results and summary statistics of blind laboratory and field replicate samples (e.g., mean and relative

percent difference) are presented under separate cover in the QA memorandum in Appendix A-6.
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AOX. Field samples for AOX were collected from 19 stations. A field duplicate was analyzed
from station W26 (identified as sample W52). No carboy blanks were analyzed; therefore, an assessment
of possible field contamination cannot be made, Blanks reported by the laboratory indicated
methodological contamination of the samples. Blank-corrected data were indicated by the "Z" qualifier
code, The DL reported by the laboratory of 5 pg/L. was less than the method DL of 10 ug/L sﬁeciﬁed
in the QA/QC plan (Tetra Tech 1991b). The laboratory reported the concentration of AOX to the nearest
5 pg/L. These data were qualified as blank-corrected and as undetected when the blank correction

resulted in a concentration below the DL. These data were considered acceptable for use in this report.

Results and summary statistics of blind laboratory and field replicate samples (e.g, relative percent

difference) are presented under separate cover in the QA memorandum in Appendix A-1.

2.6.6.2 Semivolatile and Volatile Organic Compounds, Pesticides and PCBs. Only one priority
pollutant organic compound was detected in the water column at a concentration above the DL at two
stations, The bis(2-ethylhexyl)phthalate concentrations at station W26 below Kalama (9 and 15 pg/L) and
W37 in the Portland/Vancouver area (18 pg/L) violated both the freshwater and marine water quality
criteria of 3 and 3.4 ug/L, respectively, for phthalate esters (Table 2-10). '

The rest of the compounds have been reported as undetected at the DL. However, in several instances
the reported DL for a specific compéund exceeded established chronic freshwater and marine water
quality criteria (Table 2-10). These compounds include pentachlorophenol, hexachlorocyclopentadiene,
forms of DDT and their metabolites, heptachlor, alpha-chlordane, aldrin, dieldrin, mirex, parathion,
toxaphene, endrin, methoxychlor, and PCBs. These DLs exceed the criteria because of the difficulty in
achieving DLs below these criteria using conventional analytical methods. It is possible that several of
these compounds are present, but at undetectable concentrations using conventional methods. In the case
where the DL exceeds the water quality criteria, it is not possible to assess whether or not levels greater

than the criteria were present in the river during the reconnaissance survey.

In general, the DLs achieved in this study for toxic organic compounds were less than the water
concentration criteria for fish consumption (see Table 2-10). However, DLs were greater than tﬁese
criteria for 2,4,6-trichlorophenol, bis(2-chloroethyl)ether, all of the polynuclear aromatic hydrocarbons
(PAHs) (except for fluoranthene), hexachlorobenzene, 3,3’-dichlorobenzidine, and the pesticides DDT,
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TABLE 2-10. SUMMARY OF WATER COLUMN ORGANIC COMPOUND SAMPLE
DETECTION LIMITS AND WATER QUALITY CRITERIA
(Page 1 of 6)

T

Units in ug/L

Reported

Chronic Water Quality Criteria™

Water Quality Fish

. 2-67

Compound Detection Limit Freshwater Marine Consumption Criteria®

'VOLATILE ORGANIC COMPOUNDS
Vinyl chloride 1 - -~ 525b
Methylene chloride 10 - - -
1,1-Dichloroethane 1 - - -
Chloroform 1 1,240° - 15.7°
1,1,1-Trichloroethane 1 - - 1.03x10°

" Bromodichloromethane 1 - - -
trans-1,3-Dichloropropene - 1 244° - 14,100
Dibromochioromethane 1 - - -,
Benzene ' 1 - . 700¢ 4o
Bromoform 1 - - T -
Tetrachloroethene 1 840° 450° 8.85P

" Chlorobenzene 1 50¢d 12954 -
Total xylenes (o-, m, p-) 1 - - -
Chloroethane 1 - - -
1,1-Dichloroethene 1 - - 1.85
trans-1,2-Dichloroethene 1 - - 1.85b
1,2-Dichloroethane 1 20,000° - 243b
Carbon tetrachloride 1 - - 6.94°
1,2-Dichloropropane 1 5,700¢ 3,040° -
Trichloroethene 1 2,000° - 80.70
1,1,2-Trichloroethane 1 9,400° -~ 4180
cis-1,3-Dichloropropene 1 244° - 14,100
1,1,2,2-Tetrachloroethane 1 2,400° - 10.7°
Toluene 1 - 5,000° 424,000
Ethylbc;nzene i - - 3,280
Methyl chloride 1 - - -
Methyl bromide 1 - - -
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TABLE 2-10. SUMMARY OF WATER COLUMN ORGANIC COMPOUND SAMPLE
DETECTION LIMITS AND WATER QUALITY CRITERIA
(Page 2 of 6)

I Units in ug/L

Chronic Water Quality Criteria®

SEMIVOLATILE ACID EXTRACTABLE ORGANIC COMPOUNDS

Reported Water Quality Fish
Compound Detection Limit Freshwater Marine Consumption Criteria®

Phenolic Compounds

SEMIVOLATILE BASE/NEUTRAL EXTRACTABLE ORGANIC COMPOUNDS

Phenol 2 2,560 - -
2-Methylphenol : 4 - - -
4-Methylphenol 4 - - -
2,4-Dimethylphencl 2 - - -
Pentachlorophenol 20 6-16° 7.9¢ -
2-Chlorophenol 2 2,000° - -
2,4-Dichlorophenol . 4 365° - -
2,4-Dinitrophenol 20 - - -
2-Nitrophenol 4 150%f - -
4-Nitrophenol =~ 20 150%f - -
2,4,6-Trichlorophenol i. 4 970° - 3.6P

Halogenated Ethers (Other than those listed elsewhere)

bis(2-chloroethyl)ether ' 2 - - 1.360
bis(2-chloroethoxy)methane 2 - - -
bis(2-chloroisopropyl)ether 2 - - 4,360
4-Bromophenylphenylether 4 - R -
4—Chloropheny]phenylilher _ 2 - - _ -
Nitroaromatics
2,4-Dinitrotoluene 2 230° 370%8 9.1b
2,6-Dinitrotoluene 2 - 37058 -
Nitrobenzene 2 — - -
— I S -
Nitrosamines
"N-nitroso-di-n-propylamine 2 - - -
N-nitrosodiphenylamine 2 - - 16.1%
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TABLE 2-10. SUMMARY OF WATER COLUMN ORGANIC COMPOUND SAMPLE
DETECTION LIMITS AND WATER QUALITY CRITERIA

(Page 3 of 6)
Units in ug/L
Chronic Water Quality Criteria®
Reported Water Quality Fish
Compound Detection Limit Freshwater Marine Consumption Criteria®

Chlorinated Naphthalene

2-Chloronaphthalene -2 - - -
Polynuclear Aromatics

Acenaphthene 2 520° 710° 0.0311b:0

Acenaphthylene 2 - - 0.0311%h
" Anthracene 2 -~ - - o03ubh

Benzo(a)anthracene 2 - - = | - o.03ubh

Benzofluoranthenes [(b) and ()] 4 - - . .0.031™h

B'en'léo(a)pyrene‘,_, : 4 - - ~ o.0311bh

Benzo(g, h,i)perylene 4 ~ - 0.0311%h

Chrysene 2 - - - o.0anbh

Dibenzo(a,h)anthracens 4 - - 0.0311+h

Fluoranthene 2 - 16° - |- 54bsh.

Fluorene 2 - - 0.00311%h

Indeno(1,2,3-cd)pyrene 4 - _ - 0.0311%:h
' Naphthalene 2 620° - 0.0311b:h

Phenanthrene 2 - - 0.0311b:h

Pyrene ) 2 - -~ 0.0311>h
Chlorinated Benzenes 50¢ 129¢

1,3-Dichlorobenzene 2 763%1 - 2,600

1,2-Dichlorobenzene 2 76361 - 2,600

1,4-Dichlorobenzene 2 76351 - 2,600

1,2,4-Trichlorobenzene 4 -- - -

Hexachlorobenzene - 4 - ] - 7.4x10°P
Hexachlorinated Qrganic Compounds o

Hexachlorobutadiene 2 9.3¢ - 50P

Hexachloroethane 4 ] 540¢ - . 8.74

Hexachlorocyclopentadiene 10 5.2° - -
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TABLE 2-10. SUMMARY OF WATER COLUMN ORGANIC COMPCOUND SAMFPLE

DETECTION LIMITS AND WATER QUALITY CRITERIA

(Page 4 of 6)

Chronic Water Quality Criterial

Reported Water Quality Fish
Compound Detection Limit Freshwater Marine Consumption Criteria®
Benzidines
| 3,3"-Dichlorobenzidine 20 - -~ 0.02b
Phthalate Esters 3¢ 3.4°
Dimethylphthalate 2 - - 2x10°
Diethylphthalate 4 - - 1.8x10¢
Di-n-butylphthalate 2 - - 15;1,000
Butylbenzylphthalate 2 - - -
bis-2-(ethylhexyl)phthalate 2 - - -

| Di-n-octylphthalate 4 - e -

PESTICIDES/PCBs |

Pesticides
0,p’-DDE 0.05 0,001 0,001 -
0,p’-DDD 0.05 0.001 0.001 -
0,p’-DDT 0.05 0.001d 0.00d 2.4x10°b4
4,4*-DDT 0.05 0.001 0.004 2,4x10°D4
4,4"-DDE 0.05 0.001J 0,001 -
4,4-DDD 0.05 0.001) 0.001 -
Heptachlor 0.05 0.0038 0.00361 2.9x10P
Heptachlor epoxide 0.05 - - -
Total chlordane 0.05 0.0043K 0.004% 4.8x10%b
Aldrin 0.05 0.0019h0 0.0019%9° 7.9x10°P
Dieldrin 0.05 0.0019! 0.0019! 7.6x10°b
Mirex (dechlorane) 0.05 0.001 0.001 -
Dacthal 0.05 —- - -
Dicofol 0.05 - - -

. Methyl parathion . 0.05 - - -
Parathion 0.05 0.013 - -
Malathion 0.05 0.1 0.1 -
Toxaphene 5 0.0002 0.0002 7.3x10°b
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TABLE 2-10. SUMMARY OF WATER COLUMN ORGANIC COMPOUND SAMPLE

1,

?

e

DETECTION LIMITS AND WATER QUALITY CRITERIA

—
f]

e —

(Page 5 of 6)

Units in ug/L

Chronic Water Quality Criterial

Reported X Water Quality Fish
Compound Detection Limit Freshwater Marine Consumption Criteria® ||
Isophorone™ 2 - - 520,000
Endosulfan I~ 0.05 0.056 0.0087 159
Endosulfan I 0.03 0.056 0.0087 159
Endosulfan sulfate 0.05 - - -
Endrin 0.05 0.0023 0.0023 -
Endrin aldehyde 0.05 - - -
Methoxychlor 0.05 0.03 0.03 -
alpha-BHC 0.05 - - -
beta-BHC . 0.05 - . - -
delta-BHC 0.05 - - -

gamma-BHC (Lindane) ' 0.05 - 0.08 - -

PCBs
Total PCBs - 0.014 0.03 7.9x10°®
Aroclor 1016 075 - - -
Aroclor 1221 0.5 - - -
Aroclor 1232 0.5 - - -
Aroclor 1242 0.5 - - -
Aroclor 1248 0.5 - - —
Aroclor 1254 0.5 - -~ -
Aroclor 1260 0.5 - - -
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TABLE 2-10. SUMMARY OF WATER COLUMN ORGANIC COMPOUND SAMPLE
DETECTION LIMITS AND WATER QUALITY CRITERIA
(Page 6 of 6)

Source: QAR (1990); WAC (1988, 1992); U.S. EPA (1986a).

4 Human health water quality criteria for ingestion of fish and shellfish. These criteria are based on the predicted water
concentration of a particular contaminant that would pot result in an adverse human-health effect for a non-carcinogen, and
for carcinogens, a lifetime incremental increase in cancer risk of one additional cancer in populations ranging from 10
million to 100,000 people.

b Human health criteria reported for three risk levels. Value presented is the incremental risk of one cancer in a population
of 1 million people.

¢ Insufficient data to develop criterion. Value presented is the lowest observed effects level (LOEL).
4 Criterion for chlorinated benzenes.

© pH-dependent criterion. pH range of 7-8 used. Formula ig ¢! & - 32,

f Criterion for nitrophenols.

& Criterion for dinitrotoluene.

R Value reported is for general category of PAHs.

I Criterion for dichlorobenzenes.

J Criterion is for DDT (and metabdlites for Washington).

K Criterion is for alpha-chlordane.

| Aldrin is converted metabolically to dieldrin. Therefore, the sum of the aldrin and dieldrin concentrations is compared to
the criterion.

M Technically not & pesticide, but analyzed by the same method. Synthesized from acetone, it is a solvent for finishes,
laquers, cellulose resins, pesticides, fats, oils, and gums.

I Oregon, Washington, and U.S. EPA criterion the same for protectioﬁ of aquatic organisros, except where noted.

© Washington criterion.
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heptachlor, total chlordane, aldrin, dieldrin, toxaphene, and total PCBs; this prevents an assessment of
pdtential effects on human health resulting from fish consumption. The only organic compound detected
[i.e., bis(2-ethylhexyl)phthalate] does not currently have & fish consumption criterion for water.

2.6.6.3 AOX. AOX concentrations were measured at 19 stations, including two stations located in the
Willamette and Cowlitz rivers (see Table 2-2). Concentrations ranged from 10 ug CI'/L at station W42
in the upper river to over 250 ug CI/L at station W5 at the mouth of the Lewis and Clark Rivef in the
estuary (Figure 2-19). The general trend in AOX was for the concentration to increase from the upper
river to the mouth, with the greatest increase evident at stations below Longview. The concentration of
AOX in the Willamette River (station W36) was 35 ug CI/L, a higher concentration than that found at
station W37 just above the confluence with the Columbia River (20 ug CI'/L). The concentration of AOX
in the Cowlitz River (station W24) was undetected at the reported DL of 5 ug C1/L. The high levels of
AQOX (>200 pug CI/L) measured in the estuary may be due to high concentrations of AOX éssociated
with the higher levels of suspended sediment in the estuary, or they may be due to the interference of
ocean-derived halogens with the coulometric method used for analysis of AOX. That is, the high chloride
content of the estuarine water (greater than 10 mg/L at both stations sampled. in the estuary) could have
interfered with the conductivity measurement of AOX. | | ‘

Because no ambient water quality criteria have been established for AOX, the significance of the levels

of AQX in the river can not be assessed.

2.7 DISCUSSION

Sampliﬁg at 45 water column stations on the lower Columbia River and several tributaries during low-
flow conditions resulted in identification of potential problems that may warrant further study. These
problems were indicated by low DO and DO percent saturation at a few stations, elevated temperature
in the upper river, and high levels of metals measured at several stations. Of all the organic compounds
analyzed, only one was detected at two stations on the river. Phytoplankton biomass (biovolume) at &e .
stations sampled was low, indicating that nutrient conditions in the river had not caused excessive growth

of planktonic algae. These results are discussed in more detail below.
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Figure 2-19. Trends in Adsorbable Organic Halogens (AOX) in the Lower
Columbia River, September - October 1991
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2.,7.1 Field and Miscellaneous Parameters

Field and miscellaneous parameters surveyed include salinity, conductivity, pH, turbidity, TSS, tempera-
ture, DO, chloride, sulfate, and TOC. However, because exceedances of water quality criteria were
noted only for DO, the discussion below largely focuses on this parameter. i—Iowever, historical
measurements of temperature indicate that the Washington temperature criterion of 20° C is exceeded and

these historical data will be discussed as well.

Salinity and conductivity measurements were usefql for characierizing the general ionic character of the
sampled water column. Depth profiles of salinity, temperature, and Sigma-t indicate that during the
sampling period, the estuary was stratified: the upper layer was dominated by river water and the lower
layer by the intrusion of colder and denser ocean water. Therefore, the integrated samples collected in
the estuary included some fraction of seawater that may be estimated from the average salinity. Average
salinity concentrations from 28.5 ppt at the river mouth (station W\l) to 5 ppt at station W8 define the
limit of extensive intrusion and mixing of ocean water with the fresh river water. However, additional
data on conductivity, chloride, and sulfate indicate that the influence of estuarine waters extended as far
upriver as the Grays Bay station (W9) at RM 22, although salinity at this station was less than 1 ppt.
Conductivity measurements at stations above the estuary serve as a good indicator of the ionic content
of the water column. The conductivity of water sambled at shore-based stations was typically higher than
that at stations located in the main channel of the river, indicating that these nearshore waters may not
be as well flushed as the waters of the main channel. The higher céhductivity at these stations may be
indicative of nearby pollution sources. The low ionic content of several tributaries sampled during the
‘ survey was apparent. These tributaries included the Clatskanie, Cowlitz, Lewis, and Willamette rivers.
The relatively higher ionic content of the Kalama and Lake rivers was also apparent. Conductivity is also
a useful tool for identifying areas affected by large inputs of high jonic strength wastewafers. Higher

conductivity, however, was not observed downstream of major urban and industrial areas.

The pH measured in the field was highly variable, but the freshwater and marine water quality criteria

were not exceeded at any station.

Turbidity and TSS were generally lower in the mainstem of the river and somewhat higher at the
estuarine stations near the river mouth. TSS was typically higher at several of the shore-based bacterial
sampling stations due to resuspension of sediments in these shallow areas. Elevated turbidity and TSS
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were also noted for the Lewis and Lake rivers, indicating possible point or nonpoint sources of sediments

and contaminants entering these rivers from their drainage basins.

TOC was generally not detected during this survey due to the relatively high detection limits achieved
by the laboratory. Dahm et al. (1981) report monthly concentrations of TOC in the Columbia River at
Kalama and Bonneville Dam-for 1973 and 1974, TOC concentrations ranged from approximately 1.5
to 3.3 mg/L with slightly higher concentrations measured at Kalama due to organic pollutant input from
the Portland/Vancouver area (Dahm et al. 1981).

Water temperature ranged from 19.1° C in the upper reach of the study area below Bonneville Dam to
less than 11° C at the r.‘.iver mouth. Cooler waters were evident in the Cowli_tz,‘ Lewis, and Willamette
tributaries. Cooler water was also noted at three upstream shore-based bacterial sampling stations; further
suggesting differentiation of the waters close to shore from water in the main channel, The higher
temperature at the shore-based station in Ilwaco (W3) is likely due to the sampling of warm, poorly
mixed intertidal waters. Although the temperatures measured during the survey did not exceed
established criteria, historical data identified by Tetra Tech (1992a) indicate that exceedances of the 20° C
freshwater criterion established for the lower Columbia have occurred in the uppei' reach of the Columbia
River within the study area below Bonneville Dam. These exceedances mziy be due, in part, to the

impoundment of water behind hydroelectric and navigational dams in the Columbia River system.

Historically, water température in the lower Columbia River below Bonneville Dam ranges from
minimum monthly average temperatures measured in December, January, and February and maximum
monthly average temperatures reported for July, August, and September (Tetra Tech 1976). Water
temperature observations made by the USGS at their Warrendale station at RM 141 in 1991 indicate that
the Washington 20° C standard was exceeded on 40 days during the months of July, August, and
September (Hubbard et al. 1991). A maximum temperature of 22° C was measured on five consecutive
days in August (Hubbard et al. 1991). Hubbard et al. (1991) did not present data for July and August
of 1992, but the maximum temperature reported in September was 21.5° C. A water quality study
conducted by WDOE in 1990 (Johnson, A. and B. Hopkins, 30 April 1991, personal communication)
found that temperatures in Septeniber 1990 were at the limit of the 20° C temperature standard. Hileman
gt al. (1975) also noted exceedances of temperature criteria at several lower Columbia River {ocations.

These reports indicate that exceedances of the water temperature standard is a chronic problem in the
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study area below Bonneville Dam from July ihrough September. Limited temperature data are available
from the USGS at the recently re-established (June of 1991) Beaver Army Terminal station at RM 53.8,
but the water temperature of 20.0° C reported for August 29, 1991 suggests that temperature standards
in lower reaches of the study area may also exceed the standard during August.

A report by the USGS in 1968 (Moore 1968), prior to the establishment of the state standards for water
temperature, contains a summary of temperature data for the lower Columbia River from 1938 to 1966.
These data indicate that the mean monthly temperature typically exceeded 20° C in August during the
period of record. Moore (1968) evaluated the historical data and concluded that the maximum effect of
heated efflueﬂt discharges during peak plutonium production at Hanford was only as much as 1° F on the
temperature of the Columbia River below Hanford during the warmest months. The effect of Hanford
heated wastewater discharges in the immediate vicinity of the discharges was probably greater than the
effect observed at the downstream temperature monitoring stations. The effects of variation in flow and
climate were also considered as possible factors causing the observed increase in water temperature -
beginning in the mid-1950s, but these causes were ruled out. No temperature effect on the Columbia
River due to the development of the reservoir and navigation syétem of the river was suggested by Moore
(1968). However, Moore (1968) also pointed out that water releases from ubétream impoundments
(primarily the Glzand Coulee and Brownlee Reservoir) provided relatively cooler water during the spring

and early summer and relatively warmer water during the fall and winter.

Chloride and sulfate data generally reflect the trends already identified for conductivity. Because the
Trojan Nuclear Power Plant was not operating during the reconnaissance survey, the effect of its sulfate

discharge on the sulfate content of the river cannot be evaluated.

DO conditions in the river during the reconnaissance survey were below the state freshwater quality
criteria of 8 mg/L and 90 percent DO saturation at ten freshwater stations below Bonneville Dam. The
marine criterion of 6 mg/L of DO was exceeded at one station in the estuary (Skipanon River, W4).
However, many of these exceedances were due to DO percent saturation falling slightly below the 90
percent saturation standard. Significant DO standards exceedances, less than 70 percent DO saturation,
occurred at stations W4 (Skipanon River), W13 (near Skamokawa), and W34 (Lake River). The
generally low DO content of the estuary in the fall has been noted in a previous study and has been
attributed to natural excess biological respiration in the estuary during the fall (Park et al, 1972). The
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intrusion of ocean water with a relatively lower DO content may also be a factor (Haertel and Osterberg
1967). The low DO concentration noted at station W13 in the main navigational channel is more difficult
to explain. There are no large point sources of oxygen-demanding wastes in the vicinity of this station.
One potential source is nearby Skamokawa Creek. Although the water of this creek was not sampled
directly during the reconnaissance survey, sediments with a septic odor were encountered during sediment
sampling in the small embayment at the mouth of this creek (Tetra Tech 1991a). The low DO
concentrations at this station may have been transitory, but they warrant confirmation of the field results
and/or a preliminary investigation of sources of oxygen-demanding wastes near this station. Any further

" studies should focus on potential sources of oxygen-demanding wastes in the Skamokawa drainage basin.

2.7.2 Nutrients and Phytoplankton :

Cultural or anthropogenic eatrophication (the increase in the nutrient supply to a receiving water due to
human activities) has been a significant concern for the management of fresh, esn.;arine, and marine
waters, especially for freshwater lakes (e.g., Beeton and Edmondson 1972; Paerl 1988). Under certain
conditions this increase in nutrient input to a receiving water may result in increased pi'oduction and/or
biomass .of phytoplankton. Conditions favorable for the formation of large standing crops of
phytoplankton include adequate light, temperature, pH, nutrient supply, low rates of predation, and
relatively long residence times. Any one of these factors may limit phytoplankton biomass or production.
Phytoplankton biomasé and’ production are not necessarily correlated, however, Although adequate
supplies of nutrients and light may result in high rates of production, predation by zooplankton can keep
phytoplankton biomass at relatively low lévels. When certain conditions permit, algae, often species of
blue-green algae (cyanobacteria), may bloom at levels causing aesthetically displeasing scums on the water
surface and unpleasant odors due to rotting. Decaying algae may reduce DO, due to the microbial

degradation process. Lowered DO levels may in turn affect other aquatic organisms.

2.7.2.1 Comparison with Historical Data. Nutrients measured in the reconnaissance survey included
combined nitrate and nitrite nitrogen (NO,+NO,-N), ammonia nitrogen (NH,-N), total Kjeidahl nitrogen
(TKN, the sum of total organic and ammonia nitrogen), and total phosphorus (TP, the sum of dissolved
phosphate and particulate forms of phosphorus). However, these data were considered unusable due to
the elevated detection limits reported by the analytical laboratory.
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Historical information on nutrients in the Columbia River was summarized by Hileman et al. (1975).
Based on studies conducted by U.S. EPA in 1971 and 1972, Hileman et al. (1975) concluded that the
major proportion of nutrient loading to the mainstem of the Columbia River was attributable to tributary
inputs. Their mass balance calculations suggested that the Snake and Wi]lamette.'Rivers accounted for
57 to 80 percent of the tributary total nitrogen input and 46 to 85 percent of the tributary TP input.
Hileman et al. (1975) recommencied further studies that would include: (1) investigation of nutrient
sources in the Snake and Willamette rivers, (2) design and implementation of a long-term monitoring
system, (3) a complete point and non-point source waste inventory that would be updated continuously,
and (4) the incorporation of additional parameters such as algal bioassays, phytoplankton productivity
studies, and chlorophyll a analyses. '

Recent nutrient data have been reported by WDOE for three dates in 1990 at two stations on the lower
Columbia River at Bradwood (RM 39) and Warrendale (RM 141). These data include measuremenfs of
the concentration of nitrite plus nitrate nitrogen, ammonia nitrogen, and both total aﬁd soluble reactive
phosphorus [soluble reactive phosphorus is the operationally defined soluble phosphorus fraction often
incarrectly termed orthophosphate phosphorus (Rigler 1968,1973)]. These déta indicate that SOll:lble
nitrogen levels range from 0.7 mg/L in May to 0.48 mg/L in January (see Table 2-11). Total phosphorus
| con‘cenﬁations ranged from 0.03 to 0.07 mg/L. Soluble reactive phosphorus concentrations were
generally lower than total phosphorus concentrations and ranged from below detection (less than
0.01 mg/L) to 0.04 mg/L. Generally, the concentration of total phosphorus assoc;iated with eutrophic
conditions in lakes is 0.020 mg/L or greater (Welch 1980). Therefore, the concentration of total
phosphorus reported by WDOE indicates that phosphorus is present in sufficient quantii:y to produce

elevated concentrations of algal biomass.

Phytoplankton biomass (measured as total cell biovolume) and abundance (density) was relatively low in
samples collected during thie reconnaissance survey. The dominant taxa were diatoms, with the exception
of an abundant cryptophyte (Rhodomonas minuta) at station W28, Results of this survey are consistent
with the seasonal variation in Columbia River phytoplankton described by Haertel et al, (1969). Haertel
et al. (1969) observed a seasonal variation in phytoplankton abundance, with the period of lowest

abundance occurring during the low-flow period of September and October. The phytoplankton were
- alwe;ys dominated by diatoms. For example, Melosira italica dominated phytoplankton abundance in the °
late winter and spring, and Fragilaria crotonensis and Melosira granulata dominated phytoplankton
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TABLE 2-11. MEAN WATER NUTRIENT CONCENTRATIONS REPORTED BY WDOE FOR

DATE

STATION

Warrendale

BRADWOOD (RM 39) AND WARRENDALE (RM 141) IN 1990.

Ammonia-N

Nitrite plus Nitrate-N

Total Phosphorus

Soluble Reactive Phosphorus

Mean concentration in mg,

/L. +1 standard deviation, n = 32

0.014£0.00 0.26£0.00 0.05+0.01 0.05+£0.01

January 9 Bradwood 0.0410.00 0.4410.03 0.0740.01 0.03£0.01
Warrendale 0.02:+0.01 0.05+0.00 0.03+0.00 <0.01

May 30 Bradwood 0.01+0.00 0.09+0.02 0.04£0.01 0.01+0.01

Warrendsle 0.051+0.01 0.06:0.01 0.03+0.00 0.03+0.02

September 25 Bradwood 0.033+0.01 0.06.£0.01 0.04+£0.01 0.0210.00

* < * indicates that the concentration was below the laboratory detection limit. The value reported is the detection limit.
& Mean based on three sample results reported for "{2ft Bank,” "Mid Channel,” and "Right Bank" locations reported by WDOE.

SOURCE: Johnsen, A., and B. Hopkins, 30 April 1991, personal communication to S. Saunders, WDOE.
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abundance in summer and late summer. All ¢f the dominant diatom taxa identified in the reconnaissance
survey have been identified previously in water column samples from the lower Columbia River
(Williams and Scott 1962; Williams 1964, 1972).

The marine diatom species dominated only the samples from the river mouth (station W1) to Tongue
Point (station W8). The narrow range of estuarine/marine phytoplankton in-the Columbia River estuary
~has been noted previously (Lara-Lara et al. 1990),

2.7.2.2 Significance and; Recommendations. That generalizations about the relationship of nu-trients and
phytoplankton biomass can be made is not disputed; howei/er,. several investigators have emphasized the
unique respdnse of individual systems to nutrients and the need for adequate investigations to formulate
rational water quality maﬁagement plans (e.g., Velz 1984, p. 562; Edmondson 1991, p. 115). Although
nutrients are likely present at levels sufficient to promote phytoplankton growth during the low-flow
period, large masses of nuisance algae were not observed. This phenomenon has been noted in previous
studies of the Columbia River (e.g., Hileman et al. 1975, Lara-Lara et al. 1990), and in the Willamette
River (Rickert et al. 1977a). In the Columbia River mainstem, algal biomass appears to be controlled
by the production and release of these algae from impoundments of the extensive hydroelectric and
navigational dam system of the Columbia River (Robeck et al. 1954; Haertel et al. 1969; Dahm et al-.
1981). Therefore, peak phytopiankton biomass and abundance in the lower Columbia River occurs
mainly as a result of increases in the abundance of diatoms in spring in the upstream reservoirs and their

release downriver as spring and early summer water flow ingreases.

To explain why nuisance growths of planktonic algaé had not occurred in the Willamette Rivér, Rickert
et al. (1977a) proposed five hypotheses: (1) low temperature limitation, (2) light limitation, (3) trace-
nutrient limitation, (4) major nutrient limitation, and (5) detention-time limitation. They concluded that
the short ‘detention time in the river was the major factor controlling algal biomass in the Willamette
River. The study by Rickert et al. (1977a) also noted, however, that light limitation was a factor
controling algal production in relatively turbid reaches with mixing depths greater than the euphotic zone
of the river. Lara-Lara et al. (1990) also cite light limitation and detention time as primary factors in
controling phytoplankton productivity in the Columbia River estuary. Due to the relativel}.,r high flushing
rates and the rapid transition from fresh to saline water, freshwater phytopiankton cells are lysed at the
freshwater-brackish water boundary. The areal primary productivity in the Columbia River estuary was
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one of the lowest recorded for a North American estuary due to rapid flushing times, loss of
phytoplankton biomass due to cell lysis, and light limitation from elevated turbidity in the estuary (Lara-
Lara et al. 1990a,b).

The phytoplankton assemblages observed during the low-flow period are more likely indicative of
environmental conditions in upstream impoundments than of conditions in the main stem of the lower
river. However, it may be useful to analyze a more limited number of phytoplankton samples‘ on a
seasonal basis to assess the present composition and abundance of phytoplankton present during the spring
and early summer high-flow periods when phytoplankton abundance would be greatest. Phytoplankton
samples should be coupied with additional nutrient sampling data to better quantify nutrient levels in the
fower Columbia River. This information would also help in understanding the potential influence of large
nqtrient discharges on the Columbia River—including municipal and industrial wastewater sources and

tributaries.

2.7.3 Bacteria

" Fecal contamination of beneficial use waters has long been a concern because of the potential for
associated input of pathogenic microorganisms and subsequent risks to public health. To circumvent the
difﬁgulties with direct detection of pathogens, other microorganisms such as the coliform and fecal
enterococcus groups of bacteria have traditionally been used as surrogates to indicate possible fecal con-
tamination of waters. The assumption underlying the use of such indicators is that these gtdups of
bacteria would be present only if fecal contamination had recently occurred. Recent studies, however,
increasingly demonstrate that fecal coliform bacteria also occur in pristiﬁe environments, and that their
presence is not always well correlated with the occurrence of pathogens (Cabelli et al. 1982; Cabelli
1983a,b; Cabelli et al. 1983; Dufour 1984; O’Shea and Field 1991; Fﬁjioka et al. 1988; Ferley et al.
1989; Geldenhuys and Pretorius 1989; WSDH 1991),

On the other hand, fecal enterococci, although suffering from some of the same limitations as indicators
as the fecal coliform group (Toranzos 1991; Cornax et al. 1991), are generally regarded as valuable
indicators of the extent of fecal contamination in surface waters (Cabelli et al. 1983; Cabelli 1983b;
Dufour 1984; U.S. EPA 1986a; APHA 1989). Several epidemioclogical studies have indicated an
association between defined enterococcus densities and swimming-associated gastrointestinal. illnesses
(Cabelli et al. 1982; Cabelli 1983a,b; Cabelli et al. 1983; Dufour 1984), leading to the promulgation of
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federal enterococcus standards for bathing waters (U.S. EPA 1986a). Cabelli et al. (1983) performed
a prospective epidemiological study at marine bathing beaches that demonstrated that enterococcus was
superior to several other bacteria (including Escherichia coli, Klebsiella sp., total coliforms, and fecal
coliforms) as an indicator of the risk of acute gastroenteritis in swimmers exposed to fecal contaminated
marine waters. Dufour (1984) conducted a prospective epidemiological study at freshwater bathing
beaches that demonstrated that both E. coli and enterococcus bacteria were superior to fecal coliform
bacteria as indicators of the risk of acute gastroenteritis in swimmers exposed to fecal-contaminated fresh
waters. No state or federal standards have yet been promulgated for maximum enterococcus densities
in shellfish harvesting waters. The EPA therefore recommends that standards for fecal coliforms be used

in determining sanitary compiiance of such waters (U.S. EPA 1986a).

With the exception of station W40 (Port of Portland), all bacterial sampling stations were located in
primafy contact recreational areas that included seasonal swimming uses. Despite the relatively low fecal
coliform densities at these stations, the consistently high enterococcus densities exceeding federal
standards suggest an impairment of water quality. The limited bacterial data collected in this survey
further suggest that both primary contact recreation and shellﬁsh‘harvesting_in these areas may potentially

involve public health risks.

Although the limited bacterial sampling locations and sample sizes for this study do not allow conclusions
regarding the overall sanitary conditions in the river, the consistently high fecal enterococcus densities
at all the primary contact recreation sites sampled indicate that water quality-‘impairment may pose a
health risk problem: It is therefore recommended that future water quality studies give higher priority

to investigating bacterial conditions in the river,

2.7.3.1 Comparison with Historical Data and Identification of Potential Sources. Despite the extensive
seasonal contact recreation that occurs in the lower Columbia River, assessment of bacterial conditions
has received limited historical attention. The USGS has collected long-term bacterial data at their
Bradwood mohitoring station (RM 39) from 1973-1980, and at their Warrendale station (RM 141) from
1973 to the present. More recently (since 1990), the USGS has also established a monitoring station at
the Beaver Army Terminal (RM. 53.6).
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Historically, fecal coliform densities at the Warrendale station have been consistently low, generally
remaining below 30 colonies per 100 mL (Tetra Tech 1992a). In contrast, fecal coliform levels at the
Bradwood station have been highly variable, ranging from below 10 to 320 colonies per 100 mL during
the 1976-1980 sampling period (Tetra Tech 1992a). Similarly, fecal coliform densities at the Beaver
Army Terminal station have also been variable, ranging from zero to 300 colonies per 100 mL since
sampling was started there in 1990. These are similar to the results for this study which ranged from not
detected to a maximum of 305 fecal coliform colonies per 100 mL.

Since February 1991, ODEQ has been collecting data on fecal coliform and enterococcus densities
approximately once per month at a station located at RM 102.5, one mile above the mouth 6f the
Wiilamette River. Both fecal coliform and enterococcus densities af this station have been consistently -
low (below 93 and 10 colonies per 100 mL, respectively) since the beginning of sampling, in contrast
to the consistently higher densities measured in this study. The ODEQ data also differ in that
enterococcus densities were typically lower than fecal coliform densities, in contrast to the data collected
during the reconnaissance survey. Fecal coliform data were also reported by WDOE for three dates in
1990 at Bradwood (RM 39) and Warrendale (RM 141) (Johnson, A. and B. Hopkins, 30 April 1991;
personal communication). These data indicated that fecal coliform bacteria concentrations were generally
low during the period of lowest rainfall (May and September samples), but that during wettér weather -
(January sample) the concentrations of fecal coliform bacteria increased at the Bradwood station to levels
as high as 300 colonies per 100 mL.

Potential sources of the bacteria measured in this survey include point sources (including the effluent from
municipal wastewater treatment plants, and the effluent from pulp and paper mills), nonpoint sources
which include runoff from urban and agricultural areas which may be contaminated by animal (livestock
and domestic animals) fecal material, combined sewer overflows from urban areas, and septic system
failures. Vasconcelos et al. (1975) evaluated historical total and fecal coliform data and data collected
during a U.S. EPA study (including the identification of specific pathogenic bacteria) to evaluate water
quality of the lower Columbia River. Vasconcelos et al. (1975) concluded that although bacterial levels
in the river had generally declined since the 1960s, much of the fecal bacteria identified in the river
originated from the wood products wastewater of pulp and paper mills which consisted primarily of

Klebsiella sp. Specific pathogens were detected in Columbia River water (i.¢., Pseudomonas aeruginosa,
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Staphylococcus aureus, and Salmonella spp.), but their numbers were considered to be relatively low and

their source or origin could not be confirmed. No recommendations for further study were made.

These findings are consistent with those of Cabelli et al. (1982), Cabelli (1983a,b), Cabelli et al, (1983),
and Dufour (1984). These studies demonstrated that the fecal coliform standard was inadequate as an
indicator of fecal contamination due to the presence of many bacteria that were identifiéd in the fecal
coliform test, but were not of fecal origin (e.g., Dufour 1984). For example, Cabelli et al. (1983) stated
that although the thermotolerant Klebsiella was commonly detected in the fecal coliform test, this
bacterium was infrequently present in human feces, and then generally only as a minor portion of the
* coliform population. Cabelli et al. (1983) further stated that although Klebsiella is known to be an
opportunistic pathogén, Klebsiella is an opportunistic pathogen of the respiratory and genito-urinary
system and not the gastrointestinai] tract, and that there are no data showing that Klebsiella infections have
. been obtained by the waterborne route. These statements are corroborated by a National Council of the
Paper Industry for Air and Stream Improvement (NCASI) study performed by Dr. T.C. Eickhoff (NCASI
1972) who reviewed the epidemiology of Klebsiella, Dr. Eickhoff could identify no association of
Klebsiella in water-borne outbfeaks of disease. However, Klebsiella was identified as a well-known
causativé ‘agent of respiratory and urinary tract infections in hospitals. Infections of this type are
generally isolated to hospitalized patients who may be immuno-compromised; such infections are not
common outside of the hospital environment. Another NCASI study demonstrated that the strains of
Klebsiella that had been isolated from pulp and paper efiluents were biochemically different than tlie“'
strains of Klebsiella isolated from the hospital environment (NCASI 1975). However, Bagley and Seidler
(1977) and Kanittel et-al. (1977) did demonstrate the possibility that fecal coliform-positive Klebsiella
. pneumonige isolated from the environment could be of fecal and/or clinical 'origin and that the
environment could serve as reservoir of pathogenic strains of this bacterium (based on studies of various

biological media, strains of Klebsiella, and mouse pathogenicity studies).

Cabelli (1983a) also hypothesized that swimming-associated gastroenteritis is primarily due to viral
pathogens (primafily Norwalk-like and human rotavirus and to a lesser degree hepatitis A vimsj specific
to human fecal material. Cabelli (1983a) hypothesized that in their studies, the utility of enterococcus
bacteria as the best predictor of health effects was due to the close association with, and similar
environmental resistance to, the viral agents that caused the observed health effects. With fqrther study

and the advancement of microbiological techniques, better indicator organisms or tests would likely be
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identified. Cabelli (1983b) and Dufour (1984) also stressed that the present enterococcus standards were
only developed for, and applicable to, waters polluted by substantial amounts of municipal wastewater;
present standards were not adequate or applicable to small water bodies that did not receive steady
municipal effluent discharges or to waters that received significant amounts of stormwater pollution.
Cabelli (1983a,b) also emphasized the need for sanitary surveys and good public health surveillance in

addition to routine surveillance for indicator bacteria.

2.7.3.2 Significance and Recommendations. Although the data are not completely consistent with
recent historical data collected by ODEQ), the limited data collected during the reconnaissance sﬁrvey
indicate that bacterial conditions in the lower Columbia River during the survey period exceeded state
and federal standards that are designed to protect from fecal contamination both water _contact
recreationists and shellfish destined for Human consumption. These results indicate that there may be
concern for the health of contact recreationists and safety concerns about shellfish harvested for human
consumption. It is recommended that more intensive sampling be conducted to confirm the resﬁlts of the
bacterial sampling conducted for this study. A sampling program to address these recommendations was
initiated by WDOE in September of 1992 and a report of the results of sampling during dry-weather has
been completed (Hallock 1993). A draft report on the results of wet-weather sampling has been submitted
for review to the Columbia River Bi-State Committee (Ehinger 1993). '

Of even greater concern may be the indicator bacteria used to identify water quality problems in general.
Recent studies have indicated that fecal coliform bacteria are a poor indication of fecal contamination and
potential enteric disease outbreaks due to water recreation (e.g., Cabelli et al. 1983). O’Shea and Field
(1991) have also identified the inadequacy of fecal indicator bacteria for the assessment of the potential
for non-enteric infections and the distinct character of pathogens in stormwater runoff, These non-enteric
infections include eye, ear, nose, throat, and upper respiratory illnesses that are extremely common in
recreational water bathers (WSDH 1991). Therefore, enterococcus levels may be a good indication of
risk for gastrointestinal illnesses (enteric infections), but may not be suitable for assessing the risk for
non-enteric infections. Based on evaluation of several historical studies, the Washington State Department
of Health (WSDH) has hesitated to adopt a single water quality standard for public bathing beaches
(WSDH 1991). Instead, the WSDH has recommended that bacterial sampling results be coupled with
additional information (including sanitary surveys) and actions (including limiting bather densities to avoid

contamination of the water by the bathers themselves) to ensure the health of public bathing areas.
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Further research, including epidemiological studies, evaluation of additional indicator organisms, and
evaluation of new methods for the direct detection of pathogens should be conducted to develop the

criteria necessary to ensure the public health of recreational waters.

2.7.4 Metals and Cyanide )

In general, the widely spaced collection of samples along the river and the single samples collected,
preclude identification of specific sources of the metals detected in this survey. Because metals occur as
natural constituents in rocks and sediments, some background level of these elements in the water column
is expected. Some portion of the metals will be present in dissolved form, but another portion will be
sorbed to the surface of suspended sediment or form part of the crystal lattice of the suspended sediment
particles. The total recoverable analytical method used in this pfoject dissolves most metals associated
with particles, but it may not remove metals contained within sediment particles resistant to the digestion
procedure. The concentration of dissolved, colloidal, sor;bed, and particulate forms of metals in a
particular sample will depend on a number of physical and chemical factors including the pH, hardness, -
oxidation-reduction potential, and dissolved oxygeri content of the water, the magnitude and duration of
metal inputs, and the physical partitioning mechanisms of sedimentation, resuspension, and advection.
Without adéquate knowledge of these factors, the limited number and frequency of samples collected
during the reconnaissance survey do not allow particular point or nonpoint poilution sources to be
identified. However, the survey data are suitable for identifying metals concentrations that.may result

in impairment of designated beneficial uses in particular river segments.

The usefulness of these data is further limited due to the qualification of these data as estimates only.
‘The reliability of historical freshwater trace metal data has also been questioned due to the realization that
reported trace metal concentrations of fresh water and marine water samples may have been overestimated
due to contamination during sampling and/or analysis (e.g., Shiller and Boyle 1985; Shiller and Boyle
1987; Windom et al. 1991), Historically, both USGS and U.S. EPA water column trace metal sampling
results for the Columbia River in the late 1970s were questioned (Velz 1984), Although Velz (1984)
conceded that the USGS and U.S. EPA samples were more limited, the results of an intensive survey -
conducted by a private contractor indicated that trace metals levels were much lower than the data -
reported by USGS and U.S. EPA and were within federal standards, with the exception of iron. Eval-
uation of historical freshwater trace metal data collected by the USGS has led to the conclusion that

historical results reported for arsenic, boron, beryllium, cadmium, chromium, copper, lead, and zinc
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were biased due to contamination of the samples by the metallic solenoid-activated, flow-weighting water
sampler (Bortleson, G., 3 June 1992, personal communication). Whether or not the published results for
aluminum, iron, and manganese were biased due to contamination is not clear (Bortleson, G., 3 June
1992, personal communication). Historical metal and cation data that are not considered to be biased due
to contamination are barium, calcium, cobalt, lithium, magnesium, molybdenum, nickel, sodium, silicon,
strontium, and vanadium (Bortleson, G., 3 June 1992, personal communication). The USGS is presently
evaluating the use of teflon sampling bags for collecting flow-weighted and depth-integrated samples
(e.g., Taylor et al. 1990).

Partly in response to concerns about the reliability of the published USGS data for the Columbia River
at Bradwood (RM 39) and Warrendale (RM 141) (see Figures 1-2 and 1-4), WDOE initiated water
sampling of the lower Columbia River in 1990 using methods that reduce the poténtial for metal contami-
nation of the samples. The historical USGS data in question indicated exceedances of freshwater chronic
metal criteria for lead, copper, mercury, cadmium, and zinc. The results of WDOE sampling indicated
that total metal concentrations in whole water samples collected at Bradwood and Warrendale for copper,
zinc, lead, cadmium, and mercury were lower than freshwater chronic criteria. Dissolved metal concen-
trations of these same metals were generally much lower than concentrations reported by USGS at the
same stations for 1990. The WDOE results were consistently lower, often byv more than an order of
magnitude, than those reported by USGS (see Table 2-12). Johnson and Hopkins (30 April 1991,
- personal communication) concluded that their preliminary investigation did not indicate that water
concentrations of cadmium, copper, lead, mercury, or zinc were a present water quality concern in the

lower Columbia River,

The results reported for the lower Columbia River reconnaissance survey are generally more similar to
the historical USGS results than the more recent WDOE data, although a metallic sampler was not used
in this study. In general, it is difficult to compare the USGS dissolved and total metals data, WDOE
dissolved and total metals data, and the total recoverable metals data reported here. Sampling by the
USGS and WDOE has been conducted at two stations (Warrendale and Bradwood) during a variety of
flow regimes. The reconnaissance survey included water sampling at 45 stations along the mainstem of
the lower Columbia River below Bonneville Dam and in a number of river tributaries and backwater
areas. These stations were sampled only once during low-flow conditions. Although USGS and

reconnaissance survey sampling apparatus differed (metallic sampler vs. the polycarbonate Niskin bottles
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TABLE 2-12. COMPARISON OF WDOE AND USGS MEASURED WATER COLUMN DISSOLVED METALS CONCENTRATIONS IN THE
COLUMBIA RIVER AT WARRENDALE (RM 141) DURING 19%0.% '

DATE -
(1990)

Copper

Zinc

Lead

Cadmium

Mercury

WDOE

USGS

WDOE -

USGS

WDOE

" USGS

WDOE USGS

WDOE USGS

Mean concentration in ug/L +1 standard deviation, n

Janwary 9 0.94+ 0.15 - 0.04 +0.031 0.014+0.001

March 6 - 3 - 4 - <1 ~ <1 - <0.1
May 30 0.76 +0.26 - 0.26+0.06 - 0.049 +0.006 - 0.012+0.002 - <0.001 -
June 27 - 8 - 5 - 1 - 3 - - <01
August 14 - 22 - - 4 - <1 - <1 - <0.1
Sept. 25 0.81+0.06 - 0.20+0.03 - <0.015 - 0.012+0.002 - <0.001 -

" < * indicates that the concentration was below the Jaboratory. detection limit.
The value reported is the detection limit. ’

&  WDOE data are the mean +1 standard deviation based on triplicate samples.
USGS data are based on single samples.

SOURCE: Johnson, A., and B. Hopkins, 30 April 1991, personal communication to 8. Saunders, WDOE.




used in this study), laboratory analytical techniques (i.e., the use of a total recoverable metal acid
digestion procedure) were similar, However, the WDOE study used a chemical precipitation procedure
to concentrate their samples and the acid digestion procedure used differs from that recommended by EPA
for total recoverable metals (Bloom and Crecelius 1983,1984 vs. U.S. EPA 1986b). Although the
reconnaissance sinrvey metals data reported here may have been contaminated during sampling and/or _
analysis, it is presently not possible to dismiss these data as biased (with the exception of aluminum and
iron) since matrix spike recoveries were within quality control limits, and laboratory method blanks did
. not evidence contamination with trace metals, with the exception of aluminum and iron. Therefore, the
reconnaissance survey data will be discussed in comparison with historical total metals data reported by
the USGS for Bradwood (and summarized by Tetra Tech 1992a) and the total metals data reported by
WDOE at Bradwood and Warrendale for 1990 (Johnson, A. and B. Hopkins, 30 April 1991, personal
communication to S. Saunders, WDOE) (see Table 2-13). If no historical total metals data are available
for comparison, dissolved metals data from the USGS station at Warrendale during the 1990 water year
will be used for comparison. Dissolved metals loading data calculated by Tetra Tech (1992¢) based on
USGS NASQUAN data will be used for comparison only for metals for which significant data quality

problems have not been noted (i.e., aluminum and iron).

With the excepti‘{)n of aluminum, barium, iron, and lead, fotal recoverable metals were detected relatively
infrequently in the lower Columbia River and its tributaries during the reconnaissance survey. Cyanide,
antimony, arsenic, beryllium, mercury, nickel, silver, and thallium were not detected above DLs in any

of the samples collected during the reconnaissance survey.

The following discussion will relate the concentrations of metals measured in the reconnaissance survey
to historical data identified in Task 1 (Tetra Tech 19922), and will discuss potential anthropogenic sources
of these metals identified in Task 2 (Tetra Tech 1992c).

2.7.4.1 Comparison with Historical Data and Identification of Potential Sources.

Aluminum. Aluminum was reported as detected at 11 stations at concentrations ranging from
undetected (DL of 120 pg/L) to 1300 pg/L. The freshwater criterion for aluminum (87 pg/L) was
exceeded at all of the freshwater stations where aluminum was detected. Due to possible laboratory
contamination of the aluminum samples, the rest of the aluminum values which also exceeded the
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TABLE 2-13. TOTAL WATER COLUMN METAL CONCENTRATIONS REPORTED BY WDOE AT
BRADWOOD (RM 39) AND WARRENDALE (RM 141) IN 1990.

Copper

Zinc

Lead

Cadmium

DATE STATION

(1990) Mean concentration in ug/L. +1 standard deviation, n = 3
Warrendale 1.810.2 <0.33 0.33+0.04 0.03010.002 <0.002
January 9 Bradwood 2.210.2 0.77 £0.07 0.50+0.12 0.028+0.003 <0.002
Warrendale 1.2+0.2 1.430.0 0.35+0.01 0.044+0.001 <0.001
May 10 Bradwood 1.5+0.4 1.74+0.6 0.35+0.06 0.034+0.004 <0.001
Warrendale 1.310.1 1.1+0.2 0.18+0.01 0.025+0.002 <0.001
September 25 Bradwood 1.310.3 1.61+0.6 0.20+0.04 0.025+0.002 <0.001

SOQURCE: Johnson, A., and B. Hopkins, 30 April 1991, personal communication to S. Sannders, WDOE.

" < " indicates that the concentration was below the laboratory detection limit. The value reported is the detection limit.




freshwater quality criterion were qualified as undetected. It is likely that much of this aluminum occurred
in a mineral or adsorbed form unavailable to biota (Horowitz 1991). For example, measurements made
on two rivers in Japan indicated that the suspended particulate fraction of aluminum (greater than 0.45 ym
diameter particle size) ranged from 55.5 to 99.7 percent of the total river aluminum concentration
(Tanizaki et al. 1992). Aluminum is the third most abundant element in the earth’s crust (Krauskopf
1979), and therefore its presence in the water column at these levels may not be unusual. However,

exceedances of the criterfon indicate potential effects on biota and human health due to aluminum,

Typically, aluminum is associated with the suspended sediment in the water column (Horowitz 1991).
The fraction of aluminum in dissolved form was not determined in this study. Tetra Tech (1992a)
identified only data for dissolved aluminum in the lower Columbia River. Concentrations of dissolved
aluminum concentrations measured at Warrendale during the 1990 water year ranged from undetected
(DL of 10 ug/1.) to 20 ug/L. "rhe WDOE did not measure water aluminum concentrations in 1990 at
Bradwood or Warrendale. The higher levels measured in the reconnaissance survey are likely due to the
measurement of both dissolved and particulate aluminum measured as total recoverable aluminum. Poten-

tial additional sources of aluminum to the lower Columbia include three aluminum smelters located in

Longview (RM 63), Vancouver (RM 103), and Troutdale (RM 120). However, any obvious impact of

discharges from these industries on the water aluminum content was not evident during this survey. This

was due to the high variability in aluminum concentration measured in the —river, the limited number of

sampling stations, and the relatively small mass of aluminum discharged from these point sources

(187 1b/day) relative to the total dissolved aluminum discharge of the river (7,590 ib/d from the

Willamette River alone) (Tetra Tech 1992¢).

Barium. Barium was detected at all but one station during the reconnaissance survey at concen-
trations ranging from undetected (DL of 10 pg/L) to 42 ug/L. No chronic water quality criteria were
available for assessment of the possible environmental significance of these levels. Only one historical
measurement of the water column total barium concentration was identified by Tetra Tech (1992a). This
value of 20 pg/L was similar to the median value of 26 ug/L determined from reconnaissance survey
data. The WDOE did not report water barium concentrations at Bradwood or Warrendale in 1990. Evi-
dence of the influence of point sources on barium concentrations was not evident during the recon-

naissance survey. Two municipal wastewater facilities that discharge directly to the Columbia River
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(Portland and Gresham) reported effluent barium concentrations in 1.989 and 1990; however, barium was
typically undetected in the effluent of these facilities (Tetra Tech 1992¢).

Cadmium. Cadmium was detected above the DL at three stations (W22, W28, and W37). The
highest detected concentration was 3.5 ug/L. All three detected concentrations exceeded the freshwater
criterion of 0.7 pg/L.. These exceedances indicate poésible effects on biota in the lower Columbia River.
All three stations were located in the Columbia River, although station W28 was located in the channel
behind Sandy Island. These values are comparable to the concentrations of total cadmium reported from
the USGS Bradwood station (RM 39) which ranged from undetected (DL of 2 pg/L) to 37 pug/L (Tetra
Tech I9§2a). However, the WDOE reported average concentrations of total cadmium at Bradwood and
Warrendale during 1990 which ranged from 0.025 to 0.044 pg/L (see Table 2-13).

Sources of cadmium include smelting operations, surface mine drainage, and phosphate fertilizer (May
and McKinney 19815. Mining and smelting operations in the upper river basin have been cited as a major
source of cadmium to the Columbia River (May and McKinney 1981). Point sources within the lower
Columbia River that are required to monitor effluent discharge for cadmium include the municipal
wastewater treatment facilities of Portland, Gresham, and St. Helens, Reynolds Métals_ Co:-in Longview,
and Kalama Chemical (Tetra Tech 1992¢). Tetra Tech (1992¢) identified data on effluent cadmium _
discharge for the municipal facilitieé in Portland and Gresham only; however, cadmium was typically
undetected in the effluent of these sources. Station W22.is downstream of the Reynolds Metals Co. in
Longview. No major pérmitted point sources of cadmium were identified directly upstream of station
W28. Station W37 'is downstream of the discharges of the cities of Portland and Vancouver as well as
the ALCOA aluminum production facility in Vancouver. However, the ALCOA facility is not required
to monitor the effluent discharge of cadmium (Tetra Tech 1992¢).

Chromium. Chromium was detected above the DL of § pg/L at three stations (stations W1, W6,
and W37) with concentrations ranging from undetected (DL=>5 pg/L) to 7 pug/L. The concentration of
chromium did notr exceed the freshwater criterion of 11 pg/L. Historically, concentrations of total
chromium at Bradwood have been undetected at DLs of 1 to 20 pg/L (Tetra Tech 1992a). . The WDOE

did not measure water chromium concentration in 1990 at Bradwood or Warrendale.
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Facilities that discharge directly to the lower Columbia River that are required to monitor chromium
include Kalama Chemical, Pendleton Woolen Mills, ALCOA (Vancouver), and the municipal wastewater
treatment facilities in St. Helens, Portland, and Gresham. Tetra Tech (1992¢) reviewed effluent data for
the Portland, Gresham, ALCOA, and Pendleton Woolen Mills facilities. Portland and Gresham typically
reported undetected levels of chromium in their effluent. Pendieton reported an average chromivm
discharge of 0.46 1b/day in 1989 and 0.32 1b/day in 1990 (Tetra Tech 1992¢). ALCOA reported a
discharge of 0.08 lb/day in 1989 and 0.04 Ib/day in 1990 (Tetra Tech 1992c). Potential point sources
of chromium did not appear to contribute to elevated levels of this metal, although station W37 with a
detected concentration of 5.5 ug/L is downstream of ALCOA. There may, however, be additional

unidentified point and nonpoint sources that contribute to chromium levels measured in the lower river,

Copper. Copper was detected at 10 of the 45 stations monitored, at concentrations ranging from
undetected (DL of 5 pg/L) to 54 pg/L. Exceedance of the freshwater criterion for copper (7.3 ug/L)
occurred at seven stations in the river. The highest level of copper was noted at station W28 (54 ug/L).
Exceedances of the criteria indicate potential for effects to biota in the Columbia River. The copper
values measured were within the range of total copper concentrations reported for the USGS Bradwood
station (Tetra Tech 1992a), which ranged'ﬁ"om 110 49 ug/L. However, the WDOE reported average
total copper concentrations in 1990 at Bradwood and Warrendale which ranged from 1.2 to 2.2 pg/L (see
Table 2-13). |
Facilities discharging directly to the Columbia River required to monitor effluent copper concentrations
include the Portland General Electric power plant in Clatskanie, OR, Weyerhaueser Paper Co.
(Longview), Trojan Nuclear Power Plant, Kalama Chemical, and the municipal wastewater facilities of
St. Helens, Portland, and Gresham. The Portland, Gresham, Portland General Electric (Beaver
Generating Plant), and Weyerhaeuser (Longview) typically reported undetectable levels of copper in their
effluents. Kalama Chemical and the Trojan Nuclear Power facilities reported copper loadings averaging
0.11 and 0.03 1b/day in 1990. '

There were no apparent sources of the elevated copper concentration at station W28 in the channel behind

Sandy Island.
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Iron. Tron was reported as detected at 11 of the 45 stations at concentrations ranging from
undetected (DL of lOOl pg/L) to 1,800 pg/L. The concentration of iron at four stations (stations W3,
W16, W42, and W43) violated the chronic freshwater criterion of 1000 pg/L. However, much of this
iron was likely in a mineral or adsorbed form that was unavailable to biota (Horowitz 1991). For
example, measurements made on two rivers in Japan indicated that the suspended particulate fraction of
iron (greater than 0.45 um diameter particle size) ranged from 81 to 98.8 percent of the total river iron -
concentration (Tanizaki et al. 1992). Iron is the fourth most abundant element in the earth’s crust (Krau-
skopf 1979), and therefore its presence in the water column at the levels observed may not be unusual.
Typically, iron is associated with the suspended sediment in the water column. The fraction of iron in
dissolved form was not determined in this study. Historically, measured levels of total iron in the lower
'Coiumbia River have ranged from 19 to 5000 pg/L (Tetra Tech 1992a). The WDOE did not measure
iron concentrations at Bradwood or Warrendale in 1990. | '

Direct point source discharges to the lower Columbia River that are required to monitor effluent iron
. concentrations include the Beaver Generating Plant, Trojan Nuclear. Power Plant, and the municipal
wastewater facilities in Portland and Gresham (Tetra Tech 1992¢). However, any obvious impact of
discharges from these point soﬁrces on the water iron content was not evident during this survey. This
was due to the high variability in iron concentrations measured in the river, the limited number of
sampling stations, and the relatively small mass of iron discharged (156 1b/day) from point sources
relative fo the total dissolved iron discharge of the river (110,000 1b/day at Warrendale) (Tetra Tech
1992¢). The high iron concentration reported for the shore-based bacterial sampling station W16 was
likely due to the high suspended sediment concentration (TSS=46 mg/L) at this station. However, the
high iron concentrations reported at stations W42 and W43 were not associated with high TSS concen-
trations, These stations were also upstream of the influence of tributaries and major point sources in the
lower river. It is possible that the iron was not sediment-associated, but that the samples for TSS were

poorly homogenized before filtering for analysis.

Lead. Lead was detected at 25 of the 45 stations with concentrations ranging from undetected
(DL of 1 ﬁglL) to 8 ug/L.. Almost all of the detected lead concentrations (21 of the 25) were above the
chronic freshwater criterion of 1.6 ug/L. The high number of exceedances of the freshwater criterion
indicate the potential for effects to biota in several areas of the river. Historical total lead concentrations
at the USGS Bradwood station ranged from 4 to 130 pg/L (Tetra Tech 1992a). However, the WDOE
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reported that average total lead concentrations at Bradwood and Warrendale in 1990 ranged from 0.18
to 0.50 ug/L (see Table 2-13).

Sources of lead include smelter operations, surface mining of lead ore deposits, and atmospheric lead
deposition due to combustion of leaded fuels. Point sources required to monitor effluent lead discharge
include Weyerhaue'ser. Paper Co. (Longview), Reynolds Metals (Longview), Kalama Chemicai, and the
municipal wastewater treatment facilities in St. Helens, Portland, and Gresham. Lead was typically
undetected in the effluents monitored in 1989 and 1990 (Tetra Tech 1992¢). However, none of these
sources is likely to be large enough to sustain the concentrations of lead measured in the water column.
The presence of detectable quantities of lead throughout the river suggests a large source or multiple
sources of lead input to the lower river. It is possible that much of the lead is derived from exposure of
lead-rich deposits, and surface mining and smelting operations in the upper drainage basin in Idaho (May
and McKinney 1981). '

Selenium. Selenium was detected at 3 of the 45 stations at concentrations.ranging from
undetected (DL of 5 pg/L) to 22 ug/L. No historical data on selenium concenttations were identified by
Tetra Tech (Tetra Tech 1992a). The WDOE did not report selenium concéfitrations at Bradwood or
Warrendale in 1990. No point sources of selenium have been identified in the lower Columbia River
(Tetra Tech 1992¢). However, irrigation return flows from areas with high soil selenium content may

be a potential source of selenium (Hem 1970).

Zine. Zinc was detected at 12 of the 43 stations at concentrations ranging from undetected (DL
of 20 ug/L) to 84 ug/L. Three of these concentrations exceeded the chronic freshwater criterion of
66 ug/L. Although the number of exceedances were few, the detection of zinc above the criterion during
the limited sampling of this survey indicates the potential for effects to biota in the lower Columbia River,
Zinc levels measured in this survey are similar to historical total zinc concentrations at the USGS
Bradwood station which ranged from undetected to 90 ug/L (Tetra Tech 1992a). However, the WDOE
reported that average concentrations of total zinc at Bradwood and Warrendale in 1990 ranged from
undetected (DL=0.33 ug/L) to 1.7 ug/L (see Table 2-13).

Elevated concentrations of zinc measured do not appear to be related to nearby point sources. Permitted

point sources that are required to monitor effluent concentrations of zinc include Kalama Chemical, the

2-96



municipal wastewater facilities of Portland, Gresham, and St. Helens, and ALCOA (Vancouver) (Tetra
Tech 1992c). Detectable concentrations of zinc were reported in the effluents of Kalama Chemical
(0.03 Ib/day), Reynolds (Troutdale) (0.03 Ib/day), ALCOA (Vancouver) (0.17 lb/day), Portland
(33.4 1b/day), and Gresham (6.8 1b/day) facilities (Tetra Tech 1992c).

For cyanide and the metals that were not detected, historical data indicate that concentrations of these
metals are also typically undetected or present at low concentrations (Tetra Tech 1992a). For example,
total arseni¢ concentrations ranged from 1 to 5 ug/L. Dissolved beryllium was not detected at DLs
ranging from 0.5 to 10 ug/L. Dissolved mercury concentrations ranged from undetected at a DL of
"+ 0.1 pg/L 10 0.2 pg/L. Dissolved silver ranged from undetected at a DL of 1 ug/L to 1 ug/L. Dissolved
cyanide concentrations ranged from zero to 4 pg/L. .'A'lthough cyanide and these metals were not detected
in previous studies, the detection limits for mercury and silver were higher than their chronic freshwater
criteria. The detection limits for mercury and nickel were higher than the éhronic marine criteria,
Therefore, assessment of the potential environmental effect of these. pollutants—based only on water

column concentrations—is not possible. S g

The hardness of the water also influences the toxicity of metals. Lower hardness results in the increased
toxic potential of these metals. The median hardness of samples above station W8 was 57 mg/L, but the
hardness of three rivers (Cowlitz, Lewis, and Willamette rivers) was.Jower than.30 mg/L. The hardnéss
of the Lewis River was the lowest measured (10 mg/L). Slightly higher hardness was noted for Laké
River (68 mg/L). The hardness values reported here are typical of "soft" (0-60 mg!L) or "moderate}y
hard" (61-120 mg;fL) waters, as defined by Hem (1970), that are relatively low in calcium and
magnesium, The hardness of a water affects the potential toxicity of several metals measured in this
study, including cadmium, copper, lead, nickel, and zinc. It is possible, t'herefore, that these metals pose

a more serious concern in the lower Columbia River than in waters with greater hardness.

.2.7.4.2 Significance and Recommendations. ldentification of sources of metal pollutants in the lower
* Columbia was not possible due to the limited number of sampling stations, and the single sample collected
at each station. Exceedances of the chronic water quality criteria for. a number of metals indicates the
potential for effects to biota inhabiting the lower Columbia River. Comparison with the limited historical
data compiled by Tetra Tech (1992a) indicates that the variation among stations in concentrations of some

metals detected in this survey may be as great, or even greater, than the variation of the metal
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concentration at a single station monitored over the course of a year. The reconnaissance survey has
identified problem areas and metals that may warrant further investigation. For example, the large
number of elevated lead concentrations suggest a potential impairment of beneficial use. However,
historical sampling data both for the Columbia River and other locations indicate that ultra-clean sampling
and laboratory analysis techniques may be necessary to obtain accurate results for the metals that typically
occur at relatively low concentrations. It is recommended that future studies of the lower Columbia River
establish and follow rigorous sample collection and analysis protocols that minimize the potential

contamination of metals samples.
Relevant questions for further research include the following:

w  What are the major sources (point and nonpoint sources as well as background

* levels) of these metals to the river? -

w What are the effects of these metals on the biota?

= Are the forms of the metals detected in this survey available to the biota?

L Are some metals ant‘i their vari'ous forms more available than oth-‘ers?

L Which is the most important pathway (water column or sediments) for metal

contaminant exposure and accumulation?
s What are the residence times of these metals?
u How and in what forms are metals transported through the river system?
. What is the fate of tﬁe metals delivered to the river?
Answers to these questions are essential for identifying the most important sources of specific metals, and

the acceptable limits of the input of these contaminants into the loﬁer Columbia River system. An
integrated monitoring program of both dissolved and total metals in the lower Columbia River, and the
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various point and nonpoint sources should be performed on a seasonal basis to improve the understanding

of the sources, forms, and fate of metals in the lower Columbia River.

2.7.5 Organic Compoﬁnds

In general, semivolatile and volatile organic compounds, and pestiéides and PCBs were not detected, with

the exception of bis(2-ethylhexyDphthalate. It is possible that some of the undetected compounds are

present, but at concentrations that are undetectable using the conventional methods employed for this

study. These compounds will be discussed together below. AOX was detected at 18 of the 19 stations

surveyed; these results will be discussed separately.

2.7.5.1 Semivolatile and Volatile Organic Compounds, Pesticides and PCBs. With the exception of
the phthalate ester bis(2-ethylhexyl)phthalate, all other organic pollutants of concern measured in the

water column were below the detection limits achieved using conventfonal EPA-apﬁroved analytical

methods. Bis(2-ethylhexyl)phthalate was detected at two stations (W26 and W37) at levels exceeding the

freshwater criterion of 3 pg/L. Because this chemical is a common laboratory contaminénf, it is possible

that these results are due to contamination of the samples. However, laboratory method blanks associated

with these samples were negative for this chemical, nor did the two field blank samples indicate
contamination of the field samples (Appendix-A-4). The QA/QC control checks suggest that the presence

of bis(2-éthylhexyl)phthalate in the water samples was not an artifact of laboratory or handling

—i-

contamination.

Bis(2-ethylhexyl)phthalate, aléo known as di(2-ethylhexy!)phthalate or DEHP, is a plésticizing compound
used in resins and the manufacture of organic pump fluids. It is present in many plastics (especially
vinyls), paints, flexible tubing, plastic bags, and medical supplies. Potential sources of bis(2-ethylhexyl)-
phthalate to the environment include industrial and municipal effluents, landfill leachate, incineration of
plastics, and nonpoint storm runoff from urban, industrial, and residential areas. Nonpoint storm runoff
may be contaminated through improper disposal of paints and resins, atmospheric sources (plastics incin-
eration), and through the weathering and decay of discarded plastic materials.

A potential source of this chemical at station W26 is Kalama Chemical approximately 2 km upstream.
The permit limit for the effluent concentration of bis(2-ethylhexyl)phthalate is 139 pg/L (based on the
maximum allowable daily flow and the discharge limit of 0.294 1b/d), but the relatively small total
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allowable discharge suggests that the detection of this compound downstream of the chemical plant, as
a result of discharge of this chemical at concentrations greater than the detection limit, would be unlikely.
The Kalama River is an additional potential source (due to possible point and nonpoint contamination)
not monitored for organic compounds in this survey. Potential sources of this compound at station W37
in the Portland/Vancouver area include the large municipal wastewater facilities in Portland, Gresham,
and Vancouver. Nonpoint sources in this highly urbanized and industrialized area may also have

contributed to the elevated concentration of this chemical at station W37.

Comparison with Historical Data. Limited historical data on water column concentrations of
organic compounds in the lower Columbia River were identified from previous studies (Tetra Tech
1992a). Historical data were limited to a small number of stations for a few compounds—primarily total
phenols and some pesticides. Cangsistent with the results of the reconnaissance survey, phenols and
pesticides have historically been undetected or detected at levels near the detection limits of conventional
methods in the water column. Because no data on the water column concentration of bis(2-ethylhexyl)-
phthalate were identified ix{ previous studies (Tetra Tech 1992a), comparison with historical data is not

possible.

Although dioxins and furans were not sampled during this survey, it should be mentioned that the
Columbia River has recently been identified as water quality limited due to the prediction that water
column dioxin (2,3,7,8-TCDD) concentrations exceed the water column criteria for the consumption of
contaminated fish and water (0.013 pg/L) and the finding that Columbia River fish tissue levels of
2,3,7,8-TCDD excéeded the human cancer risk factor of an increase of one additional cancer for a
population of 1 million people for consumption of Columbia River fish (U.S. EPA 1991¢,d). This
prediction was based on modeling inputs of 2,3,7,8-TCDD to the Columbia River, from pulp and paper
mills on the mainstem of the river using the chlorine bleaching process, and the analysis of dioxin levels
in fish tissue samples collected in the Columbia River (U.S.EPA 1991¢,d). Eleven chlorine-bleaching
pulp mills currently discharge to the Columbia River system. These mills are located in Canada (1),
Idaho (1), Washington (4), and Oregon (3). Five major pﬂlp and paper facilities discharge chlorine-
bleached paper process effluent directly to the lower Columbia River below Bonneville Dam (Tetra Tech
1992¢). The U.S. EPA has developed a total maximum daily load (TMDL) that will regulate the
discharge of dioxin from U.S. pulp and paper mills in the Columbia River basin to reduce the level of
2,3,7,8-TCDD below the water quality standard (U.S. EPA 1991¢,d). Further investigations are being
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conducted by U.S. EPA Region X and the states of Oregon and Washington to provide additional
information for the refinement of the TMDL and to monitor the effect of the regulatory actions that have

been implemented.

Significance and Recommendations. Although the reconnaissance survey was conducted during
low-flow conditions when the dilution capacity of the river is lowest, extensive organic contamination of
the water column was not evident during this period. This finding was likely due to the Iim.ited number
of samples collected, the difficulty in detecting relatively low concentrations of these chemicals using
conventional methods, and ﬂ1e absence of signiﬁc:;mt inputs of organic pollutants during the survey
period. Many of the compounds measured in this survey were likely present in the water column, but
at levels below the conventional detection limits achieved. Some of these compounds may also be present
in detectable quantities at different times of the year. For example, the discharge of herbicides in rivers
of the midwestern U.S. has been associated with late spring and early summer rainfall (Thurman et al.
1991). Stormwater tends to enter the lower Columbia River during the months of October to April, after
the low-flow period, The higher-flow period in the lower river during these winter months is primarily
due to rainfall runoff in the lower tributary basins, especially the Willamette and Cowlitz river basins
('I‘étra Tech 1992b). Therefore, although the Columbia River may be most sensitive to pollutant loading
during low-flow conditions, many pollutants may only enter the water column episodically or seasonally.
These pollutants may then be flushed out to sea or bind to fine sediments and be deposited in quiescent

reaches of the lower river.

With the exception of episodic events, such as accidental chemical spills or increases in nonpoint runoff
~ due to rainfall, the levels of organic pollutants present in the lower Columbia River are likely to be below
the detection limits of conventional analytical methods. Organic pollutants are rarely detected in water
column studies due to the transitory nature of water, the hydrophobiéity of many compouxids, and the
limited number of samples collected for analytical expense considerations. Instead, studies are
increasingly focusing on contaminants associated with suspended particles and sediments. The
identification of areas and pollutants of concern for further study might be more appropriately based on
the identification of elevated sediment and tissue concentrations of organic pollutants. It may also be
possible to use less conventional analytical or sampling methods. Examples include analysis of the
suspénded sediments from large volumes of filtered river water or the use of mo'rc? sensitive analytical

methods on a seasonal basis to determine actual concentrations of a more limited suite of these pollutants

2-101



in the water column. This may be most important for dioxin which has been identified as a contaminant

that exceeds existing water quality criteria that are intended to protect human health.
Relevant questions for further research include the following:

n What are the major sources (point and nonpoint sources) of organic compounds

to the river?

» What are the effects of these organic compounds on the biota?

= Are the forms of the organic compounds in the water column available to the
biota?

L Are some organic compounds and their various forms more available than others?

u Which is the most important pathway (water column or sediments) for organic

contaminant exposure and accumulation?

" What are the residence times of these organic compounds?

L How and in what forms are organic compounds transported through the river
system?

u What is the fate of the organic compounds delivered to the river?

Answers to these questions are essential for identifying the most important sources of specific organic
contaminants, and the acceptable limits of the input of these contaminants into the lower Columbia River
system. An integrated monitoring program of organic compounds in the lower Columbia River, and the
various point and nonpoint sources should be performed on a seasonal basis to improve the understanding

of the sources, forms, and fate of organic compounds in the lower Columbia River,
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2.7.5.2 AOX. The trend in water column AOX concentrations observed in the study area below
Bonneville Dam suggests the influence of bleached kraft pulp and paper mill discharges, especially
downstream of the paper mills in Longview. The persistencé of elevated water column concentrations
of AOX below Longview indicates that halogenated organic chemicals are transported relatively long
distances in the water column to beneficial use areas such as the Lewis and Clark National Wildlife
Refuge. Although there are additional sources of AOX, including municipal wastewater effluent,
chemical industries that use or prodice chlorinated organic compounds (e.g., wood treatment facilities),
anthropogenically derived and biologically produced (i.e., natural) atmospheric sources, and in situ
biological production (Enell et al, 1989; Imhoff 1989; Enell and Wennberg 1991; Grimvall et al. 1991),
bleached kraft pulp aﬁd paper mills are likely one of the most significant sources of AOX in the study
area below Bonneville Dam. For example, pulp and paper mi!ls, municipal and other industrial sources,
and nonpoint sources accounted for approximately 33, 21.5 and, 45.5 percent, respectively, of the AOX
discharges to the Ruhr River, 'Germany (Imhoff 1989). Currently, limited data are available for the
sources of AOX to the lower Columbia River. However, it should be noted that the environmental
significance of the AOX from each source depends on the toxicity and persistence of the halogenated

organic compounds that comprise the AOX that is measured from each source.

Four bleached l;ra& pulp and paper mills and one municipal wastewater treatment piant (the recipient of
primary treated wastewater from Boise Cascade, St. Helens) that discharge diréctly to the lower Columbia
River below Bonneville Dam are presently required to monitor AOX concentrations in theﬁ effluent.
These facilities are the James River (Camas), Longview Fibre, Weyerhaeuser (Longview), James River
(Wauna) mills, and 'the city of St. Helens municipal wastewater treatment plant. AOX monitoring data
for the bleached kraft pulp and paper mills that discharge directly to the lower Columi)ia River below
Bonneville Dam are presented in Table 2-14. In general, effluent AOX concentrations in bieached _kraft
pulp and paper mills ranged from 4.2 to 37.1 mg ClI/L. Longview Fibre reported the lowest AOX
concentration due to the lower production of bleached pulp at this facility. However, these reported
concentrations may. be underestimates of total AOX discharge if the effluent solids are removed by
filtration or are allowed to settle prior to analysis. Bousquet (1992) reported thaf many industry and
contract laboratories remove effluent solids prior to analysis, even when the method employed specifies
the inclusion of solids in the method. Statistically significant differences were noted between analyses
conducted by the same method, but in which some analysts excluded solids from the analysis (Bousquet
1992).
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TABLE 2-14. AOX DISCHARGE DATA FROM PULP AND PAPER MILLS THAT DISCHARGE DIRECTLY TO THE LOWER COLUMBIA
RIVER BELOW BONNEVILLE DAM, SEPTEMBER-NOVEMBER 1991.

September October November
Facility Date Concentration | Discharge Date Concentration | Discharge Date Concentration | Discharge
(mg/L) (MGD) . (mg/L) (MGD) (mg/L) (MGD)
8 21.8 - 4 - 12.6 58.2 1 23.2 53.1
James River 13 23.2 - 11 20.0 57.3 8 258 54.8
ngc;':;:s}zo_s 20 27.4 -~ 18 18.6 52.4 15 26.0 47.6

27 10.4 - 25 23.5 56.5 12 37.1 55.1

i 29 24.0 54.0
. 1

City of St. Helens

River Mile 86.0 NA* 18.2 36.65 9 18.8 36.2 13 20.8 37.4
#m*u_w*
- - - - 7 7.4 -
Longview Fibre i - - - 14 4.6 -
River M.ile 67.5 _ . . - Y 44 -
- - - - 27 4.2 -
e e o e e e e e na
- - -- 23 14.5 - 9 13.0 -
Weyerhaeuser .
(Longview) e - 30 12.0 - 16 14.0 -
River Mile 63.5 - - ‘ j " 14.0 -

James River

(Wauna)
River Mile 42.0

NA = Not available % = Reported monthly values
SOURCE: Capur, R., 29 July 1992, personal communication
Yee, C., 28 July 1992, personal communication 3




Although other industrial facilities and muhicipal wastewater tr_éatmept plants are not presently required
to monitor AOX in their effluents, Imhoff$(1989) report'ls a municipal wastewater concentration of only
0.1 mg CI/L for municipal wastewater treatment plants discharging to the Ruhr River.

Based on an average flow of 124,000 cfs in the Columbia River (see Section 1.2.2), an instream or
background concentration of 25 pug Cl/L of AOX, an effluent discharge of 50 MGD, and assuming
complete mixing 6f the wastestream with the river and no immediate losses of AOX to the sediments or
to the atmosphere, the effluent concentration necessary to double the concentration in the river to 50 ug
CI/L would be 96 mg/L, or more than twice the highest concentration measured in the effluent of the
pulp 5nd paper mills in the study area. However, the cumulative AOX discharge of the five mills would
be sufficient to noticeably elevate the river AOX concentration, if losses of AOX to the sediment and

atmosphere are negligible.

To determine more precisely the relative contribution of the various sources of AOX to the lower
Columbia River, AOX concentrations should be determined using consistent methodologies and protocals.
Data are also needed on the AOX concentration and discharge rates of anthropogenic sources (including i
municipal, industrial, and nonpoint sources), the contribution of AOX in wet-and dry deposition, and'the
rate of in situ biological production of AOX. The information on the sources of AOX, coupled with the
rate of sedimentation of AOX and the removal of AQX to the atmosphere, would allow for the develop-
ment of a numerical model and comparison witﬁ the measured concentration of AOX in the water
column. Bleached kraft pulp and paper mills that discharge directly to the lower Columbia River have
initiated weekly monitoring of AOX in their treated effluent.

Comparison with Historical Data. Tetra Tech (1992a) identified only one prior study of water
column AOX concentrations in the lower Columbia River (Young 1989). In that study, concentrations
of AOX upstream of the James River Camas mill were 18 to 25 ug CI/L, while concentrations
downstream of the mill’s discharge increased to 61 to 106 pg CI/L. The effluent AQX concentration
measured during the study was 20 mg CI'/L. The concentrations of AOX in the upper reach of the river
below Bonneville Dam measured in the lower Columbia River reconnaissance survey were consistent
with, but slightly lower (10 to 15 ug CI/L) than those measured in the previous study (18 to 25 ug
CI'/L). Although the influence of the James River Camas miil on the downstream concentration of AOX
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was not evident in the lower Columbia River reconnaissance survey, the nearest downstream AOX
monitoring station was over 5 RMs downstream of the mill’s point source discharge. The concentration

of AOX at this downstream monitoring station (station W39) was 15 ug CI/L.

Significance and Recommendations. Although sampling stations for AOX were limited (16
stations along the length of the river and one sample each from the Lewis and Clark, Cowlitz, and
Willamette rivers), the influence of bleached kraft mill discharge of AOX was apparent. However, AOX
was not an ideal tracer of pulp and paper mill effluent since there are additional sources of AOX,
including natural biological production that compromise the use of AOX as a tracer 0f pulp and paper

mill effluent.

“Furthermore, the environmental significance of the levels detected cannot be assessed. Because AOX is
a measﬁte of-all haiogenated organic compounds, it does not distinguish the relative contribution of the
piore toxic constituent halogenated organic compounds. The absolute concentration of AOX does not

- accufétely reffect the actual toxicity or carcinogenicity of the water sampled. The relative contribution

o of the more toxic l'fatogenated organ'ié:' compounds may vary from sample to sample and hence it is likely

ihat AOX conc'entrafions will be poorly correlated with. tbxicity. Betermination of the relative
contribution of the'more toxic halogenated organic compounds in AOX measurements may prove more
informative in assessing the biological significance of AOX measurements. The character and source of

background levels of AOX entering the lower river from upriver above Bonneville Dam and from the

Willamette River should also be assessed.

2.8 SUMMARY

The water column data collected for the reconnaissance survey has characterized conventional water
quality (especially temperature and dissolved oxygen), phytoplankton levels, bacterial indicators of
pathogens, and levels of chemicals of concern in the lower Columbia River. Levels of AOX were also
studied to evatuate the influence of bleached kraft pulp and paper mili discharges to the river.

DO concentrations were below state standards for fresh water at ten stations and at one estuarine station.

However, many of these exceedances were due to DO percent saturation falling not more than a few
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percent below the 90 percent standard. Significant DO standards exceedances occurred at station W4 in
the estuary in the Skipanon River, station W34 (Lake River); and at the mid-channel station below
Skamokawa Creek (W13). '

Water temperature conditions during the survey were below the Washingtoh established criterion (20° C).
At several stations below Bonneville Dam, temperatures were above 19° C. These temperatures indicate
near exceedances. However, historical data ~indicate that the 20° C standard is frequently exceeded,
especially during July, August, and September. Elevated temperatures (above the established criterion
of 20° C) have implications primarily for the river’s anadromous fish species as well as for other resident
biota. Historically (at least since 1938), the temperature of the lower Columbia River appears to have
exceeded 20° C inl August. The construction of various impoundments on the river, has served to

- mitigate water tefnper_ature in spring and summer and increase water temperature in fall and winter.

The phytoplankton data and historical nutrient data indicate that although nutrients are available for phyto-
plankton growth during the low-flow period, phytoplankton abundance and biomass were relativély low.
Nuisance levels of phytoplankton, especially of the blué-green algae (cyanobacteria), were not observed

during the survey.

_ I@dicatOr bacteria concentrations (fecal coliform and enterococcus bacteria) were measured to assess the
sanitary quality of river water at a few beneficial use areas including contact recreation and shellfish
harvesting areas. Fecal coliform counts at three of the six stations sampled (W3, W35, and W38)
exceeded state stand.m:ds. Fecal coliform geometric mean concentration at station W3 in Ilwaco exceeded
the state standard for marine and shellfish harvesting waters. Enterococcus counts were generally higher
than those for fecal coliforms, and they exceeded federal standards at all stations sampled.

Metals were detected in a number of the samples collected during the survey, However, these data have
been qualified as estimates due to the considerations outlined above. Cyanide was not detected. Based
on comparison with available chronic marine and freshwater criteria, many of the concentrations of metals
detected in the survey exceeded established criteria. Exceedances of the freshwater chronic criteria were
noted for aluminum, cadmium, copper, iron, lead, and zinc. However, the DLs for some metals were

higher than the available criteria. The freshwater criteria for lead, mercury, selenium, and silver and the
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marine chronic criteria for lead, mercury, nickel, and selenium were lower than the DLs achieved in this
study. Due to possible laboratory contamination of the alurmninum samples, many of the reported
concentrations that exceeded the freshwater quality criterion were qualified as undetected. The available
freshwater chronic criteria were not exceeded in any sample from a freshwater station for the metals

antimony, beryllium, chromium, nickel, and thallium.

The reconnaissance survey results, however, did not compare favorably with recent measurements of
~ water column concentrations of the trace metals cadmium, copper, lead, mercury, and zinc (Saunders, S.
and B. Hopkins, 30 April 1991, personal communication)., These data indicate that the reconnaissance
survey metals results, at least for these metals, may have been positively biased due to contamination in
the field or laboratory. ~Therefore, conclusions regarding water quality problems based on the
reconnaissance survey metals data should be considered with caution. It is recomm-ended that future
sample collection and analyses for water column metals use rigorously clean field sampling and 1aboratory

analysis techniques.

Although potential point sources were identified for the metals detected in the reconnaissance survey
samples, nonpoint and in-place sources of these metals are also likely sources of these metals in the lower
Columbia River. The data on the relative contribution of point, nonpoint, and in-place pollutant sources
is extremely limited (Tetra Tech 1992¢). Furthermore, the limited nature of a reconnaissance survey does

not allow for the definitive identification of specific pollution sources.

All of the organic ;hemicais of concern were undetected in the samples collected during the survey,
except for the phthalate ester bis(2-ethythexyl)phthalate. This compound was reported from two stations:
the Portland/Vancouver area (W37) and below the confluence of the Kalama and Columbia rivers (W26).
Although this chemical is a common laboratory contaminant, neither field nor laboratory method blanks
showed evidence of contamination from this compound. The reported concentrations at both stations

exceeded the freshwater chronic criterion of 3 pg/L,

In several instances, the DLs for the organic compounds not detected in the water column during this
survey were greater than the established marine and freshwater chronic criteria. These compounds
include pentachlorophenol, hexachlorocyclopentadiene, forms of DDT and their metabolites, heptachlor,

alpha-chlordane, aldrin, dieldrin, mirex, parathion, toxaphene, endrin, methoxychlor, and PCBs. It is
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possible that many of these compounds were present in the water column, but at concentrations below
the detection limits of the conventional analytical methods used in this study. Although water column
concentrations of dioxin were not measured in this study (since the expected congentrations are below
conventional detection limits), a modeling study of the Columbia River indicates that water column dioxin
levels are likely above the regulatory limits for this compound for the protection of human health due to
inputs from chlorine bleach pulp and paper mills that discharge to the river (U.S. EPA 1991c,d).

AOX concentrations in the upper river above the influence of the bleached kraft pulp and paper mills
ranged from 10 to 15 pg CI'/L. These concentrations increased to 40 to 60 ug Cl/L in samples collected
below the bleached kraft pulp and paper mill outfalls near Longview. In the estuary, concentrations of
250 to 255 pg CI/L were reported, although such levels are'likely due to analytical interferex_lces; in the
laboratory method used. Bleached kraft pulp and paper mill discharges from Camas, St. Helens, and
- Wauna did not éppeér to have an appreciable effect on AOX concentrations downriver of these facilities.
This result is likely due to the relatively limited number of stations surveyed and possibly the relative
quantity of AOX discharged by these facilities. '
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3.0 SEDIMENT CHEMISTRY

3.1 INTRODUCTION

Sediments in aquatic environments often represent a major repository for anthropogenic contaminants,
and in turn maiy serve as a significant source of these contaminants to aquatic organisms and the animals
and humans that feed on these organisms (Landrum and Robbins 1990). Contaminants introduced into
the lower Columbia River from various sources enter both as dissolved and particulate forms. Many of
the dissolved contaminants adsorb preferentially onto, or enter the river associated with, fine-grained
suspended sediment particles as a result of physicochemical interactions and the larger surface area of the
fine-grained materials, These suspended particles are¢ either flushed into the Pacific Ocean or deposited

in low-energy regions (e.g., backwaters, sloughs, and wetland afeas) of the river.

Contaminated sediments can result in the exposure of river biota to potentially toxic chemicals, thus
affecting the écological health of the system. Actual transfer of contaminants to aquatic organisms and
other animals is affected by many factors including the initial chemical form of the contaminant, its ability
to be taken up by physiological processes, and its propensity to accumulate in tissues. Organisms residing
in the sediments come into direct contact with contaminants which may then be absorbed through their
bédy surfaces. Ingestion of sediments may further expose benthic organisms to sediment-bound
contaminants by breaking down the chemical bond with the sediments or altering the form of the
contaminant. Contaminants that are able to accumulate in tissues may then be transferred up the food
chain by predator-prey interactions. Effects of contaminant exposure may be exhibited by alterations in
the benthic community structure, decreased biomass or abundance, reproductive impairment or failure,
presence of metabolic byproducts in tissues, and increased prevalence of diseases in biota (Myers et al.
1987; Nalepa and Landrum 1988; Weston 1990; Ferraro et al. 1991). |

Although a number of earlier studies have assessed sediment contamination in the lower Columbia River,

the reliability of the data from many of these studies is uncertain (see Tetra Tech 1992a for a review of
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these studies). Assessment of the current state of sediment contamination in the study area, based on the
relatively few studies with reliable data, is difficult for several reasons, First, the studies were conducted
between 1960 and 1990 and may not accurately reflect current conditions, given the dynamic nature of
sediments in rivers. Second, the studies were designed to address specific objectives at particular sites
along the river and do not provide complete spatial coverage of the lower 146 miles of the river. Finally,
analytical parameters measured were not consistent among the studies and the methods used were not
always comparable, limiting the use of these data for making an overall assessment of sediment quality

in the study area.

Historical sediment studies conducted in the lower river include analyses of sediment grain size,
mineralogy, and/or sediment transport (e.g., Conomos 1968; Whetten et al. 1969; Conomos and Gross
1972; Glenn 1973; Hubbel and Glenn 1973; Haushild et al. 1975; Karlin 1980; Fox 1981; Sherwood et
al, 1984; Simenstad et al. 1984). Although sediment organic content has typically been measured in
historical studies of sediment contaminants, Hedges et al. (1984) investigated the sources and distribution
of sedimentary organic matter in the Columbia River drainage basin. Studies on sediment metal and
organic chemical concentrations (i.e., volatile and semivolatile compounds, pesticides and PCBs, dioxin
and furans, and resin acids) have also been conducted for a variety of sediment chemical constituents at
a number of locations in the lower river using a variety of chemical methods (e.g.; Rickert et al. 1977b;
Fuhrer and Rinella 1983; Fuhrer 1984; Fuhrer 1986; Johnson and Norton 1988; Fuhrer and Horowitz
1989; Young 1988; Young et al. 1988; Century West Engineering Corp. 1990; U.S. Army Corps of
Engineers 1990,1991). Several studies of sediment radionuclide content in the lower Columbia River
have also been conducted historically, primarily in regard to plutonium production operations at the
Hanford facility in Richland, WA (e.g., Perkins et al. 1966; Johnson et al. 1967; Forster 1972; Glenn
1973; Hubbel and Glenn 1973; Haushild et al. 1975; Robertson and Fix 1977, Beasley et al, 1981;
Beasley and Jennings 1984). No historical measurements of organotin compounds were identified in the
review of historical sediment data (Tetra Tech 1992a).

Because no previous studies have systematically surveyed sediment contamination in the entire study area,
the Bi-State Program directed the implementation of a reconnaissance survey to evaluate the current

quality of sediments in the lower Columbia River. The objectives of the sediment survey were to:



. Determine the occurrence of selected, potentially toxic contaminants (chemicals

of concern) in sediments of the lower Columbia River.

= Characterize broad-scale spatial trends in the distribution of contaminants

in the sediments.
u Identif‘y potential problem areas and reference areas in the study area.
This sediment chemistry section reports the results of the sediment sampling conducted as part of the

lower Columbia River reconnaissance survey. The results are interpreted and discussed within the frame-

work of the survey objectives outlined above.

3.2 SAMPLING LOCATIONS | o

Sediment stations sampled during the reconnaissance survey are shown in Figures 1-1 through 1-4.

Geographic coordinates and river mile information are provided in Table 3-1 for each sampling station.

A Magnavox MX 200 GPS Navigator System on board the R/V Brendan DII was used to obtain the
geographic coordinates of the stations sampled. Details of the navigation system operation are provided
in Section 5.1 of the final QA/QC plan (Tetra Tech 1991b).

A total of 54 stations were sampled for sediment contamination. Selection of the sampling stations was

based on the following considerations:
L The need to obtain broad-scale coverage of the entire lower Columbia River.

L] The intention that most of the samples be of fine-grained sediments as an

.indicator of worst-case contamination.

n The need to identify potential effects of major industrial areas (e.g., the Ports of

Longview, Vancouver, and Portland).
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TABLE 3-1. LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY:
LOCATIONS AND TIME OF SEDIMENT AND BENTHIC INFAUNA SAMPLING

Page 1 of 3
Station Number? River Mile? Latitude/Longitude | Sampling Date/Time Water Depth (m)
DI 8.5 46-12.274N 10-8-91 2.6
123-56.986W 1400-1530
D2 2.5 46-18.042N 10-8-91 5.4
124-02.494W 1030-1115
El 8 46-13.524N 10-8-91 5.6
123-56.303W 1630-1700 (Benthos)
10-9-91
1120-1145 (Chem)
D3 13 46-10.90N 10-9-91 2.1
(D46 field duplicate) 123-51.72W 1255-1350
D4 5.5 46-15.981N 10-8-91 2.4
123-58.261W 1220-1310
E2D 16 46-14.836N 10-9-91 8.0
123-48.510W 1555-1635
DSE 21 46-11.638N 10-11-81 1.5
123-42.104W 1200-1230
D6 21 46-17.882N 10-10-91 1.8
123-43,113W 1300-1350
E3 22 46-15.014N 10-11-91 15.0
123-41.261W 1530-1615
D7 22 46-13,019N 10-11-91 1.8
123-41.505W 1340-1410
D8 27 46-13.695N 10-12-91 2.1
123-35.223W 1210-1245
E4 30 46-15.976N 10-12-91 15.0
123-32.037W 0940-1030
D9 34 46-16. 14N 10-12-91 1.5
123-27.34W 0805-0910
D10 38.5 46-12.198N 10-7-91 1.6
123-26.639W 1000-1115
D11 29 46-14.49N 10-7-91 1.8
(D45 field duplicate) 123-32.91W 1240-1345
D12 40 46-12.463N 10-7-91 3.4
123-23.375W 0815-0910
D13 43 46-09,78N 10-6-91 4.6
123-20,14W 0840-0950
D14 42.5 46-08.9 14N 10-6-91 10.0
123-23.424W 1310-1400
ES 46 - 46-09.535N 10-5-91 5.5
123-19.518W 1455-1550
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TABLE 3-1. LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY:
LOCATIONS AND TIME OF SEDIMENT AND BENTHIC INFAUNA SAMPLING

Page 2 of 3
Station Number? River Mile? | Latitude/Longitude | Sampling Date/Time | Water Depth (m)
D15 49.5 46-08.347N 10-5-91 6.6 -
123-13.934W 1200-1255
D16 57.5 46-11.244N - 10-4-91 9.1
123-05.4290W 1445-1530
. E6P 57.5 46-10.149N 10-4-91 5.5
R 123-06.470W 1245-1340
D17 59 46-09.87N 10-4-91 5.0 (Benthos)
(D44 field duplicate) 123-02.76W 0940-1105 7.0 (Chem)
D18 62.5 46-07.429N 10-3-91 3.0
: 123-01.307W 1240-1310
D19 63 46-08.32N 10-3-91 4.0
123-00.52W 1530-1615
E7 67 46-05.91N 10-3-91 14.0
122-56.23W 1020-1055
D20 71 46-03.596N 10-2-91 2.5
122-52.106W 1615-1655
D21 70 46-04.324N 10-2-91 35
122-53.934W 1455-1540
D22 75.5 46-00.584N 10-2-91 Not Available
122-50.907W 0840-0950
{Benthos)
46-00.586N
122-50.982W
(Chem)
D23 80 45-57.378N 10-1-91 5.0
(D43 field duplicate) 122-48.058W 1255-1325
D24 85 45-52.0N 9-30-91 2.4
122-47.8W 1000-1035
D25 88 45-50.408N 9-29-91 3.4
122-46,648W 1705-1735
E8 76.8 45-59.22N 10-1-91 9.0
122-50.23W - 1445-1520
EoP 83 45-54.32N 9-30-91 8.0
122-48.82W 1600-1645
D26 92 45-46.92IN 9-29-91 13.7
122-46.156W 1545-1615 ‘
D27 94.5 45-45.27N 9-29-91 1.5
122-46.669W 141551440
D28 b 1) 45-41.195N 9-20-91 4.9
(D42 field duplicate) 122-46.14W 1145-1255
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TABLE 3-1. LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY:
LOCATIONS AND TIME OF SEDIMENT AND BENTHIC INFAUNA SAMPLING

Page 3 of 3
Station Number? River MileP Latitude/Longitude | Sampling Date/Time Water Depth (m)

E10P 100 45-40.518N 9-29-91 12.8
122-46,529W 1045-1120

D29 101 45-40.12N 9-29-01 2.4
122-45.86W 1455-1525

D30 103 45-38.46N 9-28-91 5.4
122-44.68W 1010-1040

EnD - 104 45-38.448N 9-28-91 12.0
122-43.011W 0855-0925

D3l 106 45-36.4IN 9-27-91 3.0
122-40.48W 1430-1530

D32E 107.5 45-37,03N 9-27-91 55

122-39.54W 1655-1740 -

D33 109 45-36.678N 9-27-91 3.4
122-37.613W 1255-1320

- D34E 112 45-35.604N 9.27-91 1.7

122-33.982W 1115-1145

Ei2 114.5 45-34,078N 9-26-91 - 3.9
122-31,191W 1510-1530

D35 118 45-34.62N 9-26-91 6.7
(D41 field duplicate) 122-26.781W 1705-1750

D36 118 45-33.516N 9-26-91 : 4.0
122-27.441W 1340-1410

D37 121 45-34.589N 9-25-91 3.8
122-23.73W 0920-1030

D38E 124.5 45-33.464N 9.25-91 _ 4.0
122-20.052W 1320-1530

E13 125.5 45-32.702N 9-25-91 6.4
122-18.935W 1645-1715

D39 128 45-32.604N 9-24-91 5.4
122-15.721W 1640-1830

El4 137 45-35.306N 9-24-91 5.4
122-05.979W 1240-1345

D40 142 45-37.327N 9.24-91 5.4
122-01.210W 0805-1055

2 Station number prefixes "D" and "E" were assigned prior to sampling to stations expected to have
fine-grained and coarse-grained sediments, respectively. Following sampling, some stations were
reclassified based on the grain size analysis [ > 20% fines (<100 pm) was con51dered a fine-
grained sediment station]. Reclassified stations are identified by superseript or

b Approximate River Mile (to the nearest half mile) calculated from geographic coordinates.
e —
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u The need to begin to fill data gaps and investigate "hot spots” identified from a

review of previous studies.. : i

s The need to identify potential problem areas as well as reference areas in the
river that could be the focus of future studies.

u Prevention of duplicate efforts in cases where recent (or ongoing) studies have
provided useful data.

Sampling stations were strategically located within each segment of the study area based on the above
considerations. Station locations were selected to represent predominantly fine-grained sediments. A
subset (one-third) of the total number of stations were also located to represent coarse-grained areas
typical of the main channel, higher energyareas of the river. A more detailed rationale for selection of
station locations is provided in Section 5.4 and Table 5 of the final sampling plan (Tetra Tech 1991¢).
Some deviations from the sampling plan occurred during implementation of the field survey. ‘These
deviations [detailed in Section 2.2 of the Cruise Report (Tetra Tech 1991a)] consisted primarily of
re‘l.ocatiug ten sampling stations from the locations proposed earlier in the Sampling Plan. Station
relocation was necessary because of navigational difficulties eﬁcountered (insufficient water depth) or the

lack of fine-grained sediments in areas selected a priori as being depositional in nature.

3.3 SAMPLING METHODS

Forty of the 54 sediment sampling stations were located in areas expected to be fine-grained based on
hydraulic characteristics. To gain a broad-scale view of the river’s sediments, 14 sampling stations were
located in higher energy areas designated as coarse grained, even though sediment contamination was not
expected to be high in such areas. Chemical parameters measured in the sediments included conventional
variables (grain size, total organic carbon, total solids, acid volatile sulfides), metals, and organic
compounds, as well as several additional compounds identified by the Bi-State Program as being of
concern due to specific industrial and land-use activities in the lower Columbia River subbasin (listed in

Table 1-1). Specific stations where the above measurements were conducted are shown in Table 3-2.
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TABLE 3-2. LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY
STATIONS AT WHICH SEDIMENT PARAMETERS WERE MEASURED
(Page 1 of 2)

Station? Conventionals? Metals Radionuclides Organic Compounds® Dioxins and Furans Organotin Compounds

D1
D2
El
D3
D4
E2D
D5E
D6
D7
D8
E4
D9
D10
Dil
D12
D13
D14
ES
D15
D16
E6D
D17
D18
D19
E7
D20
D21
D22
D23
D24
D25
E8
E9D
D26
D27
D28
E10P
D29
D30
E1P
D31
D32E
D33
D34E
E12
D35
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TABLE 3-2. LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY
STATIONS AT WHICH SEDIMENT PARAMETERS WERE MEASURED
' (Page 2 of 2)

Station? Conventionals? Metals Radionuclides Organic Compounds®  Dioxins and Furans Organotin Compounds.
D36 X X X

D37 X X X X

D38 X X X X

El13 X X X

D39 X X X

Ei4 X X X

D40 X X X X X X

2 Station number prefixes "D and "E" were assigned prior to sampling to stations expected to have fine-grained and coarse-
grained sediments, respectively. '

Following sampling, some stations were reclassified based on the grain size analysis [> 20% fines (<100 um) was
considered a fine-grained sediment station].

Reclassified stations are identified by superscript "B or D7,
b Conventional parameters include grain size, total organic carbon, total solids, and acid volatile sulfides. .

€ Organic compounds include semivolatile organic compounds and selected pesticides and PCBs.



Sediment sampling was conducted concurrently with water and benthos sampling from the R/V Bren-
dan D II during the low-flow period between September 23 to October 12, 1991, The date and time of
sampling at each station is provided in Table 3-1. Sediment samples were collected using a stainless
steel, modified 0.1 m? van Veen grab sampler. A minimum of three grab samples were collected at each
station. At a few stations, up to five grabs were necessary to obtain sufficient sediment volume for all
the chemical analyses. The top 2 cm of sediment from each grab were collected to represent the
biologically available portion of the sediment, and in depositional areas, the most recently deposited
sediments. These sediments were then composited by thorough mixing before placing aliguots of
sediment in the laboratory sample containers. Sample containers were stored on ice until delivery to the
laboratory, Detai’ . descriptions of the sampling methods used and quality assurance procedures
followed were provided in Section 5.2 of the final sampling plan (Tetra Tech 1991c) and Section 5.4 of
the final QA/QC plan (Tetra Tech 1991b). Field sampling method deviations from the Sampling and
QA/QC Plans were minor; they are outlined in Section 2.2 of the Cruise Report (Tetra Tech 1991a).

- 3.4 LABORATORY METHODS

All laboratory analytical procedures were performed by contract laboratories approved by the Bi-State
Program. Sediment meggl_s and conventionals (grain size, total organic carbon, fluoride, cyanide) analyses
were conducted by Precision Analytics Inc, of Pullman, WA. All sediment organics analyses (with the
exception of dioxins and furans) were performed by Alden Laboratories of Seattle, WA, Acid volatile
sulfides (AVS) were analyzed by Analytical Resources In¢. of Seattle. Keysione/NEA of Portland
conducted the analyses for sediment dioxins and furans, Sediment radionuclides were measured by the

Washington State Department of Health (WSDH).

Analyses of sediment chemistry were conducted according to U.S. EPA-approved methods listed in
Table 5 of the final QA/QC plan (Tetra Tech 1991b). Analyses for silver, aluminum, barium, copper,
chromium, iron, nickel, antimony, thallium and zinc in the sediments were conducted by the inductively
coupled plasma/atomic emission spectroscopy (ICP/AES) method 6010 and not the inductively coupled
plasma/mass spectrometry (ICP/MS) 6020 method as specified in the QA/QC Pian.
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The method employed by the WSDH for the analysis of americium-241 and plutonium-239/240 included
an extraction procedure that involved decomposition of the sample with a combination of potassium
fluoride and pyrosulfate fusion which resulted in a cake that was dissolved in diluted hydrochloric acid.
All actinide elements were precipitated from the solution with barium sulfate. The precipitate was then
dissolved in acidic aluminum nitrate. Plutonium was extracted into an organic solvent (Aliquot-336) and
then removed with a mixture of perchloric and oxalic acids. The aqueous fraction containing americium
and the organic fraction containing plutonium were then precipitated on cerious fluoride for analysis by

alpha spectrometry (Silverstone, M., 20 January 1993, personal communication).

An extensive QA/QC review of the analytical data was performed by Tetra Tech according to the data
validation guidance provided in U.S. EPA (1988a,b). QA/QC reviews of the sediment chemistry data
inciuded assessments of sample holding times, initial and continuing calibration, blank results, -
interference check samples, matrix spikes, surrogate spikes and laboratory replicates. Some of the data
were further qualified based on this review. Details of the QA/QC reviews are provided in the QA
memoranda in Appendix A (under separate cover). A brief summary of the QA/QC reviews is provided

with the results in the following, sections.
3.5 STATISTICAL METHODS

Statistical and graphical analyses of the reconnaissance survey data were used as tools to:

. Identify the relationships among physical, chemical, and biological features
within the study area. '

L] Test for differences in the nature and extent of contamination among stations

grouped by habitat characteristics.

u Identify areas of concern based on evidence of anthropogenic enrichment and

- comparison with sediment quality guidelines.
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The results of these analyses provided information that could be used to guide the development of a long-
term monitoring program. These analyses were performed using the computer programs in SYSTAT
(Wilkinson 1989). Chemistry data were initially tabulated and summarized for each station. Only a
single cheriiical concentration was reported at each station for individual metals and organic substances,
which precluded calculation of summary statistics at a station or statistical comparisons among stations,
However, comparisons of chemical concentrations among habitat types were made for stations grouped
by sediment grain size characteristics (i.e., fine-grained and coarse-grained sediments) in the estuarine

and freshwater reaches of the river.

In general, chemistry data tend to be skewed (i.e., not normally distributed). This tendency affects the
choice of kow average values will be calculated for a given chemical when station groups are compared,
. Use of an arithmetic mean will tend to under- or over-estimate the average concentration, depending on
which direction the data are skewed. A common procedure for calculating average values with skewed
data distributions is to use the median (50th percentile), Inter-quartile ranges (IQR; 75th minus the 25th
quartile value), rather than the standard deviation, can then be used to represent the variability or spread

of the data about the middle point.

- Calculation of average concentrations for station groups required a decision about the treatment of
concentrations below the detection limits. Rather than treat such concentrations as zero, undetected
values were represented by one-half of the detection limit, thus providing a compromise estimate of the
actual concentration. Only chemicals that were detected at least once were included in subsequent

comparisons among areas of the river.

3.5.1 Tests of Relationships Among Biotic and Abiotic Variables

The relationship among chemical variables, biological variables, and physical habitat characteristics (e.g.,
total organic carbon and sediment fines) at all stations in the river was examined using correlation
analyses. Correlation analysis reveals the intensity or strength of an association between two variables
(e.g., mollusc abundance increases with increasing percent sediment fines), but involves no assumption
of dependency between the variables (i.e., both variables have a describable relationship, but are
independent of one another). The Pearson correlation coefficient (r) was used as a measure of the
strength of the linear association among the chemical, ecological, and conventional variables. A

correlation coefficient can have a value ranging from 0 to 1.00. Values approaching 1.0 indicate stronger
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linear relationships; low values indicate a weak association or other than a linear aséqciation.
Bonferroni's probability (SYSTAT CORR procedure) was computed to test the significance of the correla-
tion. A regression analysis was also performed to estimate the degree of association between two
variables [in this type of analysis, one variable is assumed to be dependent upon the other (e.g., benthic
abundance decreases with increasing chemical concentration)]. Scatter plots (SYSTAT SPLOM
procedure) were used to illustrate the relationships among ecological variables, sediment chemistry, and
habitat characteristics. Significant (P <0.05) relationships between chemical or biological and physical

variables were used to define station groups for further statistical tests.

3,5.2 Tests of Differences Among station Groups

Relationships between stations grouped according to habitat characteristics were examined using two-
sample hypothesis tests. Independent z-tests were used to determine whether chemical concentrations in
estuarine sediments differed from those in riverine sediments. The independent r-test procedure is based
on the assumption that the data are approximately normally distributed, but it does not assume that the
sampleé have equal variances. Because the distribution of the data affects the validity of the test results,
the distributions of chemistry data were examined using riormal probability plots from the SYSTAT
PROB’Y procedure. Plots resulting in an approximate straight line have a normal distribution. Most
metals and some organic compounds appeared to be normally distribrited. However, some departures
from normality were suggested by the plots for a few compounds (e.g., arsenic). These data were
transformed by calculating the log of each concentration and were again plotted against the theoretical
normal distribution. Because transformation improved the distribution of some chemistry data, statistical
analyses based on assumptions of normality were conducted with log-transformed data for all chemistry
values. This transformation is a conservative measure that does not affect the test results for those

substances that appeared to be normally distributed before the transformation.

- As part of the r-test procedure, the probability was calculated for the paired variables to determine which
station groups were significantly different from other station groups. To conservatively retain possible
but realistic differences, a probability of P <0.05 was used as the significance level in each of these tests;

i.e., all comparisons with probabilities less than or equal to 0.05 were considered significantly different.
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3.5.3 Identification of Areas of Concern

Areas and constituents of concern were determined on the basis of evidence of anthropogenic (i.e.,
derived from human activities) elevations of the chemical substances. To evaluate the ecological
significance of elevated sediment chemistry, chemical concentrations were compéred to effects-based

sediment quality guidelines used in other programs.

3.5.3.1 Anthropogenic Contributions. Concentrations of metals and organic compounds in sediments
from the lower Columbia River represent both naturally occurring sources and those derived from human
activities. Several approaches were used to attempt to distinguish between the concentrations expected
due to the natural abundance of elements (primariiy metals) in the earth’s crust (or "background levels")

and potentially elevated concentrations due to anthropogenic poliutant inputs.

Metals are a normal constituent of fluvial sediments and occur naturally at some level due to their
abundance in the éarth’_s lithosphere. Many metals are associated with the aluminum or iron oxide
coatings found on the surface of sediment particles and within the sediment mineral matrix, Metal
concentrations therefore tend to vary in relationship to the sediment concentration of aluminum or iron.
However, large inputs of metals other than iron or aluminum, especially metals that typically occur at
relatively low concentrations (but are concentrated and utilized by humans), may enrich the sediments
in that metal relative to iron or aluminum. To identify elevated levels (potentially indicating
anthropogenic contributions) of metals in the sediments, regression analyses were used to examine the
relationship between individual metals and iron. This regression approach (which is essentially a
normalization technique) has been applied in other studies to identify areas of anthropogenic influence
(e.g., Luoma 1990; Din 1992; Pardue et al. 1992). Iron from natural sources is usually present in
sufficiently high concentrations such that anthropogenic loadings rarely have substantial effects on
background measured Ievels. Although sediment aluminum concentrations would also have been
appropriate for regression analyses, aluminum was not used for identification of potential areas of
anthropogenic influence due to the possibility that sediment aluminum concentrations may have been
influenced by inputs of aluminum from point source discharges. However, available data indicate that
present direct point source discharges of aluminum to the lower river are relatively insignificant when
compared to tributary and upstream loadings (Tetra Tech 1992¢). Concentrations of individual metals

that exceeded the 90 percent confidence limits for the regression with iron were interpreted as indications

of possible contribution by human activities.
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This method of identifying possible anthropogenic contributions is appropriate only where there is a
strong correlation between the chemical concentration and the independent regression variable (i.e., iron).
Additional methods based on identification of outliers from ranked chemical concentrations were used to
- identify anomalously high concentrations for metals that were not significantly correlated with iron. In
the latter method, chemical concentrations for each substance are ranked from highest to lowest and the
difference between the 75th percentile and the 25th percentile is calculated (i.e., the inter-quartile range).
Concentrations that exceeded 1.5 times the inter-quartile range were used to identify potential areas of

_concern in the river (Moore and McCabe 1989),

The concentrations of organic compounds in sediments were treated differently because these chemicals
originate primarily from human activities (i.e., all locations and concentrations where organic substances
were detected were assumed to have been anthropogenically influenced). The identification of stations
with the highest organic compound concentrations measured during the reconnaissance -survey was
considered to be of value for directing future investigations and to identify potential source areas,
However, because the organic compounds analyzed were undetected at most stations, or were not
significantly correlated with a sediment-conventional variable (e.g., total organic carbon or sediment grain
size), the regression-based approach was not used. For these éompounds, concentrations were ranked
from highest to lowest, and concentrations exceeding 1.5 times tﬁe inter-quartile range were used to
" identify areas where the concentrations were the highes't relative to other stations.

This approach for identifying anomalously high concentrations of contaminants does not necessarily
identify concentrations that may have adverse effects on biota or otherwise be of concern. This issue is
addressed by comparing the measured contaminant concentrations to the effects-based sediment reference
levels identified for the reconnaissance survey, based on concentrations of contaminants observed to have

adverse biological effects, as discussed in the following section.

3.5.3.2 Comparison to Sediment Quality Guidelines. The concentrations of selected substances were
also compared with reference values developed by other regulatory or resource management programs,
The Effects Range-Low (ER-L) concentrations (based on the lower-range of the concentrations in marine
and estuarine sediments associated with adverse biological effects) compiled by Long and Morgan (1990),
the Ontario Ministry of the Environment’s Provincial Sediment Quality Guidelines for freshwater
sediments (Persaud et al. 1991), and the five recently issued draft EPA freshwater sediment criteria
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(U.S. EPA 1991e,f,g,h,i), were used for screening purposes. Where appropriate, sediment organic
carbon-normalized chemistry data were compared to the reference values, Chemicals that exceeded
available reference values were flagged. The magnitude and spatial distribution of these exceedances
were used to delineate problem areas. Identifying exceedances by comparison to 'reference values does
not imply that regulatory exceedances occurred, but rather it assists in the identification of areas that may

pose potential threats to Columbia River resources.

Each of the various reference values identified (i.e., Long and Morgan’s ER-Ls, Ontario’s guidelines,
and the draft EPA criteria) are effects-based guidelines; that is, the guidelines are based on a
consideration of the concentrations associated with adverse effects on aquatic organisms. The need for
a means to evaluate marine sediment data collected as part of the National Oceanic and Atmospheric
Administration’s (NOAA’s) National Status and Trends Program resulted in the development of ER-L
and Effects Range-Medium (ER-M) concentrations (Long and Morgan 1990). The potential for biological
effects is higher where sediment chemical concentrations exceed the ER-M concenirations; the potential
is lower where chemical concentrations exceed the ER-L concentration, but not the ER-M concentration.
However, the effects range concentrations are only guidelines for evaluating sediment chemistry data.
Similarly, the Ontario Ministry of the Environment has compiled a set of numerical guidelines for the
protection of freshwater biological resources (Persaud et al. 1991). Emphasis has been placed on the
protection of benthic organisms that are directly affected by contaminated sediment. Tﬁe Ontario
guidelines are used to address issues associated with dredged-material disposal activities and the suitability
of sediments for the restoration of benthic habitats, Sediment quality guidelines have been developed for
the no-effect level, lowest-effect level, and severe-effect level categories. The no-effect level and lowest-
effect level guideline concentrations are comparable to the ER-L’s developed by Long and Morgan
(1990). EPA draft criteria have been developed for the protection of marine and freshwater benthic
organisms for the pesticides endrin and dieldrin, and the PAHs fluoranthene, acenaphthene, and
phenanthrene. These effects-based concentrations have been developed using the equilibrium partitioning
approach for the development of standards for non-polar, non-ionic compounds. These criteria are based
on sediment organic carbon concentrations and are valid only for sediments with greater than 0.2 percent

carbon content.

There are sevéral limitations associated with each of these sets of guidelines. Although each is. designed

to address sediment toxicity to aquatic biota, the chemical (e.g., proportion of sediment organic carbon)
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and physical (e.g., proportion of fine sediment) character of the sediment can strongly influence the
potential effect of toxic substances on benthic organisms (e.g., Luoma 1989; Landrum and Robbins 1950;
Farrington 1991). The effects-based standards are also for single chemical constituents; sediments
normally contain a mixture of contaminants and the potential additive, synergistic, or antagonistic effects
of these mixtures is not necessarily accounted for in these standards and guidelines. However,
exceedance of these guidelines should indicate the potential that adverse effects will occur to biological
resources as a result of exposure to the contaminated sediments. Exceedances can be used to identify
reasons for altered benthic community structure, decreased biomass or abundance, or physiological effects

{e.g., physical aberrations, reduced reproductive success, physiological stress, or mortality).

After these two Independer}t analyses, a preponderance-of-evidence approach was used to delineate areas
of potential concern (Section 3.6.3.3). Stations where chemical concentrations represented likely
contribution by human activities, and where the concentrations exceeded sediment guality reference
values, were ranked based on the number of substances exceeding the reference values at each station.
_Thé geographic distribution of stations with the greatest number of substances exceeding the reference
values was further examined in light of potential contaminant sources (e.g., urban areas, agricultural

areas, and industrial discharges).

" 3.6 RESULTS

The following section summarizes the chemical results for 54 surface sediment (0-2 cm) samples collected
at 54 stations in the Columbia River below Bonneville Dam. All sediment samples were analyzed for
sediment grain size, total organic carbon content (TOC), 17 metals,‘ and 122 organic compounds,
including polycyclic aromatic hydrocarbons (PAHs), pesticides, and PCBs. Analyses were performed
at a more limited number of stations for polychlorinated dibenzodioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) (i.e., dioxins and furans), organotin compounds, and radionuclides. For a
complete listing of analytes, see Table 1-1. The stations where specific chemical analyses were
performed are identified in Table 3-2. Raw data are presented under separate cover in Appendix C.
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3.6.1 Physical Characteristics, Total Organic Carbon, and Acid Volatile Sulfides

Sediment samples collected from the lower Columbia River were analyzed for conventional sediment
constituents including grain size, TOC, and acid volatile sulfides (AVS) at all sediment sampling stations.
A field duplicate was collected at stations D3, D11, D17, D23, D28, and D35 (identified as samples D46,
D45, D44, D43, D42, and D41, respectively). Raw data for sediment grain size, TOC, and AVS are
provided in Appendix C-1.

3.6.1.1 Summary of Quality Assurance/Quality Control. TOC concentrations were qualified when the
sediment sample concentrations were below the DL with a "U" (sample concentration below the detection
limit). The detection limits reported by the laboratory were somewhat higher tﬁan those reported in the
QA/QC plan (Tetra Tech 1991b). Reported detection limits ranged from 257 to 502 mg/kg rather than
the 200 mg/kg detection limit specified in the QA Plan. TOC method blank analyses indicated consistent
method blank contamination (generally less than 432 mg/kg). Therefore, all sediment TOC results have
been blank corrected and the resuit; have been reported using the qualifier "Z" (blank corrected). The
results of matrix spike and matrix spike duplicate analyses indicated that the precision and accuracy of

the reported data were within acceptable limits.

Sediment grain size results were reported for all stations. Although no Iaboratory replicate samples were
analyzed, analysis of six field duplicates indicated large variations in sample results, especially for size
fractions with low measured weights of sediment. Without an estimate of analytical precision (based on
laboratory replicates) these data should be considered estimates and have been qualified with an "E"
(value is an estimate). Although these data have been qualified as estimated they should be suitable for
their intended use in this study.

All sediment samples were analyzed for AVS., Method blanks were analyzed for AVS and none of the
blanks contained AVS at concentrations above the laboratory detection limit. However, due to poor
analytical accuracy and precision determined from analyses of reference standards, laboratory duplicates,
and matrix spikes, these data were considered unacceptable for use in this study and have been qualified

using "R" (data unusable). The AVS data are provided in Appendix C-1, but will not be used in this
report.
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Results and summary statistics of blind laboratory and field replicate samples [e.g., mean and relative
percent differences (RPDs)] for these data are presented under separate cover in the QA memoranda,
Appendix A-2.

3.6.1.2 Sediment Grain Size Classification. In the lower Columbia River, the majority of sediments
are coarse grained and distributed among various sand fractions (Figure 3-1a). Because the sampling was
biased toward sediments that permitted adequate grab penetration, finer sands (63-125 um) often were
a major fraction of the sediments, Silt dominated the sediment composition only at two stations: the
station in Baker Bay (D2) where it constituted over 90 percent of the sediments, and at station D22 near
Kalama, which contained 52 percent silt. Clay-sized sediments did not constitute a major component of
the sediments at any station sampled. There were no apparent consistent spatial trends in the composition
of the sediments, with similar sediments being collected from all segments of the river. The one
exception may be the possible trend toward ﬁner-graihed sediments near the mouth of the river, but that

trend is indicated by too few stations to be considered well established.

Sediment particles finer than 100 pm in size are small enough to be transported as suspended material
in the water column because of the high energy nature of the Columbia River (Conomos and Gross 1972,
Sherwood et al. 1984, Tetra Tech 1992b). Glenn (1973) indicated that during low-flow, only sediment
grains less than 62 um were transported downriver, but during high-flow sediment grains as large as
500 pm could be transported. Presence of these finer fractions of particles in the sediments was,
therefore, considered to be indicative of areas that were more depositional in nature. The fraction of the
sediments with grain size less than 100 pm has also been used by previous investigators of the Columbia
River to assess the potential biclogical availability of sediment contaminants in the less than 100 pm
fraction (Fuhrer and Horowitz 1989). This sediment fraction was considered by Fuhrer and Horowitz
(1989) to represent the sediment consumed by selective deposit-feeding benthic invertebrates.

Throughout the river, the percent of sediments finer than 100 um (the sum of fine sands, silts, and clays)
ranged from <1 to 98 percent (Figure 3-1b). While no data were available to clearly use the grain-size
data to distinguish actual depositional areas from less stable locations, it was considered reasonable to use
these data to classify the location as either comparatively stable/depositional (finer-grained) and
unstable/erosional (coarser grained). Based on reasonably conservative judgement, the presence of the

fine sediment size fraction in amounts greater than 20 percent of the total sample weight was used to
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distinguish the two habitat types in the river. A total of 41 fine-grained and 13 coarse-grained stations
were s~ ~pled on the basis of this classification. Although most of the samples collected in areas of the
river predicted to be coarse-grained prior to the reconnaissance survey had less than 20 percent fines, nine
stations had to be reclassified. Stations D5, D32, D34, and D38 were reclassified as coarse-grained
habitats; stations E2, E6, E9, E10, and E11 were reclassified as fine-grained sediments. These changes
will be noted in the text by using a superscript P or E (e.g., E2P). As was the case with the overall
sediment texture compgrisons, no spatial trends were apparent in the distribution of fine-grained sediments

among the stations sampled.

A major focus of the sediment sampling effort was to sample a range of sediment sizes, including
sampling as far up into backwater and sloughs as permissible, to collect the finest sediments possible as
a potential indication of worst-case contamination. This effort was largely successful, with the fine-
grained content of the samples collected ranging from less than 1 to 98 pércent, as noted above.
However, sampling in shallow backwater areas was limited by the draft of the research vessel (4 ft) and
the fact that sampling occurred during low-flow conditions (see Section 1.2.2). Therefore, it is possible
that sediments with a higher proportion of fine silts and clay content than found in the survey are present
in the river’s backwaters. It is also possible, therefore, that worst-case contaminant conditions present
in the river system were not sampled during the survey. This should be kept in mind when reviewing
the results presented in the sediment section. In future sampling on the lower river as part of this
..program, additional steps (sampling from shallow-draft boats or from shore, and sampling during higher

river stages) should be taken to sample fine-grained sediments in sloughs and backwaters.

3.6.1.3 Total Organic Carbon. TOC is known to affect the bioavailability and toxicity of some
substances, can be used to discriminate locations of sediment deposition and erosion, and influences the
composition and abundances of benthic communities. TOC content of the sediments was low (less than
1.6 percent) at all but one station (station D35 in Camas Slough) in the lower Columbia River, and

showed no obvious spatial trends. TOC data are presented in Figure 3-2a.

TOC also tends to accumulate to greater concentrations in finer-grained sediments because fin-
er-grained particles have greater surface area per mass and hence sorb relatively greater concentrations
of TOC. As a result, TOC correlates positively with the percentage of finer-grained sediments (see
Figure 3-2b). The high TOC content observed at station D35, however, was anomalous.
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3.6.2 Metals, Cyanide, Radionuclides, and Organic Compounds

All raw data for metals and cyanide are provided in Appendix C-2. Raw data for organic compounds
are provided in Appendices C-3 through C-14. Data for radionuclides are provid;ad in Appendix C-15.
Data for organic compounds, including data on sediment dioxin and furan content, are provided under
separate cover in Appendices C-3 through C-14. Data for butyltin compounds are provided in Appen-
dix C-16.

3.6.2.1 Metals, Cyanide, and Radion{uclides. Results for sediment metals, cyanide, and radionuclides

are presented below, including a brief summary of the results of the data validation for these parameters.

Summary of Quality Assurance/Quality Control. Metals and cyanide were measured at all
sediment quality sampling stations, Radionuclides were measured at six locations (D8, D14, D20, D28,
D35, and D40). A field duplicate was collectéd at stations D3, D11, D17, D23, D28, and D35 (identi-
fied as samples D46, D45, D44, D43, D42, and D41, respectively. The metals data were considered
acceptable for use in this report, although some of the data for barium and zinc have been qualified as
estimates (using the qualifier "E") due to poor recovery and precision-of MS and MSDs (i.e., those
metals with MS/MSDs outside of the range of 60—1’45 percent and RPDs greater than 35 percent) (Appen-
dix A-3). All of the metals data, with the exception of cadmium, have also been qualified as estimates
due to the lack of supporting QA information on QC check standards and instrument calibration data.
Much of the data for antimony, silver, thallium, selenium, and mercury were qualified with a "U" for
values at or below the DL. However, some of the DLs reported were not within those established in the
QA Plan, specifically those for antimony, thallium, and selenium. The detection limits reported for twb
‘beryllium analyses were also below those specified in the QA/QC Plan. However, Contract Laboratory
Program (CLP)-required detection limits were met for all metals except thallium. The laboratory
detection limit reported for thallium ranged from approximately 11 to 26 mg/kg compared to 0.08 mg/kg
specified in the QA/QC plan and 10 mg/kg specified in U.S. EPA’s guidelines for evaluating inorganics
analyses (U.S. EPA 1988a). Method blank analyses indicated concentrations of aluminum and iron above
the DL at concentrations of 93 and 150 ug/L, respectively. However, the iron and aluminum data have
not been blank corrected, although this level of possible contamination may indicate an overestimation
of actual sample concentrations of aluminum and iron. Field blanks were not reported for the metals

data; therefore, an assessment of possible contamination of the samples in the field cannot be made.
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Comparison of the field replicate data for metals indicates that variability associated with field sampling
and analysis is generally not greater than 20 percent, although a few replicates had RPDs much greater
than 25 percent. These included cadmium at station D35 (43 percent); lead at station D28 (27 percent);
silver at station D17 (44 percent); aluminum, chromium, and silver at station D11 (ﬁ9 to 31 percent); and

silver at station D3 (36 percent).

Results and summary statistics of field replicate metals samples are presented under separate cover in the

QA memorandum in Appendix A-3.

Results for sediment cyanide concentrations were qualified as unusable ("R") due to unacceptable
exceedance of the analytical holding time for cyanide. Therefore, these data will not be discussed in this
report. Results and summary information for the cyanide data reported by the laboratory are presented

under separate cover in the QA memorandum in Appendix A-3.

No formal QC criteria have been developed for the radionuclide method used by the WSDH laboratory.
No holding time for sediment samples has been established. An error associated with the alpha
spectrometer used to quantify isotope levels was calculated for each sample. The error associated with
each measurement was relatively large (up to 100 percent of the reported activity), but was frequently
comparable to the lower limit of detection (LLD). The LLD ranged from 0.001 for plutonium-239/240
to 0.1 pCi/g for europium-152 which were both below the 0.5 pCi/g detection limit specified in the
QA/QC plan (Tetra Tech 1991b). Results and summary information for the radionuclide data reported

by the laboratory are presented under separate cover in the QA memorandum in Appendix A-2.

Trends in Metals Concentrations, The frequency of detection for metals is presented in
Table 3-3 and Figure 3-3. Ten (i.e., aluminum, arsenic, barium, cadmium, chromium, copper, iron,
lead, nickel, and zinc) of the 17 metals analyzed were detected at more than 95 percent of the stations
(see Table 3-3). Antimony and thallium were never measured at concentrations above their detection
limits, while beryllium and selenium were detected in only one and two samples, respectively. Mercury
and silver were present at concentrations that exceeded their detection limits at 10 stations each. Cyanide

data were not evaluated because the data were rejected due to analytical problems. All of the metals
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TABLE 3-3. SUMMARY OF SEDIMENT METALS AND CYANIDE DATA FROM THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY.

Coarse-Grained? (n=13)

Fine-Grained® (n=4)

Reference Levels

Parameter Fgg;zl:i?;a(’f ?jﬁ:::; Range Median __Range Median (Eﬁ;) (frc::m(;:r)
) Units in mg/kg Dry Sediment

Aluminum 54/54 - = 2,794 - 9,032 4,747 4,605 - 15,060 7,650
Antimony 0/54 4.3 -11.1 4.30 - 10.2U - - 4.6U - 11.1U - - 2.0
Arsenic 54/54 -- 0.46 - 2.9 1.8 0.95 - 8.92 2.4 33 6
Barium 54/54 - - 8.5-164.5 51.4 23.7-121.7 77.4
Beryllium 1/54 29-8.0 2.8U - 3.5U - - ' 32U-4.0 -- )
Cadmium 53/54 0.06 0.06U - 0.9 0.19 0.07 - 2.66 0.41 5 0.6
Chr'omium 52/54 23-45 2.3U-75 5.18 2.5 -14.6 7.9 80 . 26
Copper 54/54 - - 1.8 - 8.5 4.8 2.4-26.9 10.3 70 16
Iron 54/54 - - 3,906 - 17,742 9,988 6,579 - 24,408 12,414 20,000
Lead 54/54 - - 0.6 - 8.0 3.87 i.2 - 20.5 7.33 35 31
Mercury 10/54 0.06 - 0.09 0.06U - 0.07U - - 0.06U - 0.125 0.096 0.15 0.2
Nickel 54/54 - - - 4.2-14.2 6.92 5.0 - 20.1 9.4 30 16
Se;lenium . 2154 0.3-0.8 0.3U - 0.7U - - 0.3U - 0.8 0.55
Silver 10/54 0.3-0.6 0.3U - 1.22 0.69 0.3U - 1.49 0.68 1 0.5
Thallium 0/54 10.3 -24.4U | 10.3U - 24.4U - - 11.1U - 26.8U - -
Zine 54/54 - - 16.4 - 103 40.8 28.3 - 161 72.7 120 120
Cyamide:f - - - - - - - - .- - - - - 0.1

U Undetected above the laboratory detection limit.
The frequency of occurrence of detectable concentrations of the parameter at the 54 sediment metal sampling stations.

b Coarse-grained sediments have been defined for this project as those sediments samples with less than or equal to 20 percent of the sample weight
consisting of sediment grain sizes less than 100 pm.
®  Fipe-grained sediments have been defined for this project as those sediments samples with greater than 20 percent of the sample weight consxstmg of
sediment grain sizes less than 100 um. ‘
The Effects Range-Low of Long and Morgan (1990).
¢ Provincial Sediment Quality Guidelines; Lowest Effect (Persaud et al. 1991).

f The sediment cyanide data were considered unuseable for this report.
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evaluated are natural components of soils and sediments. Therefore, even the undetected substances were

probably present in the sediments, but at:concentrations below achieved analytical detection limits.

Concentrations of individual metals varied by as much as two orders of magnitude among the samples
collected from the full length of the study area. However, limited spatial patterns were evident. The
concentrations of those elements detected in the sediments are presented in Figures 3-4a through 3-4f.
Overail, & number of elements (barium, cadmium, chromium, lead, and zihc) appeared to be présent at
- slightly lower concentrations in most of Segments 1 and 2 (downstream of the Cowlitz River) compared
to Segments 3 and 4 (above the Cowlitz River, but below Bonneville Dam). Conversely, silver was only
detected in Segments 1 and 2. Anomalously high concentrations of a number of elements (arsenic, lead,
nickel, silver, and zinc) were found at station D6 (Grays River mouth) and cadmium was also elevated
relative to all other stations at station D9, near Skamokawa. Differences in chemical concentrations

between the estuarine and freshwater portions of the river were not apparent.

Trends in Radionuclide Concentrations. Of the seven long-lived radionuclides that were
analyzed in sediment from the six stations selected for radioanalysis, only cesium-137 was consistently
detected (Table 3-4). All of the sediment stations sampled for radionuclides were classified as having
fine-grained sediments (see Section 3.6.1.2). Concentrations of the other radionuclides were at or
below their respective detection limits, with the exception of europium-152 and plutonium-239/240 (see
Table 3-4). The limited sampling for radionuclides did not allow for comparison of the results among

station sediment types.

3.6.2.2 Organic Compounds. The results of sediment analysis for organic compounds, including
analyses for semivolatile organic compounds, pesticides, PCBs, dioxins and furans, and organotin
compounds, and a brief summary of the results of the data validation for these compounds are presented

below.
Summary of Quality Assurance/Quality Control.

Semivolatile Organic Compounds — A total of sixty sediment samples were analyzed for
semivolatile organic compounds. "Fifty-four of the samples were field samples (D1 through D40 and E1
through E14), while six of the samples were field replicates for samples D3, D11, D17, D23, D28, and
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Figure 3-4a. Concentrations of aluminum and arsenic (mg/kg dry wt) at 54 stations in the Columbia River
below Bonneville Dam (RM 146). Hatched bars indicate coarse-grained stations; solid bars
indicate fine-grained stations; stippled bars indicate one-half detection limit. 1.5 IQR indicates
the concentration that is 1.5 times the Inter-Quartile Range.
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Figure 3-4b. Concentrations of barium and cadmium (mg/kg dry wt) at 54 stations in the Columbia River

below Bonneville Dam (RM 146). Hatched bars indicate coarse-

grained stations; solid bars

indicate fine-grained stations; stippled bars indicate one-half detection limit. 1.5 IQR indicates

the concentration that is 1.5 times the Inter-Quartile Range.
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Figure 3-4c. Concentrations of chromium and copper (mg/kg dry wt) at 54 stations in the Columbia River
below Bonneville Dam (RM 146). Hatched bars indicate coarse-grained stations; solid bars
indicate fine-grained stations; stippled bars indicate one-half detection limit. 1.5 IQR indicates
the concentration that is 1.5 times the Inter-Quartile Range.
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Figure 3-4d. Concentrations of iron and lead (mg/kg dry wt) at 54 stations in the Columbia River below
Bonneville Dam (RM 146). Hatched bars indicate coarse-grained stations; solid bars indicate
fine-grained stations; stippled bars indicate one-half detection limit. 1.5 QR indicates the
concentration that is 1.5 times the Inter-Quartile Range.
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Figure 3-4e. Concentrations of mercury and nickel (mg/kg dry wt) at 54 stations in the Columbia River below
Bonneville Dam (RM 148}. Hatched bars indicate coarse-grained stations; solid bars indicate
fine-grained stations; stippled bars indicate one-haif detection limit. 1.5 QR indicates the
concentration that is 1.5 times the Inter-Quartile Range. ‘
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Figure 3-4f. Concentrations of silver and zinc (mg/kg dry wt):at 54 stations in the Columbia River below

Bonneville Dam (RM 146). Hatched bars indicate coarse-grained stations; solid bars indicate
fine-grained stations; stippled bars indicate one-half detection limit. 1.5 |QR indicates the

concentration that is 1.5 times the Inter-Quartile'Range.
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TABLE 34. SUMMARY OF SEDIMENT RADIONUCLIDE DATA FROM
THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

Radiologic Frequency of
Parameter Half-Life (years) Detection® Detection Limit(s)b Rangeb Median?
Americium-241 458 0/6 0.003 - 0.006 - -
Cesium-137 30 6/6 - 0.07 - 0.29 0.15
Cobalt-60 5.3 0/6 0.03 - 0.05 - -
Europium-152 13 2/6 0.08 - 0.10 0.08U - 0.14 0.13
Europium-155 1.8 0/6 0.07 - 0.10 - -
Plutonium-239/240 24,400/6,580 3/6 0.001 - 0.002 0.001U - 0.005 0.003
Plutonium-238 86 0/6 0.002 - 0.006 - -

U = Undetected above the laboratory reporting limit.

2 Frequency of occurrence of detectable concentrations of the parameter at the six sediment radionuclide sampling stations.

b Units pCi/gm dry sediment

-




D35. The semivolatile organic data ere considered ac;ceptgble for use in this report with few
qualifications. The large majority of the semivolatile organic compounds have been qualified as .
undetected. Blank contamination for bis(2-ethylhexyl)phthalate was noted for two of the seven analytical
blanks, In the samples all positive values for this compound associated with these blanks were qualified
as undetected. The reported DLs (40 to 2700 pg/kg) were less than or equal to the DLs established in
the QA/QC plan (Tetra Tech 1991b).

Analytical results, including surrogate and matrix spike recoveries and blind laboratory and field replicate

samples, are presented under separate cover in the QA memorandum in Appendix A-4.

Pesticides/PCBs — A total of sixty sediment samples were analyzed for pesticides/PCBs. Fifty-
four of the samples were field samples (D1 thfough D40 and E1 through E14),l while six of the samples
were field replicates. The pesticide/PCB data were considered acceptable for use in this report. For 29
of the sediment samples, one to three pesticides were qualified as estimates because QC criteria for
continuing calibration were not met.. Nd blank contamination was noted for any of six method blanks.
The large majority of the pesticide/PCB data have been qualified as undetected. The reported DLs (2 to
100 pg/kg) were less than or equal to the DLs established in the QA/QC plan (Tetra Tech 1991b). |

Analytical results, including surrogate and matrix spike recoveries and blind laboratory and field replicate

samples, are presented under separate cover in the QA memorandum in Appendix A-6.

Dioxins and Furans — A total of twenty-three sediment samples were analyzed for dioxins‘ and
furans. Twenty of these samples were field samples, one sample was. a field duplicate (D45 for sample
D11), and two samples were laboratory duplicates for samples D6 and D40. The dioxin and furan data
were considered acc;eptable for use in this report. No indication of blank contamination above the lower
method calibration limit (LMCL) was noted. A number of sample results were qualified as estimates by
the laboratory because the reported levels were less than the LMCL. The reported estimated detection
limits (EDLs) were less than or equal to those specified in the QA/QC plan (Tetra Tech 1991b).

Analytical results, including internal standard, precision and recovery (PAR) samples, and matrix spike

recoveries, aré presented under separate cover in the QA memorandum in Appendix A-7.
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Organotin Compounds — Analyses were conducted for three butyltin compounds at 10 sediment
sampling stations located primarily in the areas of major port and marina centers along the river. All of
the sediments sampled at these stations were classified as fine-grained for this study based on sediment
grain size analysis (see Section 3.6.1 .2). One field duplicate was analyzed from station D3. The butyltin
data have been qualified as estimates (using the "E" qualifier) due to exceedance of the limit of extraction
time and the lack of tuning and calibration data from the analytical laboratory. No contamination was
noted in the method blank and, although surrogate spike recoveries were relatively low for a few samples
(54 percent), there are no U.S. EPA-established control limits for surrogate recovery, Therefore, the
data were not qualified based on surrogate recoveries. In general, these data were considered acceptable

for use in this report.

Results and summary information for the butyltin data reported by the laboratory are presented under

separate cover in the QA memorandum in Appendix A-2.

Trends. The frequency of detection for the organic compounds detected at least once is presented
_ in Tables 3-3 through 3-7 and Figures 3-5 through 3-7. Dioxins, furans, and organotins were among the
most frequently detected organic compounds during the reconnaissance survey. Other organic compounds

analyzed were detected infrequently. Forty-nine organic compounds were detected at least once.

Several semivolatile organic compounds (primarily PAHS), pesticides, and PCBs were detected at several
locations in the lower Columbia River (see Table 3-5). PAHs were detected in five samples. Aroclor
1254, the only PCB'detected, was detected at station D19 below Longview. Of the pesticides measured,
methyl parathion was found in 13 samples throughout the river. Ten other pesticides, including
4,4’-DDT, 4,4’-DDE, dieldrin, endrin, aldrin, and isomers of BHC, were detected at one or two stations
each. At S stations o,p’-DDT was detected; however, because this compound was released only as a
contaminant in technical 4,4’-DDT mixtures, it should only be present in samples where the 4,4 -isomers
were also present. This was not the case in this study and therefore the presence of this compound should
be confirmed in future studies. One phthalate ester [bis(2-ethylhexyl)phthalate] was found at 18 locations.
Bis(2-ethylhexyl)phthalate was not detected at any station above station D35 in Camas Slough. ’I"he
maximum concentration of 790 pg/kg of bis(2-ethylhexyl)phthalate was measured at station E10” below

the confluence of the Willamette and Columbia rivers.
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TABLE 3-5. SUMMARY OF SEDIMENT ORGANIC COMPOUNDS FROM THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

(Page 1 of 3)
Coarse-Grained® (n=13) | Fine-Grained® (n=41) Reference Levels
e | ey of | Deecion | pry | ot | e | o | G | o | Bbent
Units in ug/kg dry sediment nelg, d
Benzo(a)anthracene 3/54 40-144 A0U-94U -- 42U-260 180 230 2,0008
Benzo(b)fluoranthene 3/54 80-288 80U-188U -- 84U-400 170 2,0008
Benzo(k)fluoranthene 1/54 80-288 80U-188U -- 84U-210 -h 2,0008
Benzo(a)pyrene 3/54 80-288 80U-188U -- 84U-260 250 400 2,0008
Benzo(g,h,i)perylene 2/54 80-288 80U-188U -- 84U-200 150 2,0008
Chrysene 4154 40-144 40U48 -b 44U-630 280 400 2,0008
Fluoranthene 5/54 40-144 40U-72 7 44U-280 250 600 2,0008 1020
(470-2190)
Indeno(l,2,3-cd)pyrene 3/54 80-288 80U-188U -- 84U-170 140 2,0008
Phenanthrene 4/54 40-144 40U48 -h 44U210 | 110 225 2,0008 120
- (56-260)
Pyrene 5/54 40-144 40U-110 77 | a4u<20 350 2,0008 :
bis(2-ethylhexyl)phthalate “
Aroclor 1/54 25-250 . 25U -- I 25U-85 | .h 50t 70t




TABLE 3-5. SUMMARY OF SEDIMENT ORGANIC COMPOUNDS FROM THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY
(Page 2 of 3)

0¥-¢

Coarse-Grained® (n=13) | Fine-Grained® (n=41) ' Reference Levels
. d . e f
Parameter Fg::a;: f Dl‘:':::z:;' Range Median Range Median (ggﬁc) (fr(;:;]l?wnat;er) (l?r?s?wfal::r[
r—— Units in pg/kg dry sediment pglgmd

Aldrin 1/54 2-20 20 -- 20-3.1 -k 2
alpha-BHC 4/54 220 2U -- 2U-4 3.0 3
delta-BHC 3/54 220 2U -- 2U-7.9 5.5 3
gamma-BHC 1/54 220 2U S 20-2.2 -b 3i
Dacthal 1/54 2:20 209 .h 2U-20U --
o,p-DDD 1/54 220 2U-6.6 -B 2U-20U - 1-3% 5-8k
0,p-DDE 2154 220 T 2U3.6 --b 20-3.2 - 1-3k
0,p-DDT 5154 2-7 20-8.3 7.0 20-20 9.4 1-3K
4,4'-DDE 3154 220 20 -- 2U-5.6 2.8 1-3K
4,4-DDT 2/54 2:20 20-3.3 -Ah © 2U-100 -h 1-3K
Dieldrin 1/54 220 20-3.3 -.b 2U-20U0 .- 0.02 2 9.0 (4.2-19)
Endrin 1/54 220 20-4.5 - 20-20U -- 0.02 3 4.0(1.9-3.6)
Heptachlor 3/54 2-20 2U -- 2U-6.1 2.5
Malathion ' ' 1/54 2-20 2023 | .4 2U-20U --
Methyl parathion 13/54 2-20 20-4.9 4.0 2U-68 59
Mirex 2454 2-20 20-4.8 --h 20-5.2 . 7
Parathion 2/54 2-20 20-5.1 --h 20-4.4 -.h
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TABLE 3-5. SUMMARY OF SEDIMENT ORGANIC COMPOUNDS FROM THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY
(Page 3 of 3) —

Coarse-Graifed? (n=l3) Fine-Grained® (n=41) Reference Levels
: . . ER-L4 Ontario® Draft EPAf
Parameter Frequency of | Detection . : . b
ed
tion? Limit(s) Range Median Range Median (marine) (freshwater) (freshwater)
. Units in pgfkg dry sediment pelgod

FOOTNOTES

U = Undetected above the laboratory detection limit.

2 The frequency of occurrence of detectable concentrations of the parameter at the 54 sediment semivolatile, PCB and pesticide sampling stations.

b Coarse-grained sediments have been defined for this project as those sediments samples with less than or equal to 20 percent of the sample weight -

consisting of sediment grain sizes less than 100 pm. : ,

Fine-grained sediments have been defined for this project as those sediments samples with greater than 20 percent of the sample weight consisting of *
sediment grain sizes less than 100 pm.

4 The Effects Range-Low of Long and Morgan (1990).
€  Provincial Sediment Quality Guidelines; Lowest Effect (Persaud et al. 1991). ‘ e

Draft EPA freshwater sediment criteria are based on the concentration of contamipant relative to the sediment organic carborn concentration. -
Sources include U.S. EPA (1991e,f,g,h,i). Values in parentheses are the 95 percent confidence limits. .

& Reference value for total PAHs.

b Median not reponed;- Parameter detected above the laboratory detection limit only once.
I Reference value for total PCBs.

I Reference value for total BHC,

k Range for total DDT and individual compounds.
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TABLE 3-6. SUMMARY OF SEDIMENT DIOXIN AND FURAN DATA FROM THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

Coarse-Grained” (n=2)

Fine-Grained® (n=18)

Frequency of : Detection
Parameter Detection® Limit(s) Range Median Range Median
Units in pg/kg Dry Sediment

2,3,7,8 - TCDD 19/20 0.09-0.1 0.09U-0.12 -- 0.10U-0.35 0.18
1,2,3,7,8 - PeCDD 16/20 0.08-0.13 0.1U0-0.17 -- 0.08U-0.52 0.17
1,2,3,4,7,8 - HxCDD 19/20 0.17 0.17U-0.15 - 0.1-1.92 0.28
1,2,3,6,7,8 - HxCDD 20/20 -- 0.14-0.78 0.46 0.44-5.95 1.30
1,2,3,7,8,9 - HxCBD 20720 -- 0.10-0.58 0.34 0.20-5.04 0.89
1,2,3,4,6,7,8 - HpCDD 20/20 -- 0.50-12.6 6.8 5.93-188 18.25
Cctachlorodibenzo-p-dioxin 20/20 -- 6.76-159 82.9 45.9-1480 176.0
2,3,7,8 - TCDF 20/20 -- 0.06-1.23 0.65 0.85-64.6 1.39
1,2,3,7,8 - PeCDF 19/20 0.07 0.07U-0.79 -- 0.17-1.37 0.30
2,3,4,7,8 - PeCDF 19120 0.07 0.07U-0.54 -- 0.16-1.46 0.27
1,2,3,4,7,8 - HxCDF 20/20 -- 0.31-1.69 1.00 0.43-7.47 0.72
1,2,3,7,8,9 - HxCDF 16/20 0.1-0.24 0.1U-0.1 -- 0.18U-7.21 0.29
1,2,3,6,7,8 - HxCDF 20/20 .- 0.11-0.63 0.37 0.16-2.22 0.14
2,3,4,6,7,8 - HpCDF 20/20 - 0.24-0.86 0.55 0.23-6.21 0.46
1,2,3,4,7,8,9 - HpCDF 20/20 -- 0.15-1.14 0.65 0.12-15.5 3.35
1,2,3,4,6,7,8 - HpCDF 20/20 -- 0.514.5 2.51 ' 1.52-27.8 0.37
Octachlorodibenzofuran 20/20 . 1.19-14,9 8.05 3.58-128 . 8.72

U = Undetected above the laboratory detection limit.

# Frequency of occurrence of detectable concentrations of the parameter at the 20 sediment dioxin and furan sampling stations.

b Coarse-grained sediments have been defined for this project as those sediments samples with less than or equal to 20 percent of the sample weight consisting of

sediment grain sizes less than 100 ym.

¢ Fine-grained sediments have been defined for this project as those sediments samples with greater than 20 percent of the sample weight consisting of sediment

prain sizes less than 100 pm.




TABLE 3-7. SUMMARY OF SEDIMENT BUTYLTIN DATA FROM THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

Parameter Frequency of Detection® Detection l-.,imit(s)b Rangcb Median®
Triethyl butyltin 7110 7.2-11.0 © 72U-1100 5.6
Dicthyl dibutyltin 6/10 ' 7.2-11.0 7.2U - 173 8.2
Ethyl tributyltin 5/10 7.1-11.0 . 7.1U - 155.6 21.0

U = Undetected above the laberatory detection limit.
2 Frequency of occurrence of detectable concentrations of the parameter at the 10 sediment butyltin sampling stations.

b Units pg/kg dry sediment.
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Figure 3-5. Locations of the Sadiment Sampling Stations Where Semivolatile Organic Compounds Ware Detected During the Lower Columbia River
Reconnaissance Survey.
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Figure 3-6. Locations of the Sediment Stations Where Pasticides and PCBs Were Detected During the Lower Columbia River Reconnaissance Survey
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PAHs were found at station D19 (below;"'.l:dngview); stations D24, E8, and ESP (all between Kalama and
the city of St. Helens); and station D32E (near Vancouver). The only station where PCBs were detected

was station D19 below Longview.

Although pesticides were infrequently detected, stations where pesticides were detected were distributed
throughout the study area. Methyl parathion was found at 13 stations that were distributed in all river
reaches. The distribution of pesticides did not show any clear spatial trends, although five of the 17
pesticides that were detected (i.e., 0,p’-DDD, dieldrin, dacthal, malathion, and endrin) were found at
station E8 near Kalama and nowhere else. Several pesticides were detected at stations D24 (near St.
Helens) and D35 (Camas Slough), including o,p’-DDE, o,p’-DDT, 4,4’-DDE, heptachlor, mirex, and
alpha-BHC. ‘ '

Dioxins and furans were analyzed in sediments collected from 20 of the 54 sediment sampling stations.
All of these compounds were detected in the majority of the sampies analyzed, The spatial distributions
of dioxins and furans are presented in Figures 3-8 and 3-9. Median concentrations were compared with
data grouped from ﬁne-grained and coarse-grained areas (results are presented in Table 3-6). Concentra-
tions of dioxins and furans were higher at the fine-grained stations in the river, although only two of the
20 stations where dioxins or furans were measured were classified as coarsq—gréined sediments.
Differences in chemical concentrations betv)een the estuarine and freshwater portions of the river were

not apparent,

Dioxins and furans were detected at all 20 of the sediment sampling stations, although some congeners
were not detected at station D38% near Reed Island. The high frequency of dioxin and furan detection
is due in part to the very low detection limits achieved (approximately 0.-1 pg/g) with the high resolution
analytical methods used for these compounds. The concentrations of most of the dioxins were elevated
at stations D10 and D24 compared to the concentrations at the other stations. 2,3,7,8-Tetrachloro-
dibenzodioxin (TCDD) was present in greatest concentration at station D16 in Coal Creek Slough and
was also relatively high at station D35 in Camas Slough (see Figure 3-8). 2,3,7,8-Tetrachloro-
dibenzodifuran (TCDF) was also elevated at station D16 in Coal Creek Slough, but most of the furans
were detected in greatest concentrations at stations D10 (below Wauna, OR), D18, D24, and 1535 (see
Figure 3-9).
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Figure 3-8. Concentrations (pg/g dry wt) of dioxin congeners in sediments from 20 stations in
the Columbia River below Bonneville Dam (RM 146). Hatched bars indicate coarse-grained
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Figure 3-8.

Concentrations (pg/g dry wt) of dioxin congeners in sedimenis from 20 stations in
the Columbia River below Bonneville Dam (RM 146). Hatched bars indicate
coarse-grained stations; solid bars indicale fine-grained stations; stippled bars indicata ona-half
detection limit. 1.5 IQR indicates the concentration that is 1.5 times the Inter-Quartile Range.

349




g

3 1.510R
g ]
§ °7
b ;
2 4004
B ]
2 800
g 3
_.% 200..:. | Madian
8 1003
03 :
saonf 3 3 8 8 5 5 8 5 52 55 8 § 8 83 883 883
n;ve,Mi,e"a&aﬁ%‘#%S%"%:%388_&_’;_&_?_
Figure 3-8. Concentrations (pg/g dry wi) of dioxin congeners in sediments from 20 stations in

the Columbia River below Bonneville Dam (RM 146). Hatched bars indicate coarss-grained
stations, solid bars indicate fine-grained stations; stippled bars indicats one-half detaction limit. 1.5 I1GR
indicates the concentration that is 1.5 times the Inter-Quartile Rangs.

3-50




3.5
2.0
LDI_ o
25.]
2] ]
& 20—
M~ n
L]
& 154
1.0
0.5
0.0
. - O ¥ W W @a o m - o ] o
satn) 8 2 8 § 2 2 £ 23 2 2 8 8 3§ 8 8 8 ¢ 2% %
OiverMiel © & & 5 &8 8 ¢ 8 83 %8 8 g &8 & 2 § Ed §_¥_
1.5
]
5 1.0
g
g
&
[?
5 -
o 0.5
- -
0.0
. —_— 0 - w o @o o O m w o
saion| 3 8 8.8 5 5. 5 a 5 5 5 8 8§83 833483 3
RiverMira" & % K & 3 ¢ 83 3 % 8 m 8 & 8 3 g 2 El &‘
15
.
<_)1.(!---
g ]
a.
@ -
I
V: -
% 0.5+
™ -
0.0
- O w W W a a o m w o (=]
Smin| 3 8 8 8 § 3 3 8§ 5 8 &2 8 8 § R E g 8 8 3
RN“MEI"’&E'&&S@S%%Qr':ggggggég

1.51QR

Median

1.51GA

Median

1.51QR

Medlan

Figure 3-9. Concentrations (pg/g dry wt) of furan congeners in sediments from 20 stations

in the Columbia River below Bonneville Dam (RM 146). Hatched bars indicats

coarsa-grainad stations; solfd bars indicate fine-grained stations; stippled bars indicate ona-half
defection limit. 1.5 IQR indicates the concentration that is 1.5 tmes thie Intar-Quartila Rangs.

3-51




o3
8=
& 7.
g
3 o
~ 27
.
S g2 15108
- T
2
o Median
0
H - O ¥ ¥ O © o P
san| 3 2 8 8 § 5 3 £ 5538838 88¢8¢8383
RverMis| © & & 8§ @ 8 ¥ 38 3 ¥ 8 &~ 3 838 8 8 g8 g ¥ ¢
25
2.0
b 297
8 3
X 15+
2 1.51aR
~ .
< 1.0
™ o
-
- -
0.5
3 Median
0.0-]
- ® X wu @ a o o
swinl 3 3 8 8 5 3 5 8583883888488
RiverMial ® & & &% 8 8 ¢ 8 8 8 83 = €@ 3 8 8@ 3 g & ¥
1.5
s
1.0+
g
T
3
w.-
:’;-
o 05-
i
1.510R
] Medlan
0.0 ==
- O %+ W © «© @ 0O ©| ¥ © @ =
Subn| 3 4 8 3 5 53 5 55558 8 88 88883
RverMilel © & & & @ 8 ¢ 2 8 8 3§ = g2 8 8 8 8 = 3 ¢

Figure 3-9. Concentrations (pg/g dry wt) of furan congeners in sediments from 20 stations

in the Columbia River below Bonneville Dam (RM 148). Hatched bars indicate
coarse-grained stalions; solid bars indicate fina-grained stations; stippled bars indicate cna-half
detection limit. 1.5 IQA indicates tha concantration that is 1.5 times the Inter-Quartile Range.

3-52




g
=]

b 5]
g 15
% 151aR
& -
~ 1_.0-:
o
<
5]
& g5
0.5- Madian
00-]
smisl 3 8 8 3 5 2 3 3 3 2 3 8 8 8§ 3 8 8 8 8 3%
AverMia] © & & &% & 8 ¥ 8 & ¥ 8 R 3 8 ¥ 8 8 = 3§ ¢
15
w
a R
g 104 )
3] 1510R
™~ -
<
@ ]
< 5
a ] .
- .4 Median
0- -
sin| 3 3 8 8 5 8 5 5 58 5 5 8 8 3 8 8 83 8 2 %
AverMisl ® & & & & 8 ¥ 8 B 8 8 £ 3 8 8 8 3 2 § ¢
2.3 _ 1510
2.0~ - -
1
E 1.5
o .
o 1.0
h.: -
S 1
g
2 05
4 Median
o_o.:._
. — a - o =] -]
sein| 3 8 8 8 5 2 5 2 5 5 2 & 8 3 B 8 8 8 2 %
RveeMito] © & & 5% @ 8 ¢ 3 8 8 8 © g8 2 8 8 g 2 % ¢
Figure 3-9. Concentrations (pg/g dry wt) of furan congeners in sediments from 20 stations

in the Columbia River below Bonneville Dam (RM 146). Hatched bars indicate
coarse-grained stations; solid bars indicate fins-grainad stations; stippled bars indicate one-haif
dstaction limit. 1.5 IQR indicates the concentration that is 1.5 timas the Inter-Quartile Rangs.

3-53




Organotin compounds were detected at 7 of the 10 sediment stations sampled (see Table 3-7, Fig-
ure 3-10). The relatively high frequency of detection is likely related to the selection of marina areas for
reconnaissance sampling, and therefore the concentrations measured are probably not representativé of
the bulk of lower Col.nbia River sediments. However, these samples provide reconnaissance
information on potential problems due to organotin contamination at several port and marina areas along
the lower river. Concentrations did not vary substantially among the samples with detected concentrations
of butyltin (Figure 3-10). The one exception was the concentration of triethyl butyltin at station D19
(below Longview) which was an order of magnitude greater than concentrations measured at the other

stations. Diethyl dibutyltin was not detected at this station.

Because of the difficulties in identifying relatively low concentrations of organic compounds in environ-
mental media, the results of the reconnaissance survey (particularly for those compounds that were
detected only rarely, for example) should be viewed with caution. For the purposes of this study, it was
deemed appropriate to treat organic substances that were never measured above detection limits as absent.

Organic substances that were detected were treated as present at those stations where they were identified.

3.6.2.3 Correlation with Sediment Grain Size and Total Organic Carbon Content. Sediment chemical
concentrations are typically correlated with the sediment variables, sediment grain size and sediment
organic carbon content. The relationship of the detected metals, and a limited number of organic
chemicals, with these sediment variables are examined below. Because of the limited nature of the
radionuclide sampling results, no attempt was made to correlate sediment variables with the levels of

radionuclides detected at the six radionuclide sediment sampling stations.

Metals. Median concentrations of the metals were calculated, using the data grouped for fine-
grained and coarse-grained sediments, and then compared (Table 3-3). Concentrations of all of the tested
metals, except silver, were higher at the fine-grained stations in the river. Similarly, differences in the
concentrations of the grouped metals between sediment types was examined to provide another estimate
of the differentiation. Total concentrations were derived by summing the concentrations of individual
metals at each station. Statistical comparisons of mean total concentrations v.-rere used to test whether
chemical concentrations in fine-grained and coarse-grained sediments were different. Results indicated
that the concentrations of metals were significantly higher in fine-grained than in coarse-grained areas of

the river (Table 3-8). These differences appear to be the result of the differences in concentrations
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TABLE 3-8. COMPARISON OF TOTAL METALS CONCENTRATIONS AMONG SEDIMENT TYPES.

PROBABILITIES < 0.05 INDICATE SIGNIFICANT DIFFERENCES.

Fine-Grained

TOTAL METALS

e A e ———

All Stations

Estuarine Stations

Freshwater Stations

Coarse-Grained
0.003

Coarse-Grained
0.196

Coarse-Grained
0.007
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between sediment types within the freshwater reaches of the river. No significant differences were found

between sediment types in the estuary.

Because metals distribution is affected by sediment grain size and TOC concentrations, the correlations
between these variables and the concentrations of the metals were tested. Scatter plots illustrating the
relationships are presented in Figure 3-11. All of the metals except barium, nickel, and silver were
significantly correlated (P < 0.05) with either the TOC content of the sediments or the percentage of silt
and clay. Aluminum, arsenic, chromium, copper, lead, and mercury were significantly correlated with

both variables.

Organic Compounds. Concentrations of organic compounds are often higher in finer, organic-
rich sediments than in coarse-grained sediments. Dioxins and furans were measured primarily in fine-
grained areas [only two coarse-grained stations (D5E and D38E) were sampled for dioxins and furans) and
at only two or three stations located in the estuary. All organotin sampling locations were classified as
fine-grained sediment stations. The distribution of these compounds by sediment type could not,

therefore, be examined.

The li'mited' loc;\tions at which most of the organic comp'ounds_ were detected precluded precise testing
of such relationships. Limited testing showed that 2,3,;I,S-tetrachlorodibenzofuran {TCDF) was signifi-
cantly correlated (P < 0.05) with the TOC concentrat_ions in the sediment (Figure 3-12). The other dioxin
and furan congeners appeared to show some relationship, but were not highly correlated with either
sediment variable. No correlation between organotins and sediment variables was found. Visual
examination of the sediment characteristics associated with the stations whgre PAHs, PCBs, and pesticides
were found did not indicate that either grain-size or TOC was related to those measurements, except
perhaps for station D35 in Camas Slough. This station had very high TOC concentrations, as well as
numerous pesticides and high concentrations of 2,3,7,8-tetrachlorodibenzodioxin (TCDD) and some

furans., Sediments from station D35 were not analyzed for organotin compounds,

3.6.3 Identification of Potential Areas of Concern
The data were used to delineate areas of concern within the lower river on the basis of chemical concen-

trations above those expected due to natural occurrences, or those associated with deleterious biological
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Figure 3-11.  Scatterplots illustrating relationships between inorganic

chemicals and sediment conventional variables.
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effects as reported by Long and Morgan (1990) and the Ontario Ministry of the Environment (Persaud
et al, 1991) for other areas. Using these screening techniques, potential areas of concern are identified

below.

The radionuclide data were not incorporated into this section for reasons that will be outlined below.
These reasons include the generally ubiguitous but low levels of these radionuclides in Columbia River
sediments, primarily due to global fallout, as a result of historic above-ground nuclear weapons testing.
Although it is acknowledged that there is no accepted threshold level for radionuclide concentration, at
present there are no established standards for sediment radionuclide concentrations which would allow
for the evaluation of these sediment data, However, the radionuclide data will be discussed in more detail
in relation to past radionuclide releases from plutonium production operations at Hanford and in relation
to the historical operation of the Trojan Nuclear Power Plant. Section 3.7.3 will compare the

reconnaissance survey data to historical data and available information on these radionuclide sources.

3.6.3.1 Mdentification of Potentially Anthropogenically Influenced Sediments. Several techniques were
used to identify sediment chemical concentrations that indicated the influence of anthropogenic point and
nonpoint pollution sources. These techniques include the use of regression analysis to identify possible
areas with significantly higher metals concentrations, comparison of the data with the IQR to identify
locations with relatively higher sediment concentrations of metals and organic compounds, and, in the
case of organic compounds, consistently detected concentrations were considered evidence of

anthropogenic enrichment.

Although the radionuclide cesium-137 was consistently detected at the six stations sampled for
radionuclides, and cesium-137 is primarily of anthropogenic origin [due to historic above-ground nuclear
weapons testing (Beasley and Jennings 1984)], the radionuclide data were not incorporated into the

identification of anthropogenically influenced sediment areas.

Metals. Regression analyses, using iron as the independent variable, were used as a screening
tool to identify sediments that might be anthropogenically influenced. Those concentrations, within or
below the 90 percent confidence envelope for the regression, were considered to be part of the natural
component of the river sediments. Those concentrations that exceeded the confidence level were

considered to indicate possible anthropogenic contributions to the sediments. This approach was applied
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to metals that were highly correlated with iron including: aluminum, arsenic, barium, cadmium,
chromium, copper, nickel, lead, and zinc. For those metals that were not correlated with iron (i.e., the
regression was not appropriate), frequency distribution outliers were used to identify anomalously high

. concentrations of these metals.

The regression plots between the selected metals and iron are presented in Figure 3-13a through 3-13c.
Concentrations higher than the expected values are considered indicative of possible contributions of
metals by other than natural sources. The upper confidence limit es.tablishes the exi:ected value for each
substance as a function of iron. For other metals, outlying concentrations were identified from the ranked
frequency data. Concentrations that exceeded 1.5 times the IQR were considered to be indicative of areas

of concern. Stations with concentrations of metals identified as elevated by either method are summarized

in Table 3-9.

Organic Compounds. For the purposes of this study, any detection of organic compounds in the
sampled sediments was considered to be derived from human sources. However, where the data would
support the evaluation, it was considered appropriate to compare the extent of contamination at the
different stations in order to identify those sites with particularly high concentrations. The latter
information should be useful in identifying possible sources of the compounds, as well as directing future

investigations.

Exceedance of IQR screening values was used as fhe criterion to identify the stations with high concentra-
tions of dioxin and furans in the sediments relative to all samples analyzed (Figure 3-14). Dioxins and
furans were detected at all 20 stations sampled; the highest concentrations occurred at stations D10 (below
Wauna on the south side of Tenasillahe Island), D11 (between Horseshoe and Woody islands), D18 (near
Lord Island), D20 (in Carrolls Channe!), and D24 (downstream of the St. Helens marina). One furan
congener exceeded IQR screening values at station D11 (near Goose Island) and one dioxin congener
exceeded IQR screening values at station D20 (in Carrolis Channel). Station D10 (below Wauna) and
D24 (near St. Helens) had the highest concentrations of six dioxin and several furan congeners. All

exceedances at station D18 (across from Longview) were due to furan congeners.

Organotins were detected in 7 of the 10 samples collected [stations D2 (llwaco), D12 (Cathlamet marina), -
D19 (Longview), D22 (Kalama), D24 (St. Helens), D29 (Columbia River near confluence with the
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TABLE 3-9. IDENTIFICATION OF SEDIMENTS THAT MAY POTENTIALLY BE ELEVATED IN THE
INDICATED METAL DUE TO INPUT FROM ANTHROPOGENIC SOURCES
(Page 1 of 2)

Station® Aluminum  Arsenic Barium Cadmivm  Chromium  Copper Lead Mercury © Nickel Silver Zinc

D1 X X X
D2 . + + X+ +
D3 X X +
D4 X X X

DsE X

D6 X+
D7 X
D8 :

D9 X+
D10
D11
D12
D13
D14
D15
D16
D17
D18
D19
D20
D21
D22
D23
D24
D25
D26
D27
D28 X
D29

D30

D31 X
D32E

D33

+
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TABLE 3.9. IDENTIFICATION OF SEDIMENTS THAT MAY POTENTIALLY BE ELEVATED IN THE
INIHCATED METAL DUE TO INPUT FROM ANTHROPOQGENIC SOURCES
{Page 2 of 2)

Station®

Aluminum  Arsenic Barium Cadmium  Chromium  Copper Lead Mercury Nickel Silver

Zinc

D34E
D35
D36
D37
D3gE
D39
D40
El
E2P

el
E16P
Ell
E12
E13
El4

X

X X+ X +

X

Kol T
o
P

X
X

X+

X = Enrichments identified by regression analyses.

+ = Potential enrichments identified by frequency distribution analyses.

A Station number prefix D and "E” were assigned prior to sampling to stations expected to be fine-grained and coarse-grained, iespectively. Following

‘sampling, some stations were reclassified based on the graing

station]. Reclassified stations are ideatified by superscript E* or

ize ana_lﬁsls [>20% fines (<100 um effective diameter) was considered a fine-grained sediment
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Willamette River), and D31 (Oregon Slough/Portland Harbor)]. Triethyl butyltin was identified as
anomalously high (i.e., it exceeded three times the IQR) at station D19 (below Longview) in comparison
with concentrations at other stations (Figure 3-15). Based on this analysis, station D19 was taken forward

to help identify areas of concern.

Few PAHs were found in £he Columbia River sediment samples. Most PAH compounds detected
occurréd in sediments from five stations [stations D19 (below Longview), D24 (below St. Helens), D32E
(near Vancouver), E8 (below Trojan), and E9P (below Columbia City, OR}].  Too few data were
available to calculate IQR values to assist in identifying areas of concern (calculating percentiles based
on fewer than about 10 data points is not meaningful). Therefore, as a conservative screening approach,

all of these stations were used in the identification of areas of concern.

PCBs (as Aroclor 1254) were detected at station D19 below Longview, and this finding was used in the

identification of areas of concern.

Seventeen pesticides were detected in Columbia Ri\'réfié':éﬁ‘i}n‘ient samples collected from 22 stations. Only
one or two compounds were detected at 16 of the 22 stations, but three or :moré pesticides were detected
in the sediments at 6 stations [stations D22 (near Kalama), E8 (below Trojan), D23 (Martin Slough), E9P
(below Columbia City), D24 (below St. Helens), and D35 (Camas Slough)]; the greatest number were
detected at station E8. Too few data were available to calculate IQR values for individual pesticides;
therefore, using a consefvative screening approach, all six stations were included in the delineation of

problems areas in the study area.

This approach for identifying elevated concentrations does not necessarily identify locations or
concentrations that are of concern based on the potential for adverse biological effects. This potential
is addressed by comparing measured concentrations to effects-based reference values, as discussed in the

following section.

3.6.3.2 Effects-Level Comparisons. As a second independent approach for identifying areas of concern
within the study area, chemical concentrations observed in the sediments were compared with existing
freshwater sediment quality guidelines developed by the Ontario Ministry of the Environment (Persaud
et al. 1991), the lower 10th percentile (the ER-L) of the concentrations associated with adverse effects
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in laboratory and field studies (compiled by Long and Morgan 1990), and the most recent U.S. EPA draft
freshwater sediment criteria (available for five organic compounds) (U.S. EPA 1991e,f,g,h,i). As a
conservative screening approach, the lowest cdncentration reported among the three freshwater-based
sources was used to identify the study area sediments that may pose a threat to biota. The draft EPA
freshwater sediment criteria were -compared to sediment contaminant concentrations nbrmalized for
organic carbon content, Effects concentrations for metals have also been included in Figure 3-4. The
effects concentrations for metals are compared to the summary of the sediment data in Table 3-3 and the

effects concentrations for organic compounds are presented along with the summary data in Table 3-5.

As discussed above, effects levels for radionuclides in sediment have not been established; therefore, the
“radionuclide data will not be covered in this section. However, these data will be discussed in more
detail in Section 3.7.3 on comparisons to historical data, potential sources, “and environmental

significance.

Metals. No effects-based reference values were available from theAthree sets of values chosen
for use in this Smdy for aluminum, barium, beryllium, selenium or thallium. -The detection limits
achieved for antimoﬁy (4.3 to 11.1 mg/kg) were insufficient for adequate comparison to the reference
level used in this study (2.0 mglké, see Table 3-3). The concéntfations of chromium, lead, and mercury
never exceeded effects concentrations. Arsenic, cadmiﬁm, copper, iron, nickel, silver, and zinc exceeded
effects levels at 18 stations. The stations at which several metals were present at concentrations
exceeding one or more reference level were stations D6 in Grays Bay (arsenic, cadmium, iron, nickel,
and silver), D9 near Skamokawa (¢admium, iron, and silver), D22 near Kalama (cadmium, copper, and
zinc), and D35 in Camas Slough (cadmium, copper, and zinc). Compared to other metals, copper
exceeded its reference value at the most stations; it was present at stations throughout the river (D1, D2,
D12, D16, D20, D22, E11P, D35, and D40). Silver was not detected over the same range in the river,
but did exceed its effects-based reference value at the six stations where it was detected (D6, D7, D8,
D9, E3, and E4). All of these stations are in the lower river below RM 30. Cadmium was present at
concentrations that exceeded its reference value at five stations (D6, D9, D21, D22, and D35) that
‘spanned most of the river. The remaining metals exceeded their reference values at three (iron at D2,

D6, and D9) or fewer stations (zinc at D22 and D35; arsenic and nickel only at D6).

3-71



Organic Compounds. No effects-based reference values were available for several organic com-
pounds that were detected (see Table 3-5). These included the semivolatile organic compound bis(2-ethyl-
hexyl)phthalate; the pesticides dacthal, heptachlor, malathion, methyl parathion, and parathion; the dioxin
and furan congeners; and the organotin compounds that were detected in the reconnaissance survey
sediment samples. The detection limits achieved for some of the pesticide samples were higher than the
biological effects-based reference levels adopted for this study. These include the detection limits
achieved for the pesticides DDT, dieldrin, and endrin. Most of the detection limits for DDT compounds
(2 pg/kg with the exception of one sample with a DL of 20 pg/kg) were within the range of the effects-
based reference values (1 to 3 ug/kg). The detection limits achieved for dieldrin and aldrin (2 pg/kg
except for one sample with a DL of 20 ug/kg) were lower than the Ontario freshwater sediment guide-
lines (2 to 3 pug/kg), but they were much higher than the marine sediment ER-L levels of Long and
. Morgan (0.02 pug/kg) (see Table 3-5). The detection limits for PCBs were generally lower than the

selected reference levels with the exception of one sample.

Measured sediment contaminant concentrations that were corrected for the sediment organic carbon
content did not exceed the draft U.S. EPA freshwater sediment criteria in any sample (see Appendix C-3
through C-14 for the organic carbon corrected data). However, some of the sediment samples contained

less than Q.2 percent carbon which is the lower limit for the valid use of these criteria (U.S. EPA
1991e,£,g,h,i).

Several PAH compounds and total PAHs (determined by summing the concentrations at each station of
those PAH compounds that were detected) were measured at concentrations greater than effects
concentrations at four stations: D2, D19, D22, and D24. The concentrations of the PCBs detected at
station D19 exceeded both the ER-L and the Ontario freshwater sediment reference value (see Table 3-5).
In at least one case for each pesticide, the reported detection limits exceeded the effects concentrations
(see Table 3-5). Pesticides were measured at concentrations greater than their effects concentrations at
12 stations. No sediment quality reference values exist for the remaining compounds analyzed in the

Columbia River sediments; therefore, these compounds were not ranked using this approach.

Overall, the concentrations of chemical substances exceeded sediment quality reference values at 23
stations. Stations with three or more chemicals at levels above reference concentrations occurred near

urbanized or industrial areas, including Camas, St. Helens, Kalama, Longview, llwaco (Washington),
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and Astoria (Oregon). Station D6 in Grays Bay had four chemicals at concentrations above sediment

quality reference levels.

3.6.3.3 Potential Areas of Concern. The stations that were identified as having sediments that were
potentially anthropogenically influenced or that had chemical concentrations exceeding sediment quality
reference values are summarized in Table 3-10. Because the dioxins and furans, PAHs, and PCBs
generally consist of covariant groups of compounds, reflecting their common source, a single exceedance
was assigned to those stations at which these compounds were found. Table 3-10 includes the actual
numbers of individual compounds detected in each group, .except for the PCBs, which were reported only

- as the single Aroclor representative.

Sediments collected at five stations (D15, E2P, E3, ES, and E10P) did not have any of the measured
chemicals at concentrations that indicated potential anthropogenic influences. Stations D19 and D24 had
the greatest numbers of different classes of compounds present at high concentrations. The stations with
the greatest numbers of substances that indicated possible anthropogenic contributions also generally had
the greatest numbers of substances that exceeded their effects-based reference values. The stations with
the g’reatés"t numbers of elevations above naturally occurring concentrations and exceedances of effects
levels included D1, D2, and D6 in the estuary, stations D16, Dl‘),_D_j_22vi ES8, E9P, and D24 in the reach
between RM 58 {(below Longview, WA) and 83 (downstream of St. I-feiéns, OR); and station D35 (Camas
Slough near RM 119). Station E9 was reclassified as a fine-grained station following the results of grain-
size analysis, and sediments collected from this station were also noted to have an oily sheen (Tetra Tech
1991a). Comparatively high concentrations of dioxins and furans occurred at the stations downstream
of St. Helens (station D24}, across the river from Longview on the Oregon side of Lord Island (station
D18), and Wauna, OR (station D10). Organotins were comparatively enriched at one station, D19 (RM
62 near Longview), which was also the one station at which PCBs were detected. PAHs were detected
- at five stations including station D32E between Vancouver and Portland; stations D24 and E9'j,
downstream from St. Helens; station E8 near Kafama, WA, and station D19 near Longview. PeSticides
were distributed somewhat differently and were primarily found between Kalama and St. Helens (RM 76

to 86), with station E8 having the greatest number of pesticides detected.

3-73



vi-g

TABLE 3-10. THE IDENTIFICATION OF AREAS OF CONCERN FOR SEDIMENT QUALITY BASED ON AREAS IDENTIFIED AS POTENTIALLY
ENRICHED DUE TO ANTHROPOGENIC SOURCES AND EXCEEDANCES OF SEDIMENT QUALITY GUIDELINES?

(Page 1 of 3)

Potentislly Euriched Chemicals

Organic Compounds Total #
: Total # of of Effects
Station® River Mile Metals Dioxins/Furans | Organotins |  PAHs PCBs Pesticides Enrichments Exceedances

DI ] 3 3 2
D2 2 4 4 3
D3 13 4 4

D4 6 3 3

DsE 21 2 + 2 1
D6 21 5 5 5
D7 2 5 5 1
D8 27 5 5 1
DY 34 2 2 3
D10 38 2 1(10) 3 0°¢
DIl 29 3 1(1) 4 0°
DI2 40 2 2 4 2
D13 43 2 2

D14 42 2 2

D15 " 50

D16 58 3 2 5 3
D17 59 3 1 4 1
DI8 62 2 1) 3 0°
D19 63 2 1(8) i 5 5
D20 7 3 (1) 4 1©
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TABLE 3-10, THE IDENTIFICATION OF AREAS OF CONCERN FOR SEDIMENT QUALfTY BASED ON AREAS IDENTIFIED AS POTENTIALLY
ENRICHED DUE TO ANTHROPOGENIC SOURCES AND EXCEEDANCES OF SEDIMENT QUALITY GUIDELINES?

(Page 2 of 3)

Potentially Enriched Chemicala

Organic Compounds Total #
Totsl # of of Effects
Staﬁonb River Mile Metals Dioxins/Furans Organotins PAHs PCBs Pesticides Enrichments Exceedances
D21 70 3 3 i
D22 76 6 3 9 3
t

D23 80 2 = 3 5
D24 85 2 1®) 1(10) 5 8 3¢
D25 88 3 3
D26 92 2 2 -~
D27 94 1 1 ~
D28 99 4 4 .
D29 101 3 3 -
D30 103 4 4 .
D31 106 2 2 -
D32E 108 4 14) 5 1
D33 109 3 3
DME 112 3 3
D35 118 5 4 9 5
D36 118 2 2
D37 121 3 3
D38E 124 4 4
D39 - 128 2 2
D40 142 3 2 5 1
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TABLE 3-10. THE IDENTIFICATION OF AREAS OF CONCERN FOR SEDIMENT QUALITY BASED ON AREAS IDENTIFIED AS POTENTIALLY
ENRICHED DUE TO ANTHROPOGENIC SOURCES AND EXCEEDANCES OF SEDIMENT QUALITY GUIDELINES®

(Page 3 of 3)
Potentially Eariched Chemicals
Organic Compounds Total #
Station? River Mile Metals Dioxins/Furans | Organotins PAHs PCBs Pesticides ;,;t:lh.fm(;t;s Ezie]igx::;s
El 8 2 v 2
E2D 16
E3 22 1
E4 30 2 2 2
ES 46
EsD 58 1 1
E7 67 1 1
E8 77 1 12) 6 8 4
EoP 83 2 109) 3 6 2
E10P 100
EnP 104 4 4 1
E12 114 1 1
EI3 126 1 1
El4 137 2 : 2

2 A value of | was assigned to each metal and each group of organic compounds that was considered to be potentially enriched or exceeded reference concentrations.
The actual number of individual compounds is indicated in parentheses.

b Station number prefixes D and "E” were assigned prior to sampling to stations expected to have fine-grained and coarse-grained ‘sediments, respectively.
Following sampling, some stations were reclassified. Based on the ,gﬁrgm size analysis [>20% fines (<100 pm effective diameter)] was considered a fine-grained
sediment station. Reclassified stations are identified by superscript or D7,

¢ No effects screening levels for dioxins and furans were available,




3.7 DISCUSSION Y oo

The Columbia River receives both urban and industrial effluents that contribute inorganic (metals and
other inorganic constituents), radionuclides, and organic substances to the river. Eight major municipal
wastewater treatment facilities discharge directly to the lower Columbia River below Bonneville Dam (see
Tetra Tech 1992¢ for'a review of NPDES-permitted facilities that discharge directly to the lower
~Columbia River). Additionally, 24 industrial facilities including aluminum smelters, pulp and paper
planté, wood products facilities, and chemical manufacturing facilities, discharge directl~y to the lower
river within the study area. These discharges represent possible sources of metals and chlorinated organic
compounds. Other sourceé above Bonneville Dam and along tributaries also contribute pollutants to the
lower river. The operation of the Hanford plutonium production facility in-RichIand, WA, has been, and
continues to be, a source of certain radionuclides to the river. The operation of the Trojan Nuclear
Power Plant along the lower Columbia River has also been considered as a potential source of
radionuclides to the environment, Nonpoint sources of pollution including stormwater runoff, seepage
from septic tanks and landfills, and atmospheric deposition are additional sources of pollutants (both
directly and indirectly) to the ri:ver:. ‘The sediments of the lower river and the estuary are the primary

repository of these contaminants.

The results of the sediment study of the lower Columbia River reconnaissance survey are discussed in
relation to historical data and available information on both point and nonpoint sources of the constituents

measured in this study. In general, the discussion will focus on the problem chemicals identified.

3.7.1 Sediment Grain Size and Organic Carbon Content

Sediment grain size and sediment organic carbon content, although poténtial indicators of fine organic
sediment input from pollution sources, were measured primarily as indicators of the relative character
of the sedimentary environment (i.e., depositional vs, erosional). The sediment grain size and organic
carbon content of the sediments also provide an indication of the potential of these collected sediments

to adsorb the metal and organic contaminants which tend to bind to fine organic particles.

3.7.1.1 Sediment Grain Size. The physical character of the sediments collected during the recon-
naissance survey ranged from samples that were predominantly coarse sand to samples that were over

90 percent silt. Although the reconnaissance survey was intended to characterize the general sediment
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quality of the river, an attempt was made to sample backwater areas that were expected to contain a high
proportion of fine sediments. This attempt was relatively successful, but due to the limitations of the

draft of the sampling vessel (4 ft) and low river stage, areas of finer sediments were not sampled.

Comparison with Historical Data and Identification of Potential Sources. The generally saﬁdy
character of lower Columbia River sediments observed in this study has been noted by several previous
investigators (e.g., Hubbel and Glenn 1973; Sherwood et al, 1984; Johnson and Norton 1988). The trend
of increasingly finer sediments towards the mouth of the estuary observed in this study was also noted
by Hubbel and Glenn (1973) and Sherwood et al, (1984),

The sources of sediment in the lower Columbia River include natural geologic sources—due to land
erosion, and erosion and scouring of the river—or anthropogenic sources resulting from land clearing,
logging, urban runoff, and NPDES-permitted point source discharges. Whetten etal. (1969) summarized
the textural and mineral characteristics of Columbia River sediments and quantified sediment transport
relationships of the Columbia River. Whetten et al. (1969) concluded that Columbia River sediment is
derived from two principal sources. The upstream sediments (above Bonneville Dam) are ultimately
derived from the metamorphic, plutonic, and sedimentary rocks of the upper river basin, and the
downstream sediment is derived from andesitic volcanic rocks and sediments of the lower river basin.
The upstream sediment is generally fine-grained and is transported by the river primarily as suspended
sediment. The volcanic sediments derived from the lower river basin are generaliy coarser and are
transported primarily as bedload. The sediment particles in the river have undergone relatively little
chemical weathering and the amount of sediment transported in a single high-flow period may exceed that
which is transported in a single average year (Whetten et al. 1969). Whetten et al. (1969) also concluded
that the primary sources of suspended sediment to the river were the Snake and Willamette rivers and that
dam construction in the river basin had not affected the total annual discharge of sediment, but had altered

the seasonal patterns of sediment transport and deposition.

Sherwood et al. (1984) reported the results of extensive studies of sediment, sediment bedforms, and
sediment transport in the Columbia River estuary. Sherwood et al. (1984) noted the dynamic nature of
sediment deposition and transport in the estuary due to diurnal and seasonal variation of tidal intrusion
and seasonal variation of the flow of the Columbia River. They concluded that the increase in fine

sediments towards the mouth of the river was likely due to the transport of fine shelf sediments into the
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estuary and evidence that seaward bedload trans(ﬁort of the réiatively coarser sediments in the estuary did
not occur. Sherwood et al. (1984) also concluded that deposition of fine-grained river sediments occurred
primarily in-protected peripheral bays and in channel bottoms of the mid- to upper-estuary, but that even
in these areas the sediments did not contain clay-sized material. They concluded that sedimentation in
the peripheral bays occuré during the quiescent period of the diurnal tidal cycle, neap tides, periods of
high sediment supply, slack water, and calm weather; and that sedimentation in the channel bottoms of

the mid- to upper-estuary is more closely related to the behavior of the turbidity maximum.

Anthropogenic sources of sediment also contribute to the overall sediment of the river. These sources
include both NPDES-permitted point sources and nonpoint sources. Nonpoint sediment sources are
primarily derived from agricultural,.silvacultural, and urban lands during f)eriqu of rainfall runoff.
. These sediments may also be contaminated with metals and organic compounds. Much of these nonpoint
sources of sediment likely enter the lower Columbia River through tributaries and from above Bonneville
Dam (Tetra Tech 1992¢). Point sources primarily contribute very fine organic sediments to the river.
These sediments may then be transported downriver to the ocean or deposited in quiescent backwater
areas. Although the absolute quantity of sediment discharged from point sources is relatively small,
compared to tributary sediment inputs (Tetra T;ech 1992¢), these fine sediments are likely contaminated
with hydrophobic organic pollutants and metals. The fine sediments derived from both po:int and
nonpoint sources are, therefore, the primary transport mechanism_of contaminants to and througﬁ the
Columbia River. However, the relative importance of point and nonpoint pollutant sources is not known

for a majority of the pollutants measured in this study (Tetra Tech 1992c).

Significance and Recommendations. In general these data suggest that the sediments of the main
channel and backwater areas with water depths greater than 4 ft (during the low-water period) were
representative of these areas of the river and are consistent with historical data. However, there is
currently not adequate information to describe in quantitative terms the areal extent of various sediment
types in the lower river [with the possible exception of data developed as part-of recent investigations of
~ the estuary (e.g., Sherwood et al. 1984; Simenstad et al. 1984)] or the areal extent of the location and
extent of finer sediments that were not sampled during this survey. Furthermore, the environmental
significance of the existence of potentially contaminated shallow backwater areas along the lower river
is not presently know, Since these areas are likely feeding, spawning, and nursery areas for wildlife and

species of commercial importance, these areas warrant further investigation. It is recommended that a
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preliminary investigation and location of areas of fine sediments in backwaters be followed by sampling
of these areas for chemical analysis. Sampling of these areas should be conducted using shallow-draft
vessels or land-based methods. Sampling of these areas would allow for a more complete assessment of
the potential effect, on humans and wildlife, of sediment contaminant concentrations in the lower

Columbia River.

3.7.1.2 Sediment Organic Carbon. Sediment organic carbon content measured during the survey was
relatively low (less than 1.6 percent) at all but one station (D35 in Camas Slough), which had an organic
carbon content of 4.1 percent. Although the relatively higher organic carbon content of the sediments
in Camas Slough may be due to enhanced deposition in this backwater area, the slough was also the
recipient, historically, of discharge from the former Crown-Zellerbach (Camas) mill (Lincoln and Foster

1943).. Presently the area is used for log storage.

Comparison with Historical Data and Identification of Potential Sources. The relatively low
TOC content of sediments sampled in this study has been noted in other studies (e.g., Hedges et al. 1984;
Fuhrer 1986; Johnson and Norton 1988) (see Tetra Tech 1992a for”a review of these studies). The
maximum sediment TOC concentration reported by the studies reviewed .in. Tetra Tech (1992a) did not
exceed 2 percent. Hedges et al. (1984) determined that the sediment organic matter of the Columbia
River was generally dominated by nonwoody angiosperm material and, to a lesser extent, by woody
gymnosperm tissue. It was suggested that the presence of relatively higher amounts of woody
gymnosperm material in sediments offshore of the Columbia River mouth was due to the transport of
woody gymnosperml debris through the Columbia River without deposition in the river during high flow
periods (Hedges et al 1984). However, Fuhrer (1986) analyzed the sediment organic carbon content of
sediment grain size fractions collected from Cathlamet Bay and determined that the coarse sediments

contained the largest portion of particulate organic matter.

Point and nonpoint discharges of organic matter are additional sources of organic carbon to sediments
of the Columbia River. Although their relative importance to natural sources of organic matter have not
been determined, discharge of anthropogenically derived organic matter may be a significant source of
sediment organic matter in localized areas of the river. However, the primary importance of anthro-
pogenic discharges of organic matter is due to its association with metal and organic contaminants derived

from these same sources.

3-80



Significance and Recommendations. The potential toxicity of non-polar, non-ionic organic
compounds is related to the organic content of the sediments. Relatively higher sediment organic content
allows for the absorption of organic compounds and the reduction of the toxicity potential of a given
sediment contaminant level. The relatively low organic carbon content of the sediments collected in this
survey indicates that, in general, the organic contaminant levels measured in this study may result in
potentially greater 'toxic':'ological effects. If most of this organic matter is not contained in the fine
particulate fraction of the sediments, but is present primarily as coarse particulate matter, tﬁen the
potential toxicity of a given amount of sediment contaminants could potentially be even greater. Based
on the résults of the present study, which indicates the presence of contaminants in sediments with
relatively low concentrations of organic matter, future studies should determine the relative importance
of sedimer}; organic matter of the lower Columbia River in the control of the potential toxicity of
sedime;)t éc;ntaminants. Furthermore, future studies should also attempt to locate and sample sediments
in backwater areas to determine if these sediments have higher sediment organic matter content. Studies
should also determine the type of organic matter present, the efféctive size of the organic matter present,
the contaminant concentrations, and the relationship between’ sediment organic carbon content and

toxicity.

3.7.2 Metals

Metals were the most frequently detected substances in sediment samples from the study area. With the
exception of beryllium, thallium, antimony, mercury, selenium, and silver, the metals analyzed were
detected in nearly every sediment sample. The high detection frequency, which occurs at concentrations
above the detectton limits of conventional laboratory techniques, is due to the natural occurrence of many
of these metals in Columbia River sediments. In most locations the degree to which the metals exceeded
the predicted distribution of average concentrations was not great, indicating limited alteration of the
sediment quality by anthropogenic influences in the areas sampled. However, some metals occurred at
concentrations that exceeded the predicted distribution of background concentrations, indicating possible
anthropogenic soutces of these metals (see Table 3-9). Arsenic (1 station), cadmium (8 stations), copper
(8 stations), iron (3 stations), nickel (1 station), silver (6 stations), and zinc (2 stations) were detected in
at least one location at concentrations above levels (i.e., ER-Ls) that have been associated with adverse
biological effects in other studies. These exceedances occurred at 13 stations, seven of which were
located downstream of major urban and industrial discharges. It should be recognized that the limited

nature of a reconnaissance survey does not ensure that any or all significantly contaminated areas have
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been identified; therefore, there may be locations of anthropogenic influence in localized areas that have
not been identified.

The following discussion will relate the concentrations of metals measured in the reconnaissance survey
that exceeded effects-based reference levels to historical data identified by Tetra Tech (1992a) and will
discuss potential anthropogenic sources of these metals identified by Tetra Tech (1992¢).

3.7.2.1 Comparison with Historical Data and Identification of Potential Sources.

Arsenic. Arsenic concentrations exceeded the effects-based reference value of 6 mg/kg (Ontario
freshwater sediment guidelines) at one station (station D6 in Grays Bay) where the sediment arsenic
* .¥ concentration was 8.92 mg/kg. The Long and Morgan (1990) marine sediment ER-L of 33 mg/kg was
not exceeded at any station in the estuary. Historical measurements of sediment arsenic concentrations,
in sediments classified as silt, occasionally exceeded the 6 mg/kg reference level for arsenic (Tetra Tech
1992a), These exceedances include measurements made by the USACOE near Chinook, WA and near
Tongue Point, OR (USACOE 1991) as well as stations analyzed by WDOE in Camas Slough (Johnson

and Norton 1988). ' '

Sources of arsenic include natural activities such as volcanic emissions, the weathering of soils and rocks
that contain arsenic, and human activities that range from metal smelting, glass manufacturing, pesticide
production and application, pharmaceuticals industry, metal alloy production, and the combustion of fossil
fuels. Arsenic ma}}' also be pr&seﬁt in phosphate-based detergents due to its close chemical association
with phosphorus (Galvin et al. 1984). Point sources within the lower Columbia River that are required
to monitor effluent discharge for arsenic include the cities of Gresham, Portland, and St. Helens (Tetra
Tech 1992¢). Estimated arsenic loading from permitted-point source discharges directly to the lower
Columbia River for 1989 and 1990 were 14.1 and 15.4 lb/day, respectively (Tetra Tech 1992c).
However, these estimates were based primarily on analyses that indicated that arsenic concentrations in
the monitored effluents were below laboratory detection limits, Arsenic was detected in the city of
Gresham effluent in 1990 (due to the achievement of lower detection limits) which resulted in an arsenic
loading estimate of 2.4 1b/day for 1990 from this facility.
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Cadmium. Cadmium concentrations exceeded the effects-based reference value of 0.6 mg/kg
(Ontario freshwater sedimeﬁt guidelines) at seven stations‘ (stations D1, D2, D6, D9, D21, D22, and
D35). The maximum reported concentration was 2.66 mg/kg at station D9 near Skamokawa, WA. The
Long and Morgan (1990) ER-L for marine sediments of 5 mg/kg was not exceeded at aﬁy station in the
estuary. Historical measurements of cad}nium in sediments of the lower Columbia River classified as silt
have occasionally exceeded the 2.66 mg/kg reference level for cadmium (1992a). These measurements
include those made by the USACOE near Chinook, WA and Tongue Point (USACOE 1991), those made
by Fuhrer (1986) in Baker Bay, and those in Camas Slough (Johnson and Norton 1988). Fuhrer (1986)
noted that relatively elevated cadmium concentrations occurred in the navigation channel near the mouth
of the Columbia River and that extractable cadmium concentrations were negatively correlated with

percent silt and cl'ay. No explanation for these observations could be provided.

Sources of cadmium include émelting operations, surface mine draihage, and phosphate fertilizer (May '
and McKinney 1981). Mining and smelting operations in the upper river basin have been cited as a major
source of cadmium to the Columbia River (May and McKinney 1981). Additional sources of cadmium
include fossil fuel burning and the natural weathering of cadmium-containing rocks and soils. Point
sources within the lower Columbia River that are required to monitor effluent discharge for cadmium
include the municipal wastewater treatment facilities of Portland, Gresham, and St. Helens, and the
. industrial facilities oi’ Reynolds Metals Co. in Longviéw, and Kalama Chemical (Tetra Tech 1992c).
Tetra Tech (1992¢) identified data on effluent cadmium discharge for the municipal facilities in Portland

and Gresham only; however, cadmium was typically undetected in the effluent of these sources.

Copper. Copper concentrations exceeded the effects-based reference value of 16 mg/kg (Ontario
freshwater sediment guidelines) at seven stations (stations D1, D2, D12, D16, D20, D22, and D35). The
maximum reported concentration was 23.59 mg/kg at station D2 near Ilwaco, WA. The Long and
Morgan (1990) ER-L of 70 mg/kg for marine sediments was not exceeded at any station in the estuary.
Historical measurements of copper in sediments classified as silt and very fine sand exceeded this

reference value at almost all of the stations where copper was measured (Tetra Tech 1992a).

Sources of copper to the environment include inputs due to both natural (volcanic eruptions, soil and rock
weathering) and human (copper smelting and mining operations, corrosion of domestic water systems,

wood treatment, metal plating, agricultural chemical production and application, phosphate fertilizer
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production and application, waste incineration, and fossil fuel combustion) activities. Facilities
discharging directly to the Columbia River that are required to monitor effluent copper concentrations
include the Portland General Electric power plant in Clatskanie, OR, Weyerhaueser Paper Co. (Long-
view), Trojan Nuclear Power Plant, Kalama Chemical, and the municipal wa'stewater facilities of
St. Helens, Portland, and Gresham (Tetra Tech 1992¢). The Portland, Gresham, Portland General Elec-
tric (Beaver Generating Plant), and Weyerhaeuser (Longview) facilities typically reported undetectable
levels of copper in their effluents. Kalama Chemical and the Trojan Nuclear Power facilities reported
copper loadings averaging 0.11 and 0.03 Ib/day in 1990 (Tetra Tech 1992c).

Iron. Iron concentrations exceeded the effects-based reference value of 20,000 mg/kg (i.e.,
2 percent) (Ontario Freshwater Sediment Guidelines) at three stations (stations D2, D6, and D9). The
maximum reported concentration was 24,408 mg/kg at station D9 near Skamokawa, WA. Long and
Morgan (1990) did not report an ER-L for marine sediment iron concentrations. The Ontario freshwater
sediment reference level has been exceeded in a number of historical measurements made of lower
Columbia River sediments (Tetra Tech 1992a). These include a number of measurements made near
Ilwaco and Chinook (USACQE 1991), Cathlamet Bay (Fuhrer and Horowitz 1989), and Camas Slough
(Johnson and Norton 1988).

Sources of iron to the environment include natural weathering and erosion of soils and rocks in the
drainage basin, and human-derived sources (for example, ore mining and smelting operations and
corrosion of public water suppIY‘Sys'tems). Direct point source discharges to the lower Columbia River
that are required to monitor effluent iron concentrations include the Beaver Generating Plant, Trojan
Nuclear Power Plant, and the municipal wastewater facilities in Portland and Gresham (Tetra Tech
1992¢).

Silver. Silver concentrations exceeded the effects-based reference value of 0.5 mg/kg (Ontario
freshwater sediment guidelines) at six stations (stations D6, D7, D8, D9, E3, and E4). The Long and
Morgan (1990) marine sediment ER-L for marine sediments of 1 mg/kg was exceeded at station D&
(Grays Bay) in the upper reach of the estuary. Sediment silver concentrations exceeded the freshwater
sediment reference levels at six of the ten stations where silver was detected. Exceedances of the
freshwater sediment silver reference level occurred at stations between RM 21 and 34. However, there

are currently no known sources of silver in this reach of the river (Tetra Tech 1992c). It is possible that
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ash from the 1980 eruption of Mt. St. Helens (which entered the Columbia River through the Cowlitz
River at RM 68) is enriched in silver, relative to sediments derived from the remaining drainage basins,
and is deposited in this reach of the tiver. The possible significance of these catastrophic inputs of large
amounts of sediment on the sediment budget of the estuary has been emphasized by Simenstad et al.
(1984). The maximum concentration of 1.49 mg/kg was reported for station D6 in Grays Bay. No data
on historical concentrations of silver were identified by Tetra Tech (1992a). However, Johnson and
Norton (1988) did not detect silver above the detection limit of 0.6 mg/kg.

Potential sources of silver to Columbia River sediments include sources due to both natural (e.g.,
weathering of soils and rocks containing silver and volcanic eruptions) and human (e.g., ore smelting and
mining, fossil fuel consumption, photographic industry, and cement manufacturing) activities. Facilities
discharging directly to the lower .Columbia River that are required to monitor effluent silver
concentrations include the cities of Gresham, Portland, and St. Helens. The silver concentration in the
effluents that were monitored in 1989 and 1990 were generally below the detection limits achieved by
the analytical laboratories. Based on these limited data, the silver loading to the lower Columbia River
~ from these facilities was probably less than 2.1 and 3.6 Ib/day in 1989 and 1990, respectively (Tetra Tech
1992¢).

Nickel. Nickel concentrations exceeded the effects-based reference value of 16 mg/kg (Ontario
. freshwater sediment guidelines) at one station (station D6 in Grays Bay) where the sediment nickel
concentration was 20.1 mg/kg. The Long and Morgan (1990) marine sediment ER-L of 30 mg/kg was
not exceeded at any station in the estvary. The Ontario freshwater sediment guidelines value was
exceeded at a number of historical sampling locations in the lower river where sediments were classified
as silt or very fine sand (Tetra Tech 1992a). These measurements were made near Chinook and Ilwaco
(USACOE 1991), Aétoria (Fuhrer and Rinella 1983; Fuhrer 1986), Tongue Point (Young et al. 1988),
and Cathlamet Bay (Fuhrer and Horowitz 1989),

The potential sources of nickel to Columbia River sediments include sources due to both natural (e.g.,
weathering of soils and rocks containing nickel) and human (e.g., metal smelting and mining operations,
* metal plating industriés, burning of fossil fuels, commercial fertilizer production and application)
activities. Several NPDES-permitted point sources are required to monitor effluent discharges for nickel.

These facilities include the cities of Gresham, Portland, and St. Helens, and the industrial facilities of
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Weyerhaeuser (Longview), Reynolds Metals (Longview), Kalama Chemical, Reynolds Metals (Troutdale),
and ALCOA (Vancouver) (Tetra Tech 1992¢). Estimated point source loading of nickel, based on the
available monitoring data, indicated that as much as 4.8 and 5.4 Ib/day were discharged in 1989 and
1990, respectively. However, a portion of these estimates was based on calculdtions using reported
detection limits (i.e., nickel was not detected in some effluents above the detection limit) (Tetra Tech
1992¢).

Zinc. Zinc concentrations exceeded the effects-based reference level of 120 mg/kg [both the
Long and Morgan (1990) marine sediment ER-L and the Ontario freshwater sediment guideline] at
two stations (D22 near Kalama and D35 in Camas Slough). The maximum concentration reported was
161.3 mg/kg at the Camas Slough station. Historical measurements of sediment zinc concentrations have
exceeded the reference value at several stations classified as silt and very fine sand by Tetra Tech
(1992a). These include measurements made near Chinook (USACOE 1991; Fuhrer 1986), Baker Bay
(Fuhrer and Rinella 1983; Fuhrer 1986), Tongue Point (Young et al. 1988), and Camas Slough (Johnson
and Norton 1988). '

Potential sources of sediment zinc include both natural (e.g., soil and rock weathering) and human
(e.g., metal smelting and mining, metal plating, corrosion of domestic water supply systems, and
production and erosion of automobile tires) sources. Permitted point sources that are required to monitor
-effluent concentrations of zinc include the municipal wastewater treatment facilities of Gresham, Portland,
and St. Helens, and the industrial facilities of Kalama Chemical, Reynolds Metals (Troutdale), and
ALCOA (Vancouver) (Tetra Tech 1992c¢). Detectable concentrations of zinc were reported in the
effluents of Kalama Chemical (0.03 Ib/day), Reynolds Metals (Troutdale) (0.03 lb/day), ALCOA
(Vancouver) (0.17 1b/day), Portland (33.4 lb/day), and Gresham (6.8 Ib/day) (Tetra Tech 1992c).

Metals That Did Not Exceed Reference Levels. No reference values were available to assess the
sediment concentrations of aluminum, barium, beryilium, selenium, and thallium. Tetra Tech (1992a)
identified no historical measurements in the lower Columbia River of sediment aluminum, barium,
beryllium, selenium, or thallium for comparison with the results of the present study. However, thallium
was not detected, in any sample collected for the reconnaissance survey, above the detection limits (which
ranged from 10.3 to 26.8 mg/kg).
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It was not possible to assess conclusively whether antimony exceeded the Long and Morgan (1990)
marine sediment ER-L value of 2 mg/kg due to the relatively higher detection limits (4.3 to 11.1 mg/kg)
achieved for this study. No historical measurements of sediment antimony concentrations were identified

by Tetra Tech (1992a) for comparison with the results of the present study.

The sediment concentrations of chromium, lead, and mercury did not exceed either the Long and Morgan
(1990) marine sediment ER-L values or the Ontario freshwater sediment. guidelines (see Table 3-3).
Based on the historical lower Columbia River sediment metals data summarized by Tetra Tech (1992a),
historical measurements of sediment chromium concentration have béen below the marine sediment ER-L
of 80 mg/kg and the freshwater sediment guideline of 26 mg/kg. However, historical sediment
measurements of lead and mercury have exceeded the reference values adopted. for this study at a number
of historical lower Columbia River sediment sampling locations. Historical measurements of sediment
lead concentrations exceeded the freshwater sediment reference level of 31 mg/kg in Baker Bay (Fuhrer
and Rinella 1983, Fuhrer 1986), near Vancouver (Johnson and Norton 1988), and Camas Slough
(Johnson and Norton 1988). Historical measurements of sediment mercury concentration exceeded the
marine sediment ER-L value of 0.15 mg/kg in sediments near Tongue Point (Young et al. 1988), and
Parkers Landing (Young 1988). The value of 0.251 mg/kg of mercury reported for Parkers Landing
(Young 1988) sediments also exceeded the freshwater reference value of 0.2 mg/kg. Sources of lead
include fossil fuel combustion, natural mineral deposits., and surface mining and smelting operations (May
and McKinney 1981). Point sources required to monitor effluent lead discharge include Weyerhaueser
Paper Co. (Longview), Reynolds Metals (Longview), Kalama Chemical; and the municipal wastewater
treatment facilities in St. Helens, Portland, and Gresham. Lead was typically undetected in the éfﬂuents
monitored in 1989 and 1990 (Tetra Tech 1992¢). Sources of mercury include natural mineral deposits
and mining operations which occur near the mouth of the river (Fuhrer 1986) and in upper drainage areas
of the Willamette River (May and McKinney 1981). Tetra Tech (1992¢) identified a number of municipal
wastewater treatment facilities that were required to monitor mercury concentrations in their effluent
discharges to the lower Columbia River. These facilities included thé cities of St. Helens, Portland, and
Gresham. However, for 1989 and 1990 data were only available for the city of Gresham which typically
reported that mercury concentrations were below laboratory detection limits. Based on these data,

mercury discharged from the Gresham facility probably did not exceed 4.2 Ib/day.
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3.7.2.2 Significance and Recommendations. In general, the significance and recommendations for
sediment metal concentrations measured in the reconnaissance survey are similar to those outlined in the
water column section, Section 2.7.4.2. However, since sediments are generally the final repository of
contaminants discharged to the river and integrate and record the history of pollutant input, the sediment
data may be a better indicator of chronic metal pollution problems in the lower Columbia River. The
sediment data also have the added advantage of being more easily quantified (i.e., detection limits are
generally adequate to determine the quantity of metal present) and they are less sensitive to contamination
in the field or laboratory (i.e., adequate data may be developed without the use of ultra-clean field and

laboratory protocols),

Unfortunately, the sediment acid volatile sulfide (AVS) analyses performed for the reconnaissance survey
were determined to be unusable. Generally, AVS is thought to be a significant factor in the mediation
of the toxic effect .of cationic (i.e., positively charged) metals in both marine and freshwater sediments
(e.g., DiToro et al. 1990; Carlson et al. 1991). However, Ankley et al. (1993) have shown that metal
to AVS ratios may not accurately predict metal toxicity in heavily contaminated freshwater sediments.
Nevertheless, future measurements of sediment metal concentrations in the lower Columbia River should

be accompanied by measurements of AVS. -

Identification of specific sources of the metals detected in sediment samples collected during the
reconnaissance survey was not possible due to the limited scope of the reconnaissance survey. However,
indications that a number of stations may be enriched in several metals and that a number of metals
exceed the effects-based reference values adopted for this study suggest potential for effects to biota
inhabiting the lower Columbia River. Comparison with the historical data compiled by Tetra Tech
(1992a) indicates that historical data are consistent with the results of the reconnaissance survey and also
indicate exceedances of the effects-based reference values for several metals. The sediment sampling of
the reconnaissance survey has identified problem areas and metals that may warrant further investigation

(e.g., the metals cadmium, copper, and silver and stations D19 and D35).
Relevant questions for further research include the following:

= What are the major sources (point and nonpoint sources as well as background

levels) of these metals to the river?
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] What are the effects of these metals on the biota?

N Are the forms of the metals detected in this survey available to the biota?

L Are some metals and their various forms more available than others?
®  Which is the most important pathway (water column or sediments) for metal con-

taminant exposure and accumulation?

u What are the residence times of these metals?
L) How and in what forms are metals transported through the river system?
u What i§ the fate of the metals delivered to the river?

Answers to these quesiions are essential for identifying the most important sources of specific metals, and
the acceptable limits of the input of these contaminants into the lower Columbia River system. An
integrated monitoring program of both dissolved and total metals in the lower Columbia River, and the
various point and nonpoint sources, should be performed on a seasonal basis to improve the understanding
of the sources, forms, and fate of metals in the lower Columbia River, An assessment of chemical forms
of the metals in various sediment types in the lower river, and the role of constituents such as AVS in
controlling the toxic effects of these metals, would also aid in further assessing the relative effects of

these metals on the biota of the river.

3.7.3 Radionuclides

Radionuclides have probably been the most exfensively studied contaminant in the Columbia River.
Extensive studies of radionuclides in water, sediment, and biota of the Columbia River began in the early
1940s as a result of the placement of the Hanford plutonium-production facility near the shore of the
Columbia above RM 340 near Richland, WA (e.g., Robeck et al. 1954; Perkins et al. 1966; Forster

1972; Renfro et al. 1972; Haushild et al. 1973; Hubbel and Glenn 1973; Haushild et al. 1975; Yohnson

et al. 1977; Robertson and Fix 1977; Beasley et al. 1981; Beasley and Jennings 1984; Toombs et al.
1984; Jaquish and Mitchell 1988; Jaquish and Bryce 1989, 1990; Napier 1991; Portland General Elec-
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tric Co. 1991; Woodruff and Hanf 1991,1992). Of the seven long-lived radionuclides that were measured
in sediments from the six reconnaissance survey stations selected for radioanalysis, only cesium-137 was
consistently detected. Concentrations of the other radionuclides were at or below their respective

detection limits with the exception of europium-152 and plutonium-239/240,

All of the sediment stations sampled for radionuclides were classified as fine-grained. In general, the
cheniistry of a particular radionuclide, for example chromium-51, is essentially the same as the chemistry
of the non-radioactive isotope of chromium (i.e., chromium-52). Many of the long-lived radioactive
elements have a strong affinity for fine sediments; therefore, fine sediments were the focus of this study.
Perkins et al. (1966) studied the behavior of a number of radionuclides discharged from Hanford to the
Columbia River and concluded that the radionuclides scandium-46, manganese-54, cobalt-58, cobalt-60,
iron-39, zinc-65, and zirconium/niobium-95 were readily sorbed to particulate material and that
chromium-51, rubidium-106, antimony-124, and barium-140 occurred primarily in dissolved form.
Plutonium-239/240 is also considered to bind strongly to particulates; while cesium-137 is relatively more
soluble (Noshkin et al. 1978). These chemical characteristics also affect the biological uptake and

excretion of these elements.

3.7.3.1 Comparison with Historical Data and Identification of Potential Sources. Radionuclides occur
naturally in the earth’s crust and they also occur as a resuit of human activity. Anthropogenic sources
of radionuclides include fallout from historical above-ground nuclear weapons testing; releases due to
mining, refining, and purification of radionuclides; releases during disposal of radioactive medical wastes;
and accidentat releases during the use of radionuclides for the production of energy. Significant sources
of radionuclides to the Columbia River include historical and present releases from the Hanford plutonium
production facility, fallout from historical above-ground nuclear weapons testing (the U.S. and the former
U.S.S.R. terminated above-ground testing in 1964, but the Chinese government continued above-ground
testing until 1980), and radionuclide fallout from the April 1986 Chernobyl nuclear power plant accident.
Although the Trojan Nuclear Power Plant was an additional potential source of radionuclides to the river
(the plant has been shut-down indefinitely since 1991 and will not likely be restarted) since its initiation
in 1976, environmental monitoring of this facility suggests that it has not been a significant source of

radionuclides to the river (e.g., Beasley and Jennings 1984; Portland General Electric Co. 1991).
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Beasley and Jennings-(1984) report that as much as 300,000 Ci/yr were discharged in the once-through
cooling water for the eight plutonium-production reactors at Hanford during the peak period of plutonium
production in the mid-1960s. The Colﬁinbia River was catled "...the most radioactive river in the United
States” by Forster (1972). Although Hanford operations are likely the most significant source of
radionuclides to the Columbia River, many of the neutron activation-product radionuclides that were
discharged (formed by the neutron bombardment of the elements present in the intake cooling water) had
relatively short half-lives. Over 60 different radionuclides have been detected in effluent from the
Hanford reactors, and at least six of them were discharged at relatively high concentrations and are
relatively long-lived [manganese-54 (half-life 314 days), zinc-65 (245 days), cobalt-60 (5.3 years),
scandium-46 (84 da-ys), antimony-124 (60 days), and chromium-51 (27.8 days)] (Forster 1972), Radio-
nuclides with even longer half-lives were discharged in relatively low guantities [e.g., plutonium-239
(half-life 24,000 years) and cesium-137 (30.2 years)] (Beasley and Jennings 1984).

Beasely and Jennings (1984) estimated that about 20 to 25 percent of the plutonium-239/240 and 50 per-
cent of the cesium-137 in sediments behind McNary Dam was derived from Hanford operations, and the
remainder of these radionuclides were the result of atmospheric (i.e., above-ground nuclear weapons
testing) sources (e.g., americium-241). However; the presence of cobalt-60 was attributed to operations .
at Hanford (Beasley and Jennings 1984). Robertson and Fix (1977) also estimated that in the mid-1970s,
potassium-40 (a naturally occurring radionuclide) accounted for almost half of the total radioactivity of

surface sediments behind McNary Dam.

The concentration of sediment radionuclides due to Hanford operations tends to decrease downriver as
a result of radioactive decay, dispersion, and dilution with tributary sediments (Perkins et al, 1966; Glenn
1973; Haushild et al. 1975; Beasley and Jennings 1984). For example, Beasley et al. (1981) estimated
that only about 4 percent of the plutonium-239/240 in Youngs Bay sediment (which was considered to
be minimally influenced by sediment input from the Youngs, and Lewis and Clark rivers) was derived
from Hanford operations. Following the termination of significant radionuclide input from the old once-
through plutonium production reactors in 1971, sediment radionuclide concentrations have steadily
declined due to radioactive decay, dispersion, transport, and burial of radionuclides by relatively
uncontaminated sediments (Robertson and Fix 1977).
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These historical observations are supported when relatively recent (1989) sediment radionuclide data from
above (sediments behind Priest Rapids Dam at approximately RM 380) and below (sediments behind
McNary Dam at approximately RM 280) the Hanford site are compared to the reconnaissance survey
sediment data (Table 3-11). An increase in the radionuclide concentration of plutonium, europium,
cobalt, and cesium is apparent downstream of Hanford in both the 1977 and 1989 data sets (see
Table 3-11). However, the maximum concentrations measured in the reconnaissance survey are similar
to, or less than, the reported maximum concentration in the sediments _above Hanford, and these
concentrations are all less than those reported for McNary Dam sediments below the Hanford site (see
Table 3-11). |

However, continued radionuclide releases from Hanford occur due to direct effluent discharges and the
seepage of contaminated groundwater into the river (Woodruff and Hanf 1992). Environmental
surveillance results indicate the discharge of measurable quantities of tritium, strontium-90, manga-
nese-54, éobalt-éﬂ, rubidium-106, antimohy—125, cesium-137, plutonium-238, and plutonium-239/240
from NPDES-permitted point sources (Woodruff and Hanf 1991). Contaminated springs and groundwater
have also been identified which contain measurable quantities of tritium, strontium-90, technetium-99,
and uranium (Woodruff and Hanf 1992).

Resuspension of deeper sediments in depositional areas, where relatively higher concentrations of several
long-lived radionuclides still exist, is an additional source of radionuclides to the river water and
sediments. For example, the peak concentration of plutonium-239/240 (0.086 pCi/g) in a sediment core
raised from Youngs Bay in the 1970s occurred between the 19- and 20-cm sediment depth layers (Beasley
et al. 1981).

3.7.3.2 Significance and Recommendations. Although there are established limits for the radionuclide
concentration for drinking water (40 CFR 141), there are presently no standards established for sediments
that could be used for comparison with the reconnaissance survey sediment radionuclide data, The
damaging biological effect of radionuclides is due to the ionizing action of the emitted decay particles
which cause the ionization of cellular chemicals. These ionized chemicals may then cause damage to
cellular processes (somatic effects) or may cause damage to genetic material (genetic effects). Exposure
of organisms to ionizing radiation may occur from exposure to external radiation or from radionuclides

that have been incorporated into the organism’s body through uptake across tissue membranes, or through
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TABLE 3-11. COMPARISON OF RECONNAISSANCE SURVEY SEDIMENT RADIONUCLIDE RESULTS WITH RECENT AND HISTORICAL DATA
FROM LOCATIONS ABOVE (PRIEST RAPIDS DAM) AND BELOW (MCNARY DAM) HANFORD OPERATONS.

1989* 19775
Radionuclide Radiologic Reconnaissance
Half-Life Survey Priest Rapids McNary Priest Rapids McNary
Years Maximum observed surficial concentration in pCi/g dry sediment.

| Americium 241 458 <0.006 4 d 0.002 0.002
Cesium-137 30 0.29 0.30 0.86 1.16 L.30
Cobalt-60 5.3 <0.05 0.01 0.44 <0.02 1.37
Europium-152 13 0.14 4 111 <0.0%° 1.00°
Europium-155 1.8 <0.08 0.09 0.10 4 4
Plutonium-238 86 <0.006 0.0003 | 0.002 <0.001 0.001
Plutoninm-239/240 24,400/6,580 0.005 0.003 0.022 0.014 0.014

8 Source: Jaquish and Bryce (1990).

b Source: Robertson and Fix a977).

© Data converted from units of disintegrations per minute (dpm) to pCi by multiplying dpm by 0.45045.

d No data reported for this radionuclide.

€ Measurement of Europium-152/154. Europium-154 has a half-life of 16 years.




the ingestion  contaminated water, sediments, or prey items. Due to the affinity of radionuclides for

sediments, botzom dwelling and feeding organisms may be exposed to the most radiation.

However, the radiation dose to humans and organisms due to exposure to radionizclides of natural and
anthropogenic origin can be estimated if certain simplifying assumptions are made, Estimates of the
radiation dose to humans, due to historical exposures to radionuclides of Hanford origin, is presently
being conducted (Napier 1991, Ripple 1992). Radiation dose limits have been established by the
U.S. Department of Energy (U.S. DOE) (Order 5400.5) for humans and wildlife for discharges from
Hanford [see Appendix B, p. B.5, Woodruff and Hanf (1992)]. The routine public effective dose limit
from all exposure pathways is 1.00 millisieverts/yr (100 mrem/yr), and the dose limit to native aquatic
organisms exposed to liquid wastes is .:) milligrays/day (1 rad/day) (Woodruff'and Hanf 1992). In 1992,
the estimated total radiation dose to the maximally exposed individual (MEI) was 0.02 percent of the
U.S. DOE dose limit. However, the fourth largest portion of the radiation exposure to the MEI was due
to consumption of fish (containing primarily cesium-137) from the Columbia River (Woodruff and Hanf
1992). Dose estimates were also made for clams, fish, and waterfowl exposed to Columbia River water
containing a mixture of the radionuclides reaching the river in 1991. The highest estimated dose was
3.0x10° milligrays/day . (3.0x10® rad/day) for a fish-eating duck which is much less than the
10 milligray/day (1 rad/day) limit.

The potential environmental significance of the levels of radionuclides measured in surface sediments
collected during the reconnaissance survey may be indicated by comparison to a recent ecological risk
study of historical dumping of low-leve! radioactive waste off the Gulf of the Farallones National Marine
Sanctuary (Tetra Tech 1993a), The maximum sediment concentrations measured within the dumpsite
were 0.137 pCi/g of cesium-137 and 0.964 pCi/g of plutonium-239/240. The maximum concentration
of cesium-137 measured in the Gulf of the Farallones dump-site is similar to the maximum value reported
for this study (0.29 pCi/g), but the value reported for plutonium-239/240 was much higher (compared
to 0.005 pCi/g measured in this study). Strontium-90 was also detected in sediments collected from the
dumpsite at a maximum concentration of 0.023 pCi/g. The calculated dose to several organisms, due to
exposure to the maximum levels of radionuclides measured at the dumpsite, was highest for a bottom-
dwelling fish. It was estimated to receive a dose of 1.2x10°° milligrays/day (1.2x10® rad/day) (Tetra
Tech 1993a). This dose is also much lower than the U.S. DOE dose limit for aquatic organisms.
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This discussion of radionuclide releases from Hanford does not attempt to summarize all of the
environmental problems associated with Hanford (e.g., human health effects due to historical atmospheric
releases of radioactive iodine). Howexééi‘, drinking water sféndardsﬁ for radionuclides and gross alpha and
beta radioactivity have not been exceeded in the Columbia River below Hanford in recent years (e.g.,
Jaquish and Bryce 1990; Woodruff and Hanf 1991; Becker and Gray 1992; Woodruff and Hanf 1992),
Drinking water standards have been exceeded in groundwater and surface detention ponds of the Hanford

site, but these sources are not used for potable water supplies (e.g., Woodruff and Hanf 1992).

3.7.4 Organic Compounds

Sediment samples collected during the reconnaissance survey were analyzed for semivolatile organic
compounds, PCBs, pesticides, dioxin and furan compounds, and organotin con;npoﬁnds. Dioxins, furans,
and organotins were the most frequently detected organic compounds in sediment samples collected during
the reconnaissance survey. Several semivolatile organic compounds [PAHs and bis(2-ethylhexyl)phthal-
ate], pesticides, and PCBs were detected at several of the stations sampled. Effects-based reference levels
adopted for this study were exceeded by a number of the organic compounds detected in this study.
These exceedances occurred for several PAHs, pesticides, and PCBs. However, sediment quality refer-
ence values were not available for several of the organic compounds that were detected in the study,
including the semivolatile compounds bis(2-ethylhexyl)phthalate, several pesticides, dioxin and furan
compounds, and organotin comp-ounds. Based on these data botential areas of concern were identified
which included stations D1, D2, and D6 (Grays Bay) in the estuary; stations D19, D22, E8, E9P, and
D24 between RM 62 (below Longview) and 83 (below St. Helens), and station D35 in Camas Slough.
1t should be recognized that the limited nature of a reconnaissance survey does not ensure that any or all
significantly contaminated areas have been identified. There may be locations of anthropogenic influence

in localized areas that have not been identified.
The following discussion will relate the concentrations of organic compounds measured in the recon-

naissance survey to historical data identified by Tetra Tech (1992a) and will discuss potential anthro-
pogenic sources of these organic compounds identified by Tetra Tech (1992¢). '
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3.7.4.1 Comparison with Historical Data and Identification of Potential Sources.

Semivolatile Organic Compounds. The semivolatile organic compounds detected in the recon-
naissance survey were limited to PAHs and the phthalate ester, bis(2-ethylhexyl)phthalate, which were
detected at several locations throughout the river, The PAHs were detected at concentrations that

exceeded available effects-based reference levels.

Bis(2-ethylhexyDphthalate -- The phthalate ester bis(2-ethylhexyl)phthalate, which was detected
at 18 stations at a maximum concentration of 790 pg/kg at station E10P (below the confluence of the
Willamette and Columbia rivers), is commonly used as éplasticizer and as a replacement for PCBs in
dielectric fluids for electrical capacitors. It is present in many plastics (especially vinyls), paints, flexible
tubing, plastic bags, and medical supplies. Potential sources of bis(2-ethylhexyl)phthalate include indus-
trial and municipal effluents, landfill leachate, incineration of plastics, and nonpoint storm runoff from
urban, industrial, and residential areas. A potential source of this compound is Kalama Chemical (at
RM 74), which is required to monitor the effluent concentration of pis(Z-ethylhexyl)phthaIate (Tetra Tech
1992c).

No data on sediment concentrations of bis(2-ethylhexylphthalate in the lower Columbia River were
identified by Tetra Tech (1992a). However, sediment concentrations of bis(2-ethylhexyl)phthalate
concentrations were reported by Johnson and Norton (1988) for sediment samples collected at several port
areas along the lower Columbia River. Although the analytical results repoded by Johnson and Norton
(1988) were qualified as estimates due to detection of bis(2-ethylhexyl)bhthalate in the blank (at a
concentration of 10 pg/kg or less), a concentration as high as 1,900 pg/kg was reported for a sample

collected at the Kalama Chemical pier.

PAHs —~ Polycyclic aromatic hydrocarbons (PAHs) were detected infrequently (a maximum of
5 of the 54 sediment sampling stations) in sediments throughout the lower Columbia River. PAHs were
generally found in sediments near urban areas and may have been due to discharges of urban runoff from
storm sewers, There are several possible sources of PAHs, including forest fires, combustion of fossil
fuels, petroleum contamination, wood treatment facilities using creosote, and urban runoff (Hoffman et
al, 1984; Menzie et al. 1992; Christensen and Zhang 1993). Most of the PAHs are ubiquitous in urban

runoff and also have a substantial source from forest and range fires (Menzie et al. 1992). Hoffman et
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al. (1984) reported that urban runoff entering Narragansett Bay accounted for 71 percent of the total
inputs for higher molecular weight PAHs and 36 percent of the total PAHs. Aluminum smelting also
represents another source of PAHs (e.g., Nif et al. 1992), PAHs were most frequently detected at the
highest concentrations at station D19, immediately downstream of the aluminum smelter in Longview,
a potential source of these organic compounds. The three aluminum smelters that discharge directly to
the lower Columbia River (located at RMs 63 in Longview, 103 in Vancouver, and 120 in'Trdutdale)
are required to monitor the effluent concentration of the PAH benzo(a)pyrene. However, atmospheric
discharge of PAHs from these facilities may also be a significant, but indirect, source of PAHs to the

river,

Historical measurements of the sediment concentrations of PAHs in lower Columbia River sediments have
revealed detectable concentrations of total and individual PAHs at a number of locations (Tetra Tech
'1992a). Total PAH concentrations have been reported for Chinoock (USACOE 1991)' (maximum of
552 pg/kg), Tongue Point (Young et al. 1988) (maximum of 15 10 prg/kg), Longview (Johnson and
Norton 1988) (maximum concentration of 19,000 pg/kg), arid St. Helens (USACOE 1991) (maximum
concentration of 979 ug/kg). Although many specific PAH compounds were typicaily below the reported
_ laboratory detection limits, several PAHs were detected at a number of locations in the lowe'r river (Tetra

Tech 1992a). The PAH compounds benzo(a)anthracene (159 ug/kg), benzo(b)fluoranthene (127 pg/kg),
benzo(k)fluoranthene (134 pug/kg), 'benzo(g,h,i)perylene (173 pg/kg), benzo(a)pyrene (223 pg/kg),
chrysene (76 pg/kg), phenanthrene (72 pg/kg), and pyrene (260 pg/kg) were detected in sediments
collected from Cathlamet Bay (Fuhrer and Horowitz 1989).. Although many of the sediment concen-
trations of specific PAH compounds reported by Johnson and Norton (1988) were qualified as estimates
due to blank contamination, concentrations reported for samples collected below Reynolds Metals
in Longview were relatively high and often exceeded the Ontario effects-based reference value of
2,000 pg/kg used in this study. The highest concentrations were reported for fluoranthene (2,100 pg/kg),
pyrene {2,500 pg/kg), benz(a)anthracene (2,200 ug/kg), chrysene (4,100 pg/kg), benzo(b)fluoranthene
(1,800 pg/kg), benzo(k)fluoranthene (910 ug/kg), benzo(a)byrene (1,500 pg/kg), indeno(},2,3-cd)pyrene
(920 pg/kg), and benzo(g,h,i)perylene (1,100 pg/kg) (Johnson and Norton 1988).

Pesticides and PCBs. Pesticides were detected throughout the river and included DDT com-
pounds, heptachlor, aldrin, dieldrin, mirex, dacthal, methyl parathion, parathion, malathion,Aendrin, and
lindane compounds (i.e., alpha-, delta-, and gamma-BHC). The occurrence of pesticide residues in the

3-97



sediments may be due to agricultural usage or pesticide-handling facilities in the Columbia River basin.
Most of the chlorinated pesticides are no longer used in the United States, and their presence in the
sediments may therefore represent residual concentrations from past usage rather from recent applications.
This residual, however, may be present over large areas of the Columbia River basin above Bonneville
Dam and may continue to act as a source to the lower river. No source could be identified to explain
the particular distribution of high concentrations of pesticides near station ES, altflough a chemical
manufacturer of fertilizers (Chevron Chemical Co.) is located near this site. As suggested earlier in the
discussion, it is recommended that the identification of the pesticides be confirmed through additional

studies.

Historical measurements of pesticides in lower Columbia River sediments -indicated the presence of
séveral pesticides, including DDT compounds, aldrin, chlordane, and endrin aldehyde (Tetra Tech
1992a3). DDT compounds were detected in Oregon Slough, including DDD (3.6 pg/kg) and DDE
(2.6 pg/kg), but DDT was not detected (DL=1.0 ug/kg) (USACOE 1991)., DDT compounds were also
reported at relatively high levels in sediments collected from the Columbia River I mile above the
confluence with the Willamette River (U.S. EPA unpublished STORET data). The concentrations of
DDD, DDE, and DDT reported in STORET were 68, 22, and 103 pg/kg, respectively. Aldrin was
detected in sediments collected from Baker Bay at a concentration of 1.5 pg/kg (Fuhrer and Rinella
1983). Chlordane f;z:s been detected in sediments collected near Chinook (4 pg/kg) and in Baker Bay
(2 pg/kg) (Fuhrer and Rinella 1983). Endrin aldehyde was also detected near Chinook at a maximum
concentration of 310 ug/kg (USACOE 1991).

Although the laboratory detection limits were occasionally rather high, analyses for the pesticides dieldrin,
endrin, endosulfan compounds, heptachlor, heptachlor epoxide, methoxychlor, mirex, lindane and isomers
(alpha, beta, delta, and gamma), perthane, silvex, toxaphene, 2,4-D, 2,4,5-T, and 2,4-DP indicated that
these pesticides were generally below the laboratory detection limits achieved in these studies (Tetra Tech
1992a).

PCBs (as Aroclor 1254) were only detected at station D19 below Longview (85 pg/kg). PCBs were used
in many locations and processes in the past and hence have been found historically in almost all urban,
and many industrial discharges. PCBs have been used as insulators and lubricants in transformers,

capacitors, and other electrical equipment. Although the manufacture and importation of PCBs has been
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prohibited in the United States, transformers manufactured or imported prior to the ban are still in use
and continue to be a potential source of these compounds. PCBs are also slowly degraded in the
environment and are known to bioaccurmulate, Therefore, it is likely that PCBs are present in
depositional areas near many urban areas, near former PCB production facilities, and near areas that -

contain power transformers.

Johnson and Norton (1988) reported detectable concentrations of PCBs (quantifie& as Aroclor 1254, the -
same PCBs that were detected at station D19 in this study) at a sampling location below Reynolds Metals
in Longview (73 pg/kg) and below the ALCOA aluminum facility in Vancouver (58 ug/kg). PCBs have
been detected- at a number of other locations in the lower Columbia River at concentrations ranging from
2 pglkg (total PCBs) in Cathlamet Bay (Fuhrer and Horowitz 1989) to 30 pglkg (total PCst in Baker
Bay (Fuhrer and Rinella 1983).

Dioxins and Furans. Of the organic chemicals detected in sediments from the sfudy area, the
polychlorinated dibenzodioxins (PCDDs) and the polychlorinated dibenzofurans (PCDFs) were the most
frequently detected compounds. These compounds were detected in évery sample collected, indicating
that they are widespread in the tiver. Entry of PCDDs and PCDFs into the environment has been
associated with chlorophenol production, wood-treating facilities, aerial application of phenoxy herbicides
(2,4-D and 2,4,5-T) (i.e., the contaminant of concern in agent orange), effluent discharge from chlorine-
bleach kraft pulp mills and chlorinated municipal sewage treatment plants, and from combustion processes
including fires (Czuczwa and Hites 1984). Macdonald et al (1992) determined that the predominant
source of octachlorodibenzo-p-dioxin (OCDD) in sediments collected from Howe Sound, British Columbia
was the atmosphere and that the predominant source of 2,3,7,8-tetrachlorodibenzofuran (2,3,7,8-TCDF)
was bleached kraft pulp and paper mill effluent discharges. Comparatively high concentrations of PCDDs
and PCDFs occurred at stations downstream of the Multnomah Channel, and the cities of St. Heléns and
Longview. Each of these locations is associated with pulp mill discharges, which are known sources of
PCDDs and PCDFs. Currently, only the four bleach kraft pulp and paper mills that discharge directly
to the lower Columbia River (including the city of St. Helens that receives and treats treated pulp mill
wastewater) and the wastewater treatment plant serving the city of Portland are required to monitor and

report the effluent concentrations of dioxins and furans in their effluent (Tetra Tech 1991c).
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Historical measurements of sediment dioxin and furan concentrations have recently been conducted
(1990), exclusively in locations near the five pulp and paper mill sources of these compounds
(i.e., Wauna, Longview, St. Helens, and Camas) (Tetra Tech 1992a). The highest concentrations
of dioxins and furans were measured at collection sites near Wauna and Longview. The dioxin
2,3,7,8-TCDD was not detected above the laboratory detection limits, which ranged from 0.38 to
5.4 pg/g, at any of the stations sampled. The highest concentration of 2,3,7,8-TCDF (1.1 pg/g) was
measured at a station near Wauna (RM 39.7) below the James River pulp and paper mill. The highest
concentration of OCDD (220 pg/g) was measured upstream of the James River pulp and paper mill at
RM 43.2. These results are comparable to those of the reconnaissance survey which generally reported
the detection of 2,3,7,8-TCDD at concentrations below the concentration of 0.35 pg/g; 2,3,7,8-TCDF
at concentrations ranging from 0.06 to 2.94 pg/g; and OCDD at concentrations ranging from 6.76 to
1,480 pg/g.

Organotin Compounds. The detection of organotins, used as biocides in antifouling coatings for
boats, ships, and submerged structures, in sediments from 7 of 10 stations analyzed for these compounds
reflects the proximity of these stations to marinas and facilities associated with boat painting and repair.
No historical measurements of butyltin compounds in sediments of the lower Columbia River were
identified by Tetra Tech (1992a) for comparison with these data. The sediment study of lower Columbia
River port areas conducted by the WDOE did not include analyses of sediment organotin levels (Johnson
and Norton 1988). Sediment organotin studies conducted in other areas have shown that the levels of
butyltin compounds are directly related to boating and shipping activity, with the highest levels typically
measured in marinas, berthing and mooring areas, and ship yards (e.g., Dowson et al. 1992; Espourteille
et al. 1993). The highest concentrations measured in these studies ranged from 3,935 pg/kg of tributyltin
in sediments collected from a marina in an estuary in the United Kingdom (Dowson et al. 1992) and
4,000 pg/kg of tributyltin in marina sediments from Hampton Roads in Chesapeake Bay (Espourteille et
al. 1993). The highest concentrations of organotin compounds measured in this study occurred between
Portland and Longview, a reach of the river that receives heavy use by recreational boaters and
commercial shipping traffic. The second highest concentration measured in the present study 28 ug/kg
of ethy! tributyltin which was measured at station D19 below Longview. The highest concentration of
100 pg/kg of triethyl butyltin was also measured at this station. A number of marinas and drydocking
facilities are located in Portland, Vancouver, and Longview and may be sources of organotins in the study

darea.
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Measurements of butyltin compounds in the tissues of bivalve mollusks (Mytilis edulis) collected from
the North and South jetties at the mouth of the Columbia River have been made since 1988, as part of
NOAAs National Status and Trends Mussel Watch Project (Uhlér et al, 1993). Concentrations of
tributyltin in bivalve tissues ranged from 0.26 to 0.49 pg/g (as dry weight). The highest total butyltin
levels (tri-, di-, and monobutyltin) were measured at the North Jetty in 1988-1989 (1.26 ug/g) and at the
South Jetty in 1989-1990 (0.57 pg/g). Of the 24 West Coast sites for which data were available for
1988-1989, the reported total butyltin concentration of 1.26 pg/g reported for the North Jetty was
exceeded at six sites. The highest concentration reported for 1988-1989 was 4.98 pg/g from Squalicum
- Marina Jetty located in Bellingham Bay, Of the 41 West Coast sites for which data were available for
1989-1990, the concentration of 0.57 ug/g reported for the South Jetty was exceeded at nine sampling
sites. The highest concentration reported in 1989-1990 was 9.05 pg/g from Keehi Lagoon located in

Honolulu Harbor,

3.7.4.2 Significance and Recommendations. In general, the sediment organic compound concentration
data gathered as part of the reconnaissance survey was superior to that of the water column sampling
results due to the detection and quantification of a larger number of organic contaminants. This is due
to the combination of the relatively higher concentrations of these contaminants in sediments and the
ability of the analytical laboratory to more easily achieve detection limits low enough to quantify a larger
number of the compounds present in the sediments. The compound bis(2-ethylhexyl)phthalate was the
only contaminant that was detected in both water and sediments. The following is a discussion of the
significance of the particular organic compounds detected in sediments collected for the reconnaissance
survey. General recommendations similar to those made for the results of the water column survey
(Section 2.7.5.1) will then be made.

Bis(2-ethythexyl)phthalate — Although bis(2-ethylhexyl)phthalate is thought to occur as a
laboratory contaminant, sediment concentrations at several location exceeded the concentration that could
reasonably be attributed to blank contamination. This compound was also reported as detected in two
water samples collected during the reconnaissance survey. This compound appears to be distributed
throughout the lower river, but without an effects-based reference level it is not possible to determine the
potential effect of this compound on humans and wildlife, However, the concentrations at the two water
column stations whére bis(2-ethythexyl)phthalate was detected (station W26 and W37) exceeded the

chronic marine and freshwater criteria for the protection of aquatic organisms.
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PAHs — Based on the reconnaissance survey data, PAHs appear to be distributed throughout the
river. Based on the available effects-based reference levels used in this study, effects to aquatic biota due
to exposure to sediments at several locations may adversely affect aquatic biota, especially fine-grained

sediment locations directly below aluminum smelters.

PCBs — PCBs (Aroclor 1254) were detected at one station, station D19. PCBs have been
detected in this same area during a previous sediment investigation conducted by WDOE (Johnson and
Norton 1988). The concentration reported also exceeded the effects-based reference levels adopted for

this study; therefore, sediment contamination by PCBs in sediments of the lower Columbia River warrant
further study.

Digxins and Furans — Although no effects-based reference levels were available for dioxins and
furans measured in this study, it should be mentioned that the Columbia River has recently been identified
as water quality limited due to the prediction that water column dioxin (2,3,7,8-TCDD) concen&ations
exceed the water column criteria for the consumption of contaminated fish and water (0.013 pg/L) and
the finding that Columbia River fish tissue levels of 2,3,7,8-TCDD exceeded the human cancer risk factor
of an increase of one additional cancer for a population of 1 million people for consumption of Columbia
River fish (U.S. EPA 1991¢,d). This prediction was based on modeling inputs of 2,3,7,8-TCDD to the
Columbia River from chlorine-bleached pulp and paper mill effluents to the mainstem of the river and
on analysis of the dioxin levels in fish tissue samples collected from the river (U.S. EPA 1991c,d).
Eleven chlorine-bleaching pulp mills currently discharge to the Columbia River system, These mills are
located in Canada (1), Idaho (1), Washington (4}, and Oregon (3). Five major pulp and paper facilities
discharge chlorine-bleach process effluent directly to the lower Columbia River below Bonneville Dam
(Tetra Tech 1992c). The U.S. EPA has developed a total maximum daily load (TMDL) which will
regulate the discharge of dioxin from U.S. pulp and paper mills in the Columbia River basin to reduce
the level of 2,3,7,8-TCDD below the water quality standard (UJ.S. EPA 1991¢,d). Further investigations
are being conducted by U.S. EPA Region X and the states of Oregon and Washington to provide
additional information for the refinement of the TMDL and to monitor the effect of the regulatory actions

that have been implemented.

noti mpounds — Organotin compounds, especially. tributyltin, are highly toxic.

Although effects-levels for butyltin concentrations in sediments are not available, effects on the sexual
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development of mud snails (lyanassa obsoleta) have been observed at water concentrations as low as
0.020 pg/L (Bryan et al. 1989)." An estimate of the acceptable daily human intake (ADI) of tributyltin
for an adult of 3.2 pg/kg of body weight has been suggested (Schweinfurth and Gunzel 1987). Although
the sediment organotin concentrations measured in this study are generally much lower than
concentrations reported for highly contaminated areas investigated in other studies, further study of
organotin compounds in the lower Columbia River may be warranted. However, organotin use has been
restricted following the Organotin Antifouling Paint Control Act of 1988 [see Huggett et al. (1992) for
a review of TBT legislation and risk assessment]; therefore, the present levels of these compounds are
likely to decline (albeit slowly) over time, Although the preliminary results of tissue analyses of bivalve
mollusks as part of NOAAs National Status and Trends program indicates that butyltin levels are
decreasing in some areas, in some cases increases were also noted (Uhler et al. 1993). However, Uhler
et al. (1993) suggested that if tributyltin inputs are reduced, environmental levels are expected to decline

over a period of one to five years.

. Overall Significance and Recommendations. The importance of historical discharges.from both
point and nonpoint sources is most evident for the sediment organic data, The organotins and many of
the pesticides detected have been banned or their use has been restricted, yet they have persisted and are
still detectable in sediments of the lower Columbia River. Furthermore, the sediment concentrations of
these pesticides often exceed the.effects-basea reference levels adopted for this study. It also appears that

some of these compounds may have a significant atmospheric source (e.g., PAHs, OCDD).

In general, recommiendations for further sediment studies reflect the recommendations provided in the

water column section (Section 2.7.5.1). Relevant questions for further research include the following:

= What are the major sources (point and nonpoint sources) of organic compounds

to the river?

n What are the effects of these organic compounds on the biota?
u Are the forms of the organic compounds in the water column available to the
biota?
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u Are some organic compounds and their various forms more available than others?

n Which is the most important pathway (water column or sediments) for organic

contaminant exposure and accumnulation?

» What are the residence times of these organic compounds?

= How and in what forms are organic compounds transported through the river
system?
u What is the fate of the organic compounds delivered to the river?

Answers to these questions are essential for identifying the most important sources of specific organic
compounds, and the acceptable limits of the input of these contaminants, in the lower Columbia River
system. An integrated monitoring program of organic contaminants in the lower Columbia River, and
the various point and nonpoint sources should be performed on a seasonal basis to improve the

understanding of the sources, forms, and fate of organic contaminants in the lower Columbia River.

3.7.5 Areas of Concern

At present it is difficult to identify areas of concern within the lower Columbia River using sediment
contaminant concerntrations as the basis for selection of impaired sites. Although sediment quality
guidelines are in the process of being developed and adopted by state and federal regulatory agencies,
there are currently no accepted criteria or guidelines for application to the freshwater sediments of the
lower Columbia River, Furthermore, the guidelines adopted for application in this study included only
a limited number of metals and organic compounds. Specific compounds for which no sediment concen-
tration guidelines were available included dioxins, furans, and organotin compounds. The evaluation was
further hampered by the laboratory detection limits achieved in this study. Although the detection limits
achieved by the contract laboratories were generally typical of the conventional laboratory methods used,
several of the detection limits were similar to or above the reference guideline concentrations adopted for
this study. This was particularly true for the pesticides analyzed in this study. However, with the above
qualifications several potential problem areas of the greatest concern may be identified based on the

reconnaissance survey sediment data. The stations identified below are those with the highest number
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of potentially elevated metals concentrations, detections of organic contaminants, and the highest number

of exceedances of the effects-based reference values (see Table 3-10).

= Station D6 located in Grays Bay at RM il. Sediment wncen&atiom of five
metals (arsenic, cadmium, iron, nickel, silver) were potentially elevated due to
anthrbpogenic sources, and the sediment concentrations of all five of these metals
exceeded the effects-based reference values adopted for this s;tudy.

u Station D16in Coal Creek Slough at RM 58. Sediment concentrations of three
metals (aluminum, arsenic, mercury) were potentially elevated due to anthro-
pogenic sources, and two pesticides of anthropogenic origin were detected in the
sediments. The sediment concentrations of three of these constituents (copper,
'4,4'-DDE, delta-BHC) exceeded the effects-based reference values adopted for
this study. ' -

W Station D19 located below Longview at RM 63. Sediment concentrations of.
two metals (aluminum and copper) were potentially elevated due to aﬁthropogeﬁic_
sources; and one organotin compound, eight PAHs, and one PCB compound, all
of anthropogenic origin, were detected in the sediments. The sediment
concentrations of five of these constituents [benzo(a)anthracene, chrysene,
pyrene, total PAHs, and PCB (Aroclor 1254)] exceeded the effects-based
reference values adopted for this study.

n Station D22 located above Kalama at RM 76. Sediment concentrations of six
metals (aluminum, cadmium, copper, lead, mercury, and zinc) were potentially
elevated due to anthropogenic sources, and three pesticides ¢heptachlor, alpha-
BHC, methy! parathion) of anthropogenic origin were detected in the sediments.
The sediment concentrations of three of these constituents (cadmium, c‘:opper,
zinc) exceeded the effects-based reference values adopted for this study.
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Station E8 located above Sandy Island at RM 77. The sediment concentration
of one metal (arsenic) was potentially elevated due to anthropogenic sources, and
two PAHs and six pesticides of anthropogenic origin were detected in the
sediments. The sediment concentrations of three of these constituents
(4,4’-DDT; dieldrin; endrin) exceeded the effects-based reference values adopted
for this study.

Station E9P located approximately 2 RMs below the city of St. Helens, OR
at RM 83. The sediment concentrations of two metals (aluminum, mercury)
were potentially elevated due to anthropogenic sources, and nine PAHs and three
pesticides of anthropogenic origin were detected in the sediments. The sediment
concentrations of two of these constituents (4,4’-DDT and aldrin) exceeded the
effects-based reference values adopted for this study.

Station D24 located in the St. Helens Marina at RM 85. The sediment
concentrations of two metals (aluminum and mercury) were potentially elevated
due to anthropogenic sources, and eight dioxin and furah compounds, ten PAHs,
and five pesticides of anthropogenic origin were detected in the sediments. The
sediment concentrations of three of these constituents (pyrene; total PAHs;
4,4’-DDE) exceeded the effects-based reference values adopted for this study.

Station D35 located in Camas Slough at RM 118. The sediment concentrations
of five metals (arsenic, cadmium, copper, mercury, zinc) were potentially
elevated due to anthropogenic sources, and four pesticides of anthropogenic
origin were detected in the sediments, The sediment concentrations of five of
these constituents (cadmium, copper, zinc, 4,4’-DDE, alpha-BHC) exceeded the
effects-based reference values adopted for this study.
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3.8 SUMMARY

Of the locations sampled during the survey, the reach from RM 58 (the area below Longview) to RM 80
(the area of St. Helens) appeared to be unigue in both the number of substances detected and the number
of substances that exceeded naturally occurring concentrations and effects-based reference values. These
concentrations may reflect the fact that the area downstream of station D25 consisted of relatively finer
sediments than the reach between the Willamette River and station D25. The occurrence of finer
sediments below station D23 could indicate a depositional area for both local inputs and for inputs from
the large Portland/Vancouver metropolitan area. Station E8 was particularly interesting because of the
number of chlorinated pesticides detected in these sediments, although this site was relatively coarse-
grained and hence would not be expected to accumulate these compoﬁnds as readily as the finer sediments
upstream and downstream of this station. Station ESP (reclassiﬁed asa ﬁne-graiﬁgd station), which was
" uprivér from station E8, also contained a number of pesticides and PAHs. At Station E9P, an oil sheen
was visible during sample collection. Station D19 below Longview also had a somewhat unique group

of compounds that. may reflect local inputs from shore-based industries and municipal development,
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4.0 TISSUE BIOACCUMULATION

4.1 INTRODUCTION

The concentration of anthropogenic chemicals in aquatic organisms is of great environmental concern.
First, there is concern among federal and state agencies and the public about the potential human health
risks from consuhing chemically contaminated fish and shellfish, A 1989 survey of 50 states and the
District of Columbia showed that 37 states reported having waterbodies under some type of advisory
restricting fish or shellfish consumption due to elevated tissue levels of pe;ticides, PCBs, or metals
(Reinert et al. 1991). Second, there is concern about the pptential for adverse impacts to wildlife
populations resulting from the consumption of prey containing chemical contaminants. Henny et al.
(1981) found elevated levels of PCBs and organophosphorus pesticides in mink (Mustela vison) and otters
(Lutra canadensis) collected along the lower Columbia river and suggested that population declines of
these species might be attributed to reproductive failure due to the consumption of PCB-contaminated fish.
Impairment of reproductive success of predatory birds, such as the bald eagle (Haliaetus leucocephalus)
and osprey (Pandion haliaetus), due to the biomagnification of organochlorine pésticides has been
documented in many areas of the United States (McGarigal et al. 1991). Within the lower Columbia
River Basin, the U.S. Fish and Wildlife Service has detected dioxin in the eggs of bald eagles nesting
near the river (U.S. Fish and Wildlife Service 1991, unﬁublished data). Finally, there is concern that
physiological or behavioral responses of aquatic species may be impaired by the exposure and

accumulation of toxic chemicals in tissues.

The two primary objectives of the tissue component of the reconnaissance survey were to:

u Characterize the distribution and levels of contaminants of concern in selected indicator
organisms
L Collect tissue contaminant data that could be used to support future preliminary

assessments of ecological risks and potential risks to human health from the conéumption
of fish. |
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Five species were selected for analysis in this study: crayfish {Pacifastacus leniusculus), common carp
{Cyprinus carpio), largescale sucker (Catostomus macrocheilus), peamouth (Mylocheilus caurinus), and
white sturgeon (dcipenser transmontanus). They were selected because their feeding characteristics, fat
content, and/or longevity suggested a priori that they might have higher contaminant leveis than other
aquatic species. Other factors considered as part of the selection process were the mobility, or presumed

ranges, of the organisms and whether or not they were preyed upon by key wildlife species or humans.

Crayfish are omnivorous scavengers that feed on vegetation, detritus, and fresh or decomposed carrion
{(Wetzel 1975; Barnes 1987; Mitchell and Smock 1991). Adults generally remain hidden in burrows, or
beneath stones or other debris in the daytime and generaliy move about and feed between dusk and dawn
(Pennak 1978). Crayfish can be an important component of the diet of predatory fish (Mitchell and
Smock 1991) and are harvested commercially and recreationally from the lower Columbia river for
human consumption. A total of 22,011 pounds of crayfish were harvested commercially during 1991 from
waters of the three Oregon counties that adjoin the lower Columbia River (i.e., Clatsop, Columbia, and
Multnomah counties) (Lukas, J., 11 May 1993, personal communication). Crayfish were selected as an
indicator organism because they are a food source for aquatic and terrestrial wildlife; they are harvested
from the lower Columbia river for human consumption; they are bottom-dwelling organisms; and they

are assumed to have relatively limited ranges.

Common carp, a species of minnow native to Asia, were introduced to North America (possibly as early
as 1831) because of their suitability for pond culture and their use as a food fish (Scott and Crossman
1973). The first introduction of this fish to the Pacific Northwest occurred in 1882; the lower Columbia
River was populated by carp by 1894 (Wydoski and Whitney 1979). Carp are omnivorous and consume
plant and animal tissue and may selectively feed on bottom ooze and detritus. Animal prey items include
aquatic insects, crustaceans, annelids, and molluscs (Scott and Crossman 1973). Carp are preyed upon
by predaceous fish and birds (Scott and Crossman 1973; Watson et al. 1991) and may also be consumed
by humans. Carp are thought to be fairly long-lived; an upper limit of 20 years has been suggested as
the normal life span of a North American carp (Scott and Crossman 1973). Wydoski and Whitney (15979)
report that the oldest recorded specimen collected from natural waters was 15 years old. Carp were
selected as an indicator organism primarily because they are a bottom-feeding fish with a relatively high
lipid content and they have been documented to readily bioaccumulate hydrophobic organic pollutants
(Schmitt et al. 1990).
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The largescale sucker is a bottom fish native to the Pacific Northwest. Spawning occurs during April
and May in shallow water with a gravel or sand bottom. The adhesive eggs are broadcast and settle to
the bottom (Wydoski and Whitney 1979). The small fry feed pelagically on small zooplankton and then
become bottom dwellers as they grow and change their diet to aquatic insect larvae and plant material
(Wydoski and Whitney 1979). Larger individuals feed on a variety of bottom organisms including
crustaceans, aquatic insect larvae, earthworms, snails, and detritus (Wydoski and Whitney 1979).
Largescale sucker are preyed upon by predaceous fish and birds (Scott and Crossman 1973; Watson et
al. 1991) and may also be consumed by humans. The largescale sucker may live as long as 11 years and
reach a length of 24 inches (9.4 ¢cm) and a weight of 7 pounds (3.2 kg) (Wydoski and Whitney 1979).
Largescale sucker were selected as an indicator organism primarily because they are a bottom-feeding
fish which, unlike carp, could be captured throughout the study area.

Peamouth are a species of chub that are native to rivers and lakes of none;tern North America. They
spawn in gravel-covered areas of shallow water in May and early June. The eggs are broadcast on the
bottom where they adhere to the substrate and hatch in 7 to 8 days (Wydoski and Whitney 1979). The
fish prefer weedy shallows in spring, summer, and fall, although it may seek deeper water in winter
(Scott and Crossman 1973, Wydoski and Whitney' 1979). Peamouth are tolerant of brackish water and
can therefore be captured in the estuarine portion of the lower Columbia River. Young fish feed on
zooplankton, while older fish feed both pelagically and on the bottom on a variety of plant and animal
matter which includes plankton, aquatic and terrestrial insects, snails, anq occasionally small fish such
as sculpins (Wydoski and Whitney 1979). The shallow water spawning habits of this fish make it
particularly susceptible to predation by fish-eating birds and mamfnals (Scott and Crossman 1973).
Watson et al. (1991) reported that peamouth, along with other fish from the Columbia River, including
largescale sucker, common carp, and American shad comprised over 60 percent of the diet of bald eagle
nestlings along the lower Columbia River estuary. The peamouth may live 13 years or longer and reach
14 inches (5.5 cm) in length (Wydoski and Whitney 1979). The extent to which peamouth are presently
consumed by humans along the .tiver is not known; however, historically this fish was served in hotels
of the Columbia River Basin (Wydoski and Whitney 1979). Peamouth were selected primarily because
their diet and feeding habits differ from carp. They occur throughout the study area, are an important
component of the diet of bald eagles, other wildlife, and game species of fish, and they have relatively

high lipid contents.



The white sturgeon is the largest North American sturgeon and is native to the Pacific Northwest. The
movements of these fish in freshwater is not well understood, although in the Columbia River they appear
to travel upstream in late summer and fall to exploit dying salmon runs and downstream in spring and
early summer to exploit smelt runs in Pacific coastal rivers (Haynes et al. 1978). The fish seem to prefer
free-flowing habitats and tend to occur shallower in the water column during periods of maximum activity
and movement in summer and deeper during minimum activity in winter (Hayes et al, 1978). Spawning
occurs in the Columbia River from May through July and females may contain over a million eggs
(Wydoski and Whitney 1979). The white sturgeoh is primarily a bottom feeder. The food of smaller
sturgeons is primarily chironomids and to a lesser degree crustaceans, molluscs, and aquatic insect larvae
(Scott and Crossman 1973). Stomach content analysis performed on white sturgeon collected at RM 131
in the lower Columbia River indicated that fish less than 350 mm long (fork length) fed primarily on
Corophium salmonis, but eggs of eulachon (Thaleichthys pacificus) and mysid shrimp (Neomysis mercedis)
were also important during certain months (McCabe and Hinton 1990b). Relatively larger sturgeon (351
to 725 mm fork length) fed on eulachon eggs and Corophium in May and June, the asian clam Corbicula
fluminea during May through August, and Corophium and chironomid larvae during September and
October (McCabe and Hinton 1990b). Larger specimens are primarily predaceous and feed on fish and
crayfish (Scott and Crossman 1973). This species is long-lived, with one fish collected from the Columbia
River determined to be 82 years old (Wydoski and Whitney 1979). Scott and Crossman (1973} suggest
that larger specimens may be over 100 years old. White sturgeon were selected for analysis because they
are long-lived, and therefore have the potential to accumulate high levels of tissue contaminanté, and
because they are harvested commercially and recreationally from the lower Columbia River for human
consumption. In 1991, the recreational and commercial catch of sturgeon on the lower Columbia River
was 20,730 and 3,784 fish, respectively (Melcher and King 1992; Washington Department of Fisheries
and Oregon Department of Fish and Wildlife 1992), i

4.2 SAMPLING LOCATIONS
Crayfish, carp, peamouth, largescale sucker and white sturgeon were collected during the reconnaissance

survey for analysis of tissue chemical burdens. Crayfish and largescale sucker were collected at

18 locations, and carp and peamouth at 12 locations along the lower Columbia River. Approximate fish
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and crayfish collection areas are shown in Figures 1-1 through 1-4'in Section 1.2. Collection dates and

geographic coordinates for the collection areas are given in Tables 4-1 and 4-2.

Crayfish, carp, largescale sucker, and peamouth were collected "near sediment sampling locations desig-
nated as fine-grained stations, with the exception of the samples collected near sediment sampling station
D38 (near Reed Island) which was reclassified as a coarse-grained sediment station (see Section 3.6.1.2).
[Note: This station will be identified as D38E in the following text.] Crayfish were collected close to
sediment sampling sites. However, to obtain adequate numbers of fish for analyses, c;ollections of carp, .
peamouth and largescale sucker occurred approximately within a 1-mile range of the sediment sampling
stations. Crayfish and fish collection locations have been given the same station designations as the
sediment stations due to the proximity of these areas. Table 4-3 shows the stations and species that wére

analyzed for tissue chemistry.

Commercially caught white sturgeon from each of the four major river segrﬂents were obtained from fish
processors located along the lower Columbia River. A total of 17 sturgeon _wére collected between .
RM 15 and 136 (see Table 4-4). The approximate river mile location for sturgeon captlire is shown in
Table 4-4.

The following general considerations were used to choose sampling locations for crayfish, carp,

peamouth, and largescale sucker:

] Achieving broad-scale coverage to gain an.overall characterization of tissue

chemical burdens in the lower Columbia River;

®  ° Obtaining data on tissue chemical burdens in biota inhabiting wildlife refuges,

areas around known point source discharges, and putative reference areas;

a Assessing tissue chemical burdens of relatively immobile species in relation to

chemical contamination in the surrounding sediments;



TABLE 4-1. LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY:

LOCATIONS AND TIME OF CRAYFISH SAMPLING

(Page 1 of 2)

Number of
Date/Time Traps Date/Time Traps | Crayfish Retained
Station River Mile | Latiide/Longituds Deployed Retrieved for Analysis
D6 23.0 46-16-02.1N 9-30-91 © 10-1-91 31
123-40-25.8W 1300 1005
D38 271.7 46-13-38.8N 9-29-91 9-30-91 31
123-34-35.6W 1650 1200
D10 38.0 46-12-35.5N 9-29-91 9-30-91 31
123-26-35.1W 1600 1100
D12 385 46-12-20.9N 9-29-91 9-30-91 10
123-23-25.2W 1500 1000
D15 50.5 46-09-21.3N 9-28-91 9-28-91 9
123-13-56.6W 1400 1720
9-28-01 9-29-91 23
1720 1320
Di6 57.5 46-11-15.3N 9-28-91 9-28-91 5
123-05-28.1W 1330 1700
9-28-91 9-29-91 26
1715 1240
Di1s 63.0 46-08-17.3N 0-28-91 9-20.91 30
123-00-28.5W 1245 1130
D20 71.5 46-03-28.4N 9-30-91 10-1-91 21
122-52-16.1W 1830 1230
D22 75.0 46-00-34.8N 9-27-91 9-28-91 8
122-50-55.6W 1700 1130
9-28-91 9-29-91 10
1150 1025
D23 l79.5 45-57-20.1N 9-27-91 9-28-91 12
122-48-15.8W 1650 1050
D24 85.5 45-52-22.5N 9-27-91 5-28-91 0
122-47-54.9W 1600 1000
9-28-91 §-29-91 i
1030 0730
9-29-91 9-30-91 30
0800 1700
D26 92.5 45-46-52.5N 0-26-91 9-27-91 32
122-46-09.3W 1345 1735
D28 98.5 46-41-39.4N 9-25-91 9-26-91 24
122-45-55.2W 1720 1920
D29 102.5 45-38-37.9N 9-.2591 9.-26-91 30
’ 122-44-42.1W 1650 2015
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TABLE 4-1. LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY:

LOCATIONS AND TIME OF CRAYFISH SAMPLING

{Page 2 of 2)

—  — ———————
Number of
Date/Time Traps | Date/Time Traps | Crayfish Retained -
Station River Mile | Latitude/Longitude Deployed Retrieved for Analysis
D31 107 45-36-14.2N 9-24-91 . 92591 12
. "122-40-18.3W 1730 1450
D35 118.0 45-34-36.7N 9-24-91 9-25-91 61
122-26-48.2W 1630 1400
D3s "125.0 " 45-33-23.7N 9-24-91 -9-25~91 2
122-20-00.4W 1400 1200
9-25-91 $-26-91 30
1300 0500
D40 141.0 45-37-27.9N 9-24-91 92591 5
122-01-09.8W 1200 0930
9-25-91 9-25-91 2
0845 1830
9-26-91 9-27-91 2
0800 1030

47




LOCATIONS AND DATE OF FISH SAMPLING

TABLE 4-2, LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY:

(Page 1 of 2)
. e mmm—l
Station River Mile Station Coordinates Fish Caught Date -
— e — —
D40 141.5 45-37-20.5N 5 carp® 14 Oct 91
122-01-13.7W 8 sucker®
D38 125.5 45-33-32.5N 5 carp? 15 Oct 91
122-19-03.6W 6 sucker?
D35 118.5 45-34-28.4N 5 carp® 15 Oct 01
122-26-23.9 W 1 peamounth
5 sucker?®
D31 107.5 45-36-33.8N 5 carp? 17 Oct 91
122-40-33.2W 5 sucker®
D29 101.0 45-40-07.0N 5 carp® 16 Oct 91-
122-44-54.7W 2 peamouth 17 Oct 91
5 sucker®
D28 98,0 45-42-13.7N 5 carp® 17 Oct 91
122-45-35.3W 5 peamouth?
6 sucker®
D26 92.5 45-46-52.5N 5 carp? 19 Oct 91
122-46-09.3W 5 sucker® 19 Nov 91
D24 85.5 45-52-22.5N 5 carp® 19 Oct 91
122-47-54.9 W 5 peamouth?®
S sucker®
D23 79.5 45-57-20.1N 5 carp 20 Oct 91
122-48-15.8W 5 peamouth?
5 sucker®
D22 75.0 46-00-34.8N 3 carp 21 Oct 91
122-50-55.6W 5 sucker® 19 Nov 91
D20 71.1 122-52-02.6 N 5 peamouth® 19 Nov 91
46-03-39.3 W
D21 71.0 122-53-29.2 N 5 sucker® 21 Oct 91
46-03-43.6 W
D19 67.0 46-08-17.3N 2 carp -21 Qct 91-
123-00-28.5W 7 peamouth® 23 Oct 91,
5 sucker® 27 Oct 91
D16 51.5 46-11-15.3N 8 peamouth® 23 Oct 91,
123-05-28.1W 5 sucker® 27 Oct 91
D15 49.5 46-08-21.3N 7 peamouth® 23 Oct 91,
123-13-56.6W 5 sucker® 27 Oct 91
D12 38.0 46-12-20.9N 5 peamouth® 24 Oct 91-
123-23-25.2W 1 carp 25 Oct 91
5 sucker®
D10 38.0 46-12-35.5N 5 peamouth® 25 Oct 91
123-26-35.1W 5 sucker®
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TABLE 4-2. LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY:
LOCATIONS AND DATE OF FISH SAMPLING
(Page 2 of 2)
mm
Station River Mile Station Coordinates Fish Caught Date
D& 20.0 46-13-38.8N 5 sucker® 27 Oct 91
123-34-35.6W
D6 22.5 46-18-02.0N 5 sucker? 26 Oct 91 i
i 123-43-16.4W
D4 5 46-15-58.86 N none 26 Oct 91-
: 123-58-15.66 W 27 Oct 91
D3 15.5 46-09-56.0N 9 peamouth® 26 Oct 91
123-48-59.2W :
8 Five of these fish were analyzed.
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TABLE 4-3. SAMPLING STATIONS FROM WHICH CAPTURED BIOTA
WERE ANALYZED FOR TISSUE CHEMISTRY?

Station Crayfish Carp Largescale Sucker Peamouth

D1
D2
D3 X
D4 '
D35

D6

D7

D8

D9

D10
D11
D12
D13
D14
D15
D16
D17
D18
D19
D20
D21
D22
D23
D24
D25
D26
D27
D28
D2¢%
D30
D31
D32
D33
D34
D35 X X X
D36
D37
D3g X X X
D39 :
D40 X X X

F e MW oM X
L] Moo oM
o

E T R T
P MM M MM XM
P W oM

e I T

3White sturgeon tissue (filets) were obtained from commercial fish processors located along the lower

Columbia River.
e
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TABLE 44. LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY:
WHITE STURGEON COLLECTION AREAS AND TISSUE CHEMICALS ANALYZED

(Page 1 of 2)

Approx. .
Sample River River Tissue Chemicals Date Date
No. Segment Mile Location Caught Analyzed Caunght Collected Processor Sex
ST-1-2-D 1B 18.5 Tongue Pomt, Oregon Metais, semivolatiles, 10/10/91 | 10/11/91 | Bornstein, Astoria Male
pesticides/PCBs, dioxins/ .
furans -
ST-1-3-D 1C 27 Caboth Drift (Woody Island Metals, semivolatiles, 10/1/91 10/3/91 | Fishhawk Fisheries, ND
’ Channel) pesticides/PCBs, dioxins/ Astoria
furans R
ST-i4 1A/1B 15 . Estuary, below Tongue Point | Metals, semivolatiles, 10/15/91 10/16/91 | Bomstein, Astoria Female
: pesticides/PCBs
ST-1-5 iB 21 Frankfort, WA (mouth of Metals, semivolatiles, 10/16/91 10/18/91 | Pac. Coast Seafood, ND
Deep River) pesticides/PCBs Astoria
ST-1-5(dup) 1B 21 Frankfort, WA (mouth of Metals, semivolatiles, 10/16/91 | 10/18/91 | Pac. Coast Seafood, ND
Deep River) pesticides/PCBs Astoria S
ST-1-6 1B 20 Deep River, WA Semivolatiles, pesticides/ 10/20/91 10/21/91 | Pac. Coast Seafood, ND
PCBs Astoria
ST-2-1-D 2B 49 Wallace Island, OR" Metals, semivolatiles, 10/10/91 | 10/11/91 | Bornstein, Astoria ~ Male
pesticides/PCBs, dioxins/
furans ’ :
ST-2-2-D 2C 67 Rainier, OR Metals, semivolatiles, 10/20/91 | 10/21/91 | Fishhawk Fisheries, Male
pesticides/PCBs, dioxins/ . Astoria
furans
ST-2-3 2B 49 Wallace Island, OR Metals, semivolatiles, 10/21/91 | 10/22/91 | Bomstein, Astoria - ND
pesticides/PCBs
ST-24 2B 49 Wallace Island, OR Metals, semivolatiles, 10/21/91 Bornstein, Astoria ND

pesticides/PCBs

10/22/91
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TABLE 4-4. LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY:
WHITE STURGEON COLLECTION AREAS AND TISSUE CHEMICALS ANALYZED

(Page 2 of 2)

Approx.
Sample River River Tissue Chemicals Date Date
No. Segment Mile Location Caught Analyzed Caught Collected Processor Sex
ST-3-1-D 3A 75 Kalama Drift, WA Metals, semivolatiles, 16/23/91 | 10/23/91 { King Fish Trading ND
pesticides/PCBs, dioxins/ Co., The Dalles
furans
§$T-3-3-D 3A 75 Kalama Drift, WA Metals, semivolatiles, 10/23/91 | 10/23/91 | King Fish Trading ND
pesticides/PCBs, dioxins/ Co., The Dalles
furans
ST-3-4 3A 75 Kalama Drift, WA Metals, semivolatiles, 10/25/91 | 10/26/91 | King Fish Trading ND
pesticides/PCBs Co., The Dalles
ST-3-6 JA 80 Martin Bluff (River Mile 80}, | Metals, semivolatiles, 10/29/91 | 10/30/91 | S&S Seafood, ND
WA pesticides/PCBs Portland
ST-4-1-D 4B 127 Warrendale, OR. Metals, semivolatiles, 10/2/91 10/4/91 | S&S Seafood, ND
(downstream from Rooster pesticides/PCBs, dioxins/ Portland
Rock) furans
ST4-2 4B 136 Multnromah Falls, OR Metals, semivolatiles, 10/10/91 10/11/91 | Fishhawk Fisheries, ND
) pesticides/PCBs Astoria
.8T4-3-D 4A 115 East of 1-205 Bridge (north Metals, semivolatiles, 9/29/91 9/30/91 | S&S Seafood, ND
side of Government Island) pesticides/PCBs, dioxins/ Portland
furans
ST44 4A- 103 Alcoa Al (downstream from Metals, semivolatiles, 8/29/91 9/30/91 S&S Seafood, ND
Hayden Island) pesticides/PCBs Portland




u Preventing duplication of effort in areas where recent tissue bioaccumulation
studies had been conducted by the Oregon Department of Environmental Quality
(ODEQ); '

= ATaking into account the known distributions of the various target species in the

study area.

More extensive details on the rationale for choosing sampling locations for each species are provided in
Section 6.4 of the final sampling plan (Tetra Tech 1991c).

4.3 SAMPLING METHODS

The sampling methods employed for the collection of the crayfish and fish species are described in detail

in Tetra Tech (1991a) and are briefly summarized below.
4.3,1 Crayfish

Crayfish were collected at 18 stations between September 24 and October 1, 1991, using crayfish traps
baited with cat food. The dafes and duration of trap deployment, and the number of crayfish retained
for analysis from each station are shown in Table 4-1. Crayfish were removed from the traps and frozen
on dry ice in the field. Each crayfish was weighed individually, wrapped in aiuminum foil, and kept

frozen on dry ice until delivery to the laboratory for tissue analysis.

4.3.2 Carp, Peamouth, and Largescale Sucker

Carp, peamouth, and largescale sucker were collected between October 14 and November 19, 1991, using
a combination of electrofishing and gill-netting methods. Although the original intent was to ‘collect carp
(primarily a bottom feeder) and peamouth (primarily a pelagic feeder), these target species were not
always found at all the pre-selected sampling locations. After further discussion with Bi-State Program
members, largescale sucker (also a bottom feeder) was collected as an alternate-species; it was available

at all the sampling locations, with the exception of the estuary stations D3 and D4 (Table 4-2).
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All captured fish were weighed, measured for length, wrapped in aluminum foil, and frozen on dry ice
until delivery to the laboratory for tissue chemical analysis. Details of the fishing operation are provided
in Section 4.2 of the Cruise Report (Tetra Tech 1991a).

4.3.3 White Sturgeon

Twenty white sturgeon were obtained from five fish-processing facilities located along the lower
Columbia River. The processors obtained the sturgeon from fish buyers who, in turn, received the fish
from commercial fishermen. The sturgeon were delivered to the buyer between 6 to 18 hours after

capture and were assutned to have been stored on ice after being caught.

Most of the 20 sturgeon were individually weighed and measured for length before being cut into smaller
filets (filets did not include internal organs or fat) by the processor. One filet from each fish was placed
in a glass jar or double wrapped in aluminum foil, assigned a sample number, and kept frozen until
delivery to the laboratory for tissue analysis. A second filet was also collected from one fish to serve

as a duplicate for analysis.

4.4 LABORATORY METHODS

All tissue analyses were performed by contract laboratories approved by the Bi-State Program. Whole-
body tissue chemical burdens were analyzed for station composite samples of five specimens of crayfish,
carp, peamouth, and/or largescale sucker. For sturgeon, only the filet (i.e., no internal organs or fat)
of separate individuals was analyzed following removal of exposed surface tissue. All tissue results were

reported on a concentration-per-wet-tissue-weight basis.

Tissue metal burdens were analyzed by Precision Analytics Inc., of Pullman, WA. Dioxin and furan
levels were analyzed by Keystone/NEA Environmental Resources, Inc., of Portland, OR. All other
chemicals of concern (see Table 1-1) were analyzed by Alden Laboratories of Seattle, WA,

Tissue dioxin and furan levels were measured according to U.S. EPA Methods 8290 for extraction and
cleanup, and Method 1613 for analysis. Tissue levels of metals and other chemicals of concern were also
measured using U.S. EPA-approved me ds (see Tetra Tech 1991b).
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An extensive QA/QC review of the tissue chemistry data was performed according to the data validation
guidance provided in U.S. EPA (1988a,b). QA/QC reviews of the data included assessments of sample
holding times, initial and continuing calibration, blank results, interference check samples, matrix spikes,
surrogate spikes and laboratory }L'eplicates. Some of the data were qualified based on this review. Results
of the QA/QC reviews are summarized briefly below, and the complete review is provided under separate

cover in the QA memoranda in Appendix A,

4.5 RESULTS
4.5.1 Species Size/Age Data

4.5.1.1 Crayfish. Wet weights of individual crayfish collected between RM 23 and RM 141 ranged
from 2.7 to 132.4 g (Figure 4-1). The mean weight of individuals ihcluded in the composite samples
analyzed ranged from 27.7 to 69.83 g (see Figure 4-1). Age considerations are important when
evaluating tissue concentrations of bioaccumulating chemicals because oldér organisms will potentially
have had a longer exposure period. Data relating crayfish weight and age are not available for
Pacifastacus leniusculus in the lower Columbia River. However, rough estimates of age can be obtained

using data collected for this species in the Sacramento-San Joaquin Delta in California (McGriff 1983).

Table 4-5 shows the estimated age of different crayfish weight ranges, The mean weights of composite
samples analyzed correspond to ages ranging from 2-3 to greater than 4 years, with most of the mean
composite weights falling within the 3-4 year age group. Crayfish age-weight or age-length relationships
vary with sex, and environmental conditions (e.g., McGriff 1983; Mitchell and Smock 1991), Thus, the
actual ages of crayfish collected in the lower Columbia River may differ from the estimates provided in
Table 4-5.

4.5.1.2 Carp. Wet weights of individual carp collected at nine stations between RM 79 and RM 141
are presented in Table 4-3. The mean weight of individuals included in the composite samples analyzed
ranged from 587 to 2860 g (see Figure 4-1). Individual lengihs of fish ranged from 24 to 55 cm, with
mean lengths of individuals included in composite samples ranging from 31 to 45 ch (Figure 4-2).
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TABLE 4-5, ESTIMATED RELATIONSHIP BETWEEN WHOLE-BODY WET
WEIGHT AND AGE FOR THE CRAYFISH PACIFASTACUS LENIUSCULUS

r- Estimated Age (yrs) Crayfish Weight (g)
<1 <8
12 8-15
2-3 15-31
| 34 31-48
|| >4 >48
“__S_ource: McGriff (1983).
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Fish Fork Lengths
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Age estimates are not available for the carp collected from the lower Columbia River. Length-age
relationships for Cyprinus carpio from other locations in the U.S. are quite variable, and suggest that the
fish collected could range in age from less than 1 to 11 years (Wydoski and Whitney 1979). Ages

corresponding to the mean composite fork lengths range from less than 1 to 8 years.

4.5.1.3 Largescale sucker. Largescale sucker were collected at 18 stations between RM 20 and RM 141
(Table 4-3). Wet weights of individuals coliected within the study area ranged from 197 to 1,500 g. The
mean weight of individuals included in the composite samples analyzed ranged from 378 to 1,020 g (see
Figure 4-1). Individual fork lengths of fish ranged from 25 cm to 48 cm, with fork mean lengths of

individuals included in composite samples ranging from 3410 45 cm (see Figure 4-2).

Age estimates are not available for the largescale sucker collected from the lower Columbia River,
Length-age relationships for Catostomus macrocheilus in British Columbia and Montana (Wydoski and
Whitney 1979) suggest that the size of fish collected could range in age from 4 to greater than 10 years.

Ages corresponding to the mean composite fork lengths range from 5 to greater than 10 years.

4.5.1.4 Peamouth. Wet weights of individual peamouth collected at ten stations between RM 15 and
RM 98 (Table 4-3). The mean weight of individuais included in the composite samples analyzed ranged
from 60 g to 199 g (see Figure 4-1). Individual fork Iengths of fish ranged from 13 ¢m to 28 c¢m,
with mean fork lenpgths of individuals included in composite samples ranging from 15 to 24 cm (see
Figure 4-2). |

Age estimates are not available for the peamouth collected from the lower Colﬁmbia River. Length-age
. relationships for Mylocheilus caurinus in Washington and Montana lakes (Wydowski and Whitney 1979)
suggest that the fish collected could range in age from 1 to 9 years. Ages corresponding to the mean

composite lengths range from approximately 2 to 7 years.

4.5.i .5 White Sturgeon. Eighteen white sturgeon caught as incidental catch by salmon gill-net fisherman
were analyzed for tissue contaminants. These fish were collected at sites b_et\lveenr approximately RM 15
and RM 136 (Table 4-4). Wet weights of individuals collected ranged from 10.4 to 37.2 kg (see Fig-
ure 4-1). Fork lengths of these fish ranged from 107 to 182 cm (see Figure 4-2). Based on length-age
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data for white sturgeon collected in the lower Columbia River between 1980 to 1983 (Hess 1984), the

fish collected had a mean age from 7 to 20 years.

4.5.2 Tissue Metal Concentrations

4.5.2.1 Summary of Quality Assurance/Quality Control. A total of 73 tissue samples were analyzed
for 11 metals. Seventeen samples were analyzed for white sturgeon, 18 for largescale suckers, 20 for
crayfish, 10 for peamouth, and 8 for carp. All of the tissue samples were field samples, with the
exception of sample ST-1-5-dup, which was a field duplicate of sample ST-1-5, and samples D15d and
D264, which were laboratory duplicates of crayfish samplés D15 and D26, respectively. Metals analyzed
by ICP/AES (antimony, barium, copper, nickel, silver, and zinc) and ICP/MS (lead) were unsupported
by calibration or check standard data, Calibration and check standard data are necessary to verify the
accuracy of the analytical results. Because these data were not provided by the analytical laboratory, all
values for tissue concentrations of metals were qualified as estimates. Among the trace metals analyzed
in tissue, only data for cadmium, arsenic, and selenium were not qualified as estimates. For mercury,
all of the largescale sucker and peamouth values, as well as three of the carp values, were qualified as
estimates because of holding time exceedances. Copper was detected in the one method blank performed
with the tissue samples. All positive values less than 30 mg/kg were qualified as undetected because of
possible blank contamination. DLs reported by the laboratory for antimony, barium, copper, nickel,
silver, zinc, and selenium exceeded the DLs specified in the QA/QC plan for at least some of the samples
(Tetra Tech 1991b). The tissue metals data are considered acceptable for use in this report, with the

above qualifications.

Analytical resulté, including surrogate and matrix spike recoveries and blind laboratory and field replicate

samples, are presented under separate cover in the QA memorandum in Appendix A-3.

4.5.2.2 Results. Whoie-body composite samples of crayfish, carp, largescale sucker, peamouth, and
filets of individual white sturgeon were analyzed for 11 metals (Table 1-1). Metal concentrations (mg/kg
wet weight) measured for each species are presented in Appendices D1-1, D2-1, D3-1, D4-1, and D5-1.
Table 4-6 shows the metals that were detected in tissue samples, the number of samples for each species
with concentrations above laboratory detection limits, and the range of concentrations measured. Data

for each metal are presented in the following sections.
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TABLE 4-6. CHEMICALS DETECTEDP IN FIVE SPECIES COLLECTED
IN THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

(Page 1 of 6)

Chemical Units Crayfish® Carp® Peamouth® Largescale Sucker® White Sturgeon®

METALS

Antimony mg/kg a a a a a

Arsenic mg/kg a a a a <0.26 - 1.86

_ (7116)

Barium mglkg 0.6-3.5 13-3.4 1.9-4.2 11-5.4 a
(20/20) (8/8) (10/10) - (18/18)

Cadmium mg/kg 0.02-0.13 0.03 - 0.35 0.02 - 0.08 0.02 - 0.06 <0.01 - 0.04
(20/20) (8/3) (10/10) (18/18) @Nnn

Copper mghkg 17.94-46.40  1.20-1.82 0.90 - 27.81 0.70 - 1.23 <0.43 - 0.50
(20/20) ®/8) (10/10) (18/18) @nmn

Lead mg/kg 0.01 - 0.05 0.02 - 0.23 0.05 - 1.35 <0.02 - 0.86 0.01 - 1.12
(15/20) (8/8) (10/10) (14/18) (16/17)

Mercury mglkg <0.012-  0.056 - 0,166 0.054 - 0,230 0.022 - 0.137 <0.012 - 0.521
0.078 (8/8) (10/10) (18/18) 14/17)

‘ '(17120)

Nickel mg/kg <0.43-123 <0.70-17.29 <0.72 - 3.42 <0.59 - 1.36 <0.46 - 0.59
(3/20) (3/8) - (2110) (3/18) (/17

Selenium mg/kg a a a a a

Silver - mg/kg <0.16 - 1.54 a a a <0.12 - 0.23
(16/20) Aan7

Zinc mg/kg  20.2-38.8 78.5 - 133.7 22,7 -44.2 17,3 -98.0 <1.8 - 16.0

) (20/20) (8/8) (10/10) ('IBI 18) 1snmn
PHENOLIC COMPOUNDS
Phenol uglkg a <100 - 5000 a a a
. : (1/9)
2-Chlorophenol pglkg a <100 - 4200 a a a

(/9)
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TABLE 4-6. CHEMICALS DETECTED IN FIVE SPECIES COLLECTED
IN THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

(Page 2 of 6)
Chemical Units Crayfish® Carp® Peamouth® Largescale Sucker® White Sturgeond

4-Chloro-3-methylphencl nalkg a <200 - 5600 a 8 a
a9

4-Nitrophenol pelke 8 < 1000 - 4000 a a a
a9

NITROAROMATICS

2,4-Dinitrotoluene puglkg a <100 - 1000 ‘a a a
(1/9)

NITROSAMINES

N-nitroso-di-n-propylamine pelkg a <100 - 2900 a a a
as)

POLYNUCLEAR AROMATIC HYDROCARBONS

Acenaphthene pelkg a <100 - 3800 & 2 a
1/9)

Naphthalene uelkg a <100 - 220 2 ‘e a
1/9)

2-Methylnaphthalens pelkg a <100 - 230 a <100 - 140 a
(2/9) (1/18)

Pyrene pelkp a <100 - 5200 a3 a a
1/19)

CHLORINATED BENZENES

1,4-Dichlorobenzene relkg a <100 - 1800 a a a
(1/9)

1,2,4-Trichlorobenzene pelkg a <200 - 3100 a a a

)
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TABLE 4-6. CHEMICALS DETECTED® IN FIVE SPECIES COLLECTED
IN THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

(Page 3 of 6)
Chemical Units Crayfish® Carp® Peamouth® Largescale Sucker® White Sturgeond
PHTHALATE ESTERS
Di-n-butyiphthalate pelkg <100 - 110 <100-160 a a <100 - 190
(1/18) (219) (5/18)
Bis-2-(ethylhexyl)phthalate yglkg' <100 - 3100 < 100 - 1500 <100 - 770 <100 - 1100 <100 - 1,500
(13/18) 3/9 (9/10) (8/18) (10/18)
Butylbenzylphthalate ug/kg a a a a <100 - 990
(1/18)
PESTICIDES
o,p'-DDE pelke a <3-17 <3 -47 | <3-42 <3-14
(3/9) (1/10) (9/18) (1/18)
o,p'-DDD uglke a <3-33 <3-49 <3-29 <3-9.1
(1/9) {1/10) (6/18) (2/18)
0,p'-DDT uglke <3-3 <3-6.9 a a <3-30
(1/18) a1/9) (1/18)
4,4'-DDE ugikg <3-17 <3-91 <3 - 480 <3- <70 <3-51
) (16/18) 19) (7/10) (1/18) (15/18)
4,4'-DDD nelkg <3-9.9 <3-23 <3-72 <5-30. <3.- 11
(2/18) (69) (3/10) (16/18) (3118)
4,4'-DDT palkg <3-3 <3-11 a <3-16 <3-16
(1/18) (5/9) (14/18) (8/18)
Heptachlor nalkg <3-45 a a a a
(1/18)
Aldrin uelkg a <3-9.6 <3-42 <3-5.6 a
(1/9) (3/10) (3/18)
Dieldrin nglkg <3-6.6 <3-56 <3-35 <3-4.5 <3-12
(1/18) (2/9) - (210) (1/18) (5/18)
Mirex pelkg a <3-8.8 a a a

1/9)




v

TABLE 4-6. CHEMICALS DETECTEDP IN FIVE SPECIES COLLECTED
IN THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

(Page 4 of 6)
Chemical Units Crayfish® Carp® Peamouth® Largescale Sucker® White Sturgeond
Dacthal pelkg a 2 <3-13 2 a
(1/10)
Dicofol prelkg a a a a a
Methyl parathion pglkg <3-38 a a a <3-22
(3/18) (3/18)
Parathion pelkg a a <3-26 <3-15 a
(1/10) (3/18)
Malathion pglkg a a <3-110 a a
(2/10)
Toxaphene nelkg a a a a a
Isophorone pelkg <100 - 430 a a a a
(7/18)
Endosulfan 1 pnelkg a a <3-8 <3-33 <3-49
(3/10) (1/18) (1/18)
Endosulfan Il rg’kg <3-76 & a ) 2
(1/18)
Endosulfan sulfate pelkg <3-3 a a <3-3.5 <3-55
(1/18) (1/18) (1/18)
Endrin palkg a <3-39 a <3-12 <3-5.1
1/9) (2/18) (2/18)
Endrin aldehyde nglkg a a <3-40 <3-472 <3-84
{1/10) (1/18) (2N18)
Methoxychlor pgikg <30 - 34 a ) a <30-65 <30 - 180
(2/18) (1/18) (3/18)
alpha-BHC pglkg F P a <3-37 a
(2/18)
beta-BHC nelkg <3-5.6 - a <3 - 150 <3-4.1 a
(2/18) (2/10) (1/18)




TABLE 4-6. CHEMICALS DETECTEDP IN FIVE SPECIES COLLECTED
IN THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

St-v.

(Page 5 of 6)

Chemical Units Crayfish® Carp® Peamouth® Largescale Sucker® White Sturgeond
delta-BHC puglkg a 2 a a e
gamma-BHC prelkg a <3-3.5 <3-14 <3-1.1 a

119 (1/10) (3/18)
PCBs
Aroclor 1016 re’kg a a a a . a
Aroclor 1221 pelkg a a a a a
Aroclor 1232 uglkg a 2 a a a
Aroclor 1242 prelkg a Y <50 -99 & a
: @10)
Aroclor 1248 . nglkg a a a a a
Aroclor 1254 pelkg a <50 - 270 a <50 - 380 <50 - 500
(519 (17718) (4/18)
Aroclor 1260 uglkg a <50 - 110 80 - 520 <50 - 130 a
@19y (10/10) (1/18)
Dioxins and Furans’ ’
.2,3,7,8-TCDD pe'e 0.27 - 0.86 1.28-2.10 1.44 - 4.41 0.49 - 1.56 <0.59 - 1.66
(12/12) (515) am (12/112) (1/8)
1,2,3,7,8-PeCDD pgle  <0.09-0.48  0.84-1.89 0.31-2.04 0.40 - 1.10 a
(1112) (5/5) am (12/12)
1,2,3,4,7,8-HxCDD pe’g <0.08 -0.39 0.26 - 1.45 0.11 - 0.87 0.13-0.53 a
(3/12) 65 anm (12/12)
1,2,3,6,7,8-HxCDD pe'e <0.07 - 0.89 0.73 - 4.82 0.31- 116 0.18 - 1.42 '3
(5/12) (5/5) am (12/12)
1,2,3,7,8,9-HxCDD Pe'Eg <0.07 -0.76 <0.36 - 0.50 0.12 - <0.47 0.11 - 0.92 a
(3/12) (415) 6 12112) .
1,2,3,4,6,7,8-HpCDD prelg <0.32 -5.21 1.59 - 9.81 0.24 - 2.81 1.04 - 4.36 0.35 - <1.25
(11/12) (5/9) am (12/12) (2/8)




T4 4

TABLE 4-6. CHEMICALS DETECTEDP IN FIVE SPECIES COLLECTED
IN THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

(Page 6 of 6)
Chemical Units Crayfish® Carp® Peamonth® Largescale Sucker® White Sturgeond

oCDD pele 1.62 - 79.10 2.71 - 30.6 3.62-18.1 0.79 - 21.3 <0.61 - 3.61
212) (5/5) am (1212) 1)

2,3,7,8-TCDF pe'e 4.10 - 12.40 437 -12.2 22.2-58.8 2.46 - 11.4 1.54 -22.8
(12/12) (5/5) 7 (12/12) (8/8)

1,2,3,7,8-PeCDF pe'g 0.11 -1.02 0.21-0.76 0.24 - 0.80 0.14-0.49 <0.25-0.73
(8/12 (5/5) am (12/12) (1/8)

2,3,4,7,8-PeCDF pele 0.20 - 3.05 0.46 - 1.37 0.55 - 2.46 0.31-1.21 <0.21-0.49
1212 /5) anm 12/12) (1/8)

1,2,3,4,7,8-HxCDF pele <0.07 - 0.36 0.12 - 0.66 <0.11 - 0.56 0.08 - 0.45 a
@12 /5) Gm (12/12)

1,2,3,6,7,8-HxCDF pelg <0.06 - 0.32 0.09 - 0.57 <0.10 - 0.44 0.09 -0.36 a
@12) /5 o)) (12/12)

2,3,4,6,7,8-HxCDF pelg <0.32-7.26 0.26 - 5.70 0.23 - <1.61 0.40 - 2.77 a
(11/12) (5/5) Gm (12/12)

1,2,3,7,8,9-HxCDF pe/g <0.05-0.23 0.05 - <0.34 a 0.09 - 0.33 a
@Nn2) 15) (12112)

1,2,3,4,6,7,8-HpCDF pel/g <0.09 - 0.7 0.18 - 1.31 <0.17 - 0.74 0.23 - 1.79 a
12) G15) 67 (12/12)

1,2,3,4,7,8,9-HpCDF pe/g <0.07-0.19 0.12 - <0.56 <0.08 - 0.18 0.06 - 0.43 Ta
/12 ars) @ (12/12)

OCDF pelg <0.18 - 1.24 <0.29 -2.45 <1.18 - 2.03 0.30 - 10.60 a
6/12) (15 M (12/12)

8 Chemical was not detected in any sample.

b The first number is the number of times the compound was detected. The second number is the number of stations at which samples were collected.|

© Analysis conducted on composite sample of five whole-body specimens from each station.

d Analysis conducted on single filet sample from an individual white sturgeon at each location.

€ Detected values include estimated values below the Lower Method Calibration Limit.




Antimony. Antimony tissue concentrations were qualified as estimates because QA/QC data on
method calibration and analysis of standards of known concentration were nbt supplied by the analytical
laboratory. Antimony was not detected in any of the tissue’samples analyzed. Laboratory detection
limits for this metal ranged from 0.20 to 4.05 mg/kg wet weight (Table 4-7).

Arsenic. Arsenic was detected above the laboratory detection limits only in tissue samples of
white sturgeon filets (Figure 4-3). The maximum arsenic concentration in white sturgeon was 1.86 mg/kg
wet weight (see Table 4-6). Detection limits for tissue analyses ranged from 0.24 to 0.64 mg/kg. wet
weight (see Table 4-7).

Table 4-8 shows the locations of the five highest arsenic tissue samples measured within the study area.
These samples were for white sturgeon which had arsenic concentrations ranging from 0.27 to 1.86
mg/kg wet weight. These fish were collected near Multnomah Falls, OR (RM 137), Rainier, OR
(RM 67), Wallace Island (RM 49), and near Astoria (RM 15).

Barium. Barium was detected in all tissue samples of crayfish, carp, peamouth, and largescale
sucker (Table 4-6). Barium was- not detected in white sturgeon samples. Laboratory detection limits for
barium analysis in sturgeon ranged from 0.5 to 0.8 mg/kg (Table 4-7). Median concentrations (ing/kg)
of barium were 2.7, 2.4, 2.4, and 1.5 for largescale sucker, carp, peamouth, and crayfish, respectively
(Figure 4-4). Concentrations corresponding to the iowest ten percent of measured values for each species
were 1.9, 1.3, 1.2, 0.6, and 0.1 for peamouth, carp, largescale sucker, and crayfish, respectively (see
Figure 4-4). Ninety percent of the samples-had concentrations below 3.6, 3.3, 3.2, and 2.5 for largescale
sucker, carp, peamouth, and crayfish, respectively (see Figure 4-4).

Table 4-8 shows the species and locations where the five highest barium concentrations were measured.

Four of the five highest barium tissue concentrations were measured for largescale sucker collected

between RM 79.5 and RM 141, Tissue concentrations ranged from 3.6 to 5.4 mg/kg. Peamouth col-

lected at RM 50.5 near the mouth of the Clatskanie River had the second highest barium concentration
~of 4.2 mg/kg.
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TABLE 4-7. DETECTION LIMITS REPORTED FOR CHEMICALS NOT DETECTED IN ANY TISSUE SAMPLES FOR
ONE OR MORE OF THE FIVE SPECIES COLLECTED IN THE LOWER COLUMBIA RIVER

(Page 1 of 6)

Chemical Units Crayﬁsl'lb Carp® Peamouth® Largescale Sucker® White Sturgeon®
METALS
Antimony mghkg  0.31-4.05 0.30 - 0.48 0.31-0.37 0.25-3.38 0,20 - 2.40
Arsenic mg/kg 0.24-0.54 0.40-0.64 0.41-0.49 0.34-0.52 8
Bariwm mgikg a 2 a a 05-08
Selenium mg/kg 0.40-0.64 0.24-0.54 0.41-0.49 0.33-0.52 0.26-0.55
Silver mgikg a 0.18 - 0.29 0.19 - 0.21 0.15-0.24 a
PHENOLIC COMPOUNDS
Phenot uglkg 100 & 100 - 200 100 100
Pentachlorephenol ugke 1000 1000 1000 - 2000 1000 1000
2-Chlorophenol unelke 100 Y 100 - 200 100 100
2,4-Dichlorophenol uglkg 200 200 200 - 400 200 200
2,4-Dinitrophencl uglkg 1000 1000 1000 - 2000 1000 1000
2-Nitrophenol uglke 200 200 200 - 400 200 200
4-Nitrophenol unelkg 1000 1 1000 - 2000 1000 1000
4-Chloro-3-methylphenol pglkg 200 a 200 - 400 200 200
2,4,6-Trichlorophenol nglkg 200 200 200 - 400 200 200
HALOGENATED ETHERS
bis(2-chloroethyl) ether pnglke 100 100 100 - 200 100 100
bis(2-chloroethyoxy) methane pglke 100 100 100 - 200 100 100
bis(2-chloroisopropyl) ether pglkg 100 100 160 - 200 100 100
4-Bromophenyl pheny] ether pelkg 200 200 200 - 400 200 200
4-Chlorophenyl phenyl ether pelkg 100 100 100 - 200 100 100
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TABLE 4-7. DETECTION LIMITS REPORTED FOR CHEMICALS NOT DETECTED IN ANY TISSUE SAMPLES FOR
ONE OR MORE OF THE FIVE SPECIES COLLECTED IN THE LOWER COLUMBIA RIVER
: (Page 2 of 6)
Chemical Units Crayfish® Carp® - Peamouth® Largescale Sucker® . White Sturgeon®
NITROAROMATICS
2,4-Dinitrotoluene nglkg 100 a 100 - 200 100 : 100
2,6-Dinitrotoluene pgikg 100 100 100 - 200 100 100
Nitrobenzene pelkg 100 100 100 - 200 100 100
NITROSAMINES
N-nitroso-di-n-propylamine pglkg 100 . 100 - 200 100 100
N-nitrosodiphenylamine pikg 100 100 100 - 200 100 100
CHLORINATED NAPHTHALENE
2-Chloronaphthalene pelkg 100 100 100 - 200 100 100
POLYNUCLEAR AROMATIC HYDROCARBONS
Acenaphthene unalkg 100 a 100 - ?JOO‘ 100 100
Acenaphthylene palke 100 100 100 - 200 100 100
Anthracene pglkg 100 100 100 - 200 100- . 100
Benzo(g)anthracene pe/ke 100 100 100 - 200 100 100
Benzo(b)fluoranthene pglkg 200 200 200 - 400 . 200 200
Benzo(k)fluoranthene pglkg 200 200 200 - 400 200 200
Benzo(a)pyrene nglkg 00 200 200 - 400 “ 200 200
Benzo(g,h,i)perylene nglkg 200 200 200 - 400 200 200
Chrysene ne’kg . 100 100 100 - 200 100 100
Dibenzo(a,hjanthracene uglkg 200 200 200 - 400 200 200
Fluoranthene pglkg 100 100 100 - 200 100 " 100
Fluorene nglkg 100 100 100 - 200 100 100 -
Indeno(1,2,3-c,d)pyrene pgfkg ° 200 200 . 200 - 400 200 © 200

Naphthalene

nefkg 100 a 100 - 200 100 100
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TABLE 4-7. DETECTION LIMITS REPORTED FOR CHEMICALS NOT DETECTED IN ANY TISSUE SAMFLES FOR

ONE OR MORE OF THE FIVE SPECIES COLLECTED IN THE LOWER COLUMBIA RIVER

(Page 3 of 6)

Chemical Units Crayfish® Carp® Peamouth® Largescale Sucker’ White Sturgeon®
2-Methylnaphthslene uglkg 100 a 100 - 200 a 100
Phenanthrene ughkg 100 100 100 - 200 100 100
Pyrene ug/kg 100 a 100 -200 100 100
CHLORINATED BENZENES
1,3-Dichlorcbenzene uglkg 100 100 100 - 200 100 100
1,2-Dichlorcbenzene ug’kg 100 100 100 - 200 100 100
1,4-Dichlorobenzene ugkg 100 a 100 - 200 100 100
1,2,4-Trichlorobenzene uglkg 200 2 200 - 400 200 200
Hexachlorobenzere uglkg 200 200 200 - 400 200 200
Hexachlorobutadiene pnelkg 100 100 100 - 200 100 100
Hexschloroethane unglkg 200 200 200 - 400 200 200
Hexeachlorocyclopentadiene pnelkg 500 500 500 - 1000 - 500 500
BENZIDINES
3,3-Dichlorodibenzidine ugikg 1000 1000 1000 - 2000 1000 1000
PHTHALATE ESTERS
Dimethylphthalate pnglkg 100 100 100 - 200 100 100
Diethylphthalate uglkg 200 200 200 - 400 200 200
Di-n-butylphthalate uelkg a a 100 - 200 100 a
Butylbenzylphthalate ug’kg 100 100 100 - 200 100 a
Di-n-octylphthalate ug/kg 200 200 200 - 400 200 200
PESTICIDES
o,p'-DDE ug’ke 3 a a a a
o,p'-DDD uglkg 3 2 a 2 a
0,p"-DDT pelkg a e 3.25 3-15 a
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TABLE 4-7. DETECTION LIMITS REPORTED FOR CHEMICALS NOT DETECTED IN ANY TISSUE SAMPLES FOR
ONE OR MORE OF THE FIVE SPECIES COLLECTED IN THE LOWER COLUMBIA RIVER
(Page 4 of 6)

Chemical Units Crayfish® Carp® Peamouth® Largescale Sucker® White Sturgeon®

4,4'-DDE pnelkg a a a a a
4,4'-DDD uglkg a a a a a
4,4DDT ' pglkg 2 a 31.25 a a
Heptachlor pelkg a 3 3-25 3 3
Heptachlor epoxide  pglkg 3 3-4 3-25 3 3
alpha-chlordane rglkg 3 3 .3 25 3 3
Aldrin : \ ‘nglkg 3 8 ’ a ) a 3
Mirex - pe/ke 3 a 3-25 3 3

. Dacthal nglkg 3 3-4 a 3 3
Dicofol pelkg .30 30 30 - 250 30 30
Methyl parathion nglkg o a 3-10 3-25 3-16 a
Parathion . nglkg 3 3 a a 3
Mx_ilalhion. nglkg ) 3 3-6 a 3 3
Toxaphene pglkg 150 150 150 - 1500 ’ 150 150
Isophorone uglkg a . 100 ' ' 100 - 200 100 ‘100 :
Endosulfan I puglkg 3 3 ‘a ‘ ) a a
Endosulfan I Y 2 3 ' 3-25 3 3.5
Endosulfan sulfate ng/kg a 3 ' 3. 25 ) -a a’
Endrin ’ ug/kg 3-4 © a8 . 3-25 . ) a a
Endrin aldehyde pug/kg 3 3-5 a a 2
Methoxychlor uefke a 30 30 - 250 2 2
alpha-BHC - nglkg 3 3 ' 3-25 “a 3

beta-BHC . nelkg a 3 : a P 3




TABLE 4-7. DETECTION LIMITS REPORTED FOR CHEMICALS NOT DETECTED IN ANY TISSUE SAMPLES FOR
ONE OR MORE OF THE FIVE SPECIES COLLECTED IN THE LOWER COLUMBIA RIVER

[45%d

(Page 5 of 6)

Chemical Units Crayfish® Carp® Peamouth® Largescale Sucker® White Sturgeon®
delta-BHC nglkg 3 3 3-40 3 . 3
gamma-BHC nglkg 3 [ a a 3-4
PCBs
Aroclor 1016 nglkg 50 50 50 50 S0
Aroclor 1221 pglkg 50 50 50 50 50
Aroclor 1232 nglkg 50 50 50 50 50
Aroclor 1242 nglkg 50 50 a 50 50
Aroclor 1248 pnglkg 50 50 50 50 50
Aroclor 1254 pnelkg S0 a 50 a a
Aroclor 1260 pe'kg 50 a a a 50
Dioxins and Furans
1,2,3,7,8-PeCDD pe'eg a a a 8 0.57 - 2.50
1,2,3,4,7,8-HxCDD pele a a a a 0.18 - 0.50
1,2,3,6,7,8-HxCDD pe'g a & a a 0.17 - 0.38
1,2,3,7,8,9-HxCDD pee a a8 a a 0.19 -0.42
1,2,3,4,7,8-HxCDF ~ ~ pelg a a 1 a 0.31 - 1.30
1,2,3,6,7.8-HxCDF pele a a a a 0.31-1.10
2,3,4,6,7,8-HxCDF pele a a a a 0.35 - 4.81
1,2,3,7,8,9-HxCDF pgle a Fl 0.08 - 1.38 a 0.41 - 2.04
1,2,3,4,6,7,8-HpCDF pe’e a a a a 0.20 - 0.84
1,2,3,4,7,8,9-HpCDF psle 2 a A a 0.26 - 1.00

OCDF pele a 2 2 a 0.29 - 0.93
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TABLE 4-7. DETECTION LIMITS REPORTED FOR CHEMICALS NOT DETECTED IN ANY TISSUE SAMPLES FOR
ONE OR MORE OF THE FIVE SPECIES COLLECTED IN THE LOWER COLUMBIA RIVER
" (Page 6 of 6)

Chemical Units Crayfish® Carp® Peamouth® Largescale Sucker” White Sturgeon®
& Chemical was detected in at least one sample for this species.

b Analysis conducted on mmpoﬁb sample of five whole-body specimens from each station.

© Analysis conducted on single filet sample from an individual white sturgeon at each location.
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Figure 4-3. Arsenic concentrations in tissue. Black bars indicate measured
one-half the reported detection limit.
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concentrations, stippled bars indicate nondetects and are equal to .
half the reported detection limit.

Figure 4-4. Barium concentrations in tissue. Black bars indicate measured
one-
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TABLE 4-8. LOCATIONS OF MAXIMUM MEASURED TRACE METAL CONCENTRATIONS
‘ IN TISSUE SAMPLES (mg/kg wet weight).

(Page 1 of 3)
Maximum Station Sample Location
Compound Concentrations | Designation Type of Fish Type { (River Mile) Comment
Arsenic 1.86 RM67 White sturgeon ST8 67 Off Rainier, OR, across from mouth of Cowlitz R.
1.38 RM49 White sturgeon ST 49 Wallace Island
1.07 RM49° White sturgeon ST 49 Wallace Island
0.84 RM136 White sturgeon ST 136 Upstream of Skamania Island
0.49 RM15 White stargeon ST 15 Near Port of Astoria, OR
Barium 54 D31 Largescale sucker wab 107.0 Hayden Island, N. Portland Harbor, above Interstate 5
bridge
4.2 D15 Peamouth WB 50.5 Wallace Slough near mouth of the Clatskanie R.
3.7 D40 Largescale sucker WB 141.0 Beacon Rock State Park, below Bonneville Dam
36 D38 Largescale sucker WB 125.0 Reed Island, upstream of Washouga!, WA
3.6 D23 Largescale sucker WB 79.5 Burke Slough near Martin Island
Cadmium 0.35 D26 Carp WB 92.5 Upstream of Bachelor Point, Bachelor Is. Slough
0.29 D38 Carp WB 125.0 Reed Island, upstream of Washougal, WA
0.13 D15 Crayfish WB 50.5 Wallace Slough near mouth of the Clatskanie R.
0.12 D40 Crayfish WB 141.0 Beacon Rock State Park, below Ronneville Dam
0.12 D40 Carp WB 141.0 Beacon Rock State Park, below Bonneville Dam
Copper 46.40 D26 Crayfish WB 92.5 Upstream of Bachelor Point, Rachelor Is. Slough
4.73 D26° Crayfish WB 52.5 Upstream of Backelor Point, Bachelor Is. Slough
41.39 D10 Crayfish WB 38.0 Clifion Channel, along upstream end of Tenasillahe Js.
38.05 D19 Crzyfish WB 63.0 Downstream of Longview, WA
37.99 D31 Crayfish WB 107.0 Hayden Island, N. Portland Harbor, above Interstate §
bridge :
37.33 Dé Crayfish WB 23.0 Grays Bay near Altoona, WA
Lead 1.35 D15 - Peamouth WB 50.5 Wallace Slough near mouth of the Clatskanie R.
1.12 RM75 White sturgeon ST s Downstream of Kalama, WA
0.86 D22 Largescale sucker WB 75.0 Vicinity of Port of Kalama
0.41 D38 Largescale sucker WB 125.0 Reed Island, npstream of Washougal, WA
0.34 D24 Peamouth WB 85.5 Adjacent to St. Helens, OR marins, downstream of

Multenomah Channel mouth
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TABLE 4-8. L.OCATIONS OF MAXIMUM MEASURED TRACE METAL CONCENTRATIONS
IN TISSUE SAMPLES (mg/kg wet weight).
(Page 2 of 3)

Maximum Station Sample Eocation
Compound Concentrations Designation Type of Fish Type (River Mile) Comment
Mercury 0.347 RM75 White sturgecn ST 15 Downstream of Kalama, WA
0.230 D3 Peamouth WB 15.5 Near Port of Astoria, OR
0.212 D24 Peamouth WB 85.5 Adjacent to St. Helens, OR marina below Multnomah
, Channel mouth
0.166 D26 Carp WB 92.5 Upstream of Bachelor Point, entrance to Bachelor Is.
Slough
0.146 D31 Carp WB 107.0 Hayden Island, Portland Harbor, above Interstate 5
bridge
Nickel 17.29 D38 Carp WB 125.0 Reed Island, upstream of Washougal, WA
3.42 D24 Peamouth WB 85.5 Adjacent to St. Helens, OR marina, below Multnomah
Channel mouth
1.97 D15 Peamouth WB 50.5 Wallace Slough near mouth of the Clatskanie R.
1.85 D28 Carp WB 98.5 3 mi downstream of Willamette R. mouth
1.36 D28 Largescale sucker WB 98.5 3 mi downstream of Willamette R. mouth
Selenium ND
ND
ND .
ND
ND
Silver 1.54 D20 Crayﬁshd WB 1.5 Carrolls Channel, upstream of mouth of Cowlitz R,
1.37 D40 Crayfish WB 141.0 Beacon Rock State Park, below Bonneville Dam
‘117 D8 Crayfish WB 21.7 Marsh Island, Lewis and Clark Nat. Wildlife Refuge
1.13 D15° Crayfish WB 50.5 Wallace Slough near mouth of the Clatskanie R.
.11 D38 Crayfish WB 125.0 Reed Island, upstream of Washougal
Zinc 133.7 D28 Carp WB 98.5 3 mi downstream of Willamette R. mouth
112.0 D26 Carp WB 92.5 Upstream of Bachelor Point, Bachelor Is. Slough
109.6 D38 Carp WB 125.0 Reed Island, upstream of Washougal, WA
109.5 D35 Carp WB 118.0 Mouth of Camas Slough
100.0 D31 Carp WB 107.0 Hayden Island, N. Portland Harbor, above Interstate 5

bridge




TABLE 4-8. LOCATIONS OF MAXIMUM MEASURED TRACE METAL CONCENTRATIONS
IN TISSUE SAMPLES (mg/kg wet weight).
(Page 3 of 3)

BE-t

8 Filet samples of white sturgeon were analyzed. White sturgeon samples were not collected at the same stations as the other species, but at a number of approximate
river mile locations. Therefore, the station designation for these samples is for river mile only,

b Whole-body tissue samples were analyzed for crayfish, carp, largescale sucker, and peamouth.
€ Indicates a replicate sample analysis.
4 silver was not detected in other species.

ND = Not detected above the laboratory detection limit.




Cadmium. Cadmium was detected in all tissue samples of crayfish, carp, peamouth, and
largescale sucker and in 13 percent of the white sturgeon samples analyzed. Median concentrations
(mg/kg) of cadmium were 0.11, 0.08, 0.04, 0.03, and 0.02 for carp, crayfish, largescale sucker,
peamouth, and white sturgeon, respectively (Figure 4-5). Cadmium concentrations corresponding to the
lowest ten percent of measured values for these species were similar, ranging from 0.02 to 0.03 mg/kg
{see Figure 4-5). Ninety percent of the samples had concentrations below 0.29, 0.11, 0.07, 0.05, and
0.03 for carp, crayfish, peamouth, largescale sucker, and white sturgeon, respectively (see Figure 4-5).

- Table 4-8 shows the species and locations where the five h.ighest cadmium concentrations were measured.

Three of these concentrations were measured for carp collected upstream of RM 92.5 (approximately 8
| miles upstream of St. Helens, OR) to RM 141 below Bonneville dam. Crayfish collected at RM 50.5
near the mouth of the Clatskanie River and RM 141 below Bonneville dam had the third and fourth

highest tissue concentrations of cadmium (0.12 and 0.13 mg/kg).

Copper. Copper was detected in all tissue samples of crayfish, carp, peamouth, and largescale
sucker and in 2 of 16 white sturgeon samples analyzed (Table 4-6). Median concentrations (mg/kg) of
copper were 28.88, 1.62, 1.47, 1.01, and 0.33 for crayfish; peamouth, carp, largescale sucker, and white
sturgeon, respectively (Figure 4-6). Copper concentrations corresponding to the lowest ten percent of
measured values for species other than crayﬁsh ranged from 0.24 to 1.22 mg/kg (see Figure 4-6). The
ten percentile concentration for crayfish was 16 to 83 times higher than the fish species (19.93 mg/kg).
Ninety percent of the samples had concentrations below 41.39, 8.54, 1.68, 1.18, and 0.45 for crayfish,
peamouth, carp, largescale sucker, and white sturgeon, respectively (see Figure 4-6).

Table 4-8 shows the locations and species where the five highest copper concentrations were measured.
All five highest copper tissue concentrations were measured for crayfish. Collection locations for these
samples were dispersed throughout the study area from RM 38 in the Clifton Channel just below Puget
‘Island to RM 107 on the south side of Hayden Island just upstream of the Interstate 5 bridge.

Lead. Lead was detected in all tissue samples of carp and peamouth, 94 percent of the white
sturgeon samples, 75 percent of the crayfish samples, and 78 percent of the largescale sucker samples
analyzed (Table 4-6). Median concentrations {mg/kg) of lead were 0.15, 0.14, 0.10, 0.02, and 0.02 for

carp, largescale sucker, peamouth, whitg sturgeon, and crayfish, respectively (Figure 4-7). Lead con-
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Figure 4-5. Cadmium concentrations in tissue. Black bars indicate measured

concentrations, stippled bars indicate nondetects and are equal to
one-half the reported detection lirit.
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Copper Concentrations
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Lead Concentrations
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Figure 4-7. Llead concentrations in tissue. Black bars indicate measured

concentrations, stippled bars indicate nondetects and are equal to
one-half the reported detection limit.
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centrations corresponding to the lowest ten percent of measured values for these'specieS weré; similar

ranging from 0.01 to 0.02 mg/kg. Ninetylfpercent of the safnples had concentrations below 0.34, 0.25, .
0.22, 0.07, and 0.04 for peamouth, largescale sucker, carp, white sturgeon, and crayfish, respectivelj‘('
(see Figure 4-7). ' '

Table 4-8 shows the species and locations of the five highest lead concentrations measured in the lower
Columbia River. All samples were collected between RM 50.5 and RM 125 and had lead concentrations
in tissue ranging from 0.34 to 1.35 mg/kg. The highest and fifth highest lead concentrations were
measured in peamouth collected in the Wallace Slough near the mouth df the Clatskanie River (RM 50.5)
and adjacent to the St. Helens, OR marina below the mouth of the Multnomah channel, respectively (see
Figure 4-7), The second and third highest lead tissue concentrations Were measured in white sturgeon
and largescale sucker caught near Kalama, WA. The fourth highest leaﬁ concentration wés measured in

largescale sucker caught near Reed Island, upstream of Washougal, WA.

Mercury., Mercury was detected in all tissue samples of carp, peémouth, and largescale sucker,
85 percent of the crayfish samples, and 88 percent of the white sturgeon samples analyzed (T ablé 4—6)..
Median concentrations (mg/kg) of mercury were 0.097, 0.0955, 0.071, 0.068, and 0.007 for carp,
peamouth, largescale sucker, white sturgeon, and crayfish, respectively (Figure 4-8). Mercury concen-
trations corresponding to the lowest 10 percent of measured values ranged from 0.006 to 0.056 mg/kg.
Ninety percent of the samples had concentrations below 0.212, 0.146, 0.131, 0.127 and 0.006 for
peamouth, carp, largescale sucker, white sturgeon, and crayfish, réspectively (see Figure 4-8). ‘

Table 4-8 shows the species and locations of the five highest mercury concentrations measured in the
lower Columbia River. Tissue concentrations O-f these samples rangéd from 0.146 to 0.347 mg/kg. Four
of these samples were collected in the 32-mile stretch of river between Katama (RM 73) and Portland
~ (RM 107). The highest mercury tissue concentrations were measured in white sturgedn caught
" downstream of Kalama. Peamouth caught near Astoria (RM 15.5) and St. Helens, OR (RM 85.5) had
the second and third highest mercury tissue concentrations measured in the lower Columbia River. Carp
collected near the upstream Bachelor Slough channel (RM 92.5) and in North Portland Harbor along
Hayden Island (RM 107) had the fourth and fifth highest fnercury tissue concentrations, respectively.
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Figure 4-8. Mercury concentrations in tissue. Black bars indicate measured
concentrations, stippled bars indicate nondetects and are equai to
one-half the reported detection limit.
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Nickel. Nickel was detected in relatively few of the tissue samples analyzed (Figure 4-9).
Concentrations above laboratory detection limits were measured in 15, 38, 20, 17, and 6 percent of the
crayfish, carp, peamouth, largescale sucker, and white sturgeon sarrnlples,, respectively (Table 4-6). Nickel
was detected in fish and crayfish tissue samples collected from the 74-mile stretch of river between
Wallace Slough (RM 50.5) and Reed Island (RM 125} (see Figure 4-9).

Table 4-8 shows the species and locations of the five highest nickel concentrations measured in the lower
Columbia River. Tissue concentrations of these samples ranged from 1,36 to 17.29 mg/kg. The highest
nickel tissue concentration was measured for carp collected near Reed Island, which is upstream from
Washougal. The second and third highest nickel concentrations were measured in peamouth caught near
St. Helens (RM 85.5) and Wallace Slough near the mouth of the Clatskanie River (RM 50.5),
respectively, The fourth and fifth highest nickel concentrations were measured in carp and largescale
sucker collected downstream of the mouth of the Willamette River (RM 98.5),

Selenium. Selenium was not detected above the reported laboratory detection limits in any

sample. The detection limits fangecl from 0.24 to 0.64 mg/kg wet weight (see Table 4-7).

Silver. Silver was detected in 80 percent of the crayfish samples and only one white sturgeon
sample. Laboratory detection limits for silver analysis for carp, peamouth, and largescale sucker ranged
_from 0.15 to 0.29 mg/kg (Table 4-7). The 10, 50, and 90 percentile tissue concentrations of silver for
crayfish samples were 0.17, 0.70, and 1.17 mg/kg, respectively (Figure 4-10).

Table 4-8 shows the locations of the five highest silver tissue concentrations measured in the lower
Columbia River. These concentrations were all measured in crayfish and ranged from 1.11 to 1.54
rhg/kg. The collection locations of these samples covered almost the eﬁtire study area from RM 27 7to
RM 141. The highest silver concentration was measured for crayfish collected from Carrolls Channel,
just upstream from where this channel empties into the Cowlitz River. Similar to that observed for other
metals, elevated levels of silver were also measured for tissue samples collected near Beacon Rock State
Park below Bonneville Dam, Wallace Slough near the mouth of the Clatskanie River, and Reed Istand

upstream of Washougal.
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Figure 4-9.
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Zinc. Zinc was detected in all tissue samples of crayfish, carp, peamouth, largescale sucker, and
all but two white sturgeon samples (Table 4-6). Median concentrations (mg/kg) of zinc were 104.75,
28.95, 26.3, 21.90, and 4.00 for carp, peamouth, crayfish, largescale sucker, and white sturgeon,
respectively (Figure 4-11). Zinc concentrations corresponding to the lowest ten percent of measured
values were 78.50, 22,70, 21.00, 18.0, and 2.3 for carp, peamouth, crayfish, largescale sucker, and
white sturgeon, respectively (see Figure 4-11). Ninety percent of the samples had concentrations below
112.00, 33.70, 31.50, 28.60, and .5.70 for carp, crayfish, peamouth, largescale sucker, and white
sturgeon, respectively (see Figure 4-11).

_ Carp samples had the five highest zinc tissue concentrations measured in the lower Columbia River (Table
4-8). Zinc concentrations in these carp samples ranged from 100 to 133.7 mg/kg. All of these fish were
collected within a 32-mile stretch of the river from Bachelor Point, downstream of the Willamette River
mouth (RM 92.5), to Reed Island, just upstream of Washougal (RM 125).

4.5.3 Tissue Semivolatile Organic Chemical Concentrations

4.5.3.1 Summary of Quality Assurance/Quality Contral Results. A total of 73 tissue samples were
analyzed for 52 semivolatile organic compounds. Eighteen samples were analyzed from white sturgeon,
largescale suckers, and crayfish; ten samples were analyzed from peamouth; and nine samples were
analyzed from carp. All of the tissue samples were unique field samples with the exception of sample
ST-I-S-dup, which was a field duplicate of sample ST-1-5. The semivolatile organic data were
considered acceptable for use in this report, although ail compounds from several samples were qualified
as estimates. All semivolatile data from samples ST-4-1-D and ST-2-2-D (both sturgeon samples) were
qualified as esti;nates because surrogate recoveries were outside the acceptable control limits. Blank
contamination by two phthalate esters [bis(2-ethylhexyl)phthalate and di-n-butyl phthalate] was noted in
one of the eight analytical blanks, All positive values (above the DL) for these two compounds, in the
14 samples associated with this blank, were qualified as undetected. The large majority of the
semivolatile organics data has been qualified as undetected. The reported DLs (;10-1900 pg/kg) were less
than or equal to those established in the QA/QC plan (Tetra Tech 1991b).

Analytical results, including surrogate and matrix spike recoveries and blind laboratory and field replicate

samples, are presented under separate cover in the QA memorandum in Appendix A-4.
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Figure 4-11. Zinc concentrations in tissue. Black bars indicate measured

concentrations, stippled bars indicate nondetects and are equal to
one-half the reported detection limit.
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4.5.3.2 Results. Whole-body composite samples of crayfish, carp, largescale sucker, peamouth, and
filets of individual white sturgeon were analyzed for 52 semivolatile organic compounds (Table 1-1).
Table 4-6 shows the compounds detected in at feast one tissue sample, the number of samples for each
species with concentrations above laboratory detection limits, and the range of concentrations measured.
Table 4-7 shows laboratory detection limits for those compounds not detected in any samples for each

species. Data for each category of semivolatile compounds are presented in the following sections.

Phenolic Compounds. Tissue samples were analyzed for nine phenolic compounds (Table 1-1).
None of these compounds was detected in crayfish, peamouth, largescale sucker, or white sturgeon
samples. Detection limits varied for the different chemicals, but limits were usually in the range of 100-
200 pg/kg or 1,000-2,000 ug/kg (Table 4-7).

Four of the nine phenolic compounds were detected in one carp sample collected at station D29 located
at RM 101. This station was located just downstream from the mouth of the Willamette River on the
Washington side of the Columbia River. Phenolic compounds were not detected for the other eight carp
samples analyzed. The detected compounds were phenol (5,000 ug/kg), 2-chlorophenol (4,200 pg/kg),
4-chloro-3-methylphenol (5,600 ug/kg), and 4-nitrophenol (4,000 ug/kg). Phenol, 2-chlorophenol, and
4-chlorophenol are all chemical intermediates used in the production of other chemicals for a wide

number of industries. 4-Chloro-3-methylphenol is used as a topical antiseptic and disinfectant.

Halogenated Ethers. Tissue samples were analyzed for five halogenated ether compounds
(Table 1-1). Nomne of these compounds was detected in any of the five species sampled. Laboratory
detection limits for all halogenated ethers, except 4-bromophenyl phenyl ether, ranged from 100 to
200 pg/kg. Detection limits for 4-Bromophenyl phenyl ether ranged from 200 to 400 pg/kg (Table 4-7).

Nitroaromatic Compounds. Tissue samples were analyzed for three nitroaromatic compounds
(Table 1-1). None of these compounds was detected in crayfish, peamouth, largescale sucker, of white

sturgeon, Detection limits for these chemicals ranged from 100 to 200 pg/kg (Table 4-7).

One of the three nitroaromatic compounds (2,4-dinitrotoluene) was detected in one carp sample collected

at station D29 (RM 101). This station was located just downstream from the mouth of the Willamette
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River on the Washington side of the Columbia River. The concentration of 2,4-dinitrotoluene measured
in this sample was 1,000 pg/kg, ten times above the laboratory detection limit for other carp samples

analyzed. 2,4-Dinitrotoluene is used in the production of explosives, dyestuffs, and urethane polymers.

Nitrosamines, Tissue samples were analyzéd for two nitrosamine compounds (Table 1-1).
Neither of these compounds was detected in crayfish, peamouth, largescale sucker, or white sturgeon.
Detection limits for these chemicals ranged from 100 to 200 ug/kg (Table 4-7). .

One of the three nitrosamine compounds (N-nitroso-di-n-propylamine) was detected in carp collected at
station D29 (RM 101). This station was located just downstream from the mouth of the Willamette River
on the Washington side of the Columbia River. The concentration of N-nitroso-di-n-propylamine in carp
collected at this site (2,900 pg/kg) was 29 times above the laboratory detection limit for other carp
samples analyzed.

Chlorinated Naphthalene. Tissue samples were analyzed for one chlorinated naphthalene
compound, 2-chloronaphthalene (Table 1-1). This compound was not detected in any tissue samples
analyzed. Laboratory detection limits for crayfish, carp, largescale sucker, and white sturgeon were 100

ug/kg. Detection limits for peamouth ranged from 100 to 200 ug/kg (Table 4-7).

Polynuclear Aromatic Hydrocarbons (PAHs). Tissue samples were analyzed for 16 PAH
compounds (Table 1-1). None of these complounds was detected in crayfish, peamouth, or white
sturgeon. Laboratory detection limits for these chemicals ranged from 100 to 400 pg/kg, depending on
the species and chemical being analyzed (Table 4-7). '

Three of the 16 PAHs were detected in carp collected at station D29 (RM 101). This station was located
just downstream from the mouth of the Willamette River on the Washington side of the Columbia River.
The detected compounds were acenaphthene (3,800 ug/kg), 2-methylnaphthalene (101 ug/kg), and pyrene
(5,200 pg/kg). Two PAHs were also detected in tissue samples collected at station D35 in the Camas
Slough (RM 118), The chemical 2-methylﬁqphthalene was detected in carp (230 ug/kg) and largescale
sucker (140 pg/kg), and naphthalene was detected in carp (220 ug/kg). PAHs are formed by the
combustion of hydrocarbon products; therefore, poten_tial sources are numerous: PAHs may also be
released from oil spills (Sittig 1985). | |
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Chlorinated Benzenes. Tissue samples were analyzed for eight chlorinated benzene compounds
(Table 1-1). None of these compounds was detected in crayfish, peamouth, largescale sucker, or white
sturgeon. Laboratory detection limits for these chemicals ranged from 100 to 1,000 pg/kg depending on
the species and chemical analyzed (Table 4-7).

Two of the eight chlorinated benzene compounds were detected in carp collected at station D29
(RM 101). This station was located just downstream from the mouth of the Willamette River on the
Washington side of the Columbia River. The detected compounds were 1,4-dichlorobenzene (1,800
ng/kg), and 1,2 4-trichlorobenzene (3,100 ug/kg). Tissue concentrations of these chemicals were 10 and
15 times the laboratory detection level reported for other carp samples. No other carp samples had
measurable levels of these two chemicals. 1,4-Dichlorobenzene is used primarily as an air deodorant and
an insecticide. 1,2,4-Trichlorobenzene is used in dyes, intermediate production, transformer dielectric

fluid, and as a solvent in chemical manufacturing.

Benzdines. 3-3’-Dichlorobenzidine was the only benzidine compound analyzed for in tissue
samples (Table 1-1). This compound was not detected in any tissue samples analyzed. Laboratory
detection limits for crayfish, carp, largescale sucker, and white sturgeon were 1,000 ug/kg. Detection
limits for peamouth ranged from 1,000 to 2,000 pg/kg (Table 4-7).

Phthalate Esters. Tissue samples were analyzed for six phthalate esters (Table 1-1). None of
the species had detectable levels of dimethylphthalate, diethylphthalate, or di—n—bcty]phthalate. Laboratory
detection limits for these chemicals ranged from 100 to 400 ug/kg, depending on the species and chemical
being analyzed (Table 4-7).

Di-n-butyl phthalate was detected in one crayfish sample collected at station D23 near St. Helens (RM
85.5). The reporied concentration (110 pg/kg) was only slightly above the laboratory detection limit of

100 ng/kg,

Butylbenzylphthalate was detected in one sturgeon sample coliected at RM 75. The reported
concentration (990 pg/kg) was almost ten times the laboratory detection limit of 100 ug/kg.
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Bis-2-(ethylhexyl)phthalate was detected in 72, 33, 90, 44, and 28 percent of the crayfish, éarp,
peamouth, largescale sucker, and white sturgeon samples analyzed, respectively. This chemical is a
common laboratory contaminant which was detected in several of the laboratory blanks analyzed

{Appendix A-6); therefore, these data should be cautiously interpreted.
4.5.4 Tissue Pesticide Concentrations

4.5.4.1 Summary of Quality Assurance/Quality Control Results. A total of 73 tissue samples were
analyzed for pesticides and PCBs. Eighteen samples were analyzed from white sturgeon, largescale
suckers, and crayfish; ten samples were analyzed from peamouth; and nine samples were analyzed from
carp. All of the tissue samples were unique field samples with the exception of sample ST-1-5-dup,
which was a field duplicate of sarﬁple ST-1-5. The pesticide/PCB data were considered acceptable for
use in this report, although several compounds were qualified as estimates. The pesticides 4,4’-DDT,
4,4’-DDD, 0,p’-DDE, and gamma-BHC for sample D24S (suckef) and o,p’-DDE and parathion, for
sample D3P (peamouth), were qualified as estimates because of poor matrix spike recoveries. All sample
results for sample DIOP (peamouth) were qualified as estimated and undetected because of severe matrix
interference. A few of the compounds were qualified as estimates by the labbratory because of a
coeluting peak present for Aroclor 1254, No blank contamination was noted for any of the eight method
blanks performed. The large majority of pesticide/PCB data have been qualified as undetected. The
reported DLs (2-150 ug/kg) were less than or equal to those established in the QA/QC. Plan (Tetra Tech
1991b). '

Analytical results, including surrogate and matrix spike recbveries and blind laboratory and field replicate

samples, are presented under separate cover in the QA memorandam in Appendix A-6.

4.5.4.2 Results for festicides. Whole-body composite samples of crayfish, carp, largescale éucker,
peamouth, and filets of individual white sturgeon were analyzed for 29 pesticides (Table 1-1). Pesticide
concentrations (ug/kg wet weight) measured for edch species are presented‘ in Appendices D1-11, D2-11,
D3-11, D4-11, and D5-11. Table 4-6 shows the compounds that were detected in at least one tissue
sample, the number of samples for each species that had concentrations above laboratory detection limits,
and the range of concentrations measured. Table 4-7 shows laboratory detection limits for those

compounds that were not detected in any samples for each species.
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DDT. DDT is an organochlorine pesticide whose use was banned in the U.S, in 1972. Prior to
the ban, however, it was a widely used, low-cost agricultural insecticide. Technical grade DDT was
mostly composed of 4,4’-DDT, but also contained up to 30 percent o,p’-DDT. Tissue samples were
analyzed for both isomers of DDT (Table 1-1). The pesticide o,p’-DDT was detected in three samples
collected in the lower Columbia River. White sturgeon collected downstream of Kalama (RM 75) had
a tissue concentration of 30 ug/kg; carp collected at station D28, located approximately 3 miles
downstream of the Willamette River discharge, had a tissue concentration of 6.9 pg/kg; and crayfish
collected at station D23 (RM 79) had a tissue concentration of 3 ug/kg. The pesticide 0,p’-DDT was not
detected in peamouth or largescale sucker (Figure 4-12). Laboratory detection limits ranged from 3 to

25 pg/kg for peamouth samples and 3 to 15 pg/kg for largescale sucker samples analyzed (Table 4-7),

4,4’-DDT was detected at more locations and in higher concentrations than o,p’-DDT. While o,p’-DDT
was not detected in largescale sucker, this species had the highest tissue concentrations and proportion
of samples witﬁ measurable levels of 4,4’-DDT (78 percent). 4,4’-DDT was detected in 56 percent of
the carp samples analyzed and 44 percent of the white sturgeon analyzed. Like the 0,p’-DDT results,
4,4’-DDT was not detected in peamouth and was detected in crayfish collected from a single site.
Median values for these species were highest for largescale sucker (5.5 pgr/kg), followed by carp
(3.5 pg/kg) and white sturgeon (2.3 pg/kg) (Figure 4-13).

Table 4-9 shows the species and locations of the five highest 4,4’-DDT concentrations measured in the
lower Columbia River. The highest DDT concentrations (11 to 16 ug/kg) were measured in largescale
sucker, white sturgeon, and carp collected at locations ranging from RM 38 to RM 136. Specific
collection locations were the Clifton Channel near the upstream end of Tenasillahe Isiand (RM 38),
Wallace Slough (RM 49.5), near Wallace Istand (RM 49), Bachelor Point (RM 92.5), and near
Multnomah Falls (RM 136).

DDE. DDE is not produced commercially, but is instead a degradation product of DDT. Tissue
samples were analyzed for two isomers of DDE: o,p’-DDE and 4,4’-DDE (see Table 1-1). The pesticide
0,p’-DDE was detected in 50 percent of the largescale sucker samples, and 33 percent of the carp samples
analyzed, One peamouth sample and one white sturgeon sample had detectable levels of this chemical.
The pesticide 0,p’-DDE was not detected in any crayfish samples collected in the study area. Similar to
the results reported for 4,4’-DDT, largescale sucker had the highest o,p’-DDE concentrations and
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Figure 4-12. O,P'-DDT concentrations in tissue. Black bars indicate measured concentrations,
stippled bars indicate nondetects and are equal to one-half the reported detection
limit. The proposed New York State Fish Flesh Criterion for DDT is 200 ug/kg based
on all DDT congeners. '
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Figure 4-13. 4,4-DDT concentrations in tissue. Black bars indicate measured concentrations,

stippled bars indicate nondetects and are equal to one-half the reported detection
limit. The proposed New York State Fish Flesh Criterion for DDT is 200 pg/kg
based on all DDT congeners.
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TABLE 4-5. LOCATIONS OF MAXIMUM MEASURED PESTICIDE CONCENTRATIONS
IN TISSUE SAMPLES (ug/kg wet weight).
(Page 1 of 3)

Maximnm Station Sample Location
Compound Concentrations | Designation Type of Fish Type | (River Mile) Comment
o,p'-DDE 42 D31 Largescale sucker wa 107.5 Hayden Island, N. Portland Harbor, above Interstate 5
Bridge
24 D1s Largescale sucker wB 49.5 Wallace Slough
23 D19 Largescale sucker wB 57.0 Coal Creek Slough below Alder Bluff
21 b23 Largescale sucker WB 79.5 Burke Slough near Martin I[sland
17 D26 Carp WB 92.5 Upstream of Bachelor Point, Bachelor Is. Slough
o,p’-DDD 49 D3 Peamouth WB .15.5 Near Port of Astoria, OR o
29 D31 Largescale sucker WB 107.5 Hayden [sland, N. Portland Harbor, above Interstate 5
Bridge -
24 D29 Largescale sucker wB 101.0 Willamette River Mouth
24 D23 Largescale sucker WB 79.5 Burke Slough near Martin Island .
- 24 D22 Largescale sucker WB 75.0 Port of Kalama, WA
24 D15 Largescale sucker WB 49.5 Wallace Slough
o,p’-DDT 30 RM75 While sturgeon sTb 75 Kalama, WA
' 6.9 D28 Carp WB 98.0 3 mi. downstream of Willamette River mouth
3.0 D23 Crayfish WB 79.5 Burke Slough near Martin Island
4,4'-DDT 16 D15 Largescale sucker WB 49.5 Wallace Slough near mouth of Clatska.me River
16 RM136 White sturgeon ST 136 Multmomah Falls, OR
14 RM49 White sturgeon - ST 49 Wallace Island
13 D26 Largescale sucker WB 92.5 Upstream of Bachelor Point, Bachelor Is. Slough
11 D26 . Carp WB 92.5 Upstream of Bachelor Point, Bachelor Is. Slough
11 D10 Largescale sucker WB 38.0 Clifton Channel, along upstream end of Tenasillahe Is.
4,4'-DDE 480 D24 Peamouth " WB 85.5 | Adjacent to St. Helens, OR, marina, below Multnomah
Channel mouth
270 D3 Peamouth WB 15.5 Near Port of Astoria, OR
200 D23 Peamouth WB 79.5 Burke Slough near Martin Island
170 D21 Peamouth wWB 71.0 Goble, OR, downstream of Sandy Is,
- 140 D19 Peamouth WB 57.0 Coal Creek Slough near Alder Bluff
4,4'-DDD 2 D23 . Peamouth -WB 79.5 Burke Slough near Martin Island
38 D19 Peamouth WB 57.0 Downstream of Longview, WA
38 D15 Peamouth WB 49.5 Wallace Slough near mouth of Clntskame River
30 D26 Largescale sucker WB 92.5 Upstream of Bachelor Point, Bachelor Island Slough
26 D31 Largescale sucker WB 107.5 Hayden Island, N. Portland Harbor, above Intersmle 5

bridge
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TABLE 4-9. LOCATIONS OF MAXIMUM MEASURED PESTICIDE CONCENTRATIONS
IN TISSUE SAMPLES (ug/kg wet weight).

(Page 2 of 3)
Maximum Station Sample Location
Compound Concentrations | Designation Type of Fish Type | (River Mile) Comment
Aldrin 42 D21 Peamouth WB 71.0 Goble, OR, downstream of Sandy Is.
11 Dis Peamouth WB 49.5 Watlace Slough near mouth of Clatskanie River
9.6 D29 Carp WB 101.0 Mouth of Willamette River
5.6 Di2 Largescale sucker WB 38.0 Elochoman Slough near Port of Cathlamet, WA
3.9 D10 Largescale sucker WB 38.0 Clifton Island, along upstream end of Tenasillshe Is.
Dieldrin 35 D21 Peamouth WB 71.0 Goble, OR, downstream of Sandy Is.
32 D23 Peamouth wB 79.5 Burke Slough near Martin Island
12 RM75 " White sturgeon ST 5 Kalama, WA
6.6 D31 Crayfish WB 107.0 Hayden Island, Portland Harbor, above Interstate 5 bridge
Hayden Island, Portland Harbor, above Interstate S bridge
5.6 D31 Carp WB 107.0
Methyl parathion 38 D6 Crayfish WB 23.0 Grays Bay near Altoona, WA
22 RM 103 White sturgeon ST 103 Downstream of Hayden Island
17 D24 Crayfish WB 85.5 Adjacent to St. Helens, OR, marina below Multnomah
Channel mouth
16 RrR27 White sturgeon ST 27 Woody Island, Lewis and Clark Nat'l. Wildlife Refuge
10 D16 Crayfish WB 57.5 Coal Creek Slough below Alder Bluff
0 RM115 White sturgeon ST 115 Government [sland
Parathion 26 D2 Peamouth WB 15.5 Near Port of Astoria, OR
15 D20 Largescale sucker WB 71.1 Carrolls Channel, upstream of Cowlitz River mouth
7.8 D8 Largescale sucker WB 20.0 Marsh Island, Lewis and Clark Natiopal Wildlife Refuge
1.5 D16 Largescale sucker WB 57.5 Coal Creek Slough below Alder Bluff
Isophorone 430 D19 Crayfish WB 63.0 Downstream of Longview, WA
330 D28 Crayfish WB 98.5 3 miles downstream of Willamette River mouth
310 D31 Crayfish WB 107.0 Hayden Island, Portland Harbor, above Interstate 5 bridge
280 Upstream of Bachelor Point, Bachelor Island Sough
210 D26 Crayfish WB 92.5 " Adjacent to St. Helens, OR, maring below Multromah
D24 Crayfish WB 85.5 Channel mouth ‘
Endosulfan [ 85 D23 Peamouth WB 79.5 Burke Slough near Martin Island
69 D21 Peamonth WB 71.0 Goble, OR, downstream of Sardy Is.
45 D3 Peamouth WB 15.5 Near Port of Astoria, OR
49 RM27 White sturgeon ST 27 Woody Island, Lewis and Clark Nat'l. Wildlife Refuge
3.3 D10 Largescale sucker WB 38.0 Clifion Channe! along upstream end of Tenasillahe Is.
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TABLE 4-9. LOCATIONS OF MAXIMUM MEASURED PESTICIDE CONCENTRATIONS
IN TISSUE SAMPLES (ug/kg wet weight).
(Page 3 of 3) -

Maximum Station Sample Location
Compound Concentrations | Designation Type of Fish Type | (River Mile) Comment
Endosulfan I 85 D23 Peamouth WB 79.5 Burke Slough near Martin Island
B 69 D21 Peamouth WB 71.0 Goble, OR, downstream of Sandy Is.
45 D3 Peamouth WB 15.5 Near Port of Astoria, OR
49 RM27 White sturgeon ST 27 Woody Island, Lewis and Clark Nat’l. Wildlife Refuge
33 D10 Largescale sucker WB 38.0 Clifton Channel along upstream end of Tenasillahe Is.
Endrin 12 D23 Largescale sucker WB 79.5 Burke Slough near Martin Island
6.7 D29 Largescale sucker WB 101.0 Mouth of Willamette River
5.1 RM75 White sturgeon ST 75 Kalama, WA
3.9 D38 Carp WB 125.5 Reed Island, upsteam of Washougal, WA
3.2 RM75° White sturgeon ST 75 Kalama, WA .
Methoxychlor 180 RM75 White sturgeon ST 75 Kalama, WA
65 D15 Largescale sucker WB 49.5 Wallace Slough near mouth of Clatskanie River
50 RM27 White sturgeon ST 27 Woody Islund, Lewis and Clark Nat’]l, Wildlife Refuge
50 RMIi36 White sturgeon ST 136 Multnomah Falls, OR
34 D24 Crayfish WB 85.5

Adjacent to St, Helens, OR, marina below Multnomah
Channel mouth . .

2 Whole-body tissue samples were analyzed for crayfish largescale sucker, carp, and peamouth.

b Filet samples of white sturgeon were analyzed.

e Indicates a replicate sample analysis.




proportion of samples detecting this chemical. The 10, 50, and 90 percentile concentrations of 0,p’-DDE
in largescale sucker tissue were 1.5, 4.7, and 23 pg/kg, respectively. Three carp samples had measurable

levels of o,p’-DDE ranging from 11 to 17 ug/kg (Figure 4-14).

Table 4-9 shows the species and locations of the five highest o,p’-DDE concentrations measured in the
lower Columbia River. Four of the five values were measured in largescale sucker, with the fifth highest
value being measured in carp tissue. The five highest concentrations ranged from 17 to 42 pgrkg. The
highest 0,p’-DDE concentration was measured for largescale sucker collected in North Portland Harbor
near Hayden Island (RM 107). Collection locations of the other four highest tissue concentrations of
0,p’-DDE include Wallace Slough (RM 49.5), downstream of Longview (RM 63), Burke Slough (RM
79.5), and Bachelor Point (RM 92.5).

4,4’-DDE was detected in a higher proportion of tissue samples and at higher concentrations than other
DDT derivatives. Unlike other DDT derivatives, 4,4’-DDE was detected in a high proportion of crayfish
samples (89 percent). It was also detected in 83 percent of the white sturgeon samples, 78 percent of the
carp samples, and 70 percent of the peamouth samples analyzed. This derivative of DDT was detected
in one largescale sucker. However, median concentrations of 4,4’-DDE were highest for peamouth
(111.5 ug/kg), followed by carp (22 ug/kg), white sturgeon (10.4 ug/kg), and crayfish (7.5 pg/kg). The
concentration corresponding to the lowest 10 percentile of samples ranged from 1.5 to 2.5 pg/kg for all
species. Ninety percent of the sampies had concentrations below 270, 88, 50, 31, and 14 pg/kg for

peamouth, carp, white sturgeon, largescale sucker, and crayfish, respectively (Figure 4-15).

Table 4-9 shows the species and locations of the five highest o,p’-DDE concentrations (140 to 480 ug/kg)
measured in the lower Columbia River. All of these concentrations were measured in peamouth. The
highest 4,4’-DDE concentration was measured for peamouth collected near St. Helens (RM 85.5).
Collection locations of the other four highest tissue concentrations of 4,4’-DDE are near Astoria
(RM 15.5), Burke Slough (RM 79.5), downstream of Kalama (RM 71), and Longview (RM 63).

DDD. DDD was an organochlorine insecticide used less frequently than DDT. DDD is also a
degradation product of DDT. Tissue samples were analyzed for two isomers of DDD: o,p’-DDD and
4,4’-DDD (Table 1-1). The pesticide o,p’-DDD was detected in 33 percent of the largescale sucker

samples, two white sturgeon samples and one peamouth and carp sample. The pesticide 0,p’-DDD was
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Figure 4-14. O P'-DDE conceritrations in tissue. Black bars indicate measured concentrations,
. stippled bars indicate nondetects and are equal to one-half the reported detection
limit. The proposed New York State Fish Flesh Criterion for DDE is 200 pg/kg
based on all DDE congeners.
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4,4'-DDE Concentrations
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Figure 4-15. 4,4'-DDE concentrations in tissue. Black bars indicate measured concentrations,
stippled bars indicate nondetects and are equal to one-half the reported detection
limit. The proposed New York State Fish Flesh Criterion for DDE is 200 pug/kg,
based on all DDE congeners, and is shown here with a broken line for peamouth.
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not detected in any crayfish samples collected in the lower Columbia River. Similar to the results
reported for 4,4’-DDT and o,p’-DDE, largescale sucker had the highest 0,p’-DDD concentrations and
proportion of samples detecting this chemical (Figure 4-16). '

Table 4-9 shows the species and locations of the five highest o,p’-DDi'.) concentrations measured in the
lower Columbia River. The highest concentration of this chemical was measured in peamouth collected
at station D3 near Astoria. The other four highest values were measured in largescale sucker collected
between RM 49.5 to RM 107.5. Collection sites include Wallace Slough (RM 49.5), Port of Kalama
(RM 75), Burke Slough (RM 79.5), just downstream from the mouth of the Willamette (RM 101), and .
North Portland Harbor near Hayden Island (RM 107.5),

4,4’-DDD was detected in all five species. Tissue concentrations were measured at collection sites
throughout the river from RM 27 to RM 141. Largescale sucker had the highest proportion of samples
with detected levels of this chemical (89 percent). The 10, 50, and 90 percentile concentrations for this
species were 3.5, 17, and 24 pg/kg, respectively. 4,4’-DDD was detected in 67 percent of the carp
samples analyzed. The 10, 50, and 90 percentile concentrations for this species were 1.5, 4.4, and 14
pg/kg, respectively. This pesticide was detected in three (30 percent) peamouth, three white sturgeon
(17 percent), and two crayfish (11 percent) sampleé. Concentrations corresponding to 10, 50, and 90

percentiles are indicated in Figure 4-17.

Table 4-9 shows the species and locations of the five highest 4,4’-DDD concenirations (26 to 72 pg/kg)
measured in the lower Columbia River. These concentrations were measured in peamouth and largescale
sucker,‘ with the three highest concentrations occurring in peamouth. These fish were collected from
RM 49.5 to RM 107.5. This stretch of river also included theA five fnaximum tissue concentrations
measured for 0,p’-DDT, o,p’-DDE, and o,p’-DDD, and several of the highest values measured for
4,4’-DDT, 4,4-DDE, Collection locations where maximum 4,4’-DDD tissue concentrations were
measured include Burke Slough (RM 79.5), downstream of Longview (D19), Wallace Slough (RM 49),
Bachelor Point (RM 92.5), and North Portland Harbor near Hayden Island (RM 107.5).

Heptachlor and Heptachlor Epoxide. Heptachlor, a chiorinated insecticide, was banned in the
U.S. in 1987—although sales of remaining stocks were allowed after this ban. It was detected in one

tissue sample collected in the lower Columbia River. A concentration of 4.5 pg/kg was measured in
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limit. The proposed New York State Fish Flesh Criterion for DDD is 200 pg/kg
based on all DDD congeners.
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crayfish collected at station D38E (RM 125) focated near Reed Island which is upstream of Washougal.
Laboratory detection limits for this pesticide were 3 pg/kg for crayfish, carp, largescale sucker, and white

sturgeon (Table 4-7). Detection limits were higher for peamouth, ranging from 3 to 25 ug/kg.

Heptachlor epoxide was not detected in any of the five species collected in the lower Columbia River.

Laboratory detection limits were similar to those reported for heptachlor (Table 4-7).

Chlordane. Chlordane was not detected in any of the five species collected in the lower
Columbia River. Laboratory detection limits for this pesticide were 3 pg/kg for crayfish, carp, largescale
sucker, and white sturgeon (Table 4-7). Detection limits were higher for peamouth, ranging from 3 to
25 pgikg. '

Aldrin. Aldrin is an organochlorine pesticide that has been banned in the U.S. since 1987. It
was detected in seven tissue samples collected in the lower Columbia River between RM 38 and RM 141.
Tissue concentrations ranged from 3.7 to 42 pg/kg. All of these measured values occurred in carp, pea-

mouth, and largescale sucker. Aldrin was not detected in crayfish or white sturgeon tissue (Figure 4-18).

Table 4-9 shows the species and locations where the five highest concentrations were measured. Tissue
concentrations ranged from 3.9 to 42 ug/kg. The highest tissue concentration was measured in peamouth
collected downstream of Kalama (RM 71). The other four highest concentrations of aldrin were measured
for species collected in Wallace Slough, near the mouth of the Willamette River (RM 101}, Elochoman
Slough adjacent to the Port of Cathlamet, and in Clifton Channel near the upsiream end of Tenasillahe
Island,

Dieldrin. Dieldrin is an organochlorine pesticide banned in the U.S. since 1987. It was detected
in 11 tissue samples (five white sturgeon, two peamouth, two carp, one largescale sucker, and one
crayfish sample) collected in the lower Columbia River between RM 27 and RM 125 (Figure 4-19).
Tissue concentrations ranged from 3 to 35 ug/kg (Figure 4-19). The five highest dieldrin tissue concen-
trations were measured for species collected in Carrolls Channel (RM 71), Burke Slough (RM 79.5),
downstream of Kalama (RM 75), and North Portland Harbor near Hayden Island (RM 107) (Table 4-9).
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Figure 4-18. Aldrin concentrations in tissue. Black bars indicate measured concentrations,

stippled bars indicate nondetects and are equal to one-half the reported detection
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Mirex. Mirex, a pesticide and fire-retarding agent, was banned in the U.S. in 1978. It was
detected in only one tissue sample collecteﬁ in the lower Columbia River. A concentration of 8.8 ug/kg
was measured in carp collected at station D26 (RM 92.5) near Bachelor Point. Laboratory detection
limits for this pesticide were 3 pg/kg for crayfish, carp, largescale sucker, and white sturgeon

(Table 4-7). Detection limits were higher for peamouth, ranging from 3 to 25 ug/kg.

Dacthal. Dacthal is a pre-emergence herbicide used for weed conirol on many crops. It was
detected in only one tissue sample collected in the lower Columbia River. A concentration of 13 ug/kg
was measured in peamouth collected at station D16 (RM 57.5) located in Coal Creek Slough, Laboratory
detection limits for this herbicide ranged from 3 to 4 ug/kg for crayfish, carp, largeséale sucker, and
white sturgeon (Table 4-7).

Dicofol. Dicofol is an acaricide that is structurally similar to DDT. In 1989 its use was banned
for those products that contained greater than 0.1 percent DDT. Technicai grade dicofol is 90 percent
pure. Dicofol was not detected in any of the five species collected in the lower Columbia River.
Laboratory detection limits for this pesticide were 30 ug/kg for crayfish, carp, largescale sucker, and
white sturgeon (Table 4-7). Detection limits were higher for peamouth, ranging from 30 to 250 ,ug/kg.

Methyl Parathion. Methyl parathion is an organophosphate insecticide effective for controlling
soil-dwelling insects. This insecticide was detected in three crayfish samples collected near Altoona
(RM 23), Coal Creek Slough (RM 57.5), and St. Helens (RM 85.5) (Figure 4-20). Tissue concentrations
ranged from 10 to 17 pg/kg. Methyl parathion was also detected in three white sturgeon collected near
Portland (RM 103 and RM 115) and near Woody Island in the Lewis and Clark National Wildlife Refuge
(RM 27). Tissue concentrations in white sturgeon ranged from 10 to 22 ug/kg '(Figure 4-20). This
insecticide was not detected in carp, peamouth, or largescale sucker. Laboratory detqction limits for these

species ranged from 3 to 25 pg/kg (Table 4-7).

Parathion. Parathion is an organophosphate insecticide and acaricide effective for controling soil-
dwelling insects. This insecticide was detected in three largescale sucker samples collected near Marsh
Island in the Lewis and Clark National Wildlife Refuge (RM 20), Coal Creek Slough (RM 57.5), and
downstream of Kalama (RM 71.1) (Figure 4-21). Tissue concentrations in these samples ranged from

7.5 to 15 pg/kg. Parathion was also detected in one peamouth sample (26 ug/kg) collected near Astoria.
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Figure 4-20. Methyl Parathion concentrations in tissue. Black bars indicate
measured concentrations, stippled bars indicate nondetects and are
equal to one-half the reported detection limit.
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This insecticide was not detected in crayfish, carp, or white sturgeon collected in the lower Columbia

River (see Figure 4-21),

Malathion. Malathion is an insecticide and acaricide used in a wide range of agricultural and
horticultural applications. It was detected in two peamouth samples collected at station D10 in the Clifton
channel, near the upstream end of Tenasillahe Island, and near St. Helens (RM 85.5). Tissue
concentrations at these two sites were 110 and 66 pg/kg, respectively. Malathion was not detected in
crayfish, carp, largescale sucker, or white sturgeon tissue samples. Laboratory detection limits for these

species ranged from 3 to 6 ug/kg (Table 4-7).

Toxaphene, The insecticide toxaphene was not detected in any of the five species collected in
the lower Columbia River. Laboratory detection limits for this pesticide were 150 pg/kg for crayfish,
carp, largescale sucker, and white sturgeon (Table 4-7). Detection limits were higher for peamouth,

ranging from 150 to 1,500 pg/kg.

Isophorone. Isophorone is a cyclic ketone used as an industrial solvent or cosolvent for finishes,
lacquers, resins, pesticides, herbicides, fats, oils, and gums. This chemical was detected in 39 percent
of the crayfish samples analyzed, but was not detected in carp, peamouth, largescale sucker, or white
sturgeon (Figure 4-22). Laboratory detection limits for fish samples ranged from 100 to 200 ug/kg
(Table 4-7). Concentrations measured in crayfish ranged from 110 to 430 ug/kg. The five highest
isophorone concentrations were measured in crayfish collected in Coal Creek Slough (RM 57), near the
mouth of the Willamette River (RM 98.5), North Portland Harbor near Hayden Island (RM 107),
Bachelor Point (RM 92.5), and St. Helens, OR {RM 85.5) (Table 4-9),

Endosulfan and Endosulfan Sulfate. Endosulfan is an insecticide used on crops including
cereals, fruit, potatoes, and vegetables, Technical grade endosulfan has a purity of 95 percent and
consists of a mixture of endosulfan I (70 percent) and endosulfan II (30 percent) isomers. Three
endosulfan derivatives were measured in tissue samples: endosulfan I, endosuifan II, and endosulfan

sulfate.

Endosulfan I was detected in three peamouth samples collected near Astoria (RM' 15.5), downstream of
Kalama (RM 71), and in Burke Slough (RM 79.5) (Figure 4-23). Tissue concentrations of these samples
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ranged from 45 to 85 pg/kg. Endosulfan I was also detected in one white sturgeon (4.9 pg/kg) collected
near Woody Island in the Lewis and Clark National Wildlife Refuge, and in largescale sucker (3.3 ug/kg)
collected in Clifton Channel near the upstream end of Tenasillahe Island. This isomer was not detected

in either carp or crayfish samples collected in the lower Columbia River (Figure ;1-23). '

Endosulfan II was detectéd in only one tissue sample. A concentration of 7.6 ug/kg was measured in
crayfish collected at station D29 (RM 102.5) near the mouth of the Willamette River. Laboratory detec-
tion limits for this insecticide ranged from 3 to 25 ug/kg for the species sampled in this study (Table 4-7).

Endosulfan sulfate was detected in three tissue samples collected in the lower Columbia River. White
‘sturgeon collected downstream of Kalama, WA had a tissue concentration of 5.5 uelkg; largescale sucker
collected at station D35 in the Camas Slough (RM 118.5) had a tissue conceﬁtration of 3.5 pg/kg; and
crayfish collected in Coal Creek Slough had a tissue concentration of 3.0 ug/kg.

Endrin and Endrin Aldehyde. Endrin is an organochlorine pesticide that has not been produced
since 1984. This pesticide was detectéd in two largescale sucker samples, two white sturgeon, and one
carp sample. Measured concentrations ranged from 3.9 to 12 ug/kg (Figure 4-24). Tissue concentrations
of endrin were all measured between RM 75 and RM 125.5. The highest concentration was measured
in largescale sucker collected near Burke Slough (RM 79.5). Other collection locations where endrin was
detected include Wallace Island (RM 75), the mouth of the Willamette River (RM 101), and Reed Island
(RM 125.5).

Endrin aldehyde was detected in four tissue samples collected in the lower Columbia River. Two white
sturgeon and peamouth caught downstream of Kalama, WA had tissue concentrations of 7.0, 8.4, and
40 pglkg, respectively (Figure 4-25). Largescale sucker collected in Elochoman Slough near the Port
of Cathlamet had a tissue concentration of 8.4 pg/kg (Figure 4-25),

Methoxychlor. Methoxychlor is an organochlorihe pesticide with a chemical structure and
function similar to DDT. It has been used to control houseflies, blackflies, and mosquitos in areas of
human habitation. Other uses include treatment of post-harvest crops, treatment of seeds and soil, and

mothproofing. -
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Figure 4-24. Endrin concentrations in tissue. Black bars indicate measured
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one-half the reported detection fimit.
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Methoxychlor was detected in six tissue samples collected in the lower Columbia River (three white
sturgeon, one largescale sucker sample, and one crayfish sample). Tissue concentrations for these
samples ranged from 34 to 180 pg/kg (Figure 4-26). Collection locations where methoxychlor was
detected were near Woody Island in the Lewis and Clark National Wildlife Refuge [white sturgeon
(RM 27)], Wallace Slough [largescale sucker (RM 49.5)], near Wailace Island [white sturgeon (RM 75)],
St. Helens, OR [crayfish (RM 85.5)], and Multnomah Falls, OR [white sturgeon (RM 136)] (see Fig-
ure 4-26).

Alpha-BHC, Beta-BHC, Delta-BHC, and Gamma-BHC. Lindane is an insecticide and acaricide
used in both agriculture and forestry. It is registered for use on an number of fruit and vegetable crops,
feed storage areas, farm animal areas, wooden structures, and domestic and outdoor uses. Technical
grade lindane consists primarily of the gamma-BHC isomer (approximately 65 percent), but it also

contains a mixture of several other isomers.

Alpha-BHC was detected in only two largescale sucker samples collected in the lower Columbia River.
These samples had tissue concentrations of 3.9 and 5.6 ug/kg; they were collected in Clifton Channel
(RM 38) and in Elochoman Slough near the Port of Cathlamet (RM 40).

Beta-BHC was detected in five tissue samples collected in the lower Columbia River (two peamouth, two
crayfish, and one largescale sucker) (Figure 4-27). The highest concentrations (150 and 13 pg/kg) were
detected in peamouth collected downstream of Kalama, WA (RM 71) and in Elochoman Slough near the
Port of Cathlamet (RM 40), respectively. The two crayfish samples with measured levels of beta-BHC
were collected in Coal Creek Slough (RM 57.5) and near Reed Island (RM 125). The one largescale

sucker sample with measured levels was collected at the mouth of the Willamette River {(RM 101).

Delta-BHC was not detected in any of the tissue samples collected in the lower Columbia River.
Laboratory detection limits for this pesticide were 3 ug/kg for crayfish, carp, largescale sucker, and white

sturgeon (Table 4-7). Detection limits were higher for peamouth, ranging from 3 to 4 ug/kg.

Gamma-BHC was detected in five tissue samples collected in the lower Columbia River (three largescale
sucker samples, one peamouth sample, and one carp sample) (Figure 4-28). Measured tissue

concentrations ranged from 3.5 to 14 ugfkg. Collection locations where gamma-BHC concentrations

4-78



Methoxychlor Concentrations

Crayfish
125 - e 125 ] .
100 4 100 -
75 ] 75
o ] o ]
§ 50 - § 50 -]
25 ] 25
; 10,50,90 REEIEE
Ot rrrrTrTT T a _D-::--Vj N:,,,,.u ,,;.:..,,:gg
Station 2 Staton 8858 E33E33
[
River Mite 3 RiverMia gy Zs5Ssgs
Peamouth y '
125 T 0 W 50,90
75
2
25 1 HE b
T —H— 10
0 : : ik _ o
- N o o - o 3 .
subn |8 F3E 53 .5 833 : E
e e cauw wa 9 w4 . T
“""'M“’Ig s32 bt F A% SR
I;u"gucalo Sucker
125 - 125
100 100 -
75 753
g ] g h
50 * 50
80 ]
25 o 25-:
; 10,50
0 0+
River Mile 2 station
@O
§ River Mila
o

Figure 4-26. Maeathoxychlor concentrations in tissue. Black bars indicate
measured concenirations, stippled bars indicate nondetects and
are equal to one-half the reported detection limit.

4-79




Beta-BHC Concentrations
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were measured include Wallace Slough [peamouth (RM 49.5)], Coal Creek Slough [largescale sucker
(RM 57.5)], downstream of Longview, WA [largescale sucker (RM 63)], and Bachelor Point [carp
(RM 92.5)]. '

4.5.4.3 Re&ults Jor Polychlorinated Biphenyls (PCBs). Whole-body composite samples of crayfish,
carp, largescale sucker, peamouth, and filets of individual white sturgeon were analyzed for seven PCBs
(Table 1-1). PCB concentrations (ug/kg wet weight) measured for each species are presented in
Appendices D1-12, D2-12, D3-12, D4-12, and D5-12. Table 4-6 shows the compounds that were
detected in at least one tissue sample, the number of samples for each species that had concentrations
above laboratory detection limits, and the range of conceﬁtrations measured. Table 4-7 shows laboratory

detection limits for those compounds that were not detected in any samples for each species.

PCBs represent a group of 209 chemicals (U.S. EPA 1991a) that are man-made and have no natural
sources. Manufacturing of PCBs was discontinued in the United States in 1977, and importing the
chemical was banned in 1979, Mixtures of individual congeners are commonly referred to by their trade

name, Aroclor.

Only three PCBs were detected in tissue samples collected in the lower Columbia River (Aroclor 1242,
Aroclor 1254, and Aroclor 1260). Aroclor 1242 was detected in two tissue samples. Tissue
concentrations of 78 and 99 ug/kg were detected in peamouth collected near Astoria, OR and downstream
of the mouth of the Willamette River [station D28 (RM 98)].

Aroclor 1254 was detected in 94 percent of the largescale sucker samples, 39 percent of the carp samples,
and 22 percent of the white sturgeon samples. This PCB was not detected in crayfish or peamouth
(Figure 4-29). The concentrations of Aroclor 1254 corresponding to 10, 50, and 90 percent of the
samples analyzed were 55, 115, and 210 pg/kg, respectively (see Figure 4-29). The 10, 50, and 90
percentile concentrations for carp were 25, 60, and 260 pg/kg and 25, 25, and 96 pg/kg for white
sturgeon (see Figure 4-29).

The highest concentration of Aroclor 1254 (500 ug/kg) was measured in white sturgeon caught
downstream of Kalama, WA. The next four highest Aroclor 1254 tissue concentrations were measured

in largescale sucker and carp collected downstream of the Willamette River (RM 98), largescale sucker
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and carp collected in North Portland Harbor near Hayden Island (RM 107.5), and largescale sucker
collected in Clifton Channel near the upstream end of Tenasillahe Island (RM 38).

Aroclor 1260 was detected in 100, 44, and 6 percent of the peamouth, carp, and largescale sucker
samples analyzed (Figure 4-30). This PCB was not detected in any crayfish or white sturgeon samples
collected in the lower Columbia River. The tissue concentrations of Aroclor 1260 below which 10, 3G,
and 90 percent of the peamouth samples occurred were 80, 165, and 280 ug/kg, respectively (see
Figure 4-30). The 10, 50, and 90 percentile concentrations for carp were 23, 25, and 80 pg/kg,

respectively.

The five highest tissue concentrations of Aroctor 1260 ranged from 170 to 520 pg/kg; all were measured
in peamouth. The highest concentration was measured for tish coilected near St. Helens, OR (RM 85.5).
Collection locations of the other four highest values were near Astoria (RM 15.5), Coal Cresk Slough
(RM 57), Burke Slough (RM 79.5), and Watlace Siough (RM 49.5).

4.5.5 Tissue Dioxin and Furan Concentrations

4.5.5.1 Summary of Quality Assurance/Quality Control Results, A total of forty-four tissue samples
were analyzed for dioxins and furans. Eight samples were analyzed for white sturgeon, 12 for both
crayfish and largescale suckers, 7 for peamouth, and 5 for carp. All of the tissue samples were field
samples (i.e., no field duplicates). The dioxin/furan data were considered acceptable for use in this
report. A number of isotopically labeled internal standards were recovered outside QC criteria, but since
the analyte in question was not detected in the associated sample, no data qualification was necessary.
No indication of blank contamination above the lower method calibration limit (LMCL) was noted. The
high RPD for some analytes for the MS/MSD pairs analyzed for sturgeon and suckers indicate poor
analytical precision for the samples associated with these species. All octachlordibenzodioxin (CCDD)
and 1,2,3,4,6,7,8-HpCDF values for both sturgeon and sucker; octochlordibenzofuran (OCDF) values
for sturgeon; and 1,2,3,7,8,9-HxCDD values for suckers were qualified as estimates based on RPDs
exceeding 50 percent. A number of sample results were qualified as estimates by the laboratory (qualifier
code ’S’) because the reported levels were less than the LMCL. The reported estimated detection limits
(EDLs) were less than or equal to those specified in the QA/QC plan (Tetra Tech 1991b).
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Analytical results, including surrogate and matrix spike recoveries and blind laboratory and field replicate

samples, are presented under separate cover in the QA memorandum in Appendix A-7.

4.5.5.2 Results. Whole-body composite samples of crayfish, carp, largescale sucker, peamouth, and
filets of individual white sturgeon were analyzed for seven dioxins and ten furan congeners (Table 1-1).
Dioxin and furan concentrations (ug/kg wet weight) measured for each species are presented in
Appendices D1-13, D2-13, D3-13, D4-13, and D5-13. Table 4-6 shows the compounds that were
detected in at least one tissue sample, the number of samples for each species that had concentrations
above laboratory method detection limits, and the range of concentrations measured. Table 4-7 shows

laboratory detection limits for those compounds that were not detected in any samples for each species.

All seven dioxin congeners were detected in tissue samples collected in the lower Columbia River
(Table 4-6). The most toxic member of this of this group of chemicals, 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD), was detected in all peamouth, crayfish, sucker, and carp samples, and one of the
sturgeon samples collected in the lower Columbia River. Tissue concentrations in these species were 1.44
to 4.41, 0.27 to 0.86, 0.49 to 1.56, and 1.28 to- 2.10 pg/g for peamouth, crayfish, largescale sucker,
and carp, respectively. This congener was detected at a concentration of 1.66 pg/g in one sturgeon

sample.

The five highest TCDD tissue concentrations were all measured in peamouth collected between RM 38
and RM 85.5. Concentrations ranged from 2.32 to 4.41 pg/g. The highest tissue concentration was
measured for fish collected downstream of the mouth of the Multnomah channel near St. Helens, OR.
The other four highest concentrations were measured in fish collected downstream of Longview, WA
[3.29 pg/g, station D19 (RM 63)], in Burke Slough [3.10 pg/g, station D23 (RM 79.5)}, near Goble, OR
[2.77 pg/g, station D21 (RM 71)], and in Clifton Channel [2.32 pg/g, station D10 (RM 38)].

The other six dioxin congeners detected were 1,2,3,7,8-pentachlorodibenzo-p-dioxin (1,2,3,7,8-PeCDD),
1,2,3,6,7,8-hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD), 1,2,3,4,7,8-HxCDD, 1,2,3,7,8,9-
HxCDD, 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin (HpCDD), and OCDD. It should be noted that many
of these other dioxin congeners were detected at levels below the LMCL. These values should be
considered as estimates. All but two of the carp, peamouth, and sucker samples had detectable levels of

the hexadioxin congeners. Only 31 percent of the crayfish samples, and none of the sturgeon samples,
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had detectable levels of the three hexadioxin congeners (Table 4-6). All but one crayfish sample and six
sturgeon samples contained detectable levels of 1,2,3,4,6,7,8-HpCDD, while all but one sturgeon sample
contained detectable levels of OCDD.

All ten furan congeners were detected in tissue samples collected in the lower Columbia River. The most
toxic furan congener, (2,3,7,8-PeCDF), was detected in all samples for crayfish, carp, peamouth, and
largescale sucker at concentrations ranging from 0.20 to 3.05 pg/g (Table 4-6). TCDF was detected in
all of the tissue samples collected in the lower Columbia River, while the other furan congeners were
detected less frequ.ently (T able 4-6).

Toxicity equivalency factors (TEFs) for chlorinated dibenzo-p-dioxins and dibenzo-p-furans have been
developed as a method for estimating the hazard and dose-response of complex mixtures containing dioxin
and furan congeners in addition to TCDD (U.S. EPA 1989). Each congener is assigned a toxicity
relative to TCDD (i.e., their TEF). The concentration of each congener is then multiplied by its TEF and
the sum of these products for all dioxin and furan congeners gives an overall toxicity equivalency

concentration (TEC).

TECs calculated for the five species collected in the lower Columbia River are shown in Figure 4-31.
Peamouth had the highest TECs of the five species collected, with the lowest values being measured in
crayﬁsh. Median concentrations for the five species were 7.93, 4.87, 3.02, 2.63, and 1.38 for peamouth,
carp, white sturgeon, largescale sucker, and crayfish, respectively. The trend between species appears
to be due to differences in body lipid content. When TECs are normalized for percent body lipid there
are no significant differences between species (Kruskal-nglis test, alpha=0.05). The 10, 50, and
90 percentile liﬁid-normalized TECs for all species in the lower Columbia River were 0.692, 1.000,
1.918, respectively.

4.6 DISCUSSION

The reconnaissance survey analyzed crayfish, carp, largescale sucker, peamouth, and white sturgeon for
the presence of 11 trace metals and 104 organic compounds. The main objectives of this survey were

to document the presence or absence of these substances in aquatic biota, characterize their spatial
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distribution, and identify those locations' or species where tissue levels were sufficiently high to be of
potential concern to wildlife and human health. In the discussion that follows, these objectives are

evaluated for each of the main categories of chemicals evaluated in this reconnaissance survey.

A sound assessmént of the human health risks posed by cohsumption of contaminated fish tissue requires
careful evaluation of several factors, including rates of consumption, duration of exposure, toxicity of
the chemicals of concern, acceptable risk levels, and alternate exposure pathways. It is not feasible to
conduct this analysis within the scope of the present study. Therefore, human health risk will not be
addressed further in this section. The tissue contamingmt data collected in the survey, however, are

considered suitable and adequate to support a quantitative assessment of human heaith risk.

4.6.1 Trace Metals

All trace metals, except antimony and selenium, were detected in aquatic biota collected within the lower
Columbia River (Figure 4-32). Overall, carp had the highest concentration of total metals, with
decreasing concentrations present in crayfish, peamouth, largescale sucker, and white sturgeon. Lead
was detected in all tissue samples analyzed. Mercury and zinc were detected in all but one tissue sample
analyzed. White sturgeon filets had significantly lower concentrations of total metals than whole body
samples of other species. Antimony, barium, and selenium were not detected in any of the white
sturgeon filets analyzed; cadmium, nickel, and silver were detected in only a single sample, and copper
was detected in two of the sturgeon filets analyzed. This greater occurrence of metals in species for
which whole bodies were analyzed than in white sturgeon, for which only filet tissue was analyzed,

indicates a tendency for metals to concentrate in internal organs and bone rather than muscle tissue.

4.6.1.1 Comparison with Historical Data and Identification of Potential Sources. The results of the
fish tissue metal analyses, conducted as part of the lower Columbia River reconnaissance survey, are
compared to tissue metal sampling results of the National Pesticide Monitoring Program and the National
Contaminant Biomonitoring Program conducted by the U.S. Fish and Wildlife Service (May and
McKinney 1981, Lowe et al. 1985, Schmitt and Brumbaugh 1990) which reported whole body tissue
concentrations of arsenic, cadmium, copper, lead, mercury, selenium, and zinc; and the results of the
U.S. EPA National Bioaccumulation Study (U.S. EPA 1991a) which reported whole fish (bottom-feeding
fish) and filet (game fish) tissue concentrations of mercury (see Table 4-10). Several of the stations

sampled in these studies were located in the Columbia River Basin, but relatively few stations were

4-89



TISSUE-METALS

pecias:
C=Carp
Cy
P

80N
- L argascale sucker

Sturg:

= Crayfish
Peamouth

£T=
Su

Fish S

zz3 32| [o/o/o/o/e/e eje
e B0 o/ol® ®
GG | @ 0 o
i3 23 |eoe/oe/eee
zafl 32| (0|00 00000
B o |eoe o
2z 5| |eo/oe oleieee
i B 0 o
i3 ;| |e/o/e/e/eeee
33 3 (o|oleo/eleeee
28 3 o/eoo/elele @
23z |e/eleo/ee/e e e
Z35 ] o0 ®
#3835 (@00 00eee
#en 5 o (&0 ®
=8 53| o|oeeoeo0e0e
78 o3| 0elee0e0e
i<sl - | oeoeee® o
255 AL o0 ®
a2 5| |o/eo/e/e/ee |®
mE5: 000006 e e
z3 55| eeoe/eeeee
Zmh 5| @ 00 (00
S 5| |e|e/e/oje e 00
22 ;| |e|e/e/e/e e e
NG iy ] 90 ®
238 3 1000 000 ee
e 5 L) ®
izal s3] |o/o/eo/0/0/0/ 0@
= B o0 o
EEn oo

zzal .| eoloeoel® M
g HD [ ®

CHEMICAL CLASS

METALS

Species Analyzed

Arsenic

Barium

Cadmium

Capper

Lead

Mercury
Nickel

Silver
Zinc
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TABLE 4-10. COMPARISON OF RECONNAISSANCE SURVEY TISSUE CONTAMDNANT LEVELS
WITH THOSE MEASURED NATIONWIDE IN THE NATIONAL BIOACCUMULATION STUDY

AND NATIONAL CONTAMINANT BIOMONITORING PROGRAM

‘ National
Lower Columbia River National Contaminant
Reconndidsance Survey Bioaccumulation Biomonitoring
1951 Study Program
Geometric (Median) (Geometric Mean)
Chemical Median Mean - (EPA 1991n)® (Schmitt & Beumbaugh 1990)3
METALS {mg/kg wet weight (ppm)]
Arsenic® 0.22 0.24 - 0.14
Barium 2.19 0.95 - -
Cadmium 0.04 0.04 - 0.03
Copper 1.20 2.30 - 0.65
Lead 0.04 0.05 - 0.11
Mercury 0.07 0.06 0.17 0.10
Nickel 0.39 0.48 - -
Selenium ND ND - 0.42
Zine 23.35 19.95 - 21.7
PESTICIDES [mg/kg wet weight (ppm)]
4,4-DDT 0.0030 0.0033 - 0.030
4,4-DDE 0.0190 0.0154 0.058 0.1%0
4,4-DDD 0.0375 0.0049 - 0.060
Heptachlor 0.0015 0.0019 ND 0.010
Digldrin 0.0015 0.0023 0.0042 0.040
Endrin 0.0015 0.0022 ND ND{ <0.01)
Methoxychlor 0.0150 0.0206 ND -
alpha-BHC 0.0015 0.0020 0.00072 ND{<0.01}
gamma-BHC (Lindane)} 0.0015 0.0021 ND ND(<0.01)
PCBs {mg/kg (ppay)]
Aroctor 1254 0.0250 0.0445 - 0.210
Aroelor 1260 0.0250 0.0352 - 0.150
DIOXINS AND FURANS [ng/kg wet weight (ppt}]
2,3,7,8-TCDD 0.76 0.84 1.38 -
1,2,3,7,8-PeCDD 0.48 0.43 0.93 -
,2,3,4,7,8-HxCDD 0.20 0.19 1.24 -
},2,3,6,7,8-HxCDD 0.39 0.37 1.32 -
1,2,3,7,8,9-HxCDD 0.18 0.19 0.69 -
1,2,3,4,6,7,8-HpCDD 1.10 [.22 2.83 -
oCcDD 4.21 4.66 - -
2,3,7,8-TCDF 6.41 8.39 2.97 -
1,2,3,7,8-PeCDF 0.24 0.28 0.45 -
2,3,4,7,8-PcCDF 0.48 0.48 0.75 -
1,2,3,4,7,8-HxCDF 0.21 0.21 1.42 -
1,2,3,7,8,9-HxCDF 0.17 0.18 1.38 -
1,2,3,6,7,8-HxCDF 0.18 0.18 1.42 -
2,3,4,6,7,3-HxCDF 0.49 0.68 0.98 -
1,2,3,4,6,7,8-HpCDF 0.29 0.30 - -
1,2,3,4,7,8,9-HpCDF 0.12 0.13 1.30 -
OCDF 0.41 0.49 - -

2 Geometric mean of 1984 data

ND = Not detected above the laboratory detection limit.

b Statistics were calculated using one-haif the detection limit for samples where analyte was undetected.

© Arsenic was detected only in sturgeon tissue although calculated statistics include all species.
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located within the study area below Bonneville Dam. Columbia River Basin stations sampled as part of
the National Pesticide and National Contaminant Biomonitoring programs included several locations on
the Snake River, and single stations on the Flathead, Salmon, Yakima, and Willamette rivers. Stations
on the mainstem of the Columbia River include locations near Grand Coulee, Pasco, and Cascade Locks,
but none of these is located within the study area. Station locations in the Columbia River Basin sampled
during the National Bicaccumulation Study for tissue mercury levels included several stations in the lower
Columbia River (i.e., Wauna, Longview, St. Helens, Portland, and Camas). The species analyzed in the
National Pesticide Monitoring and National Contaminant Biomonitoring programs in the Columbia River
Basin included black crappie, carp, channel catfish, chiseimouth, largescale sucker, northern squawfish,
and yellow perch. The species analyzed for mercury in the lower Columbia River in the National
Bioaccumulation Study included carp (whole body), northern squawfish (filet), and suckers {whole body).
The U.S. Fish and Wildlife Service’s National Pesticide Monitoring and National Contaminant
Biomonitoring programs typically analyzed northern squawfish, largescale sucker, peamouth, and
chiselmouth collected near Cascade Locks, OR in the Columbia River and Oregon City, OR on the

Willamette River; these stations were nearest the study area.

The reconnaissance survey data are compared to the results of these studies, and potential sources of these

metals to the lower Columbia River are identified below.

Antimony. Antimony was not detected in any of the tissue samples coliected during the
reconnaissance survey {see Table 4-7), The National Contaminant Biomonitoring Program, which has
measured metal concentrations in aquatic biota throughout the United States (May and McKinney 1981,
Lowe et al. l98§, Schmitt and Brumbaugh 1990), did not analyze fish tissue samples for antimony;

therefore, no historical comparisons can be made with the reconnaissance survey data.

Tetra Tech (1992¢) identified three aluminum industries that have National Pollution Discharge Elimina-
tion System (NPDES) permits that require monitoring of effluent concentrations of antimony, These
facilities are located at RMs 63, 103, and 120. Their combined discharge of antimony to the river during
1990 was approximately 1.8 Ib/day.
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Arsenic. White sturgeon filets were the only tissue samples analyzed that had arsenic concen-
trations above analytical detection limits. Measured concentrations for the six samples where arsenic was

detected ranged from 0.27 to 1.86 mg/kg wet weight (see Table 4-6).

No published measurements of arsenic concentrations in fish collected from the lower Columbia River
were identified by Tetra Tech (1992a) and no data are available for arsenic concentrations in white
sturgeon. May and McKinney (1981), Lowe et al. (1985), and Schmitt and Brumbaugh (1990) measured
arsenic concentrations in fish tissues collected at eight locations in the Columbia River Basin, but none
of these stations was located in the lower river below Bonneville Dam. The range of arsenic concentra-
tions reported for fish collected from the two stations nearest the study area {Willamette River - Oregon
City (RM 26} and the Columbia River - Cascade Locks (RM 149)] in 1984 was 0.06 to 0.32 mg/kg wet
weight, with the maximum concentration reported for northern squawtfish collected near Cascade Locks
(Schmitt and Brumbaugh 1990). This is lower than the maximum concentration measured in white
sturgeon filets reported in this study. The historical maximum fish tissue arsenic concentration measured
in the National Pesticide Monitoring and Nationai Contaminant Biomonitoring programs was 2.92 mg/kg
wet weight, measured in bloater collected from Lake Michigan (May and McKinney 1981). However,
the maximum concentration reported for monitoring conducted in 1984 was 1.5 mg/kg wet weight which
also occurred in bloater collected from Lake Michigan (Schmitt and Brumbaugh 1990). This

concentration is also lower than the maximum tissue concentration reported in this study.

The reconnaissance survey tissue arsenic concentrations that were detected were generally higher than
available historical data, although comparison of measured concentrations in white sturgeon could not be
made with a comparable species. The geometric mean arsenic concentration of 0.24 mg/kg wet weight
was greater than the geometric mean concentration of the 1984-sample analyses conducted as part of the
National Contaminant Biomonitoring Program (0. 14 mg/kg wet weight) (Table 4-10). Historical data also
indicated that typical whole-body fish tissue arsenic concentrations are generally below the detection limits

achieved in this study.

Sources of arsenic include natural activities such as volcanic emissions, the weathering of soils and rocks
that contain arsenic, and human activities that range from metal smelting, glass manufacturing, pesticide
production and application, pharmaceutical industry, metal alloy production, and the combustion of fossil

fuels. Arsenic may also be present in phosphate-based detergents due to its close chemical association

4-93



with phosphorus (Galvin et al, 1984). Point sources within the lower Columbia River that are required
to monitor effluent discharge for arsenic include the cities of Gresharm, Portland, and St. Helens (Tetra
Tech 1992¢). Estimated arsenic loading from permitted point-source discharges directly to the lower
Columbia River for 1989 and 1990 were 14.1 and 15.4 Ib/day, respectively (Tetra Tech 1992c).
However, these estimates were based primarily on analyses that indicated that arsenic concentrations in
the monitored effluents were below laboratory detection limits. Arsenic was detected in the City of
Gresham effluent in 1990 (due to the achievement of lower detection limits) which resulted in an arsenic

loading estimate of 2.4 1b/day for 1990 from this facility.

Barium. Barium was frequently detected in all of the tissues collected, except white sturgeon
filets, which did not contain detectable levels of barium (see Table 4-6). Detected concentrations of
barium ranged from 0.6 to 5.4 mg/kg wet weight with the highest concentration reported for whole-boady
tissue analysis of largescale sucker. The National Pesticide Monitoring and National Contaminant
Biomonitoring programs, which have measured metal concentrations in aquatic biota throughout the
United States (May and McKinney 1981, Lowe et al. 1985, Schmitt and Brumbaugh 1990}, have not
analyzed fish tissue samples for barium; therefore, no historical comparisons can be made with the

reconnaissance survey data.

Until 1991, the municipal wastewater facilities in Portiand and Gresham were required to monitor effluent
concentrations of barium; however, the concentration of barium was typically reported as below the
laboratory detection limit and monitoring requirements of the current NPDES permits for these facilities
does not require the monitoring of effluent concentrations of barium (Tetra Tech 1992¢). Based on the
detection limits reported by these facilities, the combined discharge of barium from these facilities

probably does not exceed an annual average of 63 Ib/day (Tetra Tech 1992¢).

Cadmium. Cadmium was detected in all of the species sampled, except for white sturgeon filets
in which cadmium was detected in only 13 percent of the samples analyzed. Detected concentrations
ranged from 0.02 to 0.35 mg/kg wet weight with the maximum concentration reported for whole-body
analysis of common carp (see Table 4-6).

No published measurements of cadmium concentrations in fish collected from the lower Columbia River

were identified by Tetra Tech (1992a), and no data are available for cadmium concentrations in white
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sturgeon. May and McKinney (1981), Lowe et al. (1985), and Schmitt and Brumbaugh (1990) measured
cadmium concentrations in fish tissues collected at eight locations in the Columbia River Basin, but none
of these stations was located in the lower river below Bonneville Dafn. The range of cadmium concentra-
tions reported for fish collected from the two stations nearest the study area [Willamette River - Oregon
City (RM 26) and the Columbia River - Cascade Locks (RM 149)} in 1984 was trom below detection (no .
detection limit reported) to 0.05 mg/kg wet weight, with the maximum concentration reported for
northern squawfish collected near Cascade Locks (Schmitt and Brumbaugh 1990). These concentrations
are comparable to the concentrations measured in the reconnaissance survey, aithough somewhat higher
concentrations were reported for samples of all species, except white sturgeon, at several stations. The
historical maximum concentration of fish tissue cadmium concentration measured in the National Pesticide
Monitoring and National Contaminant Biomonitoring. programs was 1.04 mg/kg wet weight in carp
collected from the Des Moines River, IA (May and McKinney 1981). However, the maximum
concentration reported for monitoring conducted in 1984 was 0.22 mg/kg wet weight measured in carp
collected from Lake St. Clair, MI (Schmitt and Brumbaugh 1990). This q_dncentration is lower than the
reconnaissance survey maximum concentration measured in common carp (0.35 mg/kg wet weight) at
station D26 in Bachelor Island Slough. However, the reconnaissance survey geometric mean cadmium
concentration of 0.04 mg/kg wet weight was similar to the geometric mean concentration of the 1984

sample analyses conducted as part of the National Contaminant -Biomonitoring Program (see Table 4-10).

Sources of cadmium to the environment include smelting operations, surface mine drainage, and
phosphate fertilizer (May and McKinney 1981). Mining and smelting operations in the upper river basin
have been cited as a major source of cadmium to the Columbia River (May and McKinney 1981). Addi-
tional sources of cadmium incluﬂe fossil fuel burning and the natural weathering of cadmium-containing
rocks and soils.  Point sources within the lower Columbia River that are required to monitor effluent
discharge for ¢cadmium include the inunicipal wastewater treatment facilities of Portland, Gresham, and
St. Helens, and the industrial facilities of Reynolds Metals Co. in Longview, and Kalama Chemical (Tetra
Tech 1992c). Tetra Tech (1992c) identified data on effluent cadmium discharge for the municipal
facilities in Portland and Gresham only; however, cadmium was typically undetected in the effluent of

these sources.

. 495



Copper. Copper was detected in all of the species sampled, except for white sturgeon filets in
which copper was detected in only 13 percent of the samples analyzed. Detected concentrations ranged
from 0.90 to 46.50 mg/kg wet weight with the maximum concentration reported for whole-body analysis
of crayfish (see Table 4-6).

No published measurements of copper concentrations in fish from the lower Columbia River were identi-
tied by Tetra Tech (1992a), and no data are available for copper concentrations in white sturgeon. Lowe
et al. (1985) and Schmitt and Brumbaugh (1990) measured copper concentrations in fish tissues collected
at eight locations in the Columbia River Basin, but none of these stations was located in the lower river
below Bonneville Dam. The range of copper concentrations reported for fish collected from the two sta-
tions nearest the study area [Willamette River - Oregon City (RM 26) and the Columbia River - Cascade
Locks (RM 149)] in 1984 was from 0.50 to 1.0l mg/kg wet weight, with the maximum concentration
reported for largescale sucker collected near Cascade Locks, OR (Schmitt and Brumbaugh 1990). These
concentrations are generally lower than the concentrations measured in Lhe.reconnaissance survey. The
historical maximum concentration of fish tissue copper concentration, measured in the National
Contaminant Biomonitoring Program, was 38.7 mg/kg wet weight in white perch collected from the
Susquachanna River, MD (Lowe et al. 1985). However, the maximum concentration reported for
monitoring conducted in 1984 was 23.1 mg/kg wet weight measured in Mozambique tilapia collected
from Waikele Stream, HI (Schmitt and Brumbaugh 1990). This concentration is much lower than the
maximum tissue concentrations of copper reported for crayfish and peamouth collected during the
reconnaissance survey. The reconnaissance survey geometric mean copper concentration of 2.30 mg/kg
wet weight was also greater than the geometric mean concentration of the 1984 sample analyses conducted

as part of the National Contaminant Biomonitoring Program {0.65 mg/kg wet weight) (see Table 4-10).

Sources of copper to the environment include inputs due to both natural (volcanic eruptions, soil and rock
weathering) and human (copper smelting and mining operations, corrosion of domestic water systems,
wood treatment, metal plating, agricultural chemical production and application, phosphate fertilizer
production and application, waste incineration, and fossil fuel combustion) activities. Those facilities
discharging directly to the Columbia River that are required to monitor effluent copper concentrations
include the Portland General Electric power plant in Beaver, OR, Weyerhaeuser Paper Co. (Longview),
Trojan Nuclear Power Plant, Kalama Chemical, and the municipal wastewater facilities of St. Helens,
Portland, and Gresham (Tetra Tech 1992c). The Portland, Gresham, Portland General Electric (Beaver
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Generating Plant), and Weyerhaeuser (Longview) facilities typically reported undetectable levels of copper
in their effluents. Kalama Chemical and the Trojan Nuclear Power facilities reported copper loadings
averaging 0.11 and 0.03 lb/day in 1990 (Tetra Tech 1992c).

Lead. Lead was frequently detected in all of the speciés sampled. Detected concentrations
ranged from 0.01 to 1.35 mg/kg wet weight with the maximum concentration reportéd for whole-body

- analysis of peamouth (see Table 4-6).

No published measurements of lead concentrations in fish from the lower Columbia River were identified
by Tetra Tech (1992a) and no data are available for lead concentrations in white sturgeon. May and
McKinney (1981), Lowe et al. (1985), and Schmitt and Brumbaugh (1990) méasured lead concentrations
in fish tissues collected at eight locations in the Columbia River Basin, but none of these stations was
located in the lower river below Bonneville Dam. The range of lead concentrations reported for fish
collected from the two stations nearest the study area [Willamette River - Oregon City (RM 26) and the
Columbia River - Cascade Locks (RM 149)] in 1984 was 0.03 to 0.09 mg/kg wet weight with the
maximum concentration reported for largescale sucker collected near Cascade Locks, OR (Schmitt and
Brumbaugh 1990). These concentrations are generally lower tﬁan the maximum concentrations measured
in carp, peamouth, largescale sucker, and white sturgeon measured in the reconnaissance survey, The
historical maximum concentration of fish tissue lead concentration measured in the National Contaminant
Biomonitoring Program was 6.73 mg/kg wet weight in Mozambique tilépia collected from Monoa Stream,
HI (Lowe et al. 1985). However, the maximum concentration reported for monitoring conducted in 1984
was 4.88 mg/kg wet weight measured in Cuban limpia also collected from Monoa Stream, HI (Schmitt
and Brumbaugh 1990). This concentration is higher than the maximum tissue concentrations of lead
reported for fish collected during the reconnaissance survey. The reconnaissance survey geometric mean
lead concentration of 0.05 mg/kg wet weight was also less than the geometric mean concentration of tﬁe
1984 sample analyses conducted as part of the National Contaminant Biomonitoring Program (0.11 mg/kg
wet weight) (see Table 4-10). ' ' '

Sources of lead include fossil fuel combustion (especially from lead-additive fuels), natural mineral
deposits, and surface mining and smelting operations (May and McKinney 1981). Point sources required
to monitor effluent lead discharge include Weyerhaeuser Paper Co. (Longview), Reynolds Metals

(Longview), Kalama Chemical, and the municipal wastewater treatment facilities in St. Helens, Portland,
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and Gresham., Lead was typically undetected in the effluents monitored in 1989 and 1990 (Tetra Tech
1992¢).

Mercury. Mercury was frequently detected in all of the species sampled. Detected concentrations
ranged from 0.022 to 0.347 mg/kg wet weight with the maximum concentration reported for analysis of
white sturgeon filets (see Table 4-6).

The U.S. EPA National Bioaccumulation Study reported mercury concentrations in fish tissues collected
in the lower Columbia River near Wauna, Longview, St. Helens, Portland, and Camas (U.S EPA 1991a).
May and McKinney (1981), Lowe et al. (1985), and Schmitt and Brumbaugh (1990) measured mercury
concentrations in fish tissues collected at eight locations in the Columbia River Basin, but none of these
stations was located in the lower river below Bonneville Dam. The range of mercury concentrations
reported for fish collected from the two stations nearest the study area [Willamette River - Oregon City
(RM 26) and the Columbia River - Cascade Locks (RM 149)] in 1984 was 0.04 to 0.21 mg/kg wet
weight with the maximum concentration reporied for northern squawfish collected in the Willamette River
near Oregon City, OR (Schmitt and Brumbaugh 1990). The range of fish tissue mercury concentrations
reported by the U.S. EPA (1991a) for the lower Columbia River ranged from 0.09 to 0.74 mg/kg wet
weight of squawfish filets and 0.05 to 0.1 mg/kg wet weight in whole-body samples of carp and suckers.
The filet concentrations reported for the EPA study are lower than the maximum concentration measured
in white sturgeon collected in the reconnaissance survey although higher concentrations in this long-lived
species is expected. The historical whole-body analysis results are also somewhat lower than the
maximum concentrations reported for the reconnaissance survey. Filet concentrations of mercury are
generally expected to be somewhat higher than whole-body analyses due to the greater affinity of mercury
for muscle tissue (U.S. EPA 1991a),

The historical maximum concentration of fish tissue mercury concentration measured in the National
Pesticide Monitoring and National Contaminant Biomonitoring programs was 1.10 mg/kg wet weight in
northern squawfish collected in the Columbia River near Cascade Locks (RM 149) just above Bonneville
Dam (Lowe et al. 1985). However, the maximum concentration reported for monitoring conducted in
1984 was 0.37 mg/kg wet weight measured in largemouth bass collected from the Pee Dee River, SC
(Schmitt and Brumbaugh 1990). This concentration is higher than the maximum tissue concentrations

of mercury reported for fish collected during the reconnaissance survey. The reconnaissance survey
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geometric mean mercury concentration of 0.06 mg/kg wet weight was also less than the geometric mean
concentration of the 1984 sample analyses conducted as part of the National Contaminant Biomonitoring
- Program (0.10 mg/kg wet weight) and the median concentration of the reconnaissance survey tissue
mercury data was also lower than the median concentration determined from the National Bioaccumula-
tion Study (see Table 4-10).

Sources of mercury include mining operations and natural mineral deposits that occur near the mouth of
the river (Fuhrer 1986) and in upper drainage areas of the Willamette River (May and McKinney 1981),
combustion of fossil fuels, and storage battery production and disposal. Historically, chlor-alkali plant
process eftluents associated with the pulp and paper indﬁ.stry were also a source of mercury to the river
(Fuhrer 1986). Tetra Tech (1992c¢) identified a number of municipal wastewater treatment facilities that
were required to monitor mercury concentrations in their effluent discharges to the lower Columbia River.
These facilities included the cities of St. Helens, Portland, and Gresham. However, for 1989 and 1990
data were only available for the city of Gresham which typically reported that mercury concentrations
were below laboratory detection limits. Based on these data, mercury discharged from the Gresham

factlity probably did not exceed 4.2 Ib/day.

Nickel. Nickel was not frequently detected in the species sampled. Reported results for tissue -
nickel concentrations ranged from below detection (detection limit of 0.43 mg/kg) to 17.29 mg/kg wet
weight with the maximum concentration reported for whole-body analysis of common carp (see
Table 4-6). | '

No published measurements of nickel concentrations in fish from the lower Columbia River were
identified by Tetra Tech (1992a) and no data are available for nickel concentrations-in white sturgeon.
May and McKinney (1981), Lowe et al. (1985), and Schmitt and Brumbaugh (1990} did not measure
nickel concentrations in fish tissues collected as part of the National Pesticide Monitoring and National
Contaminant Biomonitoring programs; therefore, comparisons with reconnaissance survey results for fish

tissue analyses of nickel are not possible.

. The potential sources of nickel to lower Columbia River fish include sources due to both natural (e.g.,
weathering of soils and rocks containing nickel) and human (e.g., metal smelting and mining operations,

metal plating industries, burning of fossil fuels, commercial fertilizer production and application)
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activities. Several NPDES-permitted point sources are required to monitor effluent discharges for nickel.
These facilities include the cities of Gresham, Portland, and St, Helens, and the industrial facilities of
Weyerhaeuser (Longview), Reynolds Metals (Longview), Kalama Chemical, Reynolds Metals (Troutdale),
and ALCOA (Vancouver) (Tetra Tech 1992¢). Estimated point source loading of nickel, based on the
available monitoring data, indicated that as much as 4.8 and 5.4 Ib/day were discharged in 1989 and
1990, respectively. However, a portion of these estimates was based on calculations using reported
detection limits (i.e., nickel was not detected in some effluents above the detection limit) (Tetra Tech
1992¢).

Selenium. Selenium was not detected in any of the species sampled during the reconnaissance
survey. The reported laboratory detection limits ranged from 0.24 to 0.55 mg/kg wet weight (see
Table 4-7).

"No published measurements of selenium concentrations in fish from the lower Columbia River were
identified by Tetra Tech (1992a), and no data are available for selenium concentrations in white sturgeon.
May and McKinney (1981), Lowe et al. (1985), and Schmitt and Brumbaugh (1990) measured selenium
concentrations in fish tissues collected at eight locations in the Columbia River Basin, but none of these
stations was located in the lower river below Bonneville Dam. The range of selenium concentrations
reported for fish collected from the two stations nearest the study area [Willamette River - Oregon City
(RM 26) and the Columbia River - Cascade Locks (RM 149)] in 1984 was 0.11 to 0.35 mg/kg wet
weight with the maximum concentration reported for northern squawtish collected near Cascade Locks,
OR (Schmitt and Brumbaugh 1990). These concentrations are generally lower than the laboratory
detection limits reported for fish tissue analyses conducted for the reconnaissance survey. The historical
maximum concentration of fish tissue selenium concentration, measured in the National Pesticide
Monitoring and National Contaminant Biomonitoring programs, was 3.05 mg/kg wet weight in common
carp collected from Lake Havasu, Arizona (Lowe et al, 1985). However, the maximum concentration
reported for monitoring conducted in 1984 was 2.30 mg/kg wet weight measured in common carp
collected from Lake Martinez (Colorado River), AZ (Schmitt and Brumbaugh 1990). These maximum
concentrations are higher than the maximum detection limits reported for the lower Columbia River
reconnaissance survey. The reconnaissance survey fish tissue selenium detection limits were also
generally lower than the geometric mean concentration of the 1984 sample analyses conducted as part of

the National Contaminant Biomonitoring Program (0.42 mg/kg wet weight) (see Table 4-10).
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No point sources of selenium have been identified in the lower Columbia River (Tetra Tech 1992c).
However, irrigation return flows from areas with high soil selenium content may be a potential source
of selenium (Hem 1970).

Silver. Silver was generally not detected in the species sampled, except for crayfish in which
silver was detected in 80 percent of the samples. Reported concentrations ranged from below detection
(detection limit of 0.12 mg/kg) to 1.54 mg/kg wet weight with the maximum concentration reported for

whole-body analysis of crayfish (see Table 4-6).

No published measurements of silver concentrations in fish from the lower Columbia River were identi-
fied by Tetra Tech (1992a), and no data are available for silver concentrations in white sturgeon. May
and McKinney (1981), Lowe et al. (1985), and Schmitt and Brumbaugh (1990) did not measure silver
concentrations in fish tissues collected as part of the National Pesticide Monitoring and National
Contaminant Biomonitoring.programs. Therefore, comparisons with reconnaissance survey results for

fish tissue analyses of silver is not possible.

Potential sources of silver to lower Columbia River fish include sources due to both nawral (e.g.,
weathering of soils and rocks containing silver and volcanic eruptions) and human (e.g., ore smelting and
mining, fossil fuel consumption, photographic industry, and cement manufacturing) activities. Facilities
discharging directly to the lower Columbia River that are required to monitor effluent silver
concentrations include the cities of Gresham, Portland, and St, Helens. The silver concentration in the
effluents that were monitored in 1989 and 1990 were generally below the detection limits achieved by
the analytical laboratories. Based on these limited data, the silver loading to the lower Columbia River
from these facilities was probably less than 2.1 and 3.6 lb/day in 1989 and 1990, respectively (Tetra Tech
1992c).

Zinc. Zinc was frequently detected in all of the species sampled. Detected concentrations ranged
from 17.3 to 133.7 mg/kg wet weight with the maximum concentration reported for whole-body analysis
of common carp (see Table 4-6). '

No published measurements of zinc concentrations in fish from the lower Columbia River were identified

by Tetra Tech (1992a), and no data are available for zinc concentrations in white sturgeon. Lowe et al.
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(1985) and Schmitt and Brumbaugh (1990) measured zinc concentrations in fish tissues collected at eight
locations in the Columbia River Basin, but none of these stations was located in the lower river below
Bonneville Dam. The range of zinc concentrations reported for fish collected from the two stations
nearest the study area [Willamette River - Oregon City (RM 26) and the Columbia River - Cascade Locks
(RM 149)] in 1984 was 16.35 to 21.17 mg/kg wet weight with the maximum concentration reported for
northern squawfish collected near Cascade Locks, OR (Schmitt and Brumbaugh 1990). These
concentrations are generally lower than the maximum concentrations measured in whole-body samples
of crayfish, carp, peamouth, and largescale sucker and higher than white sturgeon filets measured in the
reconnaissance survey. The historical maximum concentration of fish tissue zinc¢ concentration measured
in the National Contaminant Biomonitoring Program was 168.1 mg/kg wet weight in common carp
collected from Utah Lake, UT (Lowe et al. 1985). However, the maximum concentration reported for
monitoring conducted in 1984 was 118.4 mg/kg wet weight measured in common carp collected from
Lake St. Claire, MI (Schmitt and Brumbaugh 1990). This concentration is lower than the maximum
tissue concentration of zinc reported for common carp collected during the reconnaissance survey.
However, the reconnaissance survey geometric mean zinc concentration of 19.95 mg/kg wet weight was
less than the geometric mean concentration of the 1984 sample analyses conducted as part of the National

Contaminant Biomonitoring Program (21.7 mg/kg wet weight) (see Table 4-10).

Potential sources of zinc include both natural (e.g., soil and rock weathering) and human (e.g., metal
smelting and mining, metal plating, corrosion of domestic water supply systems, and production and
erosion of automobile tires) sources. Permitted point sources that are required to monitor effluent
concentrations of zinc include the municipal wastewater treatment facilities of Gresham, Portland, and
St. Helens, and the industrial facilities of Kalama Chemicai, Reynolds Metais (Troutdale), and ALCOA
(Vancouver) (T etra Tech 1992c). Detectable concentrations of zinc were reported in the effluents of
Kalama Chemical (0.03 1b/day), Reynolds Metals (Troutdale) (0.03 Ib/day), ALCOA (Vancouver) (0.17
Ib/day), Portland (33.4 Ib/day), and Gresham (6.8 Ib/day) (Tetra Tech 1992¢).

4.6.1.2 Significance and Recommendations. As mentioned above, metals were detected in fish tissue
throughout the lower river, with no clear trends. A few stations, however, tended to show higher tissue
metal concentrations: D15 at Wallace Slough, D38E at Reed Island, and D40 at Beacon Rock. High
tissue metal levels at the two upriver stations (D38 and D40) are interesting in that there are no known

sources of metals immediately upstream of these stations. These results, then, may indicate significant
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input of metals from above Bonneville. Sediments at these two stations had high levels of several metals,
. including lead and zinc. Station D15 in Wallace Slough is near the mouth of the Clatskanie River. This
station did not have high metals concentrations in the sediment. There are no obvious sources of metals

input to fish at this station.

The ubiquitous occurrence of metals in fish tissue throughout the lower river could be attributable to a
multitude of natural and anthropogenic (point and nonpoint sources including urban run-off and other
nonpoint sources, as well as natural and anthropogenic pollutant sources to tributaries and the upper

Columbia River above Bonneville Dam) sources.

Tissue metals concentrations measured in the lower Columbia were compared: to those measured at over
100 stations nationwide from 1976-77 to 1984 (Schmitt and Brumbaugh 1990). In general, the lower
Columbia River values were similar to those measured in the national studies, but usually did not
approach the maximum national values. Exceptions included a few high Columbia River values for
cadmium and zinc in carp, copper in crayfish and peamouth, and lead in sturgeon and peamouth. The
geometric mean concentration of arsenic measured in white sturgeon filets was also greater than the

geometric mean of the results of nationwide sampling conducted in 1984 (Schmitt and Brumbaugh 1990).

Relatively little information is available on the toxicity of metals in fish tissue to piscivorous wildlife or
humans. One exception is for mercury, for which the Food and Drug Administration (FDA) action level
for fish is 1 ppm (mg/kg), and concentrations of {-2 ppm in consumed fish have been shown to be lethal
_to mink and river otter (U.S. EPA 1991a). Almost all tissue levels of mercury measured in this study
were well below these toxic levels, although the highest sturgeon (0.35 ppm) and peamouth (0.23 ppm)

concentrations were within an order of magnitude of potentially toxic levels.
Relevant questions for further research include the following:

n What are the major sources (point and nonpoint sources as well as background levels) of

these metals to the river?

n What is the fate of the metals delivered to the river?
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L] What are the effects of these metals on the biota?

L Are the metals detected in fish tissues in this survey the result of bioaccumulation or
bioconcentration?

= Are some metals and their various forms more available than others?

- Which is the most important pathway (water column or sediments) for metal contaminant

exposure and accumulation?

= What is the biological turnover time of these metals in fish tissug?
= How and in what forms are metals accumulated and metabolized by the biota?
u What physical and biological factors control the variation in measured tissue concentra-

tions of metals?

n What are the forms and concentrations of metals in sediments and prey items and how

does this relate to the metals concenirations measured in fish and crayfish tissues?

= What are the species consumed, the rate of consumption, and the tissues consumed by

wildlife and humans?

= What is the risk of human heaith impairment associated with the consumption of various

quantities of the species sampled, based on the reconnaissance survey fish tissue data?

u How are the metals partitioned in the various tissues (i.e., skin, muscle, organs, bone)
and how might this affect the evaluation of the effects of tissue contaminant levels on

piscivorous wildlife and humans?

Answers to these questions are essential for identifying the most important sources of specific metals, and

the acceptable limits of the input of these contaminants into the lower Columbia River system. An
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integrated monitoring program of both dissolved and total metals in the lower Columbia River, and the
various point and nonpoint sources, should be performed on a seasonal basis to improve the understanding
of the sources, forms, and fate of metals in the lower Columbia River. An assessment of chemical forms
of the metals in various fish spécies and tissues in the lower river, and the role of various environmental
factors that control the toxic effects of these metals and the degree of accumulation, would also aid in
further assessing the relative effects of these metals on the biota of the river and the effect of the

consumption of these species on wildlife and humans.

4.6.2 Organic Compounds

Fish and crayfish samples were analyzed for a total of 104 organic compounds, including semivolatile
organic compounds, pesticides, PCBs, and dioxin and furan compounds. Dioxins and furans were the
most commonly detected organic compounds. Pesticides and PCBs were less frequently detected
throughout the river in all of the species sampled. Semivolatile compounds were also detected (primarily
phenols, PAHs, and phthalate esters), but the detection of these compounds was generally isolated to the
whole-body analysis of carp collected from station D29 (RM 101) which was located in the Lake

Vancouver flushing channel.

4.6.2.1 Comparison with Historical Data and Identification of Potential Sources. The results of the
fish tissue organic compound analyses, conducted as part of the lower Columbia River reconnaissance
survey, are compared to tissue organic corhpound sampling results of the National Pesticide Monitoring
Program and the National Contaminant Biomonitoring Program conducted by the U.S. Fish and Wildlife
Service (Schmitt et al. 1990)—which reported whole body tissue concentrations of organochlorine
pesticides (including PCBs) for tissue samples collected between 1976 and 1984—and the results of the
U.S. EPA National Bioaccumulation Study (U.S. EPA 1991a) which reported whole fish (bottom-feeding
fish) and filet (game fish) tissue concentrations of organochlorine pesticides, PCBs, and dioxins and
furans (except octa- forms) (see Table 4-10). Several of the stations sampled in these studies were located
in the Columbia River Basin, but relatively few stations were located within the study area below
Bonneville Dam. Columbia River Basin stations sampled as part of the National Pesticide and National
Contaminant Biomonitoring programs included several locations on the Snake River, and single stations
on the Flathead, Salmon, Yakima, and Willamette rivers. Stations on the mainstem of the Columbia
River included locations near Grand Coulee, Pasco, and Cascade Locks, but none of these are located

within the study area. Station locations in the Columbia River Basin sampled during the National
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Bioaccumulation Study included several stations in the lower Columbia River [i.e., Columbia River
estuary (Woody Island), Wauna, Longview, Kalama, Deer Island, St. Helens, Portland, and Camas].
The species analyzed in the National Pesticide Monitoring and National Contaminant Biomonitoring
programs in the Columbia River Basin included black crappie, carp, channel catfish, chiselmouth,
largescale sucker, northern squawfish, and yellow perch. The species analyzed for organic compounds
in the lower Columbia River in the National Bioaccumulation Study included carp (whole body), northern
squawfish (filet), suckers (whole body), and sturgeon (whole body). Sturgeon tissues were only analyzed
for dioxin and furan compounds. The U.S. Fish and Wildlife Service’s National Pesticide Monitoring
and National Contaminant Biomonitoring programs typically analyzed northern squawfish, largescale
sucker, peamouth, and chiselmouth collected near Cascade Locks, OR in the Columbia River and Oregon

City, OR on the Willamette River, the stations nearest the study area.

The reconnaissance survey data are compared to the results of these studies, and potential sources of these

organic compounds to the lower Columbia River are identified below.

Semivolatile Organic Compounds. Crayfish, carp, largescale sucker, peamouth, and white
sturgeon were analyzed for 52 semivolatile organic compounds. Fifteen of these compounds were
detected (Figure 4-33). This group of chemicals was unique in that, with the exception of the common
laboratory contaminant, bis-2-(ethylhexy!)phthatate, virtually all of the measured concentrations occurred
for a single sample. Carp tissue from station D29, was the only sample where the following chemicals
were measured: phenolic compounds (phenol, 2-chlorophenol, 4-chloro-3-methylphenol, 4-nitrophenol);
a nitroaromatic compound (2,4-dinitrotoluene); a nitrosamine compound (N-nitroso-di-n-propylamine);
polynuclear aromatic compounds (PAHs) (acenapthene, naphthalene, pyrene, 1,4-dichlorobenzene); and
chlorinated benzene compound (l,4-dichi0r0benzene, 1,2,4-trichlorobenzene) (see Table 4-6). The PAH
compound 2-methylnaphthalene was also detected in the carp tissue sample at this station and in a

largescale sucker tissue sample at another station (see Table 4-6).

Of this group of chemicals, 1,2,4-trichlorobenzene is the only compound that was measured in tissue as
part of U.S. EPA’s National Bioaccumulation Study (U.S. EPA 1991a) (see Table 4-11). The tissue
concentration measured at station D29 (3,100 pg/kg) is 12 times higher than the maximum value (264.8
mg/kg) measured during the EPA study—and over 22,000 times higher than the median concentration
calculated for 362 sites sampled during the National Bicaccumulation study. In general, trichlorobenzene
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Figure 4-33. Semivolatile compounds detected in tissue samples in the lower Columbia River Reconnaissance Survey.
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TABLE 4-11. CONCENTRATIONS OF MERCURY, CHLORINATED BENZENES, POLYCHLORINATED

BIPHENYL COMPOUNDS, AND PESTICIDES IN FISH COLLECTED FROM THE
LOWER COLUMBIA RIVER FOR THE NATIONAL BIOACCUMULATION STUDY

(all concentrations in ng/g wet weight unless otherwise noted)

(Page 1 of 6)

Sample Location Portland St. Helens St. Helens St. Helens Wauna Wauna
Species Carp Squawfish Sucker Sucker Squawfish Sucker
Sample Type Whole Bedy Fillet Whole Body Lab. Dup. Fillet Whole Body
Mercury (in pg/g) 0.1 0.33 0.05 NA 0.09 0.36
1,2,3-Trichlorbenzene ND ND 0.24D ND - ND
1,2,4-Trichlorbenzene 0.72D ND ND 0.48D - ND
1,3,5-Trichlorbenzene ND ND ND ND - ND
1,2,3,4-Tetrachlorobenzene ND ND ND ND - ND
1,2,3,5-Tetrachlorobenzene ND ND ND ND - ND
1,2,4,5-Tetrachlorcbenzene ND ND ND ND - ND
Octachlorostyrene ND ND ND ND - ND
Pentachlorobenzene 0.54D ND ND ND - Nb
Pentrachlomitrobenzene ND ND ND ND - ND
Hexachlorobenzene 2.12D ND ND ND - ND
Alpha BHC 1.11ID ND 2.74 5.48 - ND
Gamma BHC ND ND ND ND - ND
Cis chlordane 9.68 0.17D ND ND - 0.73D
Trans chlordane 6.7 ND ND ND - ND
Oxychlordane ND ND ND ND ND -
Cis nonachlor 5.41 ND ND ND ND -
Trans nonachlor 14.4 1.58D ND ND 2.67 -
Heptachlor ND ND ND ND ND -~




TABLE 4-11. CONCENTRATIONS OF MERCURY, CHLORINATED BENZENES, POLYCHLORINATED
BIPHENYL COMPOUNDS, AND PESTICIDES IN FISH COLLECTED FROM THE
LOWER COLUMBIA RIVER FOR THE NATIONAL BIOACCUMULATION STUDY
(all concentrations in ng/g wet weight unless otherwise noted)
: (Page 2 of 6)

Sampie Location Portland St. Helens St. Helens St. Helens Wauna Wauna
Species Carp Squawfish Sucker . Sucker Squawfish Sucker
Sample Type Whole Body Fillet Whole Body Lab. Dup. Fillet Whole Body
Mercury (in pg/g) 0.1 0.33 0.05 NA 0.09 0.36
Heptachlor epoxide ND ND ND ND ND -
p.p*-DDE 333E 34.3 80.9 89.8 52 -
Dieldrin 12.4 ND ND ND ND =
Endrin ND ND ND ND ND -

Dicofol ND ND ND ND ND -

# || Methoxyehlor ND 0.39D ND ND ND -

i 8 || Perthane ND " ND ND ND ND o

I Mirex 0.94D 0.26D ND - ND ND -

: Nitrofen , * ND ND ND ND "~ ND -

: Chlorpyrifost ND ND ND ND ND -
Isopropalin ND " ND ND ND ND -
Trifluralin : ND ND ND ND | ND -
Pentachloroanisole : 2.13D ND 0.92D 1.32D ND -

| Biphenyl : 3.41 0.06D 0.73D 1.09D 0.06D -
Total PCBs 2043.1 37.1 127.9 173 55.6 -
Total Monochlorobiphenyls 1.32D ND ND ND ND -

5 Total Dichlorobiphenyls ND ND ND ND ND -
Tnial Trichlorobiphenyls 14.5 ND ND ND ND -
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TABLE 4-11. CONCENTRATIONS OF MERCURY, CHLORINATED BENZENES, POLYCHLORINATED

BIPHENYL COMPOUNDS, AND PESTICIDES IN FISH COLLECTED FROM THE
LOWER COLUMBIA RIVER FOR THE NATIONAL BIOACCUMULATION STUDY

(all concentrations in ng/g wet weight unless otherwise noted)
(Page 3 of 6)

Sample Location Portland St. Helens St. Helens St. Helens Wauna Wauna
Species Carp Squawfish Sucker Sucker Squawfish Sucker
Sample Type Whole Body Fillet Whole Body Lab. Dup. Fillet Whole Body
Mercury (in ug/g) 0.1 0.33 0.05 NA 0.09 0.36
Total Tetrachlorobiphenyls 208E ND 15 21.7 ND -
Total Pentachlorobiphenyls 890E 12.4 55.1 a! 20.8 -
Total Hexachlorobiphenyls T13E 19.8 57.8 68.6 29.7 -
Total Hectachlorobiphenyls 186E 4.¢ ND 11.7 5.1 -
Total Octachlorobiphenyls 30.3 ND ND ND ND -
Total Nonachlorobiphenyls ND ND ND ND ND -
Total Decachlorobiphenyls ND ND ND ND ND -
Diphenyl Disulfide ND ND ND ND ND -
Hexachlorobutadiene ND ND ND ND ND --
Percent Lipids 8.9 1.4 7.8 1.7 2.8 NA

qualifier codes:
D = value below limit of quantitation
E = value exceeds calibration standard
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TABLE 4-11. CONCENTRATIONS OF MERCURY, CHLORINATED BENZENES, POLYCHLORINATED
BIPHENYL COMPOUNDS, AND PESTICIDES IN FISH COLLECTED FROM THE
LOWER COLUMBIA RIVER FOR THE NATIONAL BIOACCUMULATION STUDY
(all concentrations in ng/g wet weight)

(Page 4 of 6)

Sample Location Longview Longview Camas Camas
River Segment 2C 2C 4A 4A
Species Squawfish Sucker Squawfish Sucker
Sample Type Filet Whole Body *Filet Whole Body
Mercury (in ug/g) 0.23 0.05 0.74 ND
1,2,3-Trichlorbenzene - ND - ND
1,2,4-Trichlorbenzene - ND - ND )
1,3,5-Trichlorbenzene - ND -~ ND
1,2,3,4-Tetrachlorobenzene - ND -- ND
1,2,3,5-Tetrachlorobenzene - ND - ND
1,2,4,5-Tetrachlorobenzene - ND - ND
Octachlorostyrene - ND - ND
Pentachlorobenzene - ND - ND
Pentrachlornitrobenzene - ND - ND
Hexachlorobenzene - ND - 1.49D
Alpha BHC - ND - ND
Gamma BHC - "ND - ND
Cis chlordane - ND - ND
Trans chlordane - ND - ND
Oxychlordane - ND - ND~
Cis nonachlor - ND - ND
Trans nonachlor - ND - 4.5
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TABLE 4-11. CONCENTRATIONS OF MERCURY, CHLORINATED BENZENES, POLYCHLORINATED
BIPHENYL. COMPOUNDS, AND PESTICIDES IN FISH COLLECTED FROM THE
LOWER COLUMBIA RIVER FOR THE NATIONAL BIOACCUMULATION STUDY
(all concentrations in ng/g wet weight)

(Page 5 of 6)

Sample Location Longview Longview Camas Camas
River Segment 2C 2C 4A 4A
Species Squawfish Sucker Squawfish Sucker
Sample Type Filet Whole Body Filet Whole Body
Heptachler - ND - ND
Heptachlor expoxide - ND - ND
4,4’-DDE - 107 - 89.2E
Dieldrin - ND - ND
Endrin - ND - ND
Dicofol - ND - ND
Methoxychlor - ND - ND
Perthane - ND - ND
Mirex -- ND - ND
Nitrofen - ND - ND
Chlorpyrifost - ND - ND
Isopropalin - ND - ND
Trifluralin - ND - ND
Pentachloroanisole (PCA) - 6.74 - 0.68D
Biphenyl -- ND - 0.2D
Total PCBs - 174.72 - 92.36
Total Monochlorobiphenyls - ND - ND
Total Dichlorobiphenyls - ND -~ ND
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TABLE 4-11. CONCENTRATIONS OF MERCURY, CHLORINATED BENZENES, POLYCHLORINATED
BIPHENYL COMPOUNDS, AND PESTICIDES IN FISH COLLECTED FROM THE
LOWER COLUMBIA RIVER FOR THE NATIONAL BIOACCUMULATION STUDY
(all concentrations in ng/g wet weight)

(Page 6 of 6)

Sample Location Longview Longview Camas Camas
River Segment 2c 2C 4A 4A
Species " Squawfish Sucker Squawfish Sucker
Sample Type Filet Whole Body Filet Whole Body
Total Trichlorobiphenyls - 0.72D - 0.63D
Total Tetrachlorobiphenyls - 41.3 - 24.9
Total Pentachlorobiphenyls - 67.1 - 37"5
Total Hexachlorobiphenyls -- 55.1 - 25:5
Total Hectachlorobiphenyls - 10.5 - 4.03
Total Octachlorobiphenyls - ND -~ ND
Total Nonachlorobiphenyls - ND - ND
Total Decachlorobiphenyls - ND - ND
Diphenyl Disuifide - ND | - Nf)
Hexachlorobutadiene - ND . - ND
Percent Lipids NA 15.9 NA 20.06

Qualifier codes:

D = value befow limit of quantitation
E = value exceeds calibration standard

ND = Not detected. No detection limit given.

Source: U.S. EPA 1991g.




compounds analyzed for in the fish tissue samples, collected in the lower Columbia River as part of the
National Bioaccumulation Study (U.S. EPA 1991a) (Table 4-11), were below the limits of detection with
the exception of a laboratory duplicate analysis of a sucker (whole body) collected near St. Helens, OR,
for which a concentration of 0.48 pg/kg wet weight was reported.

The compounds detected in carp at this site could potentially be derived from a variety of sources. The
phenolic compounds and 2,4-dinitrotoluene are all chemical intermediates used in the production of other
chemicals in a variety of industries. The PAHs acenaphthene and pyrene are formed by the combustion
of hydrocarbon products and may be released into the environment as a result of oil spills. The chemical
1,4-dichlorobenzene is used as an insecticide. nd l,2,4—trichlorobenzene is used in the production of

dyes, transformer dielectric fluid, and as a soivent in chemical manufacturing.

The proximity of station D29 to the industrialized areas of Portland, OR and Vancouver, WA suggests
that contaminant levels measured at this site may be due to industrial and municipal point and non-point
discharges in this portion of the river. However, the relatively high tissue levels measured in carp at
station D29 and the fact that none of these compounds were detected in carp collected three miles
downstream at station D28, or six miles upstream at station D31 (or in any other tissue sample collected
during the reconnaissance survey, with the exception of one compound at one other station) might indicate
a local source of these contaminants or possible contamination of these samples in the field or laboratory.
Further investigation of contaminant levels in fish in the vicinity of station D29 is needed to resolve this

issue.

Station D35 located in the Camas Slough (RM 118) was the only other site where a PAH compound was
detected in fish tissue (2-methylnaphthalene) (see Figure 4-33). From 1989 through 1991 Camas Slough
experienced several small accidental oils spills (Tetra Tech 1992c). The PAH compound measured in
carp and largescale sucker collected from Camas Slough can be released from oil spills (Sittig 1985), as

well as from the combustion of hydrocarbon products.

Pesticides. Crayfish, carp, largescale sucker, peamouth, and white sturgeon were analyzed for
29 pesticides and pesticide metabolites. Twenty-four of these compounds were detected in at least one
tissue sample (Figure 4-34). Pesticides were detected in fish and crayfish throughout the lower Columbia
River. Particularly apparent were DDT, DDE, and DDD, which were detected in 98.6 percent of the
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Figtre 4-34. Pesticides detected in fish and crayfish tissue samples collected for the lower Columbia River Reconnaissance Survey.




samples analyzed. The 4,4’-DDE isomer was detected in a higher proportion of tissue samples and at
higher concentrations than other DDT metabolites. The relatively higher detection frequency of the
4,4’-DDE form was also noted by Schmitt et al. (1990), in a summary of safnpling results for organo-
chlorine residues in freshwater fish from 1976 to 1984, as part of the National Contaminant Biomoni-

toring Program.

Schmitt et al. (1990) measured DDT and DDT homolog concentrations in fish tissues collected at eight
locations in the Columbia River Basin, but none of these stations was located in the lower river below
Bonneville Dam. The range of DDT concentrations reported for fish collected from the two stations
nearest the study area [Willamette River - Oregon City (RM 26) and the Columbia River - Cascade Locks
(RM 149)] in 1984 was from below detection for 4,4’-DDT to 730 ug/kg wet weight for largescale sucker
collected near Cascade Locks, OR (Schmitt et al. 1990). This is somewhat higher than the maximum
concentration measured in peamouth (480 ug/kg) measured in the reconnaissance survey, The range of
fish tissue DDT concentrations (only 4,4’-DDE was reported) reported by fhe U.S. EPA (1991a) for the
lower Columbia River ranged from 0.09 to 34 pg/kg wet weight in northern squawfish (filets) collected
near St. Helens to an estimated concentration of 333 pg/kg in whole body samples of carp collected near
Portland (see Table 4-11),

Median concentrations of 4,4’-DDE were 111.5, 25.5, 22, 10.4, and 7.5 pg/kg for peamouth, largescale
sucker, carp, white sturgeon, and crayfish, respectively. The median tissue concentration for peamouth
exceeded the U.S. EPA National Bioaccumulation Study’s median concentration for 4,4’-DDE
(58.3 pg/kg) (U.S. EPA 1991a). However, the median concentration of 4,4’-DDE in all fish tissue
sampled during the reconnaissance survey was lower than the median concentration from the National
Bioaccumulatiori Survey, and the geometric mean concentration was much lower than the 1984 geometric

mean concentration from the National Contaminant Biomonitoring Program (see Table 4-10).

Other organochlorine and organophosphate pesticides were detected in species collected throughout the
lower Columbia River; however, the frequency of detection of these chemicals was relatively low—a
pattern similar to that observed for pesticides detected in sediments. Dieldrin, aldrin, methyl parathion,
and isophorone were the most commonly detected pesticides in tissue other than DDT metabolites, being

detected in 11, 10, 8, and 8 percent of the tissue samples analyzed, respectively.
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Schmitt et al. (1990) measured 13 pesticides in addition to DDT compounds in fish tissues collected at
eight locations in the Columbia River Basin, but none of these stations was located in the lower river
below Bonneville Dam. The pesticides in fish collected from the two stations nearest the study area in
1984 [Wiilamette River - Oregon City (RM 26) and the Columbia Riyer - Cascade Locks (RM 149)]
included dieldrin, cis- and trans-chlordane, cis- and trans-nonachlor, oxy-chlordane, toxaphene, alpha-
BHC, HCB, and dacthal (Schmitt et al. 1990). These pesticides were most commonly detected in the
largescale sucker collected near Cascade Locks, OR. The pesticide concentrations reported by Schmitt
et al. (1990) are comparable to those reported for the reconnaissancé survey although the detection limits
achieved in the National Contaminant Biomonitoring Program were somewhat higher than those of the
reconnaissance survey. The additional pesticide compounds detected by the U.S. EPA (1991a) for the
lower Columbia River were alpha-BHC, cis- and trans-chlordane, cis- and trans-nonachlor, dieldrin, and
mirex (see Table 4-11). All of these pesticides were detected in the whole body carp tissue collected near
Portland. In general, the EPA results were comparable to those of the reconnaissance survey although
the detection limits achieved in the National Bioaccumulation Study were lower than those achieved in

the reconnaissance survey, especially for the pesticides methoxychlor and mirex.

Many of the pesticides detected in the lower Columbia River (e.g., DDT, heptachlor, aldrin, dieldrin,
mirex, and endrin) are no longer used (or use is severely limited) in the United States and must therefore
represent continued cycling within the aquatic environment and terrestrial runoff from historical
applications. Sources of pesticides detected in biota include chemicals that were or are used in

agriculture, forestry, and household applications for the control of pests.

PCBs. Cra;liﬁsh, carp, largéscale sucker, peamouth, and white sturgeon were analyzed for eight
PCBs. Three cbmpound mixtures were detected in tissue saﬂlplés (Aroclor 1242, Aroclor 1254, Aroclor
1260). Patterns of tissue contamination for PCBs differed among the five species collected in this study.
PCBs were not detected in crayfish at any of the stations sampled in the lower Columbia River.
Peamouth was the only species with detected levels of Aroclor 1242; Aroclor 1260 was aiso present in
this species. The PCBs Aroclor 1254 and 1260 were both detected in carp and largescale sucker,
although fish at each location had measurable tissue concentrations of one of these PCBs. The only PCB

detected in white sturgeon filets was Aroclor 1254.
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PCBs were widely distributed in fish tissue from samples collected throughout the lower Columbia River,
with levels being detected in fish collected at station D40 below Bonneville Dam dowariver to station D3
near Astoria (Figure 4-35). This is in contrast to the relatively infrequent detection of PCBs in the

sediments sampled for the reconnaissance survey (see Section 3.6.2). .

Schmitt et al. (1990) measured three PCB compound mixtures (Aroclor 1248, 1254, and 1260) in fish
tissues collected at eight locations in the Columbia River Basin, but none of these stations was located
in the lower river below Bonneville Dam. The PCBs detected in fish collected from the two stations
nearest the study area in 1984 [Willamette River - Oregon City (RM 26) and the Columbia River - Cas-
cade Locks (RM 149)] included Aroclor 1254 and 1260, but Aroclor 1248 was not detected (Schmitt et
al. 1990). Aroclor 1254 was detected most frequently and at higher concentrations than Aroclor 1260
with the highest concentration (approximately 500 ug/kg wet weight) reported for northern squawfish
tissue collected near Cascade Locks, OR (Schmitt et al. 1990). These data are comparable to the concen-
trations reported for fish tissues sampled in the reconnaissance survey (see Table 4-6). The U.S. EPA
National Bioaccumulation Study (1991g) reported total PCB and additional biphenyl compound concentra-
tions for fish tissues sampled in the lower Columbia River (see Table 4-11). The highest total PCB
concentration was reported for the whole-body analysis of carp collected near Portland (2,043 ug/kg).
Additional bipheny! compounds detected included mono-, tri-, penta-, hexa-, hepta-, and octa-chloro-

biphenyls, at concentrations ranging from less than 1 to 830 ug/kg wet weight.

Aroclor 1254 was detected in only white sturgeon, largescale sucker, and carp. The geometric mean
concentration of Aroclor 1254 in these fish was 36.8, 106.1, and 68.8 pg/kg, respectively. These values
are approximately two to six times lower than the geometric mean concentration of Aroclor 1254
(210 pgfkg) reported by the National Contaminant Biomonitoring Program for fish collected during in
1984 (Schmitt et al. 1990). The geometric mean concentration in all fish tissues sampled in the
reconnaissance survey was also lower than the 1984 geometric mean concentration reported for the
National Contaminant Biomonitoring Program (see Table 4-10). The maximum Aroclor 1254
concentration reported by the National Contaminant Biomonitoring Program was 4,000 pg/kg. This
concentration is eight times higher than the maximum concentration of 500 pglkg measured in fish tissue

in the lower Columbia River,

4-118



611-%

TISSUE-PCBs, DIOXINS, AND FURANS

Fish Spacies:
Cx= Carp
?f = Crayfish
= Peamotih
5T = Sturgeon
Su = Largescale sucker

CHEMICAL CLASS

PCBs, DIOXINS, AND FURANS

PCBs

Spocies Analyzed
Aroclor 1242
Aroclor 1254
Aroclor 1260

DIOXINS AND FURANS

Species Analyzed
2,3,7,6-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1.2,3,4,6,7,8-HpCDD
OCbD
2,3,7,8-TCDF
1.2,3,7,8-PeCDF
23,4,7,8-PeCDF
1,2,34,7,8-HxCDF
1,2,3,6,7,8-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF

E
Fo

ST

00
oo |

s% 0

| e

)
(s:!: ST S(lflyP SUP| ST | P g!l cguc Gguc ST cgllc
o e o o @e (oo o o ele] (0@
o o | o (o (o6l [ (e [ol (el el® N
e (@ o (o ee | lo] (o] (e oo | (e

Te (o | e[ (o (el | e (e (@ eol® ®

ol (ol | (o @ [ele] | e e (@ oe® ®

eele" | (e[ o (ele[ | e e[ e see [ o

|elele] oo [oeee (oo o o eeje/e lo

eee oo eeele (ool e s seee o

o o7 (e (o] @e] (oo o |e oo [ e
o o[ (o (o eo[e] e o (o ool [ Te

ol (o | o (@ (@ [ OO oo | |e
Te o [ (o @ (@ | o (o e® ®

Tel (ol | o jo| [e/® | (e (e o ee | @
o ol | el J® o | (e (o |of e® [
e o [ (e[ o @@ | @ (@ (@ oo [ @
o (o [ o (o |e® o (o [eof e )

o e (o @lel | o @ [@ D) )

Figure 4-35 Polychlorinated bipheny! compounds (PCBs) and dioxin and furan compounds detected in fish and crayfish samples collected for the lower

Columbia River Reconnaissance Survey.

Shaded areas indicate stations that were not sampled for dioxins or furans.



Aroclor 1260 was detected in carp, peamouth, and only one tissue sample of largescale sucker: The
geometric mean concentration of Aroclor 1260 in carp and peamouth was 41.5, and 162.7 ug/kg, respec-
tively. The geometric mean concentration for peamouth is approximately four times lower than the
geometric mean for this PCB reported by the National Contaminant Biomonitoring Program (150 ug/kg).
However, the geometric mean for carp collected from the lower Columbia River exceeds the corres-
ponding value reported by National Contaminant Biomonitoring Program for fish collected in 1984, The
maximum value of Aroclor 1260 reported by the National Contaminant Biomonitoring Program was 2,300
pglkg. This concentration is over four times higher than the maximum value of 520 ug/kg measured in
the lower Columbia River, However, the geometric mean concentration of Aroclor 1260 for all fish
tissues sampled in the reconnaissance survey is lower than the 1984 geometric mean concentration

reported for the National Contaminant Biomonitoring Program (see Table 4-10).

PCBs were used in many locations and processes in the past and hence have been found historically in
almost all urban, and many industrial, discharges. PCBs have been used as insulators and lubricants in
fransformers, capacitors, and other electrical equipment. Although the manufacture and importation of
PCBs has been prohibited in the United States, transformers manufactured or imported prior to the ban
are still in use and continue to be a potential source of these compounds. PCBs are also slowly degraded
in the environment and are known to bioaccumulate. Therefore, it is likely that PCBs are present in
depositional areas near many urban areas, near former PCB production facilities, and near areas where

power transformers have been in use since before PCB use was controlled.

Dioxins and Furans. Chloro-dibenzo dioxins and furans refer to two structurally similar groups
of compounds consisting of approximately, 75 and 135 different compounds, respectively. Only a small
subset of these compounds have sufficient toxicity and potential for bioaccumulation to be of interest
when examining accumulation in aquatic biota. These "biologically active” compounds consist of the
2,3,7,8- substituted tetra-, penta-, hexa-, hepta-, and octa-chlorodibenzo dioxins and furan congeners.
Tissue samples of crayfish and five fish species were analyzed for the seventeen dioxin and furan

congeners that comprise this group of compounds.

Dioxin and furans were widely distributed throughout the lower Columbia River, with levels being
detected in fish collected at station D40 below Bonneville Dam downriver to station D3 near Astoria

(Figure 4-35). This was consistent with the frequency of detection of dioxins and furans in sediments
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collected for the reconnaissance survey (see Section: 3.6.2). Peamouth had the highest tissue
concentrations of dioxins and furans with a median toxicity equivalent concentration (TEC) of 7.93 pg/g.
Median TECs for other species were 4.87,3.02,2.63, and 1.38 pg/g for carp, white sturgeon, largescale
sucker, and crayfish, respectively. The differences between species could be accounted for by species
differences in the percentages of body lipids. When TECs were normalized for lipid content there were
no significant differences between species. This result indicates that highest doses of dioxins and furans

to either wildlife or humans will result from the consumption of lipid-tich species.

In general, the dioxiﬁ and furan concentrations reported for the reconnaissance survey are comparable
to the results of fish tissue analyses conducted on samples collected from the lower Columbia River as
part of the National Bioaccumulation Study (see Table 4-12). The maximum concentration of 2,3,7,8-
TCDD measured in sturgeon filets analyzed for the reconnaissance survey (1.66 pg/g wet weight) was
only slightly higher than the maximum concentration reported for the National Bioéccumulation Study
for whole-body analysis of sturgeon (1.06 pg/g wet weight). The maximum concentration of 2,3,7,8-
TCDD in whole-body analyses of fish tissue was also similar; 4.41 pg/g wet weight in peamouth collected
in the reconnaissance survey and 5.23 pg/g wet weight in sucker collected in the National Bioaccumula-
tion Study. The maximum concentration of 2,3,7,8-TCDD in sturgeon filets analyzed in the recon-
naissance survey was aiso similar to the whole-body sturgeon concentrations reported for the National
Bioaccumulation Study (17.75 to 22.15 pg/g wet weight). The maximum concentration of 2,3,7,8-TCDF
in whole-body analyses of fish tissue was also similar; 58.8 pg/g wet weight in peamouth collected in the
reconnaissance survey and 28.34 pg/g wet weight in sucker collected in the National Bioaccumulation

Study.

The tissue concentration of 2,3,7,8-TCDD, the most toxic congener of this group of chemicals, can be
compared to the median concentration measured in U.§ EPA’s National Bioaccumulation Study (NBS),
which measured tissue concentrations at 388 sites nationwide (U.S. EPA 1991a). The median fish tissue
concentration of TCDD in the U.S. EPA study was 1.38 f)glg. This value is identical to the median
value measured for crayfish in the lower Columbia River. However, median concentrations measured
for peamouth, carp, white sturgeon, and largescale sucker all exceeded this value by factors ranging from
approximately two to six. It should be noted that this comparison may be somewhat misleading in that
the U.S. EPA median value waé calculated using data from many species of fish, with whole bodies being

analyzed for bottom-feeding species and filets being analyzed for game species. The median concentra-
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TABLE 4-12. DIOXIN AND FURAN CONCENTRATIONS IN FISH FROM THE LOWER COLUMBIA RIVER
COLLECTED FOR THE NATIONAL BIOACCUMULATION STUDY
(all concentrations in pg/g wet weight)

(Page 1 of 2)

Sample Location Woody Island | Woody Island Wauna Wauna Longview Longview Longview Katama
Species Sturgeon Sturgeon Squawfish Sucker Squawfish Squawfish Sucker Sturgeon
Sample Type Whole Body Lab. Dup. Filet Whole Body Filet Lab. Dup. Whole Body Whole Body
2,3,7,8-TCDD ND 0.88 1.73 2.78 1.48 1.75 5.23 1.06
1,2,3,7,8-PeCDD ND ND 0.78 ND 0.4¢ ND 0.68 ND
1,2,3,4,7,8-HxCDD ND ND ND ND ND ND ND ND
1,2,3,6,7,8-HxCDD ND ND 0.77 0.66 0.56 ND ND ND
1,2,3,7,8,9-HxCDD ND ND ND ND ND ND ND ND
1,2,3,4,6,7,8-HpCDD 0.72 0.84 2 ND 1.16 ND 2.2 ND
2,3,7,8-TCDF 22.05 20.94 21.63 16.39 20.12 20.73 28.34 17.75
1,2,3,7,8-PeCDF ND 0.52 0.29 ND 0.21 ND 0.3 ND
2,3,4,7,8-PeCDF ND ND 0.36 ND ND 0.26 0.67 ND
1,2,3,4,7,8-HxCDF Nb ND ND 0.6 ND ND ND ND
1,2,3,6,7,8-HxCDF ND NDN ND ND ND ND ND ND
1,2,3,7,8,9-HxCDF ND ND ND ND ND ND ND ND
2,3,4,6,7,8-HxCDF ND ND ND ND ND ND ND ND
1,2,3,4,6,7,8-HpCDF ND ND ND 0.28 ND ND ND ND
1,2,3,4,7,8,9-HpCDF ND ND ND ND ND ND ND ND
Percent Lipids 2.9 2.6 2.9 7 3 3 11.4 3.2
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TABLE 4-12. DIOXIN AND FURAN CONCENTRATIONS IN FISH FROM THE LOWER COLUMBIA RIVER
COLLECTED FOR THE NATIONAL BIOACCUMULATION STUDY
(all concentrations in pg/g wet weight)
(Page 2 of 2)
Site Deer Island St. Helens St. Helens St. Helens Portland Camas Camas
Species Sturgeon Squawfish Sucker Sucker Carp Squawfish Sucker
Sample Type Whole Body Filet Whole Body Lab. Dup. Whole Body Filet Whole Body
2,3,7,8-TCDD ND 1.28 2.57 2.01 2.86 1.14 © 228
1,2,3,7,8-PeCDD ND 0.95 0.68 0.55 3.33 ND 0.32
1,2,3,4,7,8-HxCDD ND ND ND ND ND ND ND
1,2,3,6,7,8-HxCDD ND 0.8 0.9 0.77 8.68 0.2 . 045
1,2,3,7,8,9-HxCDD ND ND 0.18 0.19 1.09 ND ~: ND -
1,2,3,4,6,7,8;HpCDD 0.62 0.9 5.86 4.66 13.27 ND - 1.65:
2,3,7,8-TCDF 22.15 9.03 11.38 10.27 4.1 11.95 15.95 ' S
1,2,3,7,8-PeCDF ND 0.51 0.28 ND 0.57 ND v ND
2,3.4,7,8-PeCDF ND 0.59 0.44 0.43 2.19 0.21 0.25° -
1,2,3,4,7,8-HxCDF ND ND ND ND 2.88 ND - ND”
1,2,3,6,7,8-HxCDF ND ND ND ND 0.91 ND . ND
1,2,3,7,8,9-HxCDF ND ND ND - ND ND ND . ND
2,3,4,6,7,8-HxCDF ND ND ND ND £.85 ND ND
1,2,3,4,6,7,8-HpCDF ND. } ND 0.76 0.65 2.88 ND - l 0.24
1,2,3,4,7,8,9-HpCDF ND - ND " ND ’ ND ND ND ~ ND
Percent Lipids . 4 2 9.6 NA 4.3 1.3 9.2
Source: U.S. EPA (1991g).
ND = Not detected. No detection limit given.




tions of all fish tissues sampied in the reconnaissance survey are compared to the median concentrations
reported for the National Bioaccumuliation Study (see Table 4-10). In general, the median concentrations
based on the reconnaissance survey data are generally lower, with the exception of the reconnaissance
survey median concentration of 2,3,7,8-TCDF which was approximately 2 times higher than the median
reported for the National Bioaccumulation Study (see Table 4-10).

In addition to 2,3,7,8-TCDD, the six other dioxin congeners and the ten furan congeners were also
detected in species collected within the lower Columbia River. The frequency with which these
congeners were detected in tissue varied. The only congener that was detected in all samples was
2,3,7,8-TCDF. OCDD was detected in all but one of the samples (98 percent), while the other congeners
were typically detected in at least 50 percent of the samples, with the exception of 1,2,3,7,8,9-HxCDF
and 1,2,3,4,7,8,9-HpCDF, which were detected in 34 and 41 percent of the samples, respectively
(Table 4-6). It is instructive to note that the three most abundant congeners detected in tissue samples
are the principal congeners discharged in effluent from bleached kraft pulp and paper mills (Amendola
et al. 1989; Clement et al. 1989; Environmental Canada 1990).

Entry of polychlorinated dibenzodioxins and dibenzofurans (PCDDs and PCDFs} into the environment
has been associated with chlorophenol production, wood-treating facilities, aerial application of phenoxy
- herbicides (2,4-D and 2,4,5-T) (i.e., the contaminant of concern in agent orange), effluent discharge from
chlorine-bleach kraft pulp mills and chlorinated municipal sewage treatment plants, and from combustion
processes including fires (Czuczwa and Hites 1984). Currently, only the five bleach kraft pulp and paper
mills that discharge directly to the lower Columbia River (including the city of St. Helens that receives
and treats treated pulp mill wastewater) and the wastewater treatment plant serving the city of Portland
are required to monitor and report the effluent concentrations of dioxins and furans in their effluent (Tetra
Tech 1991¢).

U.S. EPA (1991c,d) identified chlorine bleaching pulp mills as a major source of 2,3,7,8-TCDD to the
Columbia River Basin. Other potential source categories include wood-treating facilities, major municipal
treatment plants, agricultural areas, industrial sites, urban areas, and release from bottom sediments.
Eleven chlorine-bleaching pulp mills currently discharge to the Columbia River system. These mills are
located in Canada (1), Idaho (1), Washington (4), and Oregon (3). Five major pulp and paper facilities

discharge chlorine-bleach process effiuent directly to the lower Columbia River below Bonneville Dam
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between RM 42 and RM 120 (Tetra Téch 19§2c). Examination of tissue concentrations of dioxins and
furans for biota collected downstream of these sources gives no clear indication that tissue concentrations
are substantially elevated above those measured at other sites in the river. For example, tissue TEC
concentrations of dioxins and furans in carp, crayfish, and largescale sucker coliected at the two sites
immediately below Bonneville Dam (stations D38 and D40), which are upstream of any known source
of dioxins in the lower Columbia River, are similar in magnitude to those measured at downstream

stations.

4.6.2.2 Significance and Recommendations. A detailed assessment of potential impacts of crayfish and
fish tissue contaminant levels on wildlife that rely directly, or indirectly, on these organisms is hampered
by the lack of information on dietary contaminant levels that may pose a threat to wildlife populations.
However, despite the lack of specific criteria on dietary contaminant levels on which to base assessments
of impacts for most chemicals, potential impacts to wildlife can be assessed in a qualitative manner by
an examination of the concentrations, relative frequency of detection, and spatial distribution of

contaminants measured in fish tissue.

Adverse impacts to wildlife resulting from biomagnification of organochlorine pesticides and PCBs have
been well documented. Within the lower Columbia River estuary, high levels of PCBs and DDE
measured in breeding bald eagles have been suggested as one cause of the decline in breeding success and
productivity of this species in the estuary (McGarigal et al. 1991). Fish-eating mammals may also be
adversely affected by pesticide and PCB concentrations in prey species. Henney et al. (1981) have
suggested that population declines of mink and river oftters élong the lower Columbia River could be due,

in part, to PCB contamination resulting from consumption of contaminated fish prey.

Within the lower Columbia River, several organochlorine pesticides were detected at least once in
crayfish and fish tissue (DDT, DDE, DDD, aldrin, dieldrin, mirex, dacthal, endosulfan, endrin, methoxy-
chlor, and lindane). DDT derivatives, in particular, are pervasive throughout the lower Columbia River
with concentrations of DDD, DDE, or DDT being detected in 72 out of the 73 tissue samples analyzed.
The highest concentrations were measured for DDE, with concentrations of up to 480 pg/kg being
measured in peamouth tissue. Other organochlorine pesticides were detected less frequently. Pesticides

detected at five or more sites included aldrin, dieldrin, endosuifan I, methoxychlor, and beta-BHC. These
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pesticides also appear to be widespread within the Jower Columbia River as they were detected in fish
and crayfish collected from stations below Bonneville Dam (RM 141) to Astoria, OR (RM 15).

The state of New York is currently using fish flesh criteria, originally proposed by Newell et al. (1987),
as unofficial guidelines for the protection of piscivorous wildlife. Levels have been proposed for seven
of the organochlorine pesticides detected in fish tissue in the lower Columbia River (Table 4-13). Of
these, seven pesticides (aldrin, dieldrin, mirex, heptachlor, DDT, DDE, and DDD), DDE was the only
compound detected at levels exceeding New York State’s (NYS) proposed guidelines for protection of
piscivorous wildlife (see Table 4-13). DDE concentrations at or exceeding the NYS guidelines
(200 pglkg) were detected in peamouth collected at three sites in the lower Columbia River: near
Astoria, OR [station D3 (RM 15)], St. Helens, OR, [station D24 (RM 85.5)}, and Burke Slough [station
D23 (RM 79.5)].

PCBs were detected in fish collected throughout the lower Columbia Rivér. Although information is
limited, it appears that measured concentrations may be high enough to adversely affect piscivorous
wildlife, New York State’s proposed guideline for PCB is 110 pg/kg for the protection of piscivorous
wildlife. Eighty percent of peamouth, 67 percent of carp, and 61 percent of largescale sucker from the
lower Columbia had tissue PCB concentrations that exceed NYS proposed guidelines (see Table 4-13).
The maximum tissue concentration of PCB (520 ug/kg) was measured in peamouth collected near
St..Helens, OR. This concentration approaches the dietary concentration of 640 ug/kg reported by Henny

et al. (1981) to cause total reproductive failure in mink.

In addition to organochlorine pesticides and PCBs, concerns have been expressed about the potential
impacts of diOXi;]S on wildlife in the vicinity of the lower Columbia River. A preliminary study by the
U.S. Fish and Wildlife Service found dioxin in eggs of bald eagles, gulls, terns, and cormorants nesting
along the river (U.S. Fish and Wildlife Service 1991, unpublished data). The state of New York has
proposed a fish flesh guideline concentration of 3 pg/g for dioxin as protective of piscivorous wildlife,
Peamouth collected from three sites along a 22.5-mile stretch of the lower Columbia River had tissue con-
centrations exceeding 3 pg/g (see Table 4-12). These collection sites were located near St. Helens, OR,
[station D24 (RM 85.5)], downstream of Longview, WA [station D19 (RM 63)], and in Burke Slough
[station D23 (RM 79.5)].
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PROPOSED NEW YORK STATE PISCIVOROUS FISH CRITERIA

TABLE 4-13. COMPARISON OF LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY TISSUE DATA WITH

Largescale sucker

ND (1.5 pg/kg)

(Page 1 of 2)
New York State
Proposed Non- Number of
Carcinogenic Fish Median Samples With Stations with
Chemical Flesh Criteria® Species Concentrationl” Exceedances Exceedances
Carp 3.5 pg'kg 0
Crayfish 1.5 pglkg 0
4,4'-DDT 200 pg/kg Peamouth 12.5 pgikg 0
Sturgeon 2.3 pglkg 0
Largescale sucker 5.15 uplkg 0
Carp 22 uglkg 0
Crayfish 7.5 ug/kg 0
4,4'-DDE 200 pgikg Peamouth 111 pg/kg 3 D3, D23, D24
Sturgeon 10.45 pg/kg 0
Largescale sucker 25.50 ug/kg 0
Carp 4.65 ug'kg 0
: Crayfish 1.5 pgikg 0
4,4'-DDD 200 ug/kg Peamouth 15 pg/kg 0
Sturgeon 1.5 pg'kg 0
Largescale sucker 17 uglkg 0
Carp NDC (1.5 pg/kg) 0
_ Crayfish ND (1.5 ug/kg) 0
Aldrin 120 pgikg Peamouth ND (12.5 ug/kg) 0
Sturgeon ND (1.5 pg/kg) 0
Largescale sucker ND (1.5 ug/kg) 0
Carp ND (1.5 pg'kg) 0
Crayfish ND (1.5 ug/kg) 0
Dieldrin 120 pgikg Peamouth ND (12.5 pg/kg) 0
Sturgeon ND (1.5 pg'kg) 0
Larrgescale sucker ND (1.5 ug'kg) 0
Carp ND (1.5 ug/kg) 0
) Crayfish ND (1.5 ug/kg) 0
Endrin 25 ug/kg Peamouth ND (12.5 ug/kg) 0
Sturgeon ND (1.5 pg/kg) ]
Largescale sucker ND (1.5 pug/kg) 0
Carp ND (1.5 pg/kg) 0
Crayfish ND (1.5 pg/kg) 0
Heptaclor 200 pglkg Peamouth ND (12.5 ug/kg) 0
Sturgeon ND (1.5 pg/kg) 0
Largescale sucker ND (1.5 uglkg) 0
Carp ND (1.5 pg/kg) 0
Hexachlorocyclo- Crayfish ND (1.5 pug/kg) 0
hexane (BHC)"l 100 pglkg Peamouth ND (16.25 pg/kg) 0
Sturgeon ND (1.5 pg/kg) 0
Largescale sucker ND (1.5 ug/kg) 0
Carp ND (1.5 ug/kg) 0
Crayfish ND (1.5 pg/kg) o
Mirex 300 ug/kg Peamouth ND (12.5 pug/kg) 0
Sturgeon ND (1.5 pg/kg) 0
0
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TABLE 4-13. COMPARISON OF LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY TISSUE DATA WITH

PROPOSED NEW YORK STATE PISCIVORQUS FISH CRITERIA
(Page 2 of 2) :
New York State .
Proposed Non- Number of
Carcinogenic Fish Median Samples With Stations with
Chemical Flesh Criteria® Species Concentration Exceedances Exceedances
Carp 135 pgikg 5 D28, D29, D31,
D38, D4)
Crayfish ND (50 pg/kg) 0
Peamouth 180 pgikg 8 D3, D12, D15
D16 D19 D21,
PCBs® 110 pg/kg D23, D24
Sturgeon 50 uglkg 2 RM 75 (2 fish)
Largescale sucker 150 ugikg 12 D6, D10, Di2,
D20, D23, D24,
D26, D28, D29,
D31, D38, D40
Carp 4,88 pg/g 4 D24, D28, D35,
D4
Crayfish 1.38 pg/g 2 D19, D28
Dioxin (2,3,7,8- Peamouth 7.93 pglg 7 D16, D15, D19
TCDD Toxicity 3 pg/g D21, D23, D24
Equivalency D28
Concentration) Sturgeon 3.02 pgl/g 4 RM 27, RM 49,
RM 75 (2 fish)
Largescale sucker 2.63 pgle 4 D10, D19, D28,
D38
Carp 100 pg/kg 1 D29
Crayfish ND (100 pg/kg) 0
Trichlorobenzenes 1300 ug/kg Peamouth ND (100 pg'kg) 0
Sturgeon ND (100 pg/kg) 0
Largescale sucker ND (100 pg/kg) 0

2 Newell et al. (1987).

b In cases where data were reported as nondetected, one half the detection limit was used to calculate the median concentration.

€ Median concentration is less than the detection limit (ND).

4 Data presented is for 8-BHC.

€ Median concentrations of PCBs were calculated by summing the concentrations of Aroclor 1254 and 1260, if either of these
chemicals were reported as nondetected, one half the detection limit was use