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EXECUTIVE SUMMARY

The Backwater Reconnaissance Survey was designed to complement and extend the 1991 Reconnaissance
Survey of the lower Columbia River (Bonneville Dam to the Pacific). Both of these surveys were major
steps toward accomplishing the major objectives of the Columbia River Bi-State Program's four-year plan

These objectives include:

characterize water quality 1n the lower Columbia River
identify water quality problems

determine whether beneficial uses of the river are impaired

develop solutions to 1dentified problems.

The 1991 survey found some concentrations of trace metals and organic compounds in exceedance of
available reference levels Most of the sampling from this survey was done in deeper, more open parts
of the nver. Because there was concern that contamunant concentrations could be higher m backwater
areas where fine sediments accumulate (fine seduments tend to attract and concentrate organic
contaminants), a second survey was done {0 measure contamnants 1n water, sediment, and fish tissue

from backwater areas.

The basic findings of the backwater survey are outlined below. An overall summary of findings 1s
presented first, followed by results for each of the three media tested (water, sediments, and fish/crayfish
tissue), a comparnison to national data, and recommnedations for future research The phrase "reference
level” 1s used genenically for levels of contaminants that have been identified as having the potential to
adversely affect wildlife or bentluc orgarmusms. These reference levels are in some cases standards or
critena promulgated by U.S. EPA or states (e.g., water quality crnitenia), but i many cases are simply
fuidelines that carry no regulatory weight. Where appropriate, references are aiso made to the results
from the 1991 survey If a finding relates to one of the surveys only, 1t 15 labeled by year (1991 or
1993).



SUMMARY FINDINGS

As n the 1991 survey, several chemicals were found at concentrations in exceedance of available
reference levels during the backwater survey At several sediment sites, eight different metals were found
In concentrations up to seven times higher than available reference levels. With a few exceptions, orgamc
contaminants were not detected at concentrations that have been associated with adverse effects to fish

or wildlife.

There 1s a need for additional reference levels, particularly for contaminants in sediments and fish/cray-
fish tissue. The environmental implications of much of the data collected for these two surveys couid not

be evaluated due to a lack of suitable reference levels

Water

It 1s difficult to generalize about water quality from the collection of samples at a single point in time
because of the dynamic nature of a large river system Also, levels of contaminants are often so dilute
as to be difficult to detect (they are relatively more concentrated in sediments and tissues). In spite of
these difficulties, analysis of water samples can yield important information about environmental
conditions because most of the reference levels with regulatory authority (1 e., standards and critena)

were written for water
Potential water quality problems were indicated by several results from the two surveys (Figure ES-1).

0 Temperature—Washington standard (20° C) exceeded at 4 of 15 stations (1993). High
temperamure has historically been recognized as a problem n the lower Columbia

o Nutrients—phosphorus and mtrogen hgh enough to cause nuisance algae if other
conditions (e.g., light and water residence time) are right (1993)

1

a Chlorophyll 2—(an indirect measure of algae) Oregon’s action level exceeded at 5 of 15
stations (1993).
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] Dissolved oxygen—reference levels exceeded at several stations from Portland/Vancouver

to mouth of river

s Trace Metals—reference levels exceeded for copper and lead; aluminum and iren also
high, but probably 1n a form not dangerous to aquatic liffe More testing needed for

silver, selemum, and mercury due to difficulty in achueving very low detection lumts

] Bacteria—standards for protecting human health (both for water sports and shellfish
harvests) often exceeded, especially between Portland and Longview Better momtoring
needed

Sediments

Sediments can be good indicators of water quality because they may accumulate contarmnants over a
period of ume making them easier to detect. However, reference levels for the determunation of the
environmental significance of analytical data are still under development Only trace metal concentrations
were higher 1n the finer-grained backwater sediments compared to the more open-water sediment stations
sampled mn 1991. The expected higher concentrations of orgamc potlutants in backwater sediments were

not observed

Potential sediment quality problems were indicated by several results from the two surveys (Figure ES-2).

» Trace Metals and Cyanide—reference levels exceeded mn one or both surveys for

arsenic, cadmum, chromium, copper, cyamde, 1ron, mercury, mckel, silver, and zinc

n PAHSs (polynuclear aromatic compounds)—detected in both surveys; above standards at
1991 open water sites, not at 1993 backwater sites. Higher near urban and industrial

areas.

a Pesticides and PCBs—overall, reference levels exceeded infrequently, but two stations
exceeded standards for DDT and related compounds. Pesticides distributed all along the
river; PCBs highest near urban and industrial areas.

ES-4
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u Dioxins and Furans—dioxin/furan reference level exceeded at most stations sampled
in 1991, these compounds detected infrequently in 1993 Highest concentrations below

pulp and paper mulls, but also detected above these sources.

= Butyltins—detected frequently (1993), no reference levels exist. More study needed

. Radionuclides—cesium and plutonium detected frequently both years; no reference levels
exist Concentrations not noticeably higher below Hanford than above

. Sediment Toxicity—sediments do not appear to be toxic except possibly at one station
in the estuary (1993).

Fish/Crayfish

Contarmnant levels 1n fish and shellfish may also be good indicators of environmental quality because
only contaminants actually passed up the food chain are typically detected These chemicals can be cause
for concern because of people and wildhife species who eat fish and sheilfish. However, the
environmental sigmficance of chemucal data in fish/shellfish tissue 1s difficult to evaluate because

reference levels are almost complete lacking in this area

The chemucals for which concentrations exceeded available reference levels or were frequently detected
are indicated below (Figure ES-3)

n Trace Metais—banum, cadmum, chromum, copper, lead, mercury, and zinc were
frequently detected, with highest concentrations found in crayfish. The only available

reference level (selenium) was not exceeded.

= Pesticides & PCBs—both DDT-related compounds and PCBs were detected 1n both
surveys, mawnly 1 fish. DDT compound concentrations were generally not above
reference levels, but PCB levels exceeded reference levels at several sites in both years
These levels are intended for the protection of fish-eating wildlife species.
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n Dioxins and Furans—detected both years, but more frequently and at higher levels in
1991 open water sites, reference level for total dioxin/furan toxicity was frequently
exceeded 1n 1991 survey Very frequently detected m fish, somewhat frequently in
crayfish

u Butyltins—f{requently detected 1n fish (1993), especially near the mouth of the river

(butyltins were formerly used in marine pants) No reference levels exist

n Radionuclides—plutorium and cesium frequently detected in fish, but not in crayfish

(1993) No reference levels exist

Comparison to National Data
Overall, levels of contamnants measured in the lower Columbia are sumular to or slightly lower than

average figures from national studies, with the exception of a few trace metal and orgamic compound

concentrations in seduments

Recommendations for Further Study
The expenience gathered form the two extensive reconnaissance surveys was useful for suggesting

components of future sampling efforts

a Future studies should continue to sampie both sediments and tissue, tn addition to water
The importance of thus is shown by the fact that while PCBs are genéraily undetectable
in water using standard laboratory methods, and were detected at only 3 of 69 stations
sampled for sediment in the two surveys, they were detected in all fish samples 1n both

surveys.

u While backwater areas should continue to be tested and momtored as part of an overall
program of nver monutoring, this study did not find justification for focusing special

attentton on these areas at the exclusion of other river habitats.

u Attention should be focused on areas near, and downstream of, known urban and indus-
tnal sources of pollutants



Future water sampling of metals should focus on aluminum, 1ron, copper, and lead, and
assess potentially toxic forms and concentrations of these metals Mercury and silver 1n

the water may need to be assessed with more sensitive laboratory methods

Assessment of algae levels in water should identify and count species

Sediment vanables such as grain size distribution and organic carbon content should
continue to be measured for all future studies because these vanables can give valuable

msight on the distribution other types of contarmunants.

The sampling of tissue should 1nclude species at different levels in the food chain so that

the variability 1n broconcentration and biotransfer factors can be assessed.



1.0 INTRODUCTION

1.1 LOWER COLUMBIA RIVER BI-STATE PROGRAM

The Oregon and Washington state legislatures created the Lower Columbia River Bi-State Water Quality
Program (Bi-State Program) in 1990. The Bi-State Program developed a four-year plan designed to
charactenize water quality 1n the lower Columbia River (below Bonneville Dam), identify water quality
problems, determune whether beneficial uses of the river are impaired, and develop solutions to problems
identified. The four-year plan proposed the following framework for conducting studies to evaluate water
quality* 1) inventory of existing information; 2) reconnaissance surveys; 3) further evaluation of water
quality (basehine stud:es); and 4) advanced studies. A number of studies have been completed, or are 1n
progress, to help accomplish the Bi-State Program’s legislative mandate. The 1993 backwater recon-
naissance survey of the lower Columbia River was designed to collect data on contaminant levels in
water, sedument, and fish tissue to augment the more extensive data set collected during the previous
reconnaissance survey of the lower Columbia River during the fall of 1991 (Tetra Tech 1993a,b).

1.2 STUDY RATIONALE

The 1991 reconnaissance survey found levels of contaminants in water, sediment and fish and crayfish
tissues at a number of locations n the lower Columbra that had the potential to cause adverse effects to
aquatic organisms and wildlife. However, there was concern that not enough measurements were made
1in backwater areas where contamunant levels were expected to be higher due to their association with the
finer sediments that accumulate in backwaters. Although several backwater sloughs were sampled in
1991 survey, sampling was generally confined to deeper waters near the river’s mainstem that were
accessible during the low-flow period selected for sampling (i.e., September and October 1991).

1-1



Backwater areas are by definition 1solated from the main river channel and therefore tend to be lower
energy environments with reduced current velocities These locations will tend to have a higher
proportion of fine-grained sediments than other river locations where higher currents keep small particles
n suspension. Concentrations of sediment contaminants are often mversely correlated with sediment
grain size due to the greater surface area of smaller particles and the surface properties of clay munerals

This trend was observed for contaminant levels in sediments collected 1n the 1991 survey: fine-grained
sediments tended to have hugher concentrations of metals and orgamc chemucals Since many aquatic and
wildlife spectes utilize backwater areas as nursery and/or feeding areas, contamination of these {ocations

1s of concern.

1.3 OVERVIEW OF STUDY DESIGN AND OBJECTIVES

Although the 1993 backwater reconnaissance survey design was generally simular to the design of the
1991 survey, some aspects were altered, based on the results of the 1991 survey and the need for lower
analytical detection limuts and greater accuracy for several anaiytes in water, sediment, or fish and
crayfish tissue The total number of sampling stations was lower for the backwater reconnaissance
survey, but all stations were analyzed for each parameter, whereas in 1991, the more costly analyses
(e.g , dioxins and furans) were conducted at a more lIimited number of stations Water coiumn sampies
were not analyzed for orgamic compounds in the backwater survey, since these compounds were not
detected, with few exceptions, 1n the 1991 survey However, water samples were analyzed for both total
recoverable and filtered metais in 1993 (only total recoverable metals were measured in 1991) and field
triplicate samples were analyzed for metals and nutrnients to provide improved estumates of the ambient

concentrations of these parameters.

The backwater survey also targeted a number of contaminants for more sensitive laboratory analytical
methods to achieve lower detection limits and provide better estimates of actual sediment and tissue
concentrations of these contaminants. These included several metals, polynuclear aromatic hydrocarbons
(PAHs), pesticides, and polychlornated biphenyl compounds (PCBs).

The backwater survey did not include sampiing of benthic orgamisms. The 1991 survey indicated that,
in general, benthic community variables were not significantly correlated with sediment contarmunant
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levels The lack of association between benthic commumty vanables and contarmnant levels among the
stations sampled 1n 1991 may have been due to the broad survey design and the consequent variety of
physical habitats sampled, which could have masked the effects of vanation 1n contaminant levels among
the sampling sites. Instead, laboratory sediment toxicity testing was performed to assess the potential for

adverse effects on benthic organisms of contaminant levels measured at each sampling location.

The backwater survey was conducted during June-August 1993, following the guidance and protocols
outlined in the final Sampling and Quality Assurance/Quality Control (QA/QC) Plan (Tetra Tech 1993c).

The primary objectives of the backwater reconnaissance survey were to.

s Extend the water quality data base of the 1991 survey to include additional freshwater

and estuarine backwater areas with fine-grained sediments

. Expand the list of anaiytes to include additional contamuinants of concern based on results
of the 1991 reconnaissance survey (e.g , radionuclides and butyitin compounds in fish
and crayfish tissues).

n Measure and evaluate the toxicity of Columbia River sediments using established bioassay

protocols, as a tool for assessing/interpreting the results of sediment chermustry analyses.

s Confirm 1991 survey results for a luruted number of fine-grained sediment/backwater
locations

L Compare findings to existing reference levels (standards, criteria, and guirdeines) for
water, sediment, and tissue contaminants.

Three environmental media (water, sediment, and tissue) were surveyed to assess water quality in the
lower Columbia River. Fifteen locations were sampled for water column characteristics, sediment
chemustry, and tissue (fish and/or crayfish) bioaccumulation of contaminants. The sampling locations are
shown 1n Figure 1-1 A list of analytes in each environmental medium is provided in Table 1-1.
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TABLE 1-1 CHEMICALS OF CONCERN ANALYZED IN VARIOUS MEDIA
DURING THE 1993 LOWER COLUMBIA BACKWATER RECONNAISSANCE SURVEY
(Page | of 6)

R R R RERERRRRRRSS SO

Number of Samples (Excluding Duplicates)
Compound Water Sediments Tissues
METALS AND CYANIDE

Aluminum 30 15

Antimony? 30 15 29
Arsemcd:? 30 15 29
Barium 30 15 29
Beryllum? 30 15

Cadmum? P 30 15 29
Chromuum? 30 15 29
Copper®-? 30 15 29
Iron 30 15

Leadd:b 30 15 29
Mercury2-9:¢ 30 15 29
Nickel? 30 15 29
Seleniym?.P-¢ 30 15 29
Stlver? 30 15 29
Thallium? 30 15

Zincd:b 30 15 29
Cyamde? 15

15
BUTYLTIN COMPOUNDS I I R

SEMI-VOLATILE ORGANIC COMPOUNDS

Phenolic Compounds

F Phenocl?® 15 29
2-Methyiphenol 15 29
4-Methylphenol 15 29
2,4-Dimethyiphenol® 15 29

l Pentachlorophenol?® 15 29

L 2-Chlorophenol? 15 29
2,4-Dichlorophenol? 15 29
2,4-Dinitrophenol? 15 29
2-Nutrophenol? 15 29




(Page 2 of 6)

TABLE i1-1 CHEMICALS OF CONCERN ANALYZED IN VARIOUS MEDIA
DURING THE 1993 LOWER COLUMBIA BACKWATER RECONNAISSANCE SURVEY

Number of Samples (Excluding Duplicates)

Chlorinated Naphthalene

Compound Water Sediments Tissues
4-Nitrophenol® 15 29
- 2.4,6-Tnichlorophenol?® 15 29 I
1 Halogenated Ethers (Other than those listed elsewhere)
bis(2-chloroethyl)ether? 15 29
bis(2-chloroethoxy)methane? 15 29
bis(2-chloroisopropyl)ether? 15 29
4-Bromophenylphenylether? 15 29
4-Chlorophenyiphenylether? 15 29
Nitroaromatics
2,4-Dintrotoluene? 15 29
2,6-Dinitrotoluene? 15 29
Nitrobenzene? 15 29 :
Nitrosamines
N-mitroso-di-n-propylamine? 15 29
N-nitrosodiphenylamine? 1S 29

2-Chloronaphthalene? 15 29
Polynuclear Aromatic Hydrocarbons
Acenaphthene? 15 29
Acenaphthylene? 15 29
Anthracene? 15 29 |
Benzo(a)anthracene® 15 29
" Benzo(b,k)fluoranthene? 15 29
Il Benzo(a)pyrene? 15 29 l'
Il Benzo(g,h,1)perylene? 15 29
Chrysene® 15 29 "
Dibenzo(a,h)anthracene? 15 29 “
Dibenzofuran 15 29 I
Fluoranthene? 15 29 "
Fluorene? 15 29 ll
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TABLE 1-1

(Page 3 of 6

CHEMICALS OF CONCERN ANALYZED IN VARIOUS MEDIA
DURING THE 1993 LOWER COLUMBIA BACKWATER RECONNAISSANCE SURVEY

Number of Samples (Excluding Duplicates)

Compound Water Sediments Tissues
indeno(1,2,3-cd)pyrene? 15 29 |
2-Methylnaphthaiene IS5 29
Naphthaiene? 15 29
Phenanthrene? 15 29
Pyrene? L 15 29

Chlorinated Benzenes
1,3-Dichlorobenzene? 15 29
1,2-Dichlorobenzene? 15 29
1,4-Dichlorobenzene? 15 29
1,2,4-Trichlorobenzene?-© 15 29
Hexachlorobenzene?-© 15 29
Hexachlorinated Organic Compounds
Hexachlorobutadiened-© 15 29
Hexachloroethane? ( 15 29
Hexachlorocyclopentadiene? 15 29
Benzidines
3.3"-Dichlorobenzidined 15 29
Phthalate Esters
Dimethylphthalate? 15 29
Diethylphthalate® 15 29
Di-n-burylphthalate? 15 29
Butylbenzylphthalate? 15 29
bis-2-(ethylhexyl)phthalate3.& 15 29
Di-n-cctylphthalated 15 29

Miscellaneous Semi-volatile Compounds

Carbazole IS 29
Benzyl alcohol 15 29
Benzoic acid 15 29
Isophorone? 15 29
4-Chloroamline 15 29




TABLE 1-1 CHEMICALS OF CONCERN ANALYZED IN VARIOUS MEDIA
DURING THE 1993 LOWER COLUMBIA BACKWATER RECONNAISSANCE SURVEY
(Page 4 of 6)

| Number of Samples (Excluding Duplicates)

Compound | Water

Sediments l Tissues

PESTICIDES/PCBs ~
Pesticides )
o,p’-DDE 15 29
| o.p-DDD 15 29
“ 0,p’-DDT 15 29
| pp-DDT2D.CAE 15 29
p.p’-DDE®D.C.d.€ 15 29
p.p’-DDD&:b.c.e 15 29
Heptachlor®b.¢.d.¢ 15 29
Heptachlor epoxide?.0-¢-d.¢ 15 29
Alpha-chlordane®.0.¢.d.¢ 15 29
Gamma-chlordane?P-¢-d. 15 29
Aldnn®-d 15 29
Dieldrm@.0.¢.d.e 15 29
Dicofol 15 29
Methyl parathion 15 29
Toxaphene:P:€ 15 29
Endosulfan I3 15 29
Endosulfan I[? 15 29
Endosulfan sulfate? 15 29
Endrnn®.D:C.¢ 15 29
Endnn ketone 15 29 I
Endrin aldehyde? 15 29
Methoxychlor 15 29
| alpha-BHCA.D.C.d.e 15 29
beta-BHC.4 15 29
delta-BHC? 15 29
gamma-BHC (Lindane)®P.¢.d.¢ 15 29




TABLE 1-1 CHEMICALS OF CONCERN ANALYZED IN VARIQUS MEDIA
DURING THE 1993 LOWER COLUMBIA BACKWATER RECONNAISSANCE SURVEY
{Page 5 of 6)
Number of Samples (Excluding Duplicates)
Compound Water Sediments Tissues
PCBs
Aroclor 1016/10422.d.€ 15 29
Aroclor 12213-d.€ 15 29
| Aroclor 12322.d.€ 15 29
H Aroclor 12483:0.d.¢ 15 29
Aroclor 12542.0.d.¢ 15 29
Aroclor 1260%:0.d.¢ 15 29
DIOXINS AND FURANS
2,3,7,8-TCDD.6:d.¢ 15 29
1,2,3,7,8-PeCDD-® 15 29
1,2,3,4,7,8-HxCDD® 15 29
1,2,3,6,7,8-HxCDDE¢ 15 29
1,2,3,7,8,9-HxCDD® 15 29
1,2,3,4,6,7 8-HpCDD®-¢ 15 29
Octachiorodibenzo-p-dioxin (OCDD)¢ 15 29
2.3,7,8-TCDF¢.® 15 29
1,2.3,7,8-PeCDFS-¢ 15 29
2,3.4,7,8-PeCDF¢ 15 29
1,2,3,4.7.8-HxCDF® t5 29
1,2,3,7.8,9-HxCDF® 15 29
1,2,3,6,7,8-HxCDF® 15 29
2,3.4,6,7,8-HXCDF® 15 29
1,2,3.4,6,7,8-HpCDF¢ 15 29
1,2,3.4,7,8,9-HpCDF*® 15 29
Cctachlorodibenzofuran (OCDF) 15 29 |
RADIONUCLIDES
Amencium-241 15 29
Cesium 137 15 29
Cobalt-60 15 29
Europium-152 15 29




TABLE i1-1 CHEMICALS OF CONCERN ANALYZED IN VARIOUS MEDIA
DURING THE 1993 LOWER COLUMBIA BACKWATER RECONNAISSANCE SURVEY
(Page 6 of 6)
Number of Samples (Excluding Duplicates)
Compound Water Sediments Tissues
Europium-154 15 29
Europrum-155 15 29
Plutomum-238 15 29
Plutomum-239/240 15 29
CONVENTIONALS, NUTRIENTS, AND CHLOROPHYLL' | q
Nurogen (TKN, NO, +NOL NHy,) 15
Phosphorus (TP, SRP) 15
" Chlorophyll/Phacophytin a 15
“ Total suspended solids (TSS) 15
Hardness 15 i
Total organic carbon (TOC) 15 15
Particulate organic carbon (POC) 15
Gran size 15
Total solhds 15
Total sulfides 15
Lipids 29
INDICATOR BACTERIA
Fecal cohform 15
Eschenchia colt 15
| Enterococcus 15

32 U S EPA pnonty pollutants.

b Target compounds of U.S. Fish and Wildlife Service bioconcentration study (Schmitt and Brumbaugh
1990, Schmutt et al. 1990).

€ Bioconcentrating compounds monitored in the National Bioaccumulanion Study (U § EPA 1991a).

d Chemucals of highest concern listed by U.S. EPA (1991b).
€ Currently monitored by Oregon Department of Environmental Quality.

f The following measurements were taken at each station in the field: pH, dissolved oxygen, conductvity,
water temperature, and turbidity
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1.4 DATA INTERPRETATION

Collecting chemucal and biological data on contarmunants s refatively straightforward, but determuning the
environmental significance of this data 1s difficult The complexity of environmental systems makes the
development of reference levels a slow and painstaking process As part of this report, the currently
available critena, standards, and guidelines developed by approprate state and federal resource agencies
for contammnants 1n water, sediment, and fish/shellfish tissue have been compiled to provide reference
levels for evaluating the potential environmental significance of survey findings Such evaluation in this
report has been limited to potential effects on orgamisms living in the water column and n the sediments
and on orgarusms that feed on these aquatic organisms, including wildlife and humans Reported contam-
inant levels in each medum were compared to available criteria or reference values, and problem

chemicals and problem areas within the study area were identified.

There are relatively well-established criteria for a variety of contamunants 1n water However, the single
water column samples collected for the reconnaissance survey are poor indicators of overal! water quality
1n rivers due to the transitory nature of river water and the typicaily low concentrations of water column
contarrunants, which are often below the detection lirmits of conventional analysis. Due to the hmted
detection of contamunants 1n the water column, data collected during this study were of limuted use n
identifying problem chermicals and areas of concern. The water column data were also limuted for
identifying the relationshup between water contarmnanon and potennal effects on aquatic and terrestrial
biota or humans, due to both the low concentrations and the lack of an exposure assessment in the study
design. Limuted detection also made 1t impossible to make comparisons of findings among stations,

except for conventional water quality vanables, idicator bacteria, nutrients, and a few metals.

Sediments, especially those in depositional areas that collect the fine sediments associated with toxic
contaminants, are generally considered good indicators of long-term water quality. Sediments record
inputs of toxic substances from point and nonpoint sources to the river over a period of time. Since toxic
substances become concentrated in the sediments, detection of many of the toxic constituents 1s possible
with conventional laboratory techmques. However, sediment criteria or guidelines are not well developed
and are often limited by the medium covered (marine vs freshwater) and in the number of chemucals
covered. Several sediment standards are in the draft stage of development (e.g., state of Washington
freshwater sediment standards, EPA sediment criterta), This made 1dentification of potential effects to
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aquatic and terrestrial biota more difficuit However, since many toxic constituents were detected, dif-
ferences among stations could be evaluated This information, plus the limited sediment standards that

were available, made 1t possible to identify both potential problem areas and probiem contaminants.

Tissue burdens of chemicals 1n aquatic orgamsms are also good indicators of environmental quality since
these directly measure contaminants as accumulated by aquatic orgamisms. If the sampled biota spend
long periods 1n a single location in the river, the tissue contaminant levels should reflect long-term
exposure to contarmnants in a locally polluted area. However, because regulatory criteria or guidelines
are poorly developed for tissue contaminant levels, 1t 1s difficult to assess the relative sigmficance of the
measured contammnant levels in tissues. Tissue contaminant levels are of direct concern for human con-
sumption of commerctal and game species and of direct concern to camivorous wildlife, especially fish
and birds, that live within and along the river Therefore, contaminant levels in commercially important
fish (e.g , crayfish), fish that are important prey for piscivorous fish, birds, and mammals (e.g.,
largescale sucker), and fish with a hugh lipid (fat) content (e.g., largescale sucker and carp) were selected
for sampling. Since many of the organic contamnants accumulate in the fat of orgamisms, animals with
higher fat content are likely to accumulate ingher contamunant levels. To identify potential problem areas
and problem contaminants, tissue contamunant levels from this study were compared to tissue contarminant
levels measured 1n national bioaccumulation studies, and available guidance values for tissue contaminant
levels established for the protection of piscivorous (fish-eating) wildlife.

Data that did not meet the quality objectives of thus study have been qualified appropriately or have been
rejected and not used wn this report. The qualification of data does not 1mply that the overall quality of
the data 1s poor; on the contrary, careful data qualification 1s assurance that unqualified data is of high
quality. It also alerts future investigators to the level of confidence mn the data reported. The reader
should realize that the measurement of trace amounts of environmental contaminants is not a sumple
exercise and that measurements may be complicated by concentrations of constituents that are at, or very
near, the detection limits of conventional laboratory methods, or complicated by matrix interferences in
the media studied. Therefore, results that are acceptable based on currently accepted protocols for
sampling, analysis, and quality assurance may be questioned following further investigations and/or
improvements In analytical technology.
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1.5 REPORT ORGANIZATION

This report presents and interprets the results of the 1993 lower Columbia River backwater recon-
naissance survey It 1s orgamized 1n the form of a scienufic report and includes sections covering the field
and laboratory methods employed, the samphing results for each medium, a discusston of the results and
therr relationship to the 1991 reconnaissance survey data and relationships among the media sampled, and
a final section that draws conclusions regarding the distribution and environmental significance of the

contamunant levels measured

The relevant environmental criteria and guidelmes used as screeming values to identify potential problem
chemucals and problem areas are summarized in Section 2 0 Field sampling and laboratory methods are
described 1n Section 3 0 The results of the 1993 backwater reconnaissance survey, including evaluation
of the data based on the available reference levels, are summarized n Section 4 0 for each medum (1.e.,
water, sediment, and tissue sampling results) A companson of these resuits to the results of the 1991
reconnaissance survey 1s provided in the discussion (Section 5§ 0) This section also a discusses the trends
in chermcal contarmination from relatively coarse-gramed sediment areas (generally located 1n the main-
stem of the river) to fine-grained sediment areas in backwater areas of the nver Section 5 0 also
discusses the relatonships of chemical contamunant levels measured 1n the water column and 1n sediment
to the contaminant levels measured in fish and crayfish tissue. Section 6 0 18 a discussion of conclusions,
based on the five primary objectives of the survey listed above The 1993 backwater reconnaissance
survey data validanon report and data appendix are available under separate cover as Voiumes 2 and 3,
respectively (Tetra Tech 1993d,e).
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2.0 SELECTION OF REFERENCE LEVELS FOR EVALUATION OF WATER,
SEDIMENT AND FISH/SHELLFISH TISSUE DATA

Federal and state agencies have developed criterial

, standards, and guidelines to 1dentify pollutant levels
n water, sediment, and fish/shellfish tissue that could adversely affect wildlife and human health They
are used to estimate reasonable lumuts for the discharge of pollutants to state- and federally-protected
waterways, and as legally defensible standards to protect designated beneficial uses of these waters
Beneficial uses can include human consumption, recreation, and commerce, as well as ail uses of the

water body by aquatic and terrestrial biota

Specific beneficial uses of the lower Columbia River have been designated by Washington and Oregon
Consumptive uses include domestic, agnicultural, and industnal water supply. Other commercial uses
include hydropower production, navigation, ports, and commercial fishering Recreational uses include
swimmung, boating, esthetic enjoyment, sport fishing, and hunting, Nonhuman uses include the support

of all indigenous species, including anadromous fish.

Environmental critena or standards based on water quality rather than avaiiable technology have become
increasingly important m the management of the nation’s water resources. Managing water quality by
mean of technology-based regulations has not proved suffictent to support designated beneficial uses in
many cases. Basing standards on water quality rather than technology has resulted n further improve-
ments In wastewater treatment beyond "best available technology” and an increased focus on nonpomnt

source pollution.

The use of any single-value environmentai standard (e.g., a concentration not to be exceeded or a maxi-

mum allowable change from reference conditions) 1s problematic Water bodies have tremendous chem-

LThe U.S. EPA generaily defines cntena as those numencal or narrative standards recommended by the
EPA, and srandards as those critena adopted by individual states and approved by EPA. Guidelines are not
considered to be legally binding Guideiines are numerical or narrative indices used for screemng purposes and
resource mapagement. The term reference level will be used to include all of these categones.
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1cal and physical variety and biotic diversity Aquatic environments range from salt lakes, to cold, high-
mountain streams, to estuaries and coastal ocean environments Each of these environments contains
unique orgamsms, which in turn pass through a spectrum of life stages and breeding and rearing periods

Federal and state governments have responded to this by developing and adopting separate standards for
fresh and saltwater environments. Other chermcal factors (e.g , the mitigating effect of water hardness
on metals toxicity) have been included in the formulations of some standards Only a particular chemacal
form of a contaminant may be toxic, resulting 1n standards or guidelines for that particular form Thus
there are standards based on dissolved spectes, organo-metal species (e g., human health critenia for

arsenic), or specific valence states (e.g., hexavalent and trivalent chromuum).

Narrative standards that limit changes from background or natural conditions may be difficult to evaluate
if the standard does not provide guidance on how background or natural conditions may be determned.
In water bodies that have aiready suffered degradation, it may be very difficult to establish the pre-
disturbance condition A narrative standard 1s also difficult to evaluate if the level of confidence and
power of the statistical test required to differentiate natural and affected conditions 15 not specified.

Environmental criteria aiso do not generally address contarminant interactions, which can be additive,

synergistic, or antagomstic 1n terms of final impact on the biota and human heaith.

Nonetheless, environmental standards and guidelines are useful for identifying potennal water quality
problems and guiding the allocation of resources for more specific investigations. Existing reference

levels for contaminants 1n water, sediment, and fish/shellfish tissue are summarized below.

2.1 SELECTION OF WATER QUALITY REFERENCE LEVELS

Water quality reference levels have been developed to protect aquatic life and human heaith. However,
the protection of wildlife has not generally been considered. There are water quality reference levels to
protect aquatic life for dissolved oxygen, pH, and temperature; concentrations of metals and cyanide; and
concentrations of organic compounds. Reference levels for protecting human health have been developed
for metals, cyanide, organic compounds, and indicator bactera.
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The lower Columbia River has been designated by the state of Washington (WAC 173-201A, 1992) as
a freshwater Class A waterbody from river mile (RM) 309 3 to the river’s mouth Oregon has promui-
gated specific standards for the North Coast-Lower Columbia Basin in which freshwater, marine, and
estuarine state critena apply depending on the defintion given m OAR 340-41-006 (1992). Here
estuarine waters are defined as "all muxed fresh and oceanic waters tn estuanes or bays from the point
of oceanuc water intrusion 1nland to a line connecting the outermost points of the headlands or protective
Jetues " For the purposes of this report, freshwater criteria will be appiied to the data collected at all
stations above (upstream) Station 1 1n Youngs Bay (RM 14) Conductivity/salimty measurements made
duning the previous 1991 reconnaissance survey indicated the presence of sigificant saline water intrusion
as far as RM 19 5 near Tongue Point Stations 2 through 5 (RM 21-29) are within the Tidal Fluvial
Zone defined 1n the Columbia River Estuary Data Development Program (CREDDP), and are strongly
influenced by freshwater river inputs (Simenstad et al 1990).

An estuary is a dynamic place where fresh and salt waters mix Due to fluctnations in tidal heights and
changes 1n the flow of the niver, the furthest point of intrusion of marine waters varies over a period of
as short as a few hours. The available water quality cnitena have been developed to protect either marine
or freshwater organisms, due to the distinct physical and chemucal characters of these environments and
the adaptations of the orgamisms that live in them However, an estuary 1s a location where these two
environments overlap, and where marme, freshwater, and estuarine orgarusms inhabit the same area,

simultaneously or alternately

Due to the intermurtent, mixed nature of an estuary, 1t 15 dafficuit to apply either marine or freshwater
critena to this environment Oregon considers part of the Columbia River to be an estuary To ensure
that orgamsms nhabiting the estuarine portion of the Columbia River are protected, the more stringent
criterion (freshwater or marine) will be applied to data from Station 1, which falls withun the Estuanne
Mixing Zone defined by CREDDP (Sumenstad et al 1990). The only exception is for dissolved oxygen
(DO), for which the state of Washington specifies that the marine water quality criterion shaltapply when
salinity 15 one part per thousand or greater (WAC 173-201A, 1992).

Water quality critenia are generally well established for concentrations of field-measured parameters such
as DO, temperature, and pH; and for toxic constituents such as metals and organic compounds. The
available federal water quality criteria and Oregon and Washington state standards are summarized separ-
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ately below for 1) field-measured parameters, 2) conventional parameters, 3) nutrients and chlorophyll
parameters, 4) toxic substances (metals and cyanide), and 5) indicator bacteria measured 1n the backwater
reconnaissance survey, Water column sampling for the 1991 reconnatssance survey included analysis for
organic compounds from five water-column sampling stations However, concentrations of these orgamnc
compounds were generally below the detection limuts of the conventional laboratory methods that were
employed. Therefore, water samples collected for the backwater survey were not analyzed for toxic

orgamc substances and critenia for these organic substances are not summarized below

2.1.1 Reference Levels for Field Parameters, Conventional Parameters, and Nutrients and Chloro-
phyll
U.S. EPA has recommended cntena for the protection of aquatic orgamsms and their uses for a number

of these parameters, and Oregon and Washington have generally adopted these critena as standards.

2.1.1.1 Field-Measured Parameters. Field-measured parameters such as DO, temperature, pH,
conductivity, salinity, and turbidity have a signuficant effect on biota 1n the nver, especially coldwater
anadromous fish. DO 1s an essential requirement for all aumals adequate levels are necessary for the
protection of aquatic organisms. Anadromous coldwater fish are particularly sensitive to reductions in
the DO content of marine and fresh water. Water temperature affects the metabolic rate of orgamsms.
Colder temperatures are required for the maintenance of anadromous fish The pH may directly affect
orgausms, and pH affects the bioavaitabiiity of dissolved contamunants Conductivity and salinsty deter-
mune what kinds of organisms may be able to survive. Elevated turbidity reduces the light available for
photosynthetic orgamsms, thus reducing primary production, in tumn affecung biota at higher trophic
leveis Sedument-induced turbidity may also affect bottom-dwelling orgarusms and the spawnung of

anadromous fish when excessive amounts of sediment are deposited on the nver bottom.

Specific numerical criteria are available for DO, temperature, and pH (see Table 2-1). Both Oregon and
Washington have mmmerical criteria for DO. The Oregon freshwater criterion for DO states that it shall
not be less than 90% saturation (OAR 340-41-205, 1992). The Oregon marine/estuarine criterion states
that DO shall not be Iess than 6 mg/L, except within zones of upwelled marine waters naturally deficient
in DO. The class A freshwater criterion for Washington states that DO shall exceed 8.0 mg/L (WAC
173-201A, 1992). The Washington Class A martne criterion states that DO shall exceed 6.0 mg/L (WAC
173-201A, 1992) and should apply when salimty is greater than 1 ppt (WAC 173-201A, 1992)
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Although Oregon has established temperature criteria, the criteria apply only to relative temperarure
changes above and below specific point and nonpoint source discharges (Table 2-1) Washington regu-
lations provide both general temperature critenia for Class A waters as well as specific criteria for the
lower Columbia River (Table 2-1) The Class A criteria require that the fresh water temperature not
exceed 18° C and that the marine water temperature not exceed 16° C  However, regulations promul-

gated specifically for the lower Columbia River establish a freshwater temperature criterion not to exceed
20°C

The pH standards for fresh and marine waters are the same for Oregon (OAR 1992) and Washington
(WAC 1992) (Table 2-1} The freshwater standards state that water column pH should be between 6 5
and 8 5, the marine standard specifies 7 0-8 5

Although the U S EPA acknowledged the importance of conductivity and salinity and their effects on
aquatic ammals and plants, no criteria were recommended (U.S. EPA 1986a) Neither Oregon or Wash-
mgton have adopted standards for these parameters (Table 2-1). However, 1t would be difficuit to
estabhish more than a narrative standard for these parameters since they vary by location and time 1n

water bodies, especially in estuaries

Although water quality criteria have been established for turbidity, the critena are narrative in form and

generaily apply only to the evaluation of the impacts caused by specific point or nonpoint source dis-

charges (Table 2-1). Due to the broad-scale design of the backwater survey, 1t was not possible to assess

turbidity during the survey period

2.1.1.2 Conventional Parameters. The conventional variables generally have an indirect effect on
aquatic orgamusms. Total suspended solids (TSS), like sediment-induced turbidity, may reduce the light
available for photosynthetic organisms, reducing primary production, and tn turn affecting biota at hugher
trophic levels Deposit of sediments on the river bottom may also affect bottom-dwelling organisms and
the spawning of anadromous fish. Water hardness (the concentration of polyvalent metal 10ns, primarly
calcium and magnesium) determunes, in general, the types of orgamsms present at a particuiar location.
Water hardness also mediates the toxicity of several metals. Organic carbon, 1 total, dissolved, and
particulate forms (TOC, DOC, and POC), affects the types and abundances of orgamsms, and may also

control the toxicity and bioaccumulation of trace elements and organic compounds.
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TABLE 2-1. SUMMARY OF WATER QUALITY CRITERIA FOR THE PROTECTION
OF AQUATIC LIFE FIELD-MEASURED PARAMETERS?
(Page 1 of 2)

Freshwater® Marme/Saltwater?

US EpAD Oregon® Washmglond U S. EPAD Oregon® Washmglond
FIELD MEASURED PARAMETERS
Dissolved Oxygen (mg/L) 80 (508 - 8 - 6 6

95 (65N
Dissolved Oxygen (percent saturation) - 90 90 - - -
Temperature (°C) ! J 20K d J 16K
pH 6590 6585 6.5-8 5! 6585 708 5 7085l |
Conductivity n - - - - -
Salimty m - - - - -
Turbidity n o p - ] p

3 Freshwater and saltwater criteria that have been recommended or established for the protection of aquatic orgamsms, criteria are presented only for those
substances measured in this survey Washington cnicria are those established for waters designated Class A (excellent) by the state, which mncludes the lower
Columbia River

b Criterta recommended by EPA for the protection of aquatic organisms (U S EPA 1986a)
€ Criteria established by the state of Oregon for the protection of aquatic organisms (OAR 1992),
9 Criteria established by the state of Washington for the protecuion of aquauc orgamsms (WAC 1992)

© EPA has defined fresh water as those waters 1n which the salinity 1s equal to or less than 1 part per thousand 95 percent or more of the ttme (Federal Register
Vol 57 No 246), Oregon and Washington have not promulgated a definsion of fresh water  Oregon has allowed for the applicauon of freshwater and
saltwater crnitenia in the North Coast-Lower Columbia River Basin (OAR 1992), Washington has designated all of the waters of the Columbia River as fresh
(WAC 1992).

f EPA has defined salt water as those waters in which the salimity 15 equal to or greater than 10 paris per thousand 95 peccent or more of the ume (Federal
Register Vol 57 No 246) For salimty between 1 and 10 parts per thousand 95 percent or more of the time, the more stningent of the freshwater and saliwate]
crteria apply (Federal Register Vol 57 No 246) Oregon and Washington have not promulgated a chemical defimtion of salt water except for Washingion's
designation that manne dissolved oxygen criteria apply when sality 1s 1 part per thousand or greater and that fecal coliform standards apply when salimty s
10 parts per thousand or greater
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TABLE 2-1 SUMMARY OF WATER !UALITY CRITERIA FOR THE PROTECTION
OF AQUATIC LIFE FIELD-MEASURED PARAMETERS?
(Page 2 of 2)

B The 1-day msumum dissolved oxygen conceniration to protect early life stages of coldwater anadromous fish, to mamntain the spawning-gravel dissolved
oxygen concentration shown mn parentheses  For warmwater fishes, the smmmimum critenon 15 S 0 mg/L

b The 7-day mean dissolved oxygen concentranon to protect early hie stages of coldwater anadromous fish, to mantain the spawning-gravel dissolved oxygen
concentration shown in parentheses The 7-day mean dissolved oxygen standard for protectson of early hfe stages of warmwater fishes 1s 6 0 mg/L  For
warmwater fishes, the mean criterion 18 6 0 mg/L

' EPA recommends a mixture of narrative criteria and quantitative species-specific models to determine temperatuce criteria for a specified location and season
(US EPA 1986a)

J Oregon’s temperature critena are established for upstream, and presumably unaffected, reference locations

k Washington's temperature criterion for waters designated Class A (including the lower Columbia) 1s 18° C for freshwater and 16° C for marine water
However, a special condinon has been established for the Columbia Raver from the mouth to niver mule 309 3 whech sets a temperature hmut of 20 0° C due 10
human activities and a limst of an increase of 0 3° C due to a single source or 1 12 C due to all sources or acuvities combined when natural condinons cause
the water temperature 1o exceed 20 0° C

! The acceptable lower and upper himuts of pH measured 1n the water body

™ EPA did not recommend criteria for the protection of aquatic hite i the 1986 crueria document, although adverse effects of salinty changes on plants and
ammals were discussed (U S EPA 1986a) For the protection of public welfare, 250 mg/L of chlornides and sulfates in domestic water supplies (U S EPA
1986a)

D EPA recommended the following narrative criterion for solids (suspended, settleable) and turbidity to protect freshwater fish and other aquatic life "Setileabld
and suspended solids should not reduce the depth of the compensation pomnt for photosynthenc activity by more than 10 percent from the scasonally established
norm for aquauc hife” (U S EPA 1986a)

© Oregon turbidity standard allows no more than a 10 percent cumulauive ncrease in nawmral stream wrbidity due to urbidity causing activities

P Washington Class A standard does not allow more than a 5 NTU increase over background furbidity when background wrindity 1s 50 NTU or less, or more
than a 10 percent increase in turbidity when the background turbidsty 1s more than 50 NTU




Although water quality criteria have been recommended by U § EPA for TSS, the critena are narrative
in form (Table 2-2) Due to the broad-scale design of the backwater survey, it was not possible to assess

whether TSS exceeded narrative criteria during the survey period

There are no water quality criteria established for water hardness, aithough the freshwater criteria for the
metals cadmium, trivalent chromum, copper, lead, nickel, and zinc are dependent on water hardness
There are no established or recommended standards for orgamic carbon, although water orgamic carbon

levels appear to regulate the availability of hydrophobic toxic compounds to aquatic organisms

2.1.1.3 Nutrients and Chlorophyll Phosphorus and mitrogen compounds serve as essential nutrients for
algae, and when present 1n sufficient amounts can result in noxtous amounts of algal biomass Chloro-
phyll and phaeophytin g are surrogate measures of aigae or phytoplankton biomass Moderate amounts
of algae may provide a food supply for other organisms, but relatively high levels of algae can result in
poor oxygen conditions and the death of fish and other orgamisms.

No criteria have been established for nutrients, with the exception of a 10 mg/L drinking water standard
for mitrate, and a pH-dependent criterion for un-iomzed ammonia (U.S. EPA 1986a) (Table 2-3) Un-
iomized ammoma 1s toxic to aquatic life. The chromic criteria for un-iomzed ammoma are dependent on
pH and temperature. For fresh water with a pH of 8.5 and a temperature of 20° C (a conservative esti-
mate for the conditions encountered duning the survey), the criterion for un-iomzed ammona 1s equivalent
to a total ammonta concentration (which was measured in this survey) of 0.32 mg/L The manne

criterion at pH=8 5 and temperature=20° C 15 2.2 mg/L

There are no standards for algal biomass or chiorophyll a, although Oregon has established an action
level of 15 ug/L of chlorophyll a (a surrogate measure of phytoplankton biomass) to flag nvers and
estuaries where recogmized beneficial uses may be impaired (OAR 1992) (Table 2-3).

2.1,2 Reference Levels for Metals and Cyanide

Although the U.S. EPA has recommended, and the states adopted, both acute and chronic criteria to
protect aquatic orgamsms from toxic substances, only the more restrictive chronic criteria will be
summarized and used for screening purposes in this study. Critena for protecting human health are also
summarized below, but are not used 1n this study. Acute criteria are based on short-term exposure (e.g.,
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TABLE 2-2 SUMMARY OF WATER QUALITY CRITERIA FOR THE PROTECTION
OF AQUATIC LIFE. CONVENTIONAL PARAMETERS?
(Page 1 of 2)

Freshwater® Marme/Saltwaterf

USs Epab Oregon® Washington9 USs EPAb Oregon® Washingtond

CONVENTIONAL PARAMETERS

Total Suspended Sohds & . - - . .

Hardm:r.sh . - - N . .

Total Organic Carbon! . . . _ . i

Paruiculate Organic Carbon! - . - . B .

Dissolved Organic Carbon! - - . - - N .

2 Ereshwater and saltwater cntena that have been recommended or established for the protection of aqualic organisms, critena are presented only for
those substances measured i this survey Washington critenia are those established for waters designated Class A (excellent) by the state, which
inctudes the lower Columbia River

b Critena recommended by EPA for the protection of aquatic organisms (U S EPA 1986a)
€ Critenia established by the state of Oregon for the protection of aguatic orgamisms (OAR 1992)
4 Cnitena established by the state of Washington for the protection of aquatic organisms (WAC 1992)

€ EPA has defined fresh water as those waters in which the salinity ts equal 1o or less than 1 part per thousand 95 percent or more of the time (Federal
Register Vol 57 No 246); Oregon and Washingion have not promulgated a definition of fresh water Oregon has allowed for the application of
freshwater and saliwater critena n the North Coast-Lower Columbia River Basin (OAR 1992), Washington has designated all of the waters of the
Columbia River as fresh (WAC 1992).

f EPA has defined salt water as those waters in which the salimty is equal to or greater than 10 parts per thousand 95 percent or more of the time
(Federal Register Vol 57 No 246). For salimity between 1 and 10 parts per thousand 95 percent or more of the time, the more stringent of the
freshwater and saliwater critena apply (Federal Register Vol 57 No 246) Oregon and Washington have not promulgated a chemical defimition of salt
water except for Washington's designation that marine dissolved oxygen cniteria apply when salimity 1s | part per thousand or greater and that fecal
coliform standards apply when salinity 1s 10 parts per thousand or greater
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TABLE 2-2 SUMMARY OF WATER QUALITY CRITERIA FOR THE PROTECTION
OF AQUATIC LIFE CONVENTIONAL PARAMETERS?
(Page 2 of 2)

8 EPA has recommended the following narranive critenion for sohds (suspended, settleable) and turbidity for the protection of freshwater fish and other
aquatic life- “Settleable and suspended solids should not reduce the depth of the compensation point for photosynthetic activity by more than 10 percent
from the seasonally established norm for aquatic ife” (U S. EPA 1986a).

h Water hardness (a measure of the polyvalent metal 1on content dissolved in water, primanly calcium and magnestum tons) can significantly affect the
toxicity of several metals. Elevated hardness reduces the toxicity of metals due to the antagomstic effects of the principal cations contributing to
hardness and/or to complexation/precipitation of {oxic metals with metal hydroxides and carbonates. The U S EPA has not recommended water quality
criteria for the protection of aquatic orgamisms for water hardness, but water hardness has been incorporated nto calculations of freshwater quality
critena for metals where available data demonstrate the muitigating effect of water hardness on metals toxicity

¥ Organic carbon (total, paruiculate, and dissolved fractions) concentrations affect the partmoning of many toxic substances, especially nonpolar or
hydrophobic organic compounds There are no recommended criteria for water concentrations of organic carbon




TABLE 2-3 SUMMARY OF WATER QUALITY CRITERIA FOR THE PROTECTION OF AGQUATIC LIFE?
NUTRIENTS AND BIOMASS
(Page 1 of 2)

Freshwater® Marine/Saltwater?

Us EpAb Oregon® Washingtond US EpAb Oregon® Washingtond

NUTRIENTSE :

Total l’hosphorush - - - - - -

Soluble Reactive l’hosphorm;h - - - - - -

Ammoma-N (mg/L)'

Nitrate +N|mle-Ni - - - - . .

Total Kjeldahl Nltrogcnk - - - - . -

BIOMASS

Chilorophyll a (ug/L}! - 15sm - - - -

11T

Phacophytin g" - - - - . .

2 Freshwater and saltwater cnitena that have been recommended or established for the protection of aquatic organisms; critena are presented only for
those substances measured 1n this survey. Washinglon critena are those established for waters designated Class A (excellent) by the state, which
includes the lower Columbsa River

b Cryteria recommended by EPA for the protection of aquatic organisms (U §. EPA 1986a)

€ Critena established by the state of Oregon for the protection of aguatic orgamsms (OAR 1992)

4 Cntena established by the state of Washington for the protection of aquatic organisms (WAC 1992)

€ EPA has defined fresh water as those waters 1n which the salinity 18 equal to or less than 1 part per thousand 95 percent or more of the ime (Federal
Regisier Vol. 57 No 246), Oregon and Washingion have not promulgated a definiiion of fresh water Oregon has allowed for the application of

freshwater and saltwater criteria in the North Coast-Lower Columbia River Basin (OAR 1992), Washingion has designated all of the waters of the
Columbia River as fresh (WAC 1992)
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TABLE 2-3 SUMMARY OF WATER QUALITY CRITERIA FOR THE PROTECTION OF AQUATIC LIFE2
NUTRIENTS AND BIOMASS
(Page 2 of 2)

f EPA has defined salt water as those waters m which the sality 1s equal to or greater than 10 parts per thousand 95 percent or more of the ime
(Federal Register Vol 57 No 246) For salimty between 1 and 10 parts per thousand 95 percent or more of the ime, the more stringent of the
freshwater and saliwater critenia apply (Federal Register Vol 57 No 246) Oregon and Washington have not promulgated a chemical definition of salt
water except for Washington'’s designation that marnne disselved oxygen critena apply when salinity 1s 1 part per thousand or greater and that fecal
coliform standards apply when salinity 1s 10 parts per thousand or greater

£ In general, cultural or anthropogenic evtrophication (the increase in the nutrient supply to a recesving water due to human activities) has been a
significant concern for the management of fresh, estuarine, and marme waters, especially for freshwater lakes Increased concentrauions of nutrients
(when coupled with favorable condiions of light, temperature, low predation rates, and long water residence times) favor the formation of large
standing crops of algae or phytoplankton. Nurogen and phosphorus have most often been identified as problem nutrients, due in part to their relatively
high concentrations in municipat and domestic wasiewater. The nutrients idenufied are the principle forms of particulate and dissolved nitrogen and
phosphorus.

b There are no recommended standards to protect aquatic life for phosphorus compounds, with the exception of a 0.10 ug/L standard for yellow
(elemental) phosphorus for marine and estuarine waters.

! The standards for total ammonia nitrogen are based on the toxic effect of un-lonized ammoma at certain pH levels and water temperatures  The state
standards follow EPA recommended critena (1986a).

J There are no recommended standards for the protection of aquatic hife for nitrate plus nitnite nitrogen  However, the EPA-recommended maximum-
contaminant-level (MCL) for dnnking water 1s 10,0600 pg/L

¥ Total Kjeldah! mitrogen measures the sum of ammonia and organic mtrogen There are no recommended standards for the protection of aquatic hife
for total Kjeldahl mtrogen

i Chlorophyll a is a surrogate measure of algae or phyloplankion biomass. When hght and nutrients permut, species of blue-green algae (cyanobactena)
may bloom at levels causing aestheucally displeasing scums on the water surface and unpleasant odors due 1o decay Decaying algae may reduce
dissolved oxygen levels, in turn affecting other aquatic orgamsms.

M Oregon has estabhished an action level of an average of 15 pg/L of chlorophyll a 1n reservours, nivers, estuaries, and natural lakes that do not
thermally stratify. The average concentration is based on a munimum of 3 samples collected over any three consecutive months at a minimum of |
represeniative location (e g , at point of muid-flow of a nver) from samples integrated from the surface to a depth equal to twice the Secchi depth or to
the bottom, whichever is less

0 Phaeophytin a 1s a degradation product of chlorophyll a and 1s measured 1n the standard method for chlorophyll 2. No standards have been
recommended for this parameter
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for one hour, no oftener than every three years on average) Chrontc criterta address longer exposure
to lower levels of toxic substances (e g , for four days no oftener than every three years on average)

Human health criteria are water concentration criteria for protecting human health from the consumption
of contaminated water, fish, and/or shellfish Although chronic criteria may be overly conservative for
comnparison to the single sample results of this survey, they will serve to 1dentify potential water quality

problems that may warrant further, more extensive studies

The U S EPA-recommended criteria for toxics have undergone several changes which have resulted in
a vaniety of criteria for each toxic substance The U S EPA published the "gold book" of recommended
criterta 1n 1986 (U S EPA 1986a) These recommended criteria have been updated 1n a number of
Federal Register notices and documents published by U S EPA through 1988 (these are the critena in
the "U S. EPA 1986" column of Table 2-4) In 1991, U S EPA released a poster of updated water
quality critenia with a reference to Quality Cntena for Water 1992, a "silver book" which has not yet
been released to the public ("U S. EPA- 1991" column 1n Table 2-4). In December 1992, U S EPA
published the "final toxics rule” which promulgated water quality critena for 126 prionity pollutants for
states that did not have U S EPA-approved water quality cniteria (U S EPA 1992a) ("U.S. EPA. 1992"
column in Table 2-4) In July 1993, U.S EPA withdrew its promulgated criteria for arsenic and
seleruum for the state of Washington, since that state had adopted metals critenia 1n December 1992 that
were subsequently approved by U.S EPA (U 5. EPA 1993a).

Existing water quality criteria differ among U.S EPA, Oregon, and Washington for metals and cyamde
These differences are summarized in Table 4-2, the following discussion addresses key differences
Oregon adopted the 1986 U S EPA critena (U S EPA 1986a) and has not incorporated more recent
updates U S EPA promulgated specific saltwater toxics criteria for copper and cyanide for Washington,
in 1992, Washington adopted the use of dissolved and total recoverable metal concentration lumts for
specific metals (WAC 173-201A 1992) (see Table 2-4) Freshwater chronic water quality critena are
available for cyanide and:most of the metals measured in the backwater survey (see Tabie 24) No
criteria have been recommended for antimony, barium, or thallium, though lowest observed effects levels
have been summanzed for antimony and thallium (see Table 2-4)

There are more significant differences among U.S EPA, Oregon, and Washington hurnan heaith cnterta
U.S EPA has significantly changed or withdrawn human health criteria that were originally recom-
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TABLE 24 SUMMARY OF WATER QUALITY CRITERIA FOR THE PROTECTION OF AQUATIC LIFE AND HUMANS

METALS®
(Page | of 4)
Freshwater Chronsc! Manne/Saltwater Chrongc™ Consumption of Fish/Shellfish and Water™
US EPA Oregon | Washington US EPA Oregon Washingtos US EPA Oregon Washington
1986 I 1990 | 19w | 1ome 1992f 1986 I 199 | 19;9 | 1ot 1992 19868 l 19911 I 1992' | 1992 1992
CYANIDE AND METALS (Units in ap/L) :
Cyande 52 s2 52 52 52 10 - 10 10 o 200 700 700 200 °
Aluminum 87 P Q - - - . q - - - - 9 . -
Antimony 1600 ip/30° - 1600 - - Ip/S00° - - - - 14 14 146 °
LOEL" LOEL'
Arsenic 190 36 3ern*Y 00022 | oo1s | oou8 | ooox2 °
-pentavaient 48 - - 48 - 13 - - 13 B - - - -
LOEL" LOEL' LOEL' LOEL®
-tnvalent 180 190 - 190 - 36 36 - 36 - - - - - -
Banum - - 9 - - - - a - - 1000 - 4 1000 -
Berylhum 53 53 - 53 - - - - - - 00068 | 00076 v 0 0068 °
LOEL" | LOEL' LOELF
Cadmum oV o7V o7v o oe% 93 93 93 93 so* 10 10 v 10 °
Chromuum
-mvalent 17 ny uy uv ur - - - - - 170000 | 33000 v 179000 o
-hexavalent 11 11 i 1 1 50 50 50 50 50 50 170 v 50 o
Copper 6 5* 65 65 6 5% 562 29 - 29 29 o - 1300 b - -
iron 1000 1000 q 1000 - - - q - - 300 - 9 300 -
Lead 13bb 13% | gabb | 4bb o 9bb 56 8s 85 56 5 8% 50 - v 50 0
Mercury 0012 0012 00i2 0012 0012 0025 0025 0025 0025 0025 0144 014 014 0144 o
Nickel 88%° 8¢ 88%¢ 88 §3%¢ 83 83 83 83 79% 134 510 610 134 °
Sclenmm 50 50 50 35 5o 7 7 7 54 1o 10 104 v 10 °
Silver 012 012 - 012 - - Ipi0 92° - - - 50 91 2 50 -
Thallum 40 40 - 40 - - - - - - 13 17 17 13 @
LOEL" | LOEL' LOEL®
zme | st 5794 s74d 5704 spdd 86 8 86 86 76 6* . - SN
J A/
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TABLE 24 SUMMARY OF WATER QUALITY CRI1ERIA FOR THE PROTECTION OF AQUATIC LIFE AND HUMANS
METALS?
(Page 2 of 4}

2 Chtena are presented only for those substances measured in this survey

b The chronic water quality cntena (4-day average auon) for the p of aquanc org and ther uses recommended by EPA in Quality Critenia for Water--1986 and relevant updates through
1988 (U S EPA 1986a)

€ The chronic water quality critcnia (4-day average concentranon) for the protection of aquatic organisms and their uses provided 1 a summary table distnbuted by EPA dawed May 1, 1991 The table refercnces
Quality Crirenia for Water— 1992 which has not yet been made available o the public

9 he chronic water quality cntena {¢ntena continuous concentration/4-day average ¢ ) for the p of aquatic organisms and their uses established for several states by EPA to bring those stawes
into comphance with the Clean Water Act section 303(cX2)B) (40 CFR Pant 131, Federal Register Vol 57 No 246} Ths final rule 1s also known as "EPA's final toxics rule”

€ The chronic water quality cnitera for the protection of aquatic orgamusms and thewr uses established by the state of Oregon (OAR 1992, Chapter 340, Division 41)

[ The chronic water quality cntenia for the protecton of aquatic orgamsms and thewr uses esiablished by the state of Washington (WAC 1992, Chapter 173-201A)

£ The water quahity critena for the protecuon of human health from the cc p of d water, fish and shellfish recommended by EPA in Quality Criteria for Water— 1986 and relevant updates
through 1988 (U S EPA 1986a)

B The water quality critena for the protection of human health from e ¢ of sied water, fish and shelifish provided mn a summary table distributed by EPA dated May 1, 1991 The table

references Quality Cruenia for Water—1992 which has not yet been made available to the public

! The water quality critenia con J4-day average ) for the p of human health from the ption of d water, fish and shellfish established for several
states by EPA 10 bnng those stales mto compliance with the Clean Water Act section 303(0)(2)(B) (40 CFR Part 131, Federal Register Vol 57 No  246)

J The water quality cnitena for the protecuon of human bealth from the p of d water, fish and sheltfish estabhished by Oregon (OAR 1992, Chapter 340, Division 41)  Oregon has adopted
the recommended EPA cnitena for toxic and carcinogenic pollutants  The human health criena for Oregon have been set at the 106 nsk level That means that the cnitena concentrations would theoretically
result i one addional cancer death per one mulkion people duc to the of d water, fish and shellfish

K The water quality citena for the protection of human health from the of d water, fish and shellfish have been promulgated by EPA for the state of Washington to bring Was) o

compliance with the Clean Water Act sechon 303(cH2XB) (40 CFR Pan 131, Fedenl Register Vol 57 No 246) EPA has approved Washington's use of the 105 nisk level for protection of human health from
carcwogenic poiluiants  That means that the critena concentrations (arsensc and beryllium in the table above) would theoreucally result in one additonal cancer death per one million people due to consumption
of contammaied water, fish and shellfich

VEPA has deﬁned fresh water as those waters in which the salinity 15 equal to or less than | part per thousand 95 percent or more of the ime (Federal Register Vol 57 No 246) Oregon and Washington have
not p d a ch | defi of fresh water  Orcgon does allow for the apphication of freshwater and saltwater critenia in the North Coast-Lower Columbia Basin (OAR 1992)  The promulgation of
water qualuy standards by EPA for the swate of Washing Judes the defi of fresh water given above (Federal Regisicr Vol 57 No 246) Washington has designated all of the waters of the Columbia
Ruver as fresh water

T EPA has defined salt water as those waters 10 which the saliuty is equal to or greater than 10 part per thousand 95 percent or more of the time (Federal Register Vol 57 No 246) For salinity berween | and
10 parts per thousand 95 percent or more of the ume, the more gent of the fresh and sal cnitena apply (Federat Register Vol 57 No 246) Oregon and Washingwon have not promulgated a
chermical definition of salt water The promulgation of water quahity standards by EPA for Washing ludes the d given above (Federal Register Vot 57 No 246)
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TABLE 2-4 SUMMARY OF WATER QUALITY CRITERIA FOR THE PROTECTION OF AQUATIC LIFE AND HUMANS

METALS"
(Page 3 of 4)
" The water quality entena for lhe proteciion of haman health from the of d water, fish and shellfish are based on concentrations of a toxic or carcinogensc substance that woutd be
expecied to result in the of those sub 28 1 AQUALK Organisms used for human consumption o levels that would be toxic to or would increase the nsk of cancer in those persons consuming the
contanunated orgamsms The assumed hways for develop of the cruena are the consumption of 2 hiters of water per day at the critena concentration and the consumption of 6 § grams per day

of fish and/or shellfish contaminated at a I;vel eq\n] to the cnizna concentration nwltplied by a bioconcentrauon factor (BCF) to estimate the contaminant level in edible portions of the contaminated organtsm
The cntena are also based on the assumpuon that the exposed indivadual 15 an ge adult weighing 70 kilog (1 ¢, a consumption rate of 0 093 grams per day of contarmnated tissue per kilograms of

human body weight) For non-carcinogenic substances (only arseruc and beryttum listed in the table above are conslderad ) the eral refa dosc (RfD) 1s based on pollutant concentrations that
cause threshold effects, that 1s the amount of comnnnmted water and fish/shellfish that could be d dunng a hif without app ble nsk of del effects Carcinogenic substances (arsenic and
beryllium in the table above) are not d w have a threshold for adverse health effects Therefore, the cntena are based on the ation of the b that would cause an increased

nsk of cancer The cnitena i the table above are based 00 an increase of one cantes per year in & populauon of one milion people  Thus 1s also referred (o as the !0'6 nsk level This nisk level has been
adopted by both Oregon and Washington and 1s approved by EPA for apphicauon of cntena for carcinogensc pollutants in these states .
© Cruena for ths substance were promulgated for the state of Washington by EPA  Therefore, the 1992 EPA cniena for this sub may be
131, Federal Register Vol 57 No 246)

pplied for legal p th the state of Washington (40 CFR Pan

P The rable mdicates that the crutena for al sre pH depend but no further infonuation 15 available The document upon which the wble 1s based, Qualiry Crieria for Water—1992 has wot been made
publicly available as of November 1993

9 Thus substance 1s not listed as a one of the 126 prionty pollutants regulated by EPA, and therefore was not included mn the promulgation of state standards by EPA (40 CFR Pan 131, Federal Register Vol 57
No 246)

¥ Data are insufficient for the establishment of cntena  Thus 15 the lowest concentration that has been observed to have an effect on aquatic organisms (the lowest observed effect level or LOEL)
§ The cruencn has been presented as a proposed value only

! The Washington critena for the protection of aquatic hife and their uses has been approved by EPA (40 CFR Part 131, Federal Register Vol 58, No 127)

% Wash dopted the EPA sal for arsenic, but jethal effects o d to Washington's manne and estuanine waters have been noted below the 36 ug/L level Therefore, a

chronc mannc cntenon of 21 pg/L has been blished by Washanglon to be inct wh practical

¥ The human health crtenon for this substance was withdrawn by EPA m their final rule 10 promulgate water quality crieria for states (40 CFR Pant 131, Federal Reguster Vol 58, No 127) because it dxd not

meet EPA requirements for establishment of human health cntena  H: +» EPA has ded that the states should address this contanunant using the Stale’s exising narative cnteria for toxics

¥ The crtenon for cad 15 bard depend The formula for calculating the criterion 13 e 78520 Inthardness)l - 3 480) Ty result 1s mulniplied by 0 865 for appl of the Washington dissotved

metals catciion A water hardness of 50 mgIL typcal of the lower Columbia River {(the mean of hardness concentrations from this survey), was used to calculate the cntenion in the table

* The state of Wash i hronic critenon 15 based on the dissolved concentration of the metal

¥ The cotenon for tnvalent ch 1s hard d d The formula for calculating the cruenon 1s (0 8150lInhardness)] + 1561) 4 wacer hardness of 50 mg/L, typical of the lower Columbia River (the

mean of hardness concentrations from this survey), was used to calculate the cntenion n the table

2 The cruenion for copper 1s hardness dependent  The formula for calculanng the cnienon is (@ 8545(inthardness)) - 1465 e resuty 15 muluplied by 0 862 for apph of the Washington dissolved metals
A waler hard: of 50 mg/L, typical of the lower Columbia River (the mean of hardness concenmations from this survey), was used 10 calculate the critenon m the table
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TABLE 7-4 SUMMARY OF WATER QUALITY CRITERIA FOR THE PROTECTION OF AQUATIC LIFE AND HUMANS

METALS?
(Page 4 of 4)
82 e human health cntenon for tis substance was withdrawn by the U § EPA 1n therr final rule 1o promulgate water quality cniena for states (40 CFR Pant 131, Federal Register Vol 58, No 127) The
onginally recommended cntenon did not meet the req for esiablish of human health cntena used by EPA
bb e catenon for lead 15 hard depend The formula for calculating the cnterion 15 e} 273(nthardness)) - 4 705)  ye result 1s multiplicd by 0 687 for application of the Washington dissolved metals

crterion A water hardness of 50 mglL typical of the lower Columbia Ihver (the mean of hardness concentrations from this survey), was used to caliulate the cniterion in the table

€€ The cnitenon for mickel 1s hard, d d The fi la for calcul the 15 ¢(0 8460(Inthardness)] + 1 1643) e regult 1 muluplied by 0 950 for application of the Washington dissolved

metals criterion A water hardness of 50 mg/L, typical of the lower Columbia River (the mean of hardness concentrations from this survey), was used to calculate the ¢riterion m the able

44 3¢ cntenon for znc 15 hard depend The formula for calculating the crenion 1s ¢© 847Mn(hardness)l + 0 7614)  he esult 1s muluplied by 0 891 for apphcation of the Washington dissolved metals
crienon A water hardness of 50 mglL typical of the lower Columbia mvcr (the mean of hardness concentratzons from this survey), was used to caleulate the cnitenion in the table




mended n 1986 Oregon’s present standards do not reflect these changes (see Table 2-4) For example,
the human health criterion for the consumption of fish/sheilfish and water recommended by U § EPA
(and promulgated for Washington) 1s much higher for cyanude, arsenic, and nickel and lower for thalliam
than the respective Oregon standard U S EPA has also withdrawn previously recommended human
health criteria for berylllum, cadmium, trivalent chromium, hexavalent chromium, copper, lead, nickel,
and silver (see Table 2-4) The currently recommended U S EPA chronc aquatic life cnitenia for lead

and selemum also differ from the Oregon standards (see Table 2-4)

Freshwater criteria for cadmium, trivalent chromwum, copper, lead, mcket, and zinc depend on the
hardness of the water tested To assess possible exceedances of these hardness-based critena in the non-
estuarine portion of the river, a median hardness of 50 mg/L (based on the samples analyzed for the
backwater survey) was used (see Table 2-4)

Historically, U.S. EPA has recommended measuring total recoverable or acid-soluble concentrations of
metals for assessing ambient waters (U S. EPA 1986a). The use of the total recoverable method 1s still
recommended for evaluating effluent quality (U.S. EPA 1992b). However, U.S EPA has recently re-
evaluated the use of these methods for assessing ambient waters (U S EPA 1992b). In general,
U S 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 overestumation of metal toxicity

U S EPA has further stated that whule adjustment of the criteria to dissoived 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
1992b) Three approaches have been recommended by US EPA for applying the metals criteria
(U S. EPA 1992b).

o Continue to use the total recoverabie method for water quality standard assessment

o Measure dissolved metal concentrations and compare these concentrations to criteria

appropnate for dissolved metals

8] Use a case-by-case assessment of the "water-effect ratio” in the recerving water to deter-

mune a site-specific value for the criteria.
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While only the total recoverable method was used in the 1991 reconnaissance survey, in the 1993 back-
water survey, dissolved metals analyses of filtered water samples were conducted for comparnison with
chromc dissolved metals critera recently adopted by the state of Washington for cadmum, copper, lead,
mickel, and zinc (WAC-201A, 1992} (see Table 2-4)

2.1.3 Reference Levels for Indicator Bacteria

Cntena and standards for indicator bacteria have been developed for fecal coliform bacteria, entero-
coccus, and Escherichia coli The standards for indicator bacteria differ from the other standards
presented 1n that they are designed to protect hurnan health while the majority of the standards presented
above were established to protect the heaith of aquatic orgamsms (with the possible exceptions of the
guideline for chlorophyll 2 and human heaith criteria for metals) These bacteria groups and species are
surrogate measures of the presence of bactenia and viruses causing disease 1n humnans, and indicate the
potential contamunation of recreational bathing waters or shellfish harvesting areas by human pathogens

denived from human or animal waste.

Both Oregon and Washington have established fecal coliform criteria for marine, fresh, and shellfish-
growing waters (WAC 1992; OAR 1992) (Table 2-5) The Oregon standards specify sampling frequency*
a mumumum 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 colomes per
100 mL, and no more than 10 percent of the samples collected should have more than 400 fecal coliform
colomes per 100 mL. For marine and shellfish-growing waters, a maximum med:ian concentration of
14 colonies per 100 mL is specified, and no more than 10 percent of the samples shouid exceed
43 colomes per 100 mL. For estuanine waters other than shellfish-growing waters, the Oregon standard
1s the same as that for freshwater. The Washington standards do not specify sampling frequency. For
fresh water, the maximum geometric mean is 100 colonies per 100 mL, and no more than 10 percent of
the samples collected should exceed 200 colonies per 100 mL For marine waters, the Washington stan-
dard 1s simlar to that of Oregon for manne and shellfish-growing waters a maximum geometric mean
of 14 colones per 100 mL, with no more than 10% of the samples exceeding 43 colomes per 100 mL.

In general, Oregon and Washington have adopted U.S. EPA-recommended water quality criteria except
for that addressing indicator bacteria. U S EPA has recommended that states no longer employ indicator
bactena standards based on measurement of fecal coliforms, using instead U.S. EPA cniteria for either

2-19



0Tt

TABLE 2-5 SUMMARY OF WATER QUALITY CRITERIA FOR THE PROTECTION OF HUMAN HEALTH.
INDICATOR BACTERIA?
(Page 1 of 2)

Freshwater® Martne/Saliwatert
USs Epab Oregon® Washingtond US EPAD Oregon® Washmgtond
INDICATOR BACTERIAS e-memenmnesesmneenno--- OIS 10 nUmbers of bacteria per 160 mL -
Fecal coliform b 20074001 160/200} 15/43k 14/43 14/43M
(200/400)!
Escherichia coli 126" - - - - -
Enterococcus 330 - - 35P - -

2 Freshwater and saltwater cnteria that have been recommended or established for the protection of human health, for organssms that were measured i
this survey. The Washington criteria are those established for waters designated Class A (excellent) by the state, including the lower Columbia

b The water quality cnitena recommended by EPA for bathing water quality and shellfish quality for the protection of human health (U § EPA 1986a)
€ The water quality critena established by Orcgon for bathing waler quality and shellfish quality for the protection of human health (OAR 1992)
9 The water quality criteria established by Washington for bathing water quality and shellfish quality for the protection of human health (WAC 1992)

€ EPA has defined fresh water as those waters 1a which the salinity 1s equal 1o or less than 1 part per thousand 95 percent or more of the time (Federal
Register Vol. 57 No 246). Oregon and Washington have not promulgated a chemical defimtion of fresh water Oregon has allowed for the application
of freshwater and saltwaier critena in the North Coast-Lower Columbia River Basin (OAR 1992). Washington has designated all of the waters of the
Columbia River as fresh water (WAC 1992)

f EPA has defined saltwater as those waters in which the salinity 1s equal to or greater than 10 part per thousand 95 percent or more of the tume
{Federal Register Vol. 57 No 246). For salunty between | and 10 parts per thousand 95 percent or more of the ttme, the more stringent of the
freshwater and saltwater criteria apply (Federal Register Vol 57 No 246). Oregon and Washington have not promuigated a chemical definition of
saltwater, except to Washington’s designation that marne dissolved oxygen cniteria apply to waters when the salinity 1s | part per thousand or greater
and that fecal coliform standards apply to waters when the salimty 1s 10 parts per thousand or greater.

£ The indicator bactena standard 1s established for the protection of human health from water contact recreation and the ingestion of shellfish.

b The U.S EPA does not recommend the use of a fecal coliform standard for water contact recreation, although the calculation of the EPA-
recommended Escherrchia colt and enterococcus standards are based on the previously-recommended fecal coliform standard of 200 fecal coliforms per
100 mL..

! The Oregon standard is a logarithmuc mean concentration of 200 fecal coliforms per 100 mL based on a mnimum of 5 samples collected over a 30-
day pertod with no more than 10 percent of the samples n the 30-day peniod exceeding 400 fecal cohforms per 100 mL
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. TABLE 2-5 SUMMARY OF WATER QUALITY C!ERIA FOR THE PROTECTION OF HUMAN HEALTH
INDICATOR BACTERIA?
(Page 2 of 2)

J The Washington Class A standard 1s a geometric mean concentration of 100 colonies per 100 mL with no more than 10 percent of all samples
obtained for calculating the geometric mean exceeding 200 colonses per 100 mL.

k EPA has recommended an indicator bactena critena for shellfish harvesung waters of a median concentration of 15 fecal coliforms per 100 mL and a
90th-percentile standard of 43 fecal coliforms per 100 mL.

T The Oregon fecal coliform standard for marnne and estuarine shellfish growing waters 1s a median concentration of 14 orgamisms per 100 mL, with no
more than 10 percent of the samples exceeding 43 orgamisms per 100 mL  The Oregon fecal coliform standard for estuarine waters other than shellfish
growing waters (shown in parentheses 1n the table above) is a loganthmic mean of 200 fecal coliforms per 100 mL based on a mintmum of 5 samples
m a 30-day period, with no more than 10 percent of the samples m the 30-day penod exceeding 400 fecal coliforms per 100 mL

M The Washington fecal coliform standard for marine waters 1s a geometric mean of 14 colonies per 100 mL, and no more than 10 percent of all
samples obtained exceeding 43 colonies per 100 mL

0 The EPA-recommended standard for freshwater bathing 1s 126 E col: per 100 mL, based on a statistically sufficient number of samples (generally
not less than 5 samples equally spaced over a 30-day period). No single sample should exceed a one-sided confidence lumtt calculated for any of 4
different bathing frequency levels (U.S EPA 1986a)

© The EPA-recommended standard for freshwater bathing 1s 33 enterococcus per 100 mL., based on a statistically sufficient number of samples
(generally not less than 5 samples equally spaced over a 30-day period) No single sample should exceed a one-sided confidence limut calculated for
any of 4 different bathing frequency levels (U S EPA 1986a)

P The EPA-recommended standard for marine bathing 1s 35 enterococcus per 100 mL, based on a statistically sufficient number of samples (generally
not less than 5 samples equally spaced over a 30-day penod) No single sample should exceed a one-sided confidence limit calculated for any of 4
different bathing frequency levels (U S. EPA 1986a)




E coli or enterococcus for freshwater bathing areas, and enterococcus for marine bathing areas
(U S. EPA 1986a) However, there are currently no state-promuigated standards for enterococcus or
E coli bactenal densities for Oregon and Washington The U.S EPA (1986a) standard for £ coli for
freshwater bathing areas 1s 126 colomes per 100 mL (Table 2-5) The U S EPA standards for entero-
coccus bacterta in fresh and marine bathing waters are 33 and 35 colomes per 100 mL, respectively
(Table 2-5) However, U S EPA continues to recommend the fecal coliform criteria adopted by Oregon
and Washington (see above) for the protection of shellfish-harvesting waters (Table 2-5).

2.2 SELECTION OF SEDIMENT QUALITY REFERENCE LEVELS

There are fewer reference levels available for evaluating sediment quality than for evaluating water
quality. A few resource agencies are developng, or have adopted, freshwater sediment critena (e.g.,
New York State Department of Environmental Conservation (NYDEC), Ontario Mimstry of the Environ-
ment) Oregon and Washington do not presently have draft or final freshwater sediment critena, although
the Washington Department of Ecology (WDOE) 1s 1n the process of developing freshwater sedument cri-
teria for the protection of benthic organisms and human health. The National Oceanic and Atmospheric
Admunstration (NOAA) has also developed screemng concentrations to evaluate the potential adverse
brological effects of sediment contarmnant levels measured as part of their National Status and Trends
(NS&T) Program (Long and Morgan 1990) Although the Long and Morgan screeming concentrations
were developed using contaminant and biological effects data primarily from marine and estuarine waters,
data from freshwater environments were aiso included in their analysis. Therefore, these screeming levels
are considered suitable for use n this report to 1dentify potential problem areas and problem chemucals,
and to refine the focus of future studies of the river. In general, sediment quality criteria or guidelines
have been developed by using four basic approaches:

a Estimation of background concentrations by analyzing sediments located 1n remote areas
free of chemical contamination or by analyzing deeper sediments representative of pre-
industnial influence

o Spiked-sediment bioassays to associate sediment chemucal levels with adverse biological

effects on benthic organisms
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s Equihibrium partitioning analysis to predict bulk sediument criteria based on predictions

of concentrations in sediment pore water equivalent to established water quality criteria

a Effects-based estimation methods using statistical methods to associate sediment contami-
nant levels with biological effects These methods include Screeming Level Concen-
trations (SLC), Apparent Effects Threshold (AET), and Bioeffects/Contamunant Co-
Occurrence (COA) approaches

There are advantages and limitations associated with each of these approaches. Although each 1s designed
to address sediment toxicity to aquatic biota, the chemical (e.g , proportion of sediment organic carbon)
and physical (e g , proportion of fine sediment) character of the sediment can strongly influence the
potential effect of toxic substances on benthic orgamisms (e g , Luoma 1989, Landrum and Robbins 1990,
D1 Toro et al. 1991, Farrington 1991) The equilibrium partitioming approach is the only method that
mncorporates add:tional chemical influences (sediment organic carbon) 1nto the derivanon of sediment stan-
dards All of the approaches address single chermucal constituents. However, sedunents normally contain
a muxture of contamnants with potential additive, synergistic, or antagonistic interactions which are not
accounted for in these approaches However, exceeding guidelines developed using these approaches

should indicate that adverse biological effects may occur

The screening levels adopted for this study rely on a combination of the approaches histed above Specific

guideiines were taken from four sources

. Long and Morgan's (1990) Effects Range-Low (ER-L) and Effects Range-Medium
(ER-M) concentrations

] Ontano Ministry of the Environment’s Lowest Effect Levels (from the Provincial Sedi-
ment Quality Guidelines, Persaud et al. 1993)

. NYDEC's draft sediment criteria (Neweil and Smnott 1993)

= The five draft U.S. EPA freshwater sediment criteria (U.S. EPA 1993b,c.d,e,f).
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Long and Morgan’s 1990 reference concentrations were based on observed adverse effects to benthic
orgamusms. They were developed as part of NOAA'’s National Status and Trends Program when the need
arose to evaluate manne sediment data Long and Morgan’s screenung levels were developed using a
large database of marine, estuarine, and freshwater sediment chemistry and biological-effects data which
resulted 1n calculations of Effects Range-Low (ER-L) concentrations (sediment concentrations at which
effects are first observed), Effects Range-Medium (ER-M) concentrattons (sedument concentrations above
which biological effects were frequently or always observed), and an AET (an independently derived
sediment concentration above which biological effects usually or always occur) Based on the available
data for each chemucal, the lowest 10th-percentile and 50th-percentile sediment concentrations associated
with adverse biological effects were selected to represent the ER-L and ER-M concentrations respectively

The data base used to develop these screemng levels included biological effects associated with order-of-

magnitude ranges 1n measured contaminant levels.

The Ontanio Mimstry of the Environment compiled a set of numencal guidelines for the protection of
freshwater biological resources (Persaud et al 1993) using an effects-based SLC approach, which deter-
muned the lowest sediment metal concentration above which effects nught be observed (Lowest Effect
Level) and the sediment metal concentrations above which biological effects are almost always expected
to be observed (Severe Effect Level) using the SLC method to associate the absence of benthic organisms
with measured levels of metals in sediments The Ontario guidelines are used to assess dredged materzal
for disposal and possible benthic habitat restoration Sediment quality guidelines have been developed
three levels. No Effect, Lowest Effect, and Severe Effect. The guideline values (with a few exceptions)
were developed by compiling contarmnant- and species-specific data gathered at 2 mimmum of 10 separate
locations. The 90th-percentile chemical concentration provides a species screemng level concentration
(SSLC) for a single chemical and species. Screemng Level Concentrations (SLCs) are then calculated.
The lowest Sth-percentile of the SSLC chemical concentrations associated with a mimmum of 20 species
represents the Lowest Effect Level, and the 95th-percentile represents the Severe Effect Level. Inter-
active effects of organic carbon and non-polar orgamic compounds in the sediment were considered by
normalizing the sediment chemical concentrations to the sediment organic carbon content prior to calcu-
lation of SSLCs and SLCs for these compounds.

NYDEC has deveioped criteria to identify areas of sediment contamunation and to evaluate the potential
risk 1t poses to benthic orgausms, wildlife, and human health. NYDEC used equilibrium partitioning
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to develop sediment criteria for non-polar organic compounds based on available water quality standards
and criteria (New York State standards, or U S EPA criteria when New York standards were not avail-
able) for the protection of aquatic life and human health for these substances New York has also adopted
fish tissue quality criteria for the protection of piscivorous wildlife for several pesticides, PCBs, dioxins,
and a few other organic compounds (see Section 2 3) This allowed for the calculation of sediment
criteria for these substances for the protection of fish-eating wildlife The lowest of the ER-L (Long and
Morgan 1990) and Lowest Effect Levels for metals (Persaud et al 1993) were selected by NYDEC as

sediment metals screening levels

Draft criteria have been developed U S. EPA for the protection of freshwater benthic orgarusms from the
pesticides dieldrin and endrin, and the polynuclear aromatic hydrocarbons (PAHs) acenaphthene, fluor-
anthene, and phenanthrene (U S EPA 1993b,¢,d,e,f} These critena have been developed using equili-

brium partitioning.

2.2.1 Sediment Quality Reference Levels for Metals and Cyanide

Sediment quality reference levels are available for 11 of the 16 metals measured n sediments collected
for the backwater survey (Table 2-6) from Long and Morgan (1990) and Persaud et al. (1993). Although
these two approaches used differing approaches for deriving sediment metal screening levels and
guidelines, the Ontario Lowest Effect Levels and the Long and Morgan’s ER-Ls are comparable, as are
Ontar1o’s Severe Effect Levels and Long and Morgan’s ER-Ms and AETSs (see Table 2-6) Ontario’s
Lowest Efféct Levels are slightly lower, with the exceprion of mercury, than Long and Morgan’s ER-Ls,
and Ontano’s Severe Effects Levels are lower, with the exception of lead and mercury, than Long and
Morgan’s ER-Ms for metals that were evaluated by both programs (Table 2-6), Thus may be due to
inherent differences in the two approaches, or because additional chemucal or physical vanables were not
considered 1n evaluating the data from these two programs New York State has adopted the lowest
metals effect-level concentrations provided by these two sources for use as sediment quality criteria for
the protection of benthic organism (Newell and Sinnott 1993).

The toxicity and/or bicavailability of sediment metals may be affected by chemucal processes (e g., pH,
oxidation-reduction, sulfur reduction) or by the physical character of the sediment environment (e.g.,
sediment gran size). Several studies have demonstrated that acid-volatile sulfide (AVS) may be a
sigmficant factor in the control of bioavailability of sediment metais (e.g., D1 Toro et ai 1990; Ankley
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TABLE 2-6 SUMMARY OF AVAILABLE SEDIMENT REFERENCE LEVELS FOR METALS AND CYANIDE FOR THE
EVALUATION OF POTENTIAL ADVERSE EFFECTS TO BENTHIC ORGANISMS

New York Statc (1993) | Ontario Ministry of the Environment (1993) I Long & Morgan (1990)
Units n mg/kg dry sediment
Moderate to Apparent
Lowcst Effect Severe Effcct No Effect Lowest Effect Severe Effect Effects Effects Effects
Level Level Level Level Level Range-Low Range-Mediim Threshold

Anfimony 20 250 - - - 2 25 25

Arsenic 60 330 - 6 33 13 85 S0
Cadmium 06 90 - 06 10 5 9 5
Chromum 260 1100 - 26 110 80 145 -
Cabalt - - - 50 - - - -

Copper 160 1100 - 16 o 70 390 300
Iron 20,000 40,000 20,000 40,000 - - -

Lcad 310 1100 - 31 250 35 110 300
Mangancsc 460 0 11000 - 460 1,100 - - -
Mercury 015 13 —~ 02 2 015 13 1
Nickel 160 500 - 16 75 30 50 -

Silver 10 22 - 05 - | 22 17

Zimnc 1200 270 - 120 820 120 270 260
Cyanide - - - 01 - - - -

Sources New York State drafl scdiment cntena for the p of benthic org| (Newell and Sinnott 1993)
Ontano Ministry of the Envirconment's Sed Quahity Guidehnes for p of b organisms (Persuad et al 1993)

Long and Morgan's (1990) evaluation of benthic organism effects data for NOAA's National Status and Trends Program
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et al 1991, Carlson et al 1991) However, no sediment metals criteria or guidelmes have been devel-

oped using AVS

No critena or guidance levels were available for the evaluation of the potential larger environmental
significance of aluminum, barum, beryllium, seleruum, and thallium 1n sediment. The reference levels
given 1n Table 2-6 are for the evaluation of potential effects on benthic orgamsms only There are cur-
rently no reference levels available to evaluate potential adverse effects on aquatic orgamusms that hive
above sediments contarminated with these metals, or on wildlife that live and feed 1n the vicimity of such

contaminated sediments.

2.2.2 Sediment Quality Reference Levels for Organic Compounds

Sediment quality reference levels for evaluating the potential adverse effects on benthic orgamsms and
wildlife are available for several of the semi-volatile organic compounds, including 15 of the 17 poly-
nuclear aromatic hydrocarbons (PAHs), 19 of the 26 pesticides, 4 of the 6 PCB Arochlor mixtures, total
PCBs, and dioxin (Table 2-7) These reference levels were derived by all four of the sources cited
above, usmg effects-based and equilibrium partitioning approaches to develop criteria, guidelines, and
screening levels primarily for non-polar (neutral or nonioruc) organic compounds. The development of
standards and guidelines have focused on these types of compounds because their hydrophobic nature
1) results in their tendency to accumuiate on suspended and deposited sediments, and 2) ailows for the
determination of the partitiomung of these orgamc chemucals between sediment organic matter and nter-

stitial water using equiltbrium partitionng.

Equilibrium partitioning was used by NYDEC and U.S. EPA to develop cnitena for the protection of
benthic orgamisms, and NYDEC extended this approach to calculate sediment critenia for the protection
of fish-eating wildlife and human health. U.S EPA has developed draft critena for two pesticides
(dieldrin and endrin) and three PAHs (acenaphthene, fluoranthene, and phenanthrene) for the protection
of benthic orgamisms from adverse effects due to these chemucals (U.S. EPA 1993b,c,d,e,f) (Table 2-7).
The U.S EPA criteria were based on the partitiorung of these non-polar orgamc chemicals between the
mterstitial water and sediment organic matter and the freshwater chromc criteria for the protection of
aquatic orgamsms (D1 Toro et al. 1991).
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TABLE 2.7 SUMMARY OF AVAILABIE SEDIMENT REFERENCE LEVELS FOR ORGANIC COMPOUNDS FOR THE EVALUATION
OF POTENTIAL ADVERSE EFFECTS TO BENTHIC ORGANISMS, WILDLIFE, AND HUMANS
{Page | of 2}
New York State (1993) Ontano Mintsiry of the Envicoament (1993) Lang & Morgan (1990 EPA (1591)
p/a OC pekg dry wi ] pi/g OC } pg/kg dry wi ﬂ pigfy OC
Benthuc effects and cruena
Benthic Aquane Benthuc Aquatic Human Apparent draft
Life Acute Life Chrome Wildhife Health No Effect Lowest Effecy Severe Effect Effects Cffects Effevts scdiment
Toxicaty Toxiciy B Level Level Level Range Low Range Medium Theeshold sruena
SEMILVOLATILE ORGANIC COMPOUNDS
[Benaidine — - - 0003 - - - - - - -
[Bus(2-ethylhexyllphthal - 1998 - N - - v - - - .
Thehlorobenecnes 120 12 - - - - -~ - - - -

— ~ - - YT - . - = - N ~
Hexachlorobenzene 9,081 3,570 12 112 - - - - . - -
Hexachlorobutadiene ss 53 40 - - - - - . - .
Hexachlorocyclohexanes 126 006 15 - - - - - . - -
Hexachlosocyclopentadiene 44 4 - -- -- - - - - - -
Pemachiorophenot 100 40 - -~ - -- - - - -- -
Phenols. (total chlonnated) - 06 - - - - - - . - .
IPhenols(toral unchlonnsted) - 0s - -- - - -~ - -- - -
[Tachlorobenzenes 910 N - - - - - - - - -
Tnphenylphosphate 1556 1356 = = = = - ~ = -. -

[ A e Hy bons (PAHs)
Acenaphthene - 140 - -~ - - - 150 650 150 140
|Anthracens - - - - - 220 370 35 960 300
Benzo| alanthracene - - - 13 - 320 1480 230 { 600 550 -
[iBenzolkluorantben - - - 13 - 240 1,340 - - -
nzo[a]pyrene - - - 13 - 370 1440 400 2,500 700 .
nzofg b t]pcrylene - - - .- - 170 320 - - -
E;hfyunc - - - 13 - 340 460 400 2 300 900 -
Hinbenzofa hjanthraconc - - - - - 60 130 60 260 100 -
k"lun(mllun: - 1,020 - - - 750 1,020 600 3600 1.000 1 020
|Fiuoreac - - - -~ - 190 160 35 640 350 -
[indenoft 23-cdipyreac - - - 13 — 200 320 - - -
Iz Methylnaphthal - - - . - - - 65 670 300
Naghthalene - - - - - - - 340 2,100 500 -
Phenanthrene - 120 - - - 560 950 125 1,380 260 120
- - - - - 490 850 350 1200 1 000
== - - - - 4,000 10 000 4,000 35 000 22 000
- - - ['13 - - - - .
[Carbon teteachlonde - - - 196 - - - . . .. -
(Chiorobenzene U6 35 - - - - ~ - - ~
i 2-Drchlovocthane - - -- 30 - o - - . - .
{li 1-Dichlorocihylene - - - 010 - - . - = = -
{1 12 2-Tetrachloroethane - - - 40 - - . . . - =
|[vetrachlaroethylens - - - 08 - - . - - - T
11 2- Tochlosoethane - -- - 62 = - - ~ = = n
H‘l’nchlnm:lhf’\ - - - 20 \ - - - - o - f N
"Vlnyl th|unL f . -- - 20 \ / - - - . - - \ >_—__
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TABLE 2-7 SUMMARY OF AVAILABLE SEDIMENT REFERENCE LEVELS FOR ORGANIC COMPOUNDS OR THE EVALUATION
OF POTENTIAI ADVERSE EFI ECIS 10 BENTHIC ORGANISMS, WILDLIFE, AND HUMANS

{Page20f2)
Necw York State (1993} Outario Minisiry of the Environmemt (1993) Long & Morgan (1590) EPA (1991)
ug/g OC ugkpdywd | ppgoOC pgkg dry wi ug/g OC
Benthic ofganism effects concentrations and cntena
Benthic Aquatic Benthic Aquatic Human Apparent drafl
Life Acute Lafe Chromic Wildhfe Health No Effect Lowest Effect Severc Effect Effects Effects Effects sediment
Toxicity Toxicaty B i} B [ Level Level Level Range-Low | Range Medium Threshold <ntena
PESTICIDES
Aldnn - - on 01 - 2 8 - - - -
Gamma BHC (Lindane) - - - — 02 k] 10 - - - -
Alpha-BHC - - - - - 6 10 - - - _
Annphosmethyl - 0001 - - - - - - - - -
Carbofuran 182 02 - - - - - - - . -
lordane - - 0006 000) 5 7 [) 05 6 2 -
[Chloropynfos 107 53 - - - - - - - - -
DD 1100 10 0 059 - L3 6 2 20 - -
[IpbE 1100 10 10 059 ~ 5 19 2 15 ~ ~
lbor 1100 10 10 059 - ] 7 | 7 6 N
{{DDT grotal) 1100 10 10 059 7 12 3 350 - -
ItDunnan - 0007 - - - - - - - - -
[IDictdnn - 90 0077 - 06 2 91 002 - 90
2 Eendosulan 07 003 - - ~ - - ~ ~ _ -
N
\th"" - 40 08 08 05 3 130 002 45 - 40
[Btepeachtor - -~ 003 - 03 - -~ - - = —
Illleplachlot cpoxide - — 003 - - ) 50 - - - -
[hsadccyldipheny! phasph 5526 Q1 - ~ - - - ~ - _ Z
[Malathioa - 00 - - - - — ~ —~ - -
ﬂMclho:ydllor - 06 - - - - - - . _ _
“eru - 07 17 - - 7 130 - - - —
arathion - 0003 - - - - - - - - -
‘axaphenc 32 001 -~ - -~ - - - = - ~
POLYCHLORINATED BIPHENYL COMPOUNDS (PCBs)
[Araclor-1016 - - - - - 7 53 - — _ =
Arclos-1248 - - - - -~ 30 150 - - - _
JAroclor-1254 - - - - - 60 34 - - - -
lAroclor- 1260 - - - - - 5 150 - - - -
[PCBs (total) = — 14 00008 10 70 530 50 400 370 =
F DIOXIN
2375 TCDD | = 1 hod 1 00007 1 9 0] I = | - | = I = I = | = | b
OC = Ovgamic carbon
Sources New York State draft sediment quality cntena (Newell and Sinnout 1993)
Ontano Minsstry of the E 1's sed quahty guidelines (Persuad el al 1993)

Loag and Morgan's (1990} evaluation of benthic orgamsm effects data fur the Natuonal Status and Trends Program
The U'S Environmental Protection Agency’s draft seds cntenia for phth 1l h h h dicldnin, and endnn (U S EPA 19%1cdefg)




The State of New York has adopted the U S EPA sediment critenia for 3 PAHSs, and has calculated
sedument criteria for the protection of benthic organisms for 11 other semi-volatile organic compounds
and 16 pesticides using equilibrium partitioning and New York State water quality standards or
U.S. EPA-recommended criteria when state standards were not available (Newell and Sinnott 1993)
(Table 2-7) The NYDEC has also developed sediment critenia for the protection of fish-eating wildlife
using state fish-flesh criteria (Newell et al 1987), accumulation factors for the calculation of a water
quality criterion, and the sediment/water partitoning coefficient Sediment criteria for the protection of
fish-eating wildlife were calculated for 3 semu-volatile compounds, 10 pesticides, and dioxin (Table 2-7)
Sediment criteria for the protection of human health were also calculated using the equilibrium parti-
tiorung approach and state and federal water quality criteria to protect human health from the consumption
of contamunated fish and/or shellfish (Table 2-7)

The Ontario Ministry of the Environment (Persaud et al 1993) and Long and Morgan (1990) determined
sediment quality guidelines and screemung levels using effects-based approaches to determune levels of
PAHs, pesticides, and PCBs which adversely affect benthic organisms (Table 2-7) The Ontanio Mimstry
of the Environment determined the Lowest Effect Level and the Severe Effect Level using the SLC
method to associate the absence of benthic organisms with measured levels of orgame contaminants n
sediments. To determine effects levels for non-polar organic compounds, Ontaric normalized the sedi-
ment contaminant data to organic carbon content prior to data analysis to incorporate the effect of sed:-
ment organic carbon on toxicity. Long and Morgan (1990) developed screemng levels for organic
conMB using the same data base and methods described above (section 2.2) Although these two
agencies (NOAA and the Ontario Minustry of the Environment) used differing approaches, the Ontario
Lowest Effect Levels and the Long and Morgan (1990) ER-Ls are comparable for PAHs, although
Ontario’s Severe Effect Levels are generally lower than Long and Morgan's ER-Ms and AETs (see Table
2-7) However, Ontario’s Lowest Effect Levels for pesticides are generally higher than Long and
Morgan’s (1990) ER-Ls (see Table 2-7).
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2.3 SELECTION OF FISH TISSUE REFERENCE LEVELS

Reference levels (critera, standards, guidelines) for evaluating contarmunants 1n fish and shellfish tissue
for potential adverse effects on other carmuvorous or herbivorous aquatic organisms {especially fish-eating
wildlife) are less developed than reference levels for water and sediments Reference levels to evaluate
the potential adverse effects of contamunant burdens on the contaminated orgamsms themselves are even
less developed. However, tissue contaminant critena for organo-chlorine compounds for the protection
of fish-eating wildlife have been developed by Newell et al. (1987) as part of the Niagara River Biota
Contarmunant Project. Aquatic biota tissue reference levels are also available for selenum, one of the
metals measured 1n biota samples 1n this study Selenium gwidehines for the protection of carmvorous
fish and aquatic birds and for the protection of the health and reproductive success of freshwater and
anadromous fish have been suggested by Lemly (1993) These critenia and guidelines are considered
suitable for evaluating survey data to identify potential problem areas and problems relating to these few
contaminants.

2.3.1 Fish and Shellfish Tissue Quality Reference Levels for Metals
A dietary selenium toxicity threshold for fish and wildlife of 3 mg/kg dry weight has been proposed by
Lemly (1993) (Table 2-8). Thus is equivalent to the lowest food concentration shown to cause mortality

of a carmvorous fish or wildlife species (rainbow trout, Oncorhynchus mykiss).

A selenlum ussue concentration threshold for the health and reproductive success of freshwater and
anadromous fish was proposed by Lemly (1993) on the basis of toxicity studies conducted on a variety
of sensitive species, particularly O. mykass. These were effects-based toxicity tests, with mortality, blood
changes, reduced growth, and reproductive failure employed as endpoints. This effects-based whole-body
ussue concentration (4.0 mg/kg dry weight) was shightly higher than the dietary toxicity threshold noted
for the same fish species above.

The more conservative whole-body tissue concentration guideline for seleruum of 3.0 mg/kg dry weight
will be used for screening purposes n this study. This concentration needs to be converted from dry to
wet weigh basis, as all tissue contaminant data in this study are reported on a wet weight basis. Assum-
1ng thas the biota sampled in the reconnaissance survey contained approximately 75 percent moisture, the
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TABLE 2-8. SUMMARY OF AVAILABLE FISH TISSUE REFERENCE LEVE_L—S FOR THE
EVALUATION OF LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY DATA

| METALS (mg/kg dry wi)
Selenium® 3.0 (0.75)°

SEMI-VOLATILE ORGANICS (xg/kg wet wt)°

l Hexachlorobutadiene 1,300
Hexachlorobenzene 330 |

! Pentachlorophenol 2,000 |
| 1,2,4-Trichlorobenzene 1,360 x
\
| PESTICIDES (ug/kg wet wt)® |
| * Alpha-BHC 160 i
‘; + Beta-BHC 100 '
i . Delta-BHC 160 '

- Gamma-BHC (lindane) 100
’ - Aldrin 120
| Chlordane 500 |
] + Dieldrin 120
| Endrin 25
| « Heptachlor 200
| - Heptachlor epoxide 200
} DDD 200 ,
DDE 200 !
| DDT 200 |
i |
{ PCBs (ug/kg wet wt)* l'
' Total PCBs 110

DIOXINS AND FURANS (ng/kg wet wt)®

| 2,3,7,8-TCDD [Toxicity Equivalency
! Concentration (TEC)] 3.0

},4,__,___-..,____,, ——— e e e —

o

|
.‘
Selenium reference level proposed by Lemly (1993) is for the dietary toxicity |
| threshold for fish and wildife i
| |
]
|
|
|

1" Value in parentheses indicates the wet weight reference value assuming a
{ whole-body total moisture content of 75 percent.

° wildlife reference value from the New York State guidelines for the protection of

piscivorous wildlife (Newell et al. 1987). |
"__"“" - 23




wet weight selemum tissue concentration for the protection of carmivorous fish and wildlife would be
0 75 mg/kg (see Table 2-8)

2.3.2 Fish and Shellfish Tissue Quality Screening Levels for Organic Compounds

Critena for tissue contaminant levels are available for 4 semi-volatile orgamic compounds, 17 pesticides,
total PCBs, and dioxin (Table 2-8) The development of dietary intake criteria to protect fish-eating
wildlife from organo-chlerine compounds relied on toxicity data from laboratory amimal studies that were
used to derive human health critenia  The major advantage to using this approach 1s that much more
extensive data 1s available for laboratory amimals than for wildlife studied in the field. However, there
are some limutations associated with this approach For example, stress associated with low availability
of food or water, mugration, or reproductive periods may make these organisms vulnerable to lower
contarnant concentrations Therefore, the no observed effect level (NOEL) derived from thts approach
may be lower for wild amimals than for those held 1n a laboratory  Also, lipophilic contaminants accumu-
late 1n fatty tissues which may be metabolized duning stressful periods. Neither of these effects, nor
possibie additive or synergistic interactions of contaminants, were accounted for n the derivation of these
cntena However, these critena will serve to indicate some areas where contaminants in fish and crayfish

tissues are of particular concern.
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3.0 FIELD SAMPLING AND LABORATORY METHODS

The field sampling and laboratory analytical methods used 1n the 1993 backwater reconnaissance survey
are described 1n detail 1n the Sampling and QA/QC Plan (Tetra Tech 1993¢) and the Data Validation
Report (Tetra Tech 1993d) Ths 1s a brief summary of methods, including variations from the original
Sampling and QA/QC Plan

3.1 FIELD SAMPLING

Three media (water, sediment, and aquatic biota) were sampled and analyzed. Water and sediments were
sampled from a small craft in June and July of 1993, a period of relatively igh water levels in the lower
Columbia, to facilitate access to backwater areas. Fifteen backwater areas below Bonneville Dam were
targeted for sampling In the field 1t was deternuned that one of the target locations (Goering Slough)
was not connected to the nver by water. An alternate station (Station 9; Burke Siough) was selected as
a replacement (see Figure 1-1). Starions were located using USGS topograpluc maps, and exact sampling
stations were selected based on test sediment grabs to locate areas with the finest sediments  Station
positions were then recorded using a Trimble Transpak I Global Positioning Systemn (GPS) receiver.
The GPS location was not corrected for the U.S. Department of Defense’s Selective Availability (which
degrades GPS accuracy for non-mulitary uses); therefore, the GPS latitudes and longitudes provided are
accurate to approximately -+ 100 m.

After water and sediments were sampled, crayfish and fish were coilected for whole-body analysis of
tissue chemical content. The fish and crayfish were all collected withun approximately 1 km of the water
and sediment sampling location as deterrmned from the USGS topographic maps. Field sampiing methods

are described below
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3.1.1 Water Column Sampling

Water column sampling was conducted in conjunction with sediment sampling between 24 June and 1 July
1993 at fifteen backwater locations Limuted water column sampling (field-measured parameters only)
was also performed during the crayfish sampling cruise (15-25 July) Table 3-1 lists sampling dates,
times, and station position latitudes and longitudes Care was taken to avoid collecting water from areas
where the shallow bottomn had been disturbed by sediment sampling All water samples were collected
from a depth of 0.5 m 1nto appropriate sample containers using a vanable-speed pernstaltic pump equipped
with Teflon tubing and a short piece of flexible Tygon tubing that passed through the pump-head. Some
of the measurements of field parameters were taken slightly above or below 0.5 meters, depending on
the overail depth of the water at that station at that ime. Actual water depth and surface conditions were
not recorded. Sample containers were rinsed with site water prior to filling the container with sample
The parameters selected for water column sampling have been grouped as follows to facilitate the

discussion of methods and results:

o Field-measured parameters - Water chemical properties measured 1n the field using water
quality momtoring instruments: pH, dissolved oxygen (DQ), temperature, conductivity,
salmity, and turbidity

a Conventional parameters - Laboratory-measured parameters that are routinely momtored
m water quality studies: total suspended solids (TSS), hardness, and total and particulate
organic carbon {TOC and POC)

o Nutrients and phytoplankton biomass - The nutrient and phytoplaniton biomass param-
eters measured in this study include total and soluble reactive phosphorus (TP and SRP);
amumonium nitrogen; nitrate+ nitnte; total Kjeldahl nitrogen (TKN); and chiorophyll and
phaeophytin g, which were measured as surrogates to estimate phytoplankton biomass.

- Metals and cyanide - 16 metals in both whole water samples (total recoverable)
and filtered water samples (dissolved).

- Indicator bacteria - Fecal coliform bacteria, enterococcus, and Escherichia coli.
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TABLE 3-1 WATER COLUMN STATION LOCATIONS AND TIME OF SAMPLING FOR THE 1993
LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY
(Page 1 of 2)

River Mile? Lattude/Longitude

1

46° 09’ 56.3" N
123° 49" 39.3" W

Sampling Date/Time"

6/28/93 1000 hrs

Youngs Bay 46° 10’ 06 5" N 7/23/93 0700 hrs Ebb
123° 49" 373' W
21 46°10' 36 7" N 6/27/93 1420 hrs Ebb
I 2 123041’ 594" W 1640 hrs Flood
Cathlamet Bay 46°10' 336" N 7/23/93 0830 hrs Ebb
123941'43 7" W
23 46° 10’ 294" N 6/27/93 0930 hrs Ebb
3 123°39'53 5" W
Svensen Island 46°10°39 1" N 7/23/93 0830 hrs Ebb
| 123°40' 105" W
26 46° 12' 007 * N 6/26/93 0930 hrs Ebb
4 123935 11.3" W
Knappa Slou 46° 11’ S5 9" N 7/23/93 1145 hrs Ebb
P & 123°35° 04 4" N
29 46° 13 256" N 6/26/93 1500 hrs Ebb
5 123° 33' 070" N
Lewis & Clark 46° 13" 151" N 7/23/93 1200 hrs Ebb
NWR (Bug Hole) 123033’ 196" W
36 NA 6/25/93 1610 hrs Flood
6
Elochoman Slough 46°13° 283" N 7/15/93 1500 hrs Ebb
123924' 04 4" W
59 NA 6/25/93 0905 brs Ebb
7 1310 hrs Ebb
Fisher Island Slough 46° 10° 11.3" N 7/15/93 1300 hrs Flood
12304’ 143" W 1500 brs Flood
68 46° 03" 28 1° N 6/24/93 1330 hrs Ebb
8 1229 52' 05.8" W
Carrolls Channel 46°03° 337" N 7/15/93 1030 hrs Flood
1220 52’ 06.1" W
81 45° 56’ 14.2" N 6/29/93 1000 hrs Flood
9 122047 12.1 W
Burke Slough 4556’ 271" N 7/16/93 1040 hrs Ebb

122°47° 096" N
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Station

River Mile?

TABLE 3-1 WATER COLUMN STATION LOCATIONS AND TIME OF SAMPLING FOR THE 1993
LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY
(Page 2 of 2)

Latitude/Longitude | Sampling Date/Time?

88 450 49’ 358" N 6/28/93 1700 hrs
10 1229 49' 56 0" W
Scapornse Bay 459 49’ 459" N 7/20/93 1220 hrs Ebb
122° 49’ 58 6" W
90 45249’ 29 6" N 6/29/93 1710 hrs Ebb
11 1220 45" 31.2" W
Bachelor Island Slough 45° 49’ 16.9" N 7/18/93 1545 hrs Flood
1220 45 29 5" W
| 95 450 44’ 256" N 6/30/93 0930 hrs Ebb
12 122946’ 224" W
Willow Bar Islands 459 44’ 26.6" N 7/20/93 0810 hrs Ebb
l 1220 46’ 22 0" W K
13 120 NA 7/1/93 1130 hrs Ebb
Camas Slough 45934’ 424" N 7/18/93 0900 hrs Ebb
122925' 16 1" W
1
124 45°32° 508" N 7/1/93 0745 hrs Ebb 1
14 122° 20" 21.6" W
Gary & Flag Islands 45932' 26 9" N 7/18/93 1045 hrs Ebb
122° 20" 05.5" W
141 45° 36’ 57.4" N 6/30/93 1615 hrs Flood
15 122° 02' 00.8" W 1805 hrs Ebb
Skamania Landing 45° 36’ 49.6" N 7/18/93 1300 hrs Ebb
122002° 05 4" W
459 36’ 53.2" N 7/19/93 1100 hrs Ebb

122002’ 054" W

NWR = National Wiidlife Refuge

NA = Not avallable. GPS receiver not functional.
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2 Approxiumate nver muie (to the nearest mile) calculated from geographic coordimnates.

b The time given 15 only the period of field-parameter sampling. Water samples for laboratory analyses were
collected i conjunction with the first sampling tnp to each station.




Table 1-1 contamns a complete list of the water column parameters The field methods used to collect

samples are described below

3.1.1.1 Field-Measured Parameters Field-measured parameters were measured directly in the water
column using a Grant/Yellow Springs Instruments (Grant/YSI) model 3800 water quahty momtoring
instrument, which measures all six parameters listed above Measurements were taken n triplicate (three
measurements recorded over the period of several minutes) at each of the 15 stations during both the

water/sediment sampling and crayfish sampling cruises

3.1.1.2 Conventional Parameters Single samples were collected for the conventional parameters (TSS,
hardness, TOC, and POC) except at the Burke Slough Station 9 (RM 81) where three field replicates were
collected Samples were drawn from a depth of 0 5 m and placed directly into approprnate, labeled
sample containers. The containers were placed on ice and shipped to the laboratory for analysis following
standard chain-of-custody procedures. TOC samples were preserved in the field by acidifying with HCI
to a pH of 2 or less. POC samples were collected in the field by pumping water directly into a 75 mL
plastic syringe equipped with a 14 mm filter holder The filtering apparatus was first rinsed with sample
water A pre-combusted glass fiber filter was placed in the filter holder, the syringe was filled with an
appropriate aliquot of sample (generally 25 to 60 mL), and the water was pressed through the filter
When relatively dry, the filters were removed and placed in pre-cleaned and combusted silver boats whuch
were transported in the dark on 1ce, and then stored frozen prior to analysis by the laboratory

3.1.1.3 Nutrients and Phytoplaniion Biomass. Sampling for phosphorous and mtrogen was done n
triplicate at all stations  Single field samples were collected for analysis of chlorophyll and phaeophytin
a, except at the Burke Slough Station 9 (RM 81) where three field replicate samples were collected.

Samples collected for analysis of TP, TKN, and chlorophyll/phaeophytin a were drawn from 0.5 m and
placed directly into appropriate, labeled sampie containers which were placed on ice and shipped to the
laboratory for analysis following standard chain-of-custody procedures. These sampies were preserved
in the field by acudifying with H»SO,4 to a pH of 2 or less. Samples collected for SRP, ammomum
nitrogen, and mtrate+nitrite mtrogen were prepared by equipping the penstaltic pump with a poly-
carbonate mn-line filter holder and 0.45 um Milhport:TM membrane filters. Water samples were pumped
from 0.5 m through the fiiter and directly into the sample contamner All samples were placed on ice for
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transport to the laboratory Nutrient samples were shipped daily to the laboratory 1n order to meet the

48-hour holding ume for SRP analysis

3.1.1.4 Metals and Cyanide Three field replicate samples were collected at all stations for the analysis
of 16 metals, both total recoverable and filterable (operationally defined as dissolved) forms, and cyamde
Water samples for total recoverable metal analysis were pumped from 0.5 m directly into appropriate
sample containers Samples for analysis of metals that pass through a 0 45 um filter (i e., dissolved
metals) were collected using the filtering apparatus described above for SRP filtration, and both 0 45 um
MllllporeTM membrane and Nalgem':TM nylon filters. Although the filters that were used were not acid-
rinsed prior to use as proposed in the Sampling and QA/QC Plan (Tetra Tech 1993c), equipment/filter
blanks were prepared during the field effort using both filter types (membrane and nylon filters) to assess
the potential for contribution of metals from the sampling and filtering apparatus. All samples collected
for metals analysis were preserved in the field by acidifying with Ultrex-grade HNO, to a pH of 2 or
iess. Samples for cyanide analysis were pumped directly into appropriate, labeled sample containers and
preserved 1n the field by alkalizing with NaOH to a pH of 12 or more. All samples were transported on
ice to the laboratory following standard chain-of-custody procedures.

3.1.1.5 Indicator Bacteria. Indicator bacteria (fecal coliforms, enterococcus, and E. coli) were sampled
by pumping water from 0.5 m directiy into appropriate sample containers Three field replicate sampies
were coliected for analyses of indicator bacteria levels and transported to the laboratory on ice. Indicator
bacteria samples were delivered almost daily to the laboratory (following chain-of-custody procedures)
in order to meet the 30-hour holding time established for this survey.

3.1.2 Sediment Sampling

Sediment sampling was conducted, in conjunction with water sampling, between 24 June and 1 July 1993
at fifteen backwater locations. Table 3-2 lists sampling dates, times, and station position latitudes and
longitudes. All sediment samples were collected using a modified 0 02-m? Petite-Ponar sediment grab
sampler. Grabs were evaluated for acceptability according to the guidelines established in the Sampling
and QA/QC Plan (Tetra Tech 1993c). Surface sediments were removed from accepted grab samples to
a depth of 2 ¢m using a clean, dry stainless-steel spoon. Several grab samples were collected at each
station to create a sediment composite sample which was homogenized using a dry, solvent-rinsed,
stainless-steel bowl and spoon. Single field composite samples were collected from ail stations, except

3-6



TABLE 3-2. SEDIMENT SAMPLING STATION LOCATIONS AND TIME QF SAMPLING FOR THE
I . 1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY
Station River Mile? Lautude/Longitude Sampling Date/Time
[t — b ——
1 14 46909’ 56 3" N 6/28/93 1000 hrs
Youngs Bay 123°49° 393" W
2 21 450° 10 36.7" N 6/27/93 1640 hrs
Cathlamet Bay 123941' 594" W
3 23 469 10"294" N 6/27/93 0930 hrs
Svensen Island 1230 39* 53.5" W
4 26 46° 12° 00.7" N 6/26/93 0930 hrs
Knappa Slough 123°35° 113" W
5 29 46° 13" 256" N 6/26/93 1500 hrs
Lewis & Clark-NWR (Bug Hole) 1232 33° 07.0" N
6 36 46° 13" 28.3" N 6/25/93 1610 hrs
Eleochoman Slough 123°24° 04.4" W
7 59 46° 10’ 11.3" N 6/25/93 0905 hrs Ii
Fisher Island Slough 12304’ 14 3" W
8 68 46°03' 28 1" N 6/24/93 1330 hrs
Carrolls Channel 122052 05.8" W
. 9 81 459 56" 14.2" N 6/29/93 1000 hrs
Burke Slough 122247 121 W
10 88 459 49’ 35.8" N 6/28/93 1700 hrs
Scappoose Bay 122° 49’ 56.0" W
i1 90 45049’ 296" N 6/29/93 1710 hrs
Bachelor Island Slough 1220 45 31.2' W
12 95 45% 44’ 25.6" N 6/30/93 0930 hrs
Willow Bar Islands 122046' 24" W
13 120 450 34" 424" N 7/1/93 1130 hrs
Camas Slough 122025’ 16.1" W
14 124 45° 32’ 50.8" N 7/1/93 0745 hrs
Gary & Flag Islands 122920 21 6" W
15 141 45936’ 574" N 6/30/93 1615 hrs
Skamania Landing 122°02° 00.8" W
3 Approximate nver mile (to the nearest mile) calculated from geographuc coordinates.




the Burke Slough Station 9 (RM 81) where three field-replicate composites were collected Sedument

sampling parameters have been grouped as follows.
a Conventional parameters - Laboratory-measured parameters that are routinely morutored
it sediment quality studies total solids, total volatile solids {TVS), total organic carbon
(TOC), ammon:a mtrogen, TKN, total sulfides, and sediment grain size

o Metals and cyamde - 16 total recoverable metals and cyanide.

a Semu-volatiie organic compounds - 14 phenols, 5 halogenated ethers, 6 nitroaromatics,
18 PAHs and naphthalenes, 8 chlorinated benzenes, 1 benzidine compound, 6 phthalate

esters, and 5 muscellaneous organic compounds.

o Pesticides and PCBs - 1 organophosphorus (methyl parathion) and 25 chlorinated
pesticides, plus 6 PCB-Arochlor mixtures.

o Dioxins and Furans - 7 dioxin and 10 furan congeners.

a| Butvitin compounds - Mono-, di-, and tributyltin (TBT) compounds.

a Radionuclides - 8 long-lived radionuchdes.

D Sediment Toxicity Testing - Standard laboratory toxicity testing.

Table 1-1 is a complete list of sediment parameters analyzed in the 1993 backwater survey. The field
methods used to collect samples are described below,

Composite sediment samples were collected and prepared as described above, and subsamples were placed
in clean, dry, pre-labeled sample containers. The samples for total suifide analysis were preserved in the
field with 1 N zinc acetate. Samples were then transported to the laboratory on ice, following standard
sample chain-of-custody procedure.
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3.1.3 Crayfish and Fish Sampling

Crayfish, largescale suckers, and carp were collected during the survey for analysis of tissue cherucal
burdens Where suckers could not be collected 1n sufficient numbers (Youngs Bay/RM 14 and Skamania
Landing/RM 141), carp were collected as an alternate species in accordance with the sampling procedures
specified in the Sampling and QA/QC Plan (Tetra Tech 1993c) Crayfish were collected at 13 sites,
suckers at 14 sites, and carp at 2 sites {Table 3-3) Tables 34 and 3-5 detail sampling dates, species
caught, number of individuals 1n the composite samples, and station latitudes and longitudes Crayfish
were caught using traps baited with canned catfood. Several holes were made 1n each can, which allowed
the scent of the food to escape but did not allow the crayfish to eat the food. The traps were deployed
at each station and left overrught Captured crayfish were then removed from the traps and placed on
1ce prior to weighing. Crayfish were individually wrapped 1n foil and frozen live on dry ice for shipment
to the laboratory. The laboratory composited samples and homogemzed whole crayfish; Table 34 lists
the number of individuals in each composite sample. Three field replicate composites of both crayfish
and fish were collected from Camas Slough (RM 120)

Largescale sucker and carp were collected by electrofistung. Five individuals were collected from each
station, weighed, measured (fork length), wrapped 1n aluminum foil, placed 1n a single plastic bag, and

kept frozen on dry ice until delivery to the laboratory for compositing and homogemzing.

Crayfish and fish parameters have been grouped as follows to facilitate the discussion of laboratory
methods and resuits

o Conventional parameters - Field-measured weight data for individual crayfish, weight and
length data for individual fish, and lipid content for all species.

= Metals - 12 metals.

L Semi-volatile organic compounds - 14 phenolic compounds, 5 halogenated ethers, 6 mtro-
aromatics, 18 PAHs, 1 chiorninated naphthaiene, 8 chlorinated benzenes, 1 benzidine,

6 phthalate esters, and 5 muscellaneous organic compounds.
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10
11
12
13
14

15

TABLE 3-3. STATIONS SAMPLED FROM WHICH CAPTURED BIOTA
WERE ANALYZED FOR CHEMICAL PARAMETERS
Crayfish Largescale Sucker Carp
~ X
X X “

X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X

X
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r TABLE 34. LOCATIONS AND DATES OF CRAYFISH SAMPLING FOR
THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY, 1993
Page 1 of 1)
‘ | | Namberof |
' Date Trap Date trap Crayfish Retained
' Station River Mile Latitude/Longnitude Deployed Retrieved for Apalysis
1 14 46-09-56.3 N 7/21/93 - 7/122/93 7122193 - 7/23/93 0
Youngs Bay 123-10-36.7 W
H 2 21 46-10-36.7 N 7/21/93 - 7122193 T7/22/93 - 7/123/93 15
Cathlamet Bay 12341-59.4 W
" 3 23 46-10-29.4 N 7/21/93 7/22/93 19
Svensen Island 123-39-53.5 W
4 26 46-12-00.7 N 7/23/93 7/24/94 15
Knappa Slough 123-35-11.3 W
5 29 46-13-25.6 N 7/22/93 7/23/93 21
Lewis & Clark NWR 123-33-07.0 W
“ 6 36 46-13-28.3 N 7/15/93 - 7/16/93 | 7/16/93 - 1/17/93 13
Elochoman Slough 123-24-04.4 W
7 39 46-10-11.3 N 7/15/93 7/16/93 15
Fisher I. Slough 123-04-14.3 W
8 68 46-03-28.1 N 7/15/93 - 7/16/93 7/16/93 - 7/17/93 13
Carrolls Channel 122-5205.8 W
9 81 45-56-14.2 N 7/15/93 - 7/16/93 7/16/93 - 7/17/93 15
Burke Slough 122-47-12,1 W
10 88 45-49-35.8 N 7/19/93 - 7/20/93 | 7/20/93 - 7/21/93 15
Scappoose Bay 122-49-56.0 W
11 90 45-49-29.6 N 7/17/93 - 7/19/93 7/18/93 - 7/20/93 15
Bachelor I. Slough 122-45-31.2 W
12 95 4544256 N 7/19/93 - 7124193 | 7/20/93 - 7/25/93 12 {
Willow Bar Islands 122-46-22.4 W
13 120 45-34-42.4 N 7117193 7/18/93 13
Camas Slough 122-25-16.1 W
14 124 45-32-50.8 N 7/17/93 - 7/18/93 | 7/18/93 - 7/19/93 8
Gary & Flag Islands 122-20-21.6 W |
15 141 45-36-57.4 N 7117193 - 7/18/93 | 7/18/93 - 7/19/93 0
Skamamia Landing 122-02-00.8 W
=
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TABLE 3-5. LOCATIONS AND DATES OF FISH SAMPLING FOR
THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY, 1993

age 1 of 1)
Number of
Fish Retained
Station River Mile | Latitude/Longitude Fish Caught Date Caught for Analysis
1 14 46-09-56.3 N Largescale sucker 8/6/93
123-10-36.7 W Carp
21 46-10-36.7N Largescale sucker 8/6/93 ll
123-41-55.4 W
23 46-10-29.4 N Largescale sucker 8/5/93 5 Il
123-39-53.5 W
26 46-12-00.7 N Largescale sucker 8/5/93 5 |
123-35-11.3 W
29 46-13-25.6 N Largescale sucker 8/5/93 5
123-33-07.0 W
“ 6 36 46-13-28.3 N Largescale sucker 8/5193 5
Elochoman Slough 123-24-04.4 W
7 59 46-10-11.3 N Largescale sucker 8/5/93 5
Fisher Island Slough 123-04-14.3 W P
8 68 46-03-28.1 N Largescale sucker 8/5/93 5
Carrolls Channel 122-52-05.8 W
|I 9 81 45-56-14.2 N Largescale sucker 8/5/93 5 II
Burke Slough 122-47-12.1 W
10 88 4549-35.8 N Largeccale sucker 8/4/93 5
Scaopoose Bay 122-49-56 0 W
11 90 45-49-29.6 N Largescale sucker 8/4/93 5 ||
Bachelor [. Slough 122-45-31.2 W
12 93 45~44-25.6 N Largescale sucker 8/4/93 5
Willow Bar Islands 122-46-22.4 W
13 120 45-34-42.4 N Largescale sucker 8/3/93 5
Camas Slough 122-25-16.1 W
14 124 45-32-50.8 N Largescale sucker 8/3/93 5
Il Gary & Flag Isiands 122-20-21.6 W
15 141 45-36-57.4 N Carp 8/3/93 5
Skamanin Landing 122-02-00.8 W




n Pesticides and Polychlorinated biphenyls (PCBs) - 25 organochlorine pesticides, 1 organ-

ophosphorus pesticide, and 6 PCB (Arochlor) mixtures

n Dioxins and Furans - 7 dioxin and 10 furan congeners.

= Butyltin compounds - Mono-, di-, and tributyltn {TBT) compounds

» Radionuchdes - 8 long-lived radionuclides

Table 1-1 provides a complete list of parameters analyzed 1n crayfish and fish sampies.

3.2 LABORATORY METHODS

Laboratory analyses were conducted on whole and filtered water samples, whole surficial sediment
composite samples, and whole-body composite samples of fish and crayfish tissues. Several laboratories
were contracted to perform specific chemical analyses. Laboratory selection was based on anaiytical
capabilities (1 e , ability to achieve relatively low detection limits) and on logistical considerations for
analytes with relatively short holding times (1.e , indicator bacteria). The separate data validation report
(Tetra Tech 1993d) 1dentifies the laboratonies selected and the analyses they performed.

3.2.1 Water Column Analyses
Water samples were analyzed for the parameters identified in 3 1.1. The laboratory methods are sum-
marized below Table 3-6 provides a complete list of the parameters analyzed and the methods used.

3.2.1.1 Conventional Parameters. Couventional parameters (TSS, hardness, TOC, and POC) were
analyzed following standard methods provided by the American Public Health Association (APHA 1989;
see Table 3-6). POC analysis followed the method of Hedges and Stern (1984) using a Carlo-Erba CHN
analyzer.

3.2.1.2 Nutrients and Phytoplankton Biomass. Analyses for nutnents (TP, SRP, ammonium nitrogen,
nitrate + nitrite nitrogen, and TKN) and phytoplankton biomass surrogate measures (chlorophyll g and its
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TABLE 3-6 SUMMARY OF LABORATORY ANALYTES AND METHODS USED IN THE 1993
LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

(Page 1 of 4)

Analyte Matnx Method
[convenTionats |
Total Suspended Solids (TSS) Water SM2 2540 D
Hardness Water SM 2340 C
Water SM 5310 C

Total Organic Carbon (TOC)
Sediment SM 5310 B

Hedges and Stern (1984) - CHN

Particulate Organic Carbon (POC) Water Analyzer
Total Solids Sediment
Total Sulfides Sediment PSEP Protocois?
Total Volatile Sulfides (TVS) Sediment
Grain Size Sediment ||
Percent Lipid Fish/Crayfish Tissue FDA gravimetric method "
NUTRIENTS AND CHLOROPHYLL
| Total Phosphorus (TP) Water SM 4500-P F O
Soluble Reactive Phosphorus
(SRP} Water SM4500-P F
Water SM 4500-NH4 H
Ammonium Nirogen Sediment Plumb (1981)
Nitrate + Nitrite Nitrogen Water SM 4500-NO4 F
Water SM 4500-ORG C
| Toral Kyeldahl Nitrogen (TEN) Sediment SM 4500-ORG C
SM 10200 H
Chlorophyll and Phacophytin a Water (spectrophotometric method) “
WETALS AND CYANIDE |
Water EPAC 202.2 (GFAA) "
Aluminum Sediment EPA 200.7 (CP)®
Water
Antimony Sediment EPA 204 2 (GFAA)
Fish/Crayfish Tissue O
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TABLE 3-6 SUMMARY OF LABORATORY ANALYTES AND METHODS USED IN THE 1993

LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

(Page 2 of 4)

Analyte Matrix Method
Water
Arsenic Sediment EPA 206 2 (GFAA)
Fish/Crayfish Tissue
F' Water
Barum Sediment EPA 200 7 (ICP)
Fish/Crayfish Tissue
f Water
Beryllum Sediment EPA 200.7 (ICP)
Fish/Crayfish Tissue
Water
Cadmium Sedument EPA 213 2 (GFAA)
Fish/Crayfish Tissue
Water EPA 218 2 (GFAA)
Chrommm Sediment EPA 200.7 (ICP)
Fish/Crayfish Tissue EPA 218.2 (GFAA)
Water EPA 220 2 (GFAA)
Copper Sediment
EPA 200.7 (ICP)
Fish/Crayfish Tissue
Water
Iron EPA 200.7 (ICP)
Sediment
Water
‘ Lead Sediment EPA 239.2 (GFAA)
Fish/Crayfish Tissue
Water
Mercury Sediment EPA 245.2 (CVAA)
Fish/Crayfish Tissue
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TABLE 3-6. SUMMARY OF LABORATORY ANALYTES AND METHODS USED IN THE 1993
LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY
(Page 3 of 4)
Water
Nickel Sediument EPA 200 7 (ICP)
Fish/Crayfish Tissue
Water
Selemum Sediment EPA 270.2 (GFAA)
Fish/Crayfish Tissue
Water
Stlver Sediment EPA 272.2 (GFAA) i
Fish/Crayfish Tissue
Water
Thallum Sediment EPA 279.2 (GFAA)
Fish/Crayfish Tissue
Water
Zme Sediment EPA 200.7 (ICP)
Fish/Crayfish Tissue
Water
Cyamde SM 4500-CN E
Sediment (distillation for totai cyanide)
INDICATOR BACTERIA
SM 9230 B
Enterococcus Water {multiple-tube method)
W SM9o221C
Eschenichia coli Water (modified MPN8 method)
Fecal Coliforms Water SM 9221 C (MPN8 method)
ORGANIC COMPOUNDS
Sediment
Semi-volatile Organics EPA 8270 (GCJ'MS)h - SIM for
Fish/Crayfish Tissue PAHs!
Sediment
Pesticides and PCBs EPA 8080 (GC/ECD)
Fish/Crayfish Tissue
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TABLE 3-6 SUMMARY OF LABORATORY ANALYTES AND METHODS USED IN THE 1993
LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY
(Page 4 of 4)
Sediment
Dioxins and Furans EPA 1613
Fish/Crayfish Tissue (hagh resclution method)
Sediment
Butyltins Uhler et al, (1989)
(TBTHE Fish/Crayfish Tissue
I Sediment
Radionuclides EPA 907.0 for alpha emutters and
Fish/Crayfish Tissue EPA 901.1 for gamma enutters
I Microtox solid-phase (Microbics
\ 1992) Amphipod 10-day acute test
Sediment Toxicity Sediment [Northwestern Aquatic Sciences
1992; SM E. 1383-90]

FJ
e |

N K TBT = Trbutytun.

3 §M = Standard Methods for the Examination of Water and Wastewater (APHA 1989).

b PSEP Protocols = Recommended Protocols for Measunng Selected Environmental Variables m Puget
Sound {PSEP 1989).

€ EPA = Methods for Chemical Analysis of Water and Wastes (U § EPA 1983), or Test Methods for the
Evaluation of Sohid Waste (U §. EPA 1986b}, or Method 1613 Tetra- through Octa-chlornnated Dioxins and
Furans by Isotope Dhiution (U.S EPA 1992c)

d GFAA = Graphite furnace atomuc absorption spectroscopy

¢ ICP = Inducuvely-coupled plasma emission spectroscopy

fcvaa = cod vapor atomic absorption spectroscopy

£ MPN = Muitiple-tube fermentation method.

h GC/MS = Gas chromatography/Mass spectrometry method.

! Selective 10n monitoning for analysis of polynuclear aromatic semi-volatile compounds

J GC/ECD = Gas chromatography/Electron capture detection method.
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degradation product, phaeophytin a), followed standard APHA methods (1989, see Table 3-6) The
spectrophotometric method (APHA 1989; 10200 H) was used for chlorophyll @ analyses, and was
corrected for phaeophytin a

3.2.1.3 Metals and Cyanide Water samples were analyzed for 16 metals using U S. EPA methods
(U S. EPA 1983) and for cyanide using APHA methods (1989, see Table 3-6). All but 6 metals were
analyzed by graphite furnace atomic absorption spectroscopy (GFAA); 5 metals were analyzed by
inductively coupled piasma emmssion spectroscopy (ICP); mercury was analyzed by cold vapor atomic
absorption spectroscopy (CVAA; see Table 3-6). Whole water samples for total recoverabie metal
analysis were digested using Ultrex™ grade HNOj, followng U.S. EPA total recoverable metal digestion
procedure (U.S. EPA 1983) Filtered metals samples for determuning dissolved metal concentration were
not digested prior to analysis Cyanude concentration was determined by the APHA Method 4500-CN-
E, a disnilation method followed by colorimetric determination of total cyanide (APHA 1989).

3.2.1.4 Indicator Bacteria. Water samples were analyzed to quantify the numbers of colomes of indi-
cator bactena (fecal coliforms, enterococcus, and E. coli). Fecal coliform bacteria were measured using
the most-probable-number (MPN) method (APHA 1989, 9221 C) Enterococcus were determuned by a
muitiple-tube fermentation procedure (APHA 1989, 9230 B). E. coli bactenia were quantified using a
modification of the fecal coliform MPN procedure (APHA 1989; 9221 C), which used MUG media in
a confirmation test.

3.2.2 Sediment Analyses
The laboratory methods used to analyze sediment parameters are summarnzed by category groups below
Table 3-6 provides a complete list of parameters analyzed and methods used.

3.2.2.1 Conventional Parameters. All conventional parameters listed in 3 1.2 were analyzed. Analysis
of total solids, TVS, and total sulfides followed protocols outlined for the Puget Sound Estuary Program
(PSEP 1989) TOC was measured using the high-temperature combustion-infrared method in APHA
1989 (5310 B). Ammonia was determined using the method described by Plumb (1981) and TKN was
determined by a modification of the semi-mucro-Kjeldahl method (APHA 1989, 4500-Nm.g C). Sediment
grain size distribution was determined using standard phi class sieves following PSEP protocols (1989).
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3.2.2.2 Metals and Cyanide Sediment samples were analyzed for concentrations of 16 total recoverable
metals and cyamde The methods used to determine metals concentrations were those provided by U S
EPA (1983; see Table 3-6). All but 9 metals were analyzed by GFAA, 8 metals were analyzed by ICP;
mercury was determined by CVAA  The total recoverable metal digestion procedure outlined in the
PSEP protocols (1989) was used, which extracts metals from the sediment with rutric and perchloric
acids Cyamde concentration was measured by APHA Method 4500-CN- E, a distillation method
followed by colorimetnc determination of total cyarude (APHA 1989)

3.2.2.3 Semi-volatile Organic Compounds Sediment samples were analyzed to measure the concen-
trations of 63 semu-volatile orgamic compounds, including 17 PAHs, using U.S. EPA Method 8270, a
gas chromatography/mass spectroscopy (GC/MS) method (U S. EPA 1986b, see Table 3-6). PAHs were
measured using a modification of Method 8270 that incorporated a selective 1on momtoring (SIM) system
capable of detecting PAHs at concentrations (approximately 1 pg/kg, or 1 ppm) much lower than the
laboratory detection limits achieved in the 1991 survey (Tetra Tech 1993a).

3.2.2.4 Pesticides and PCBs Sedunent samples were analyzed to measure concentrations of 26 pesti-
cides and 6 PCB Arochior muxtures using U S. EPA Method 8080 (U.S. EPA 1986b; see Table 3-6)
Thus 15 a GC method that incorporates the use of an electron capture detector (ECD) to improve detection
of these chlorinated pesttcides and PCBs. For both this survey and the 1991 survey, this method was
modified by adding calibranon standards and matrix spike analyses so as to detect pesticides not detectabie
by the original version of the method. These included the chlornated pesticides o,p’-DDD, o,p’-DDE,
0,p’-DDT, and dicofol, and the organophosphorus pesticide methyl parathion.

3.2.2.5 Dioxins and Furans. Sediment samples were analyzed to measure the concentrations of 7 dioxin
and 10 furan congeners using EPA Method 1613 (U.S. EPA 1992¢; see Table 3-6). This method was
modified by including sample-specific Estimated Detection Lumits (EDLs), which were calculated by the
laboratory by estimating the signal-to-noise ratio of each selected 10n current profile (SICP). This method
detects relatively low concentrations (approxumately 1 ng/kg, or 1 part per trillion) of dioxins and furans
In sediments.

3.2.2.6 Butyltin Compounds. Sediment samples were analyzed to measure concentrations of 3 butyltin
compounds (mono-, di-, and tnbutyltin) using a gas chromatography/flame photometric detector
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(GC/FPD) method (Uhler et al 1989) This method converts the butyltin compounds to pentyl deriva-
tives for quantitative analysis The 1991 survey utilized a slightly different method to analyze sediment
butyltin concentrations. This method, GC/MS with selective 10n monitoring, used ethyl derivatives of
the butyitin compounds for quantitative analysis To make the different methods utilized by the two

surveys more comparable, sediment butyltin concentrations are reported on a unit-tin basis (ug Sn/kg dry

sediment)

3.2.2.7 Radionuclides Wet sediment samples were processed and analyzed by the laboratory for the
alpha-emutting radionuclides americium 241, plutomum 238, and plutoruum 239/240, and the gamma-
emitting radionuchdes cesium 137, cobalt 60, and europium 152, 154, and 155 The laboratory used
U.S. EPA Method 907 0 for alpha spectroscopy and U.S. EPA Method 901.1 for gamma spectroscopy

3.2.2.8 Sediment Toxicity Testing Sediment toxicity was assessed using the solid-phase Microtox™
test {an indicator test of either chronic or acute toxicity in higher aquatic orgamisms; Microbics 1992) and
the 10-day amphipod (Hyalella azteca) survival test (an acute toxicity test; Northwestern Aquatic Sciences
1992). Reference stations were selected g prion: for sediment toxicity testing; relatively uncontaminated
stations were sought to serve this reference function The Bachelor Island Slough Station 11 (RM 90)
was selected as the freshwater reference, and the Lewis & Clark NWR Station 5 (RM 29) as the estuarine
reference, in case sediment salimty became a relevant factor in evaluating toxicity testing resuits These
stations were presumed to be relatively uncontanunated based on review of sediment contamunant levels
measured at nearby stations in the 1991 survey (Tetra Tech 1993a).

In the Microtox™ test, the sediment 1s centrifuged to separate solids from pore water and sol:ds are
homogenized. Twelve serial dilutions are prepared, with suspensions of whole sediment ranging from
10% downwards to 0.005% (weight/volume). Both freshwater and estuarine sediments could be eval-
uated with this test because ail sediments are diluted in a saline water solution for testing with a marine
bacterium. The lumunescence of the bacterium Photobacterium phosphoreum 1s measured after a S-munute
exposure to the sediment/water test solutions The luminescence for each dilution is compared to the
luminescence of bacteria exposed to triplicate control solutions without sediment. Each of the controi-
normalized luminescence values 1s then plotted against the logarithm of the sediment concentration (ppm).
The four poiwnts which bracket a 50% reduction 1 Jumunescence are then used to calculate a median
effective concentration (ECgq) that would result in a 50% reduction in bactenal luminescence.
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The acute toxicity test was performed with the amphipod H azteca using sediments from both freshwater
and estuanne stations  Although H azteca 1s relauvely tolerant of brackish water, preliminary sediment
toxicity tests were performed with both H azteca and the estuarine amphipod Eohaustorius estuarius,
which tolerates a higher range of salinities than H azteca. These preliminary tests were designed to
measure the sality tolerance range of each species in case two species were needed to accommodate
varying salimties The salimity tolerance test exposed triplicate chambers of 20 amphipods to six different
salimitzes (0, 1, 3, 6, 9, and 12 ppt) These tests ran for 10 days following the standard protocol
(Northwestern Aquatic Sciences 1992), results indicated that the mean percent survival between the two
amphipods over the range of salinities tested was not significantly different (p=0 064, ANOVA on arcsin-
square root-transformed data, Table 3-7) Ths finding 15 consistent with that of Nebeker and Miller
(1988), who determuned that H. azteca was suitable for toxicity testing of freshwater and estuarine sites

with a water column salinity of 12 5 ppt or less

Based on the results of thus test, H azteca was selected as the indicator species for all acute sediment
toxicity testing because 1) H azteca would apparently tolerate the range of salinities involved, 2) use of
a single species would facilitate comparison among the freshwater and estuarine stations, and 3) the
laboratory had more experience working with H. azteca.

The laboratory performed the H. azteca acute toxicity test on sediments collected from all fifteen stations
plus a control sediment, using five replicate test chambers per sample, each contaimng 20 amphipods.

3.2.3 Crayfish and Fish Analyses

Laboratory analyses were conducted for the parameters identified in Section 3 1.3, Methods for each
category of analytes are summanzed briefly below. Table 3-6 provides a compiete list of parameters
analyzed and methods used.

Prior to analysis, the iaboratory composited and homogenized whole-body crayfish and fish by grinding
frozen individuals in a blender and processing 3 times to ensure homogenization. Composite was then
placed in a glass jar with a teflon-lined hid and stored at -20° C.

3.2.3.1 Conventional Parameters. Conventional parameters included weight and lipid content for
crayfish, largescale suckers, and carp, plus length for suckers and carp. Weight and length were meas-
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TABLE 3-7. PERCENT SURVIVAL OF HYALELLA AZTECA
AND EOHAUSTORIUS ESTUARIUS IN SALINITY TOLERANCE TESTS
LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

e e e

Saluuty (ppt) Laboratory Replicates Mean Percent Standard
Hyalella azteca | 1 ) 3 Survival? Deviation
0 | 100 95 100 98 3 29
! 95 %0 95 933 29
3 95 %0 90 91.7 2.9
6 100 9 100 96.7 58
“ 9 100 50 90 93.3 58
12 80 80 90 83.3 58

[ Eohaustorius estuarius I

0 100 100 100 100 0
1 100 100 100 100 0 "
3 160 100 160 100 0
6 160 100 100 100 0
9 160 100 100 100 0
12 160 100 160 100 0

4 ANOVA results yielded no significant differences (p = 0.05) between arcsin-square root-transformed
mean survival rates for either H. azteca or E estuanus
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ured 1n the field, lipid content was analyzed in the laboratory, using the procedure outlined by the Food
and Drug Admunsstration (FDA 1990)

3.2.3.2 Metals. Tissue samples were analyzed to determune the concentrations of 12 metals. The labor-
atory followed U S EPA protocols to determine metal concentrations (U S EPA 1983; see Table 3-6)
Seven metals were analyzed by GFAA, 4 by ICP, and mercury by CVAA Samples were digested using
nutric acid and hydrogen peroxide as specified in PSEP protocols (1989)

3.2.3.3 Semi-volatile Organic Compounds. Tissue samples were analyzed to determune the concen-
trations of 63 semi-volatile orgamuc compounds The laboratory used a GC/MS method (U S. EPA 8270)
to analyze the samples. The PAHs were analyzed using a modification of Method 8270 that incorporated
a SIM system capable of detecting PAHs at relatively low concentrations This method achieved
substantially lower detection limuts than those obtained in the 1991 survey.

3.2.3.4 Pesticides and PCBs. Tissue samples were analyzed to determune the concentrations of
25 organochlorine pesticides and 6 PCB Arochlor muxtures using a modification of U S. EPA Method
8080 (U S EPA 1986b) Thus is a GC method that incorporates the use of an ECD to improve detection.
For both this survey and the 199} survey, this method was modified by adding calibration standards and
matnix spike analyses so as to detect pesticides not detectable by the original version of the method

These included the chilorinated pesticides o,p’-DDD, o,p’-DDE, o,p’-DDT, and dicofol, and the
organophosphorus pesticide methyl parathion.

3.2.3.5 Dioxins and Furans. Tissue samples were analyzed to determune the concentrations of 7 dioxin
and 10 furan congeners using U.S. EPA Method 1613 (U S. EPA 1992c). This method was modified
to include sample-specific EDLs, which were calcuiated by the laboratory by estimating the signal-to-
noise ratio of each SICP. This method detects relatively low concentrations of dioxins and furans in
aquattc biota.

3.2.3.6 Butyltin Compounds, Tissue samples were analyzed to determune the concentrations of

3 butyltin compounds (mono-, di-, and tributyltin). A GC/FPD was used to analyze the samples (Uhler
et al. 1989). The data are reported on a unit-tin basis (ug Sn/kg wet weight).
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3.2.3.7 Radionuclides. Tissue samples were analyzed to deterrune the concentrations of the alpha-
emutting radionuclides americium 241, plutomum 238, and plutonium 239/240, and the gamma-emitting
radionuclides cesium 137, cobalt 60, and europum 152, 154, and 155 The laboratory used U S EPA
Method 907 O for alpha spectroscopy and U S EPA Method 901.1 for gamma spectroscopy

3.3 DATA REPORTING

A detection lurut was calculated for each compound and sample based on sample weight, extraction
volume, and instrument response. Instrument response was quantified by anatyzing replicates (five or
more) of a low-level standard. The detection limit represents a concentration above which there is a 99%
degree of confidence (approximately three standard deviations above the instrument response variabulity)

that a reported concentration differs from zero

All analytical data reported as unqualified represent concentrations above the detection linut for that
analyte 1n that sample. Concentrations below the detection lumut are generally reported as "U". In some
cases, concentrations just below the detection limit are not qualified as "U" because the analyst had a high
degree of confidence that the observed chromatographic peak represented a concentration sigmficantly

different from zero These concentrations are characterized as "J".
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4.0 RESULTS

This section presents the results of the analysis of water, sediment, and tissue samples collected 1n the
1993 backwater reconnaissance survey The data are presented in narrative form, accomparued by graphs
and tables Findings are compared to the reference levels summarized in Section 2 to indicate possible
adverse effects to aquatic organisms and fish-eating wildlife Findings are compared to those of the 1994
reconnaissance survey and discussed mn Section 5 0 The complete survey data, with reference levels,

are provided 1n a separate data appendix (Tetra Tech 1993e)

A Quality Assurance/Quality Control (QA/QC) evaluation of the analytical data was performed according
to guidance provided by U.S. EPA (1991h; 1988a,b) This QA/QC data review included assessments
of sample holding times, imtial and continuing caltbration, blank results, detection limits, accuracy
(matrix spike, matnx spike duplicate, surrogate recoveries, and reference material analyses, when
applicable}, and precision (using laboratory and field replicate samples). Complete results of the QA/QC
reviews are found in a separate data vahidation report (Tetra Tech 1993d).

The findings relating to each set of analytes opens with a summary statement, generally paired with a
table which treats these analytes as a set. Each analyte 1s then discussed 1n turn, individual discussions
generally refer to a graph or figure specific to that analyte. Tables and figures are interspersed with text,
but kept on separate pages. When possible, a coefficient of vanation (CV) is calculated, based on field
triplicate samples collected at a specific sampling station Discussions of individual analytes are followed

by a summary of data QA/QC.

Data relating to the conditton of the river during the sampling period (flow and rainfall} were compiled
at the conclusion of the survey (Hubbard et al 1994). These data are summanzed in Section 4 4.
Sampling stations will generally be referred to by name only; for station number, river mile, and exact
location, refer to Table 3-1 or 3-2 ‘



4.1 WATER QUALITY

This section presents results of analyses of water samples collected 1n the backwater survey. Please note
that single or triplicate field replicate samples are inadequate to characterize and evaluate overall water

quality 1n a river system as dynamuc as the lower Columbia However, frequent exceedances of reference

values do indicate potentially serious water quality problems that warrant more intensive investigation

4.1.1 Field-Measured Parameters

Sampling for field-measured parameters (pH, DO, temperature, conductivity, salimty, and turbidity) was
conducted during both the imtial sampling cruise (24 June-1 July 1993) and the crayfish collecting cruise
(15-25 July 1993) Table 4-1 presents a summary of these measurements, noting where standards were
exceeded. Exceedances were noted for dissolved oxygen at one statton (on both sampling visits),

dissolved oxygen saturation at two stations, water temperature at four stations, and pH at eight stations.

4.1.1.1 Salinity and Conductivity. At the time the stations were sampled, the water overlying the
sediments was essentially fresh at 14 of the 15 stations. Salimty of 1.8-2.9 ppt (and conductivity of
3 3-5.3 mMhos/cm) was measured at Youngs Bay, indicating a mixture of fresh and marine waters
(Figures 4-1 and 4-2) Field-measured parameters were recorded on an ebb tide at thus station (mimmum
ocean water intrusion); 1t 1s likely that higher sahities occur here, especially later 1n the surnmer when

nver flow 1s lowest.

Conductivity varied among freshwater stations (0.096-0.152 mMhos/cm), and also between the two
sampling days at each station (e.g., 0.112 and 0.152 at Cathlamet Bay, see Figures 4-1 and 4-2). The
lowest conductivity was measured at Scappoose Bay and the highest at Cathlamet Bay. The relatively
low conductivity at Scappoose Bay may have been related to rainfall, which was heavy throughout the
day; the relatively high conductivity at Cathlamet Bay may have been due to the influence of saline water.
Relatively high conductivities were also measured at Willow Bar Islands on 30 June (0. 144 mMhos/cm)
and at Burke Slough on 16 July (0 149 mMhos/cm). These may indicate nearby pollution sources; the
Burke Slough station was near a dike pumping station that moved water from a ditch into the river.

Although 1t 1s likely that variations of salinity and conductivity in the lower river, and especially the

estuary, are due in part to human influences (e.g., seasonal flow control), there are no reference values
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NA = Not available

TABLE 4-1 SUMMARY OF WATER COLUMN FIELD-MEASURED PARAMETERS
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

4-3

Frequency of Exceedances
Number of
Observations? Range Median Freshwater Saltwater
 — — _—*——*——_w
Dissolved Oxygen (mg/L)
Jup-Jul 1993 15 (29) 50-123 101 1/14 (2727) 0/10 (0/2)
Dissolved Oxygen (% saturation)
Tun-Jul 1993 15 29 53-132 107 2114 (3127 NA
Temperature (°C)
Jun-Jul 1993 15 (30) 17 3-21 9 187 4/15 (5/30)¢
pH
Jun-Jul 1993 15 30 7190 8.3 8/14 (10/28) 0/1 (0/2)
(]
Conductivity (mMhos/cm)
Jun-Jul 1993 15 (30) 0096-5 3 0123 NA NA
Salinity (ppt)
q Jun-Jul 1993 15 (30) 0.0-29 00 NA NA
Turbidity (NTU)
Jun-Jul 1993 15 (30) 57-30 13 NA NA

2 The number presenied 15 the number of sampling stations visited dunng each study The number 10 parentheses wndicates
the total number of observations. Fifteen stations were sampled between 24 June-25 July 1993 In Jun-Jui 1993, the field-
measured parameters were sampled on two separate occasions (0=30, with the exception of dissolved oxygen measure-
ments) A single sample result was based on the average of triplicate field measurements of each parameter.

Y The frequency of exceedance of the lowest freshwater and salcwater standard for any single sampling date at a particular
starion The numbers 10 parentheses indicate the frequency of exceedance of the same standard for all the samples analyzed.

€ The Washimngton temperature standard of 20° C 1s applied to the mouth of the Columbia Raver.
m
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Figure 4-1. Water Column Field Measurement Results From the Lower Columbia

River Backwater Reconnaissance Survey Water and Sediment
Sampling Cruise (24 June - 1 July 1993).
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available to evaluate these data However, salimty data 1s valuable when applying standards and

Interpreting results.

4.1.1.2 Dissolved Oxygen DO concentrations were generally above 8 mg/L. and 90% saturation at the
freshwater stations, except for Burke Slough where concentrations were relatively low (4.9 and 6 9 mg/L,
53 and 77% sawration) The DO saturation was also below the freshwater 9% saturation standard at
Cathlamet Bay (87%) on 27 June DO at Youngs Bay, the sole saltwater station, did not exceed the
marine DO standard of 6 mg/L. Low DO at Burke Slough may also be related to the water being
pumped from a ditch near the sampling area, noted above 1n relation to hugh conductivity.

Relatively high DO concentrations and saturation we-2 measured at several of the stations sampled
(Figures 4-1 and 4-2) Saturation greater than 110% was measured at 8 of the 15 stations. These
concentrations likely indicate an excess of photosynthetic production over biological respiration. Aquatic
plants, including Potamogeton and Myriophylium species were present at several stations Photosynthetic
production by aquatic plants, attached algae, and phytoplankton 1s probably responsible for high DO

concentrations.

4.1.1.3 Temperature. Water temperature varied among the stations sampied, and between sampling
dates at each station (Figure 4-3). In general, water temperature 1n the backwater areas ranged from 17 3
to 21.9° C, and was highest i the area from RM 59 (Fisher Island Slough) to RM 95 (Willow Bar
Islands). Temperatures at 5 of the 6 stations along thus stretch of the river exceeded the 20° C water
temperature standard (see Figure 4-3); the exception was Carrolls Channel (RM 68).

These relatlvel)} high temperatures may be due, 1n part, to the generally more restricted flow in backwater
areas. However, temperatures above 20° C have frequently been measured during the late summer n
the mainstem of the lower Columbia, and may be partly due to hurmnan-induced changes (see Tetra Tech
1993a for a review of these data).

4.1.1.4 pH. pH varied among the stations sampled (7.1-9.0) and between sampling dates at each station
(e.g., 7.8 and 8.2 at Svensen Island; see Figures 4-1 and 4-2). The lowest pH was consistently found
at Burke Slough and may indicate the organic matter degradation assumed to be responsible for the low
DO measured at this station. Relatively high pH was recorded at several stations; eight stations exceeded
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Columbia River Backwater Reconnaissance Survey (24 June -
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the 8 5 pH standard on at least one occasion It 1s likely that this was due to photosynthetic carbon
dioxide assumulation, which elevates pH, and not directly due to human activity. The shallow areas
sampled were typically coloruzed by aquatic plants which could be responsible for hugh pH and DO (e g.,
Frodge et al 1991). However, 1t is possible that high pH could be the result of human-induced increases

in the supply of nutrients to aquatic plants which has led to increased biomass and/or photosynthesis.

4.1.1.5 Turbidity. Turbidity varied among the stations sampled (5 7-29.7 NTU) and between sampling
dates at each station (e.g , 19 8 and 9.2 at Skamania Landing, see Figures 4-1 and 4-2) The lowest
turbidity was measured at Knappa Slough and the highest at Scappoose Bay, which cotncided with the

low conductivity measure, underlining the importance of ranfall runoff during sampling at this station

It 1s likeiy that the patterns of variation of turbidity in the .ower river have been altered by human
influences (e g , seasonal flow control), especially between historical high and low flows (e.g., Whetten
et al 1969). However, in backwater areas, local environmental factors (water depth, surface condition,
etc.) are probably more important influences on turbidity. There are no reference values available to
evaluate turbidity.

4.1.1.6 Quality Assurance/Quality Control. Instrument calibrations were performed following manu-
facturers recommendations, and calibrations were routinely checked to ensure that calibration dnift was
not sigmificant (e.g , no greater than Q0 1 pH umit from the calibration standard). The DO sensor was
calibrated at ambient atmospheric pressure and temperature, which were also measured by the mstrument.
Additional water sampies were collected and f.xed n the field for independent deterrunation of DO by
the azide modification of the Winkler method APHA 1989; 4500-O C). The regression line of mnstru-
ment-measured DO vs. Winkler DO was not significantly different than a line with a siope of 1.1
(i.e., the 95 percent confidence interval of the regression-line slope encompassed a slope of 1), and the
concentrations determined by the two methods were not significantly different (P=0.8515; one-way
ANOVA) indicating acceptable accuracy of instrument-measured DO.

4,1.2 Conventional Parameters
Sampling for conventional parameters (TSS, Hardness, TOC, and POC) was conducted 24 June-1 July
1993. Table 4-2 presents a summary of findings. Although it 1s likely that these parameters in the lower
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ABLE 4-2 SUMMARY OF WATER COLUMN CONVENTIONAL PARAMETERS

MBIA RIVER BACKWATER RECONNAISSANCE SURVEY

l T
1993 LOWER COLU

TR —

Total Suspended Solids
Jun-Jul 1993

Hardness
Jun-Jul 1993

Total Organic Carbon
Jun-Jul 1993

Particulate Organic Carbon
Jun-Jul 1993

Dissolved Organic Carbon®
Jun-Jul 1993

l Unuts 11 mg/L

Numbers of I
Observations? I

15
15
15
15

15

sampled between 24 Jupe-1 July

l Range Median
6 4-63 15

35 7-359 51 (50)
222-944 27
0 464 60 07
1.374 84 19

1993

NA = No cnitena or screemng levels are available for deterrmnation
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Frequency of
Exceedances

NA

NA

NA

NA

NA

2 The number of observations 1s equivalent to the number of stations sampled. Fifteen stations were

b The number m parentheses 18 the median hardness of the freshwater stations sampled This number 13
used to determune the hardness-based metals critenia used for comparison.

C Dissolved organic carbon determuned by the difference between the measurements of total organic

carbon and particulate organic carbon.
L —————




river have been altered to some degree by human influences [e.g , see Dahm et al. (1981) for a discussion
of human influence on lower Columbia organic carbon concentrations], there are no reference values
available to evaluate these data These data do provide a general picture of the vanation and range tn
conventional parameters at the stations sampled, which 1s of interest because these parameters are

important in regulating the transport, toxicity, and bioaccumulation of contarmnants.

4.1.2.1 Total Suspended Solids The TSS concentration was highly variable among the fifteen stations
(Figure 4-4) The lowest concentration (6 4 mg/L) was measured at Elochoman Slough and the highest
(63 mg/L} at Scappoose Bay, which coincides with the maximum turbidity measured at this station in June
(Figure 4-1) The median TSS concentration was 15 mg/L.

The coefficient of variation (CV) of the field triplicate sampie collected from Burke Slough was relatively
low (4.9%) and the concentration of TSS ranged from 6 8 to 7 4 mg/L. The relatively large differences
in measured TSS are likely due to inter-station rather than intra-station variability.

4.1.2.2 Hardness. Water hardness ranged from 35 7 to 359 mg/L (Figure 4-4). The minimum hardness
was measured at Scappoose Bay (coinciding with the mmmmum conductivity; see Figure 4-1} and the
maximum at Youngs Bay in the estuary This maximum is due to the higher polyvalent ion content of
seawater, which muxes with fresh water at this station. The next highest hardness concentration measured
was at Willow Bar Islands (85.8 mg/L), which coincides with high conductivity measured at this station
(see Figure 4-1).

The CV of the field triplicate sample collected from Burke Slough was relauvely low (1 7%) and the
water hardness ranged from 53.1 to 54.9 mg/L. Some of the differences in measured hardness are likely

due to inter-station rather than intra-station vanability
4.1.2.3 Total Organic Carbon. TOC ranged from 2.21 to 9 44 mg/L (Figure 4-4). The lowest concen-

tration was measured at Elochoman Slough and the highest at Scappoose Bay; median concentration was
2.7 mg/L.
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Areas of the Lower Columbia River (24 June - 1 July 1993.
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The CV of the field triplicate sample collected from Burke Slough was relatively low (1 3%) and the
TOC concentration ranged from 2 92 to 2 99 mg/L  Some of the differences in measured TOC are likely

due to inter-station rather than intra-station vanability.

4.1.2.4 Particulate Organic Carbon POC ranged from 0 46 to 4 60 mg/L (Figure 4-4) The lowest
concentration was measured at Elochoman Slough and the highest at Scappoose Bay; median concentration

was 0 7 mg/L

The CV of the field triplicate sample collected from Burke Slough was relatively low (7.5%) and the POC
concentration ranged from 0 73 to 1.12 mg/L  Some of the differences in measured POC are likely due

to inter-station rather than intr .-station variability

4.1.2.5 Dissolved Organic Carbon DOC (defined as TOC minus POC) ranged from 1.37 to 4 84 mg/L
(see Table 4-2) The lowest concentration was calculated for Carrolls Channel and the highest for
Scappoose Bay, median concentration was 1 9 mg/L.

The CV of the differences between the field triphcate TOC and POC samples collected from Burke
Slough was relatively low (9.2 %) and the calculated DOC concentrations ranged from 1.87 to 2 19 mg/L.
Some of the differences in measured DOC are likely due to inter-station rather than intra-station

variability

4.1.2.6 Summary of Quality Assurance/Quality Control. The detection lunits reported by the laboratory
met the goals specified in the Sampling and QA/QC Plan (Tetra Tech 1993c) For the conventional
parameters, as defined above, no data qualifiers, other than "U" (not detected), were assigned. All
conventional parameter data collected are suitabie for use in this report.

4.1.3 Nutrients and Phytoplankton Biomass ‘

Sampling for nutrients and phytoplankton biomass parameters was conducted 24 June-1 Juty 1993.
Table 4-3 is a summary of findings. Although it is hkely that these parameters have been altered to some
degree by human influences [e.g., see Hileman et al. (1975) for a discussion of human influence on
nutrient concentrations in the lower river], there are no reference values avalable to evaluate nutrnent
data. Exceedance of Oregon’s action level for chlorophyll a 1s noted in 4.1.3.6 below.

4-12



TABLE 4-3 SUMMARY OF WATER COLUMN NUTRIENT AND CHLOROPHYLL DATA
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

Units 10 ug/L ||
Frequency of Frequency of
Detection® Range Median [ Exceedances
T R e
Fotal Phosphorus
P
Jun-Jul 1993 15/15 26-172 59 NA
Soluble Reactive Phosphorus
Jun-Jul 1993 15/15 2-15 10 It NA “
Ammonium Nitrogen f
Jun-Jul 1993 11/15 10U-22 11 NA
Nitrate and Nitrite Nitrogen
Jun-Jul 1993 11/15 10U-181 k7] NA
Total Kjeldahl Nitrogen
Jun-Jul 1993 15/15 145-474 232 NA |
Chlorophyll a
Jun-Jul 1993 15/15 6.7-350 14.0 5/15
Phaeophytin a
Jun-Jul 1993 15/15 2.6-31.0 9.3 NA

NA = No critenia or screening levels available for determunation.

U = Not detected. Preceding value is the detection limt
|
2 Frequency of detected occurrence at the stations sampled. Fifteen stations were sampled between 24 June-
| July 1993 In Jun-Jul 1993 a single sample consisted of triplicate field sampies collected at each of fifteen
stattons (n=15) The averages of field tniplicate samples were used for comparison.

b Frequency of exceedance of the lowest standard or reference level (¢.g., Oregon’s 15 ug/L action level for
chlorophyll a)
%

4-13



4.1.3.1 Total Phosphorus, TP concentration (mean of three field replicates) ranged from 26 to 172 ug/L
(Figure 4-5) The mummum average concentration was measured at Camas Slough and the maximum at

Scappoose Bay. Median concentration was 59 ug/L

The CV of the field triphicate samples ranged from 3.6 to 108 4%, indicating a large range of vanation
at each station. CV was less than 25% at 11 of 15 stations, and greater than 50% at two: 58.6% at
Elochoman Slough and 108.4% at Carrolls Channel The vanation of laboratory replicate analyses was
less than 20%, indicating that laboratory variability 1s not a likely source of the large vanability observed
in a few of the field replicate samples.

4.1.3.2 Soluble Reactive Phosphorus. Average SRP concentration ranged from 2 to 15 ug/L (Fig-
ure 4-5) The mummum average concentration was measured at Burke Slough and the maximum at

Cathlamet Bay The median concentration was 10 ug/L.

The CV of the field triplicate samples ranged from zero to 28.4%. The CV at 13 of 15 stations was less
than 25% and the concentration of SRP was below laboratory detection limits at Burke Slough, precluding
calculation of the CV there. The CV was greater than 25% at Cathlamet Bay. Analysis of the laboratory
replicate for this station resulted in 2 CV of 10.1%, indicating that laboratory variability is not a likely
source of this relatively large vanabality.

4.1.3.3 Ammonium Nitrogen. Average ammornutn nitrogen concentration ranged from undetected
(detection limut of 10 pg/L) to 22 ug/L (Figure 4-5). Concentrations below laboratory detection 1 all
three field replicate samples were measured at four stations (Cathlamet Bay, Carrolls Channel, Bachelor
Island Slough, and Gary & Flag Islands); the maximum average concentration was measured at
Elochoman Slough. Median concentration was 11 ug/L.

The CV of the field tnplicate samples ranged from 10.2 to 18 0%. Relatively large differences n

concentration between stations are likely due to inter-station rather than intra-station variability.

4.1.3.4 Nitrate + Nitrite Nitrogen. Average nitrate+mtrite nitrogen concentration ranged from un-
detected (detection limut of 10 ug/L) to 181 ug/L (Figure 4-5) Concentrations below laboratory detection
limits 1n all three field replicate samples were measured at four stations (Carrolls Channel, Burke Slough,
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Scappoose Bay, and Willow Bar Islands), the maximum average concentration was measured at

Elochoman Slough. Median concentration was 32 ug/L

The CV of the field triplicate samples ranged from 1.8 to 14.6%, relatively large differences in average

sample concentrations between stations are likely due to inter-station rather than intra-station variability

4.1.3.5 Total Kjeldahl Nitrogen Average TKN concentration ranged from 145 to 474 ug/L (Fig-
?
ure 4-5) The minimum average concentration was measured at Bachelor Island Slough and the maxtmum

at Scappoose Bay Median concentration was 232 ug/L

The CV of the field triplicate samples ranged from | 9 to 22.4%; relatively large differences tn average

sample concentrations between stations are likely due to inter-station rather than ntra-station variability

4.1.3.6 Chlorophyll and Phaeophytin a. Chlorophyll and phaeophytin a concentrations ranged from
6.7-35.0 and 2 6-31.0 ug/L, respectively (Figure 44) The mmmmum chlorophyll @ concentration was
measured at Elochoman Slough and the maximum at Scappoose Bay; median concentration was
14.0 ug/L. The minimum phaeophytin a concentration was measured at Camas Slough and the maximum
again at Scappoose Bay, with a median of 9 3 ug/L. The relatvely high proportion of phaeophytin a
suggests the presence of a pool of senescent plant and algal detritus in these backwater areas.

The CVs of the field triplicate samples collected for chlorophyll analysis at Burke Slough were 19 0%
and 20 6% for chlorophyll and phaeophytin analyses respectively. The refatively large differences in
average sample concentrations between stations are likely due to inter-station rather than intra-station
vanability.

The chlorophyli a concentration exceeded Oregon’s 15 ug/L action level at 5 of the 15 stations sampled.
This indicates a potential impairmemt of beneficial uses of these backwater areas, possibly as a resuit of
human-caused eutrophication. However, no measurements were made of algal species present at the time
of sampling to indicate the relative abundance of nuisance algae (e.g., blue-green algae). Potential
adverse effects on water quality of eutrophication and nuisance algae 1s discussed n more detatl in
Section 5.1.3.
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4.1.3.7 Summary of Quality Assurance/Quality Control The detection lumts reported by the laboratory
met the goals specified 1n the Sampling and QA/QC Plan (Tetra Tech 1993c) For most of the nutrient
parameters (TP, ammonium mitrogen, and mutrate+ nitrite nitrogen), no data qualifiers, other than "U"
(undetected), were assigned For SRP and TKN, one and two of the 45 samples, respectively, were
quahfied as estimated based on laboratory precision data Two of the 17 values for phaeophytin a were
also qualified as estimated on the same basis In general, all of the nutnent and chlorophyll data are

surtable for use 1n this report

4.1.4 Metals and Cyanide

Sampling for 16 total recoverable and filtered metals plus cyamde was conducted 24 June-1 July 1993

Table 4-4 presents a summary of total recoverable findings, including exceedances of standards

Table 4-5 presents a summary for filtered metals data Exceedances of the standards for average total
recoverable metal concentrations (mean of the three field-replicate samples) were noted for aluminum at
14 stations, lead at three stations, and copper, won, mercury, and silver at one station each (see
Table 44). Cyamde was not detected 1n any sample. The total recoverable metal standards, and the
Washington dissolved metal standards where applicable, were not exceeded by the average filtered metals

concentration at any station,

Note that for alumunum and iron especially the total recoverable data were very much higher than fiitered
data, indicating that these metals were mostly found in the samples 1n a particulate form that would not
pass through a 0 45 um screen No freshwater criteria or standards were available for barium, and no
saltwater criteria or standards for aluminum, barwum, beryilium, iron, or thallium. The detection limuts
achieved for mercury and silver in thus study were not adequarte to evaluate potential exceedances The
exceedances of federal criternta and Oregon and/or Washington standards for aluminum, copper, iron,
lead, mercury, and stlver indicate potential adverse effects on aquatic orgamsms which will be discussed
in more detail 1n Section 5 1.4.

4.1.4.1 Aluminum. Station average total recoverable aluminum concentrations ranged from 159 to
843 ug/L with a2 median concentration of 388 ug/L (Figure 4-6). The numimum average concentration
was measured at Burke Slough and the maximum at Scappoose Bay The U.S. EPA-recommended water
quality critenion for aluminum (87 ug/L) was exceeded at all 15 stations.
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TABLE 44 SUMMARY OF WATER COLUMN TOTAL
RECOVERABLE METALS AND CYANIDE DATA
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

Unuts n pg/L

Fryﬁ‘:?gnf f Range Median Freshwater Saltwater

Aluminum 15/15 159-843 388 14/14 1/1¢
Antimony i /15 30U-3 1 30U 0/14 0/1 ]
Arsenic 2/15 30U0-36 3.0U 0/14 on
Barium 15/15 11-24 18 NA NA
Beryllium 0/15 - 20U 0/14 NA
Cadmium 0/15 0.10U-0.17U 0.10U 0/14 o/t
Chromium 1115 " 1 0U-6.3 1.0U 0/14 0/1
Copper 13/15 1.04 6 2.3 0/14 111
Iron 15/15 188-2,523 421 1/14 0/1¢
Lead 6/15 0.8U-2.0 0.8V 3/14 011
Mercury 1/15 0.11U-0 11 0.11U 1/144 o/nd
Nickel 215 50U-6.0 5.0U 0/14 0/1

I Selenium 0/15 - 3.0U 0/14 0/1
Silver 1/15 1.0U4 6 1.0U i/144 o4
Thallium 5/15 1.0U-1.1 1.0U 0/14 NA
Zinc 10/15 3.0U-16.7 8.0 0/14 01 M
Cyanide 015 20U 2.0U 0/14 0719

———— —

NA = No critena or screenng laxlable.
U = Not detected. Value preceding 1s the detection limmt.

2 Frequency of detected occurrence at the stations sampled. Fifteen stations were sampled between 24 June-1
July 1993. Each of the values reported represents the mean tnplicate field samples.

b Frequency of exceedance of the lowest standard or reference level at the stations sampled. The numbers in
parentheses indicate the frequency of exceedance of the same standard for all of the samples collected.

€ No saltwater criteria or screening levels were available. The number of exceedances are based on the
available freshwater cntenon.

4 Detection limuts were hugher than the chromic critena. The number of exceedances are based on detected
concentrations only
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¢ Based on results of the 1993 Lower Columbia River Backwater Reconnaissance Survey.

TABLE 4-5 SUMMARY OF WATER COLUMN FILTERED METALS DATA
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY
Unuts mn pg/L Frequency of Exceedances
Frequency of
Detection®© Range Median Freshwater Saltwater

j Aluminum 15/15 9-65 23 mel
Antimony 0/15 - jou 0/14 0/1
Arsenic 0/15 - jou 0/14 01
Barium 15/15 3-18 14 NA NA
Beryllium 0/15 - 20U 0/14 NA
Cadmium 0/15 0 10U-0 18U 0 10U 0/14 0/1
Chromium 0/15 - 10U 0/14 011

| Copper 0/15 - 10U 0/14 0/1
Iron 15/15 I 6-442 26 0114 NA
Lead 3/15 08ULS 0.8U 0/14 0/1

|| Mercury 0/15 - 011U 07144 ond
Nickel 3/15 50U-57 50U 0/14 0/1
Selenium 1/15 30U-31 30U 0/14 0/1
Silver 0/15 - 10U 0/149 ond

| Thallium ri 6/15 10U-12 10U 0/14 NA
Zinc 5N35 30U53 3.0U 0/14 on

SN SN N

NA = No cnitena or screemung levels available. 4
U = Not detected. Value preceding 1s the detection limut
3 Frequency_of detected occurrence at the stations sampled. Fifteen stations were sampled between 24 June-1
July 1993 Each of the values reported represents the mean of tniplicate field samples.
b Frequency of exceedance of the lowest standard or reference level at the stations sampled. The numbers 1
parentheses indicate the frequency of exceedance of the same standard for all of the samples collected.

d Detection limts were higher than the chromc criterion The number of exceedances s based on detected

concentrations only
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Aluminum and Iron in Fifteen Backwater Areas of the Lower
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The CV of total recoverable aluminum samples ranged from 4 6 to 30 8% It was greater than 25% at
Youngs Bay and Knappa Slough Laboratory precision was generally within QC limuts, the relatively
high varnabulity at these stations may be due to field total recoverable aluminum vanation. Relatively
large differences in water column total recoverable aluminum concentrations between the stations sampled

are likely due to inter-station rather than intra-station vanability

Station average fiitered aluminum concentrations ranged from 9 to 65 ug/L. with a median concentration
of 23 ug/L (Figure 4-6) The munmimum average concentration was measured at Carrolls Channel and
the maximusn at Scappoose Bay There are no recommended critera or standards for dissolved alum-

num

The CV for filtered aluminum samples ranged from 0.9 to 53 3%. It was greater than 25% at Lewis &
Clark NWR and Carrolls Channel. Laboratory preciston was generally withun QC limuts, although
laboratory replicate analysis of one of the triplicate field samples from Lewis & Clark NWR exceeded
QC gwidelines Therefore, the relatively high vanability at these stations, particularly Lewis & Clark
NWR, may be due to laboratory vanatnon Relatively large differences in fiitered aluminum concen-

trations among stations are likely due to inter-station rather than intra-station vanability.

4.1.4.2 Antimony. In general, animony was not detected above the laboratory detection limut of
3 0 pg/L 1n the total recoverable or filtered metals samples, except at Skamama Landing, where it was
detected n two of the three field replicates (maxunum average concentration = 3 0 pg/L; Figure 4-7).
However, these concentrations are all less than the U.S. EPA-proposed freshwater criterion of 30 pg/L

Due to the infrequent detection of antimony, CV could not be determined.
4.1.4.3 Arsenic. Total recoverable arsenic was detected infrequently and filtered arsemic was not
detected above the laboratory detection limut of 3 0 ug/L (Figure 4-7). Total recoverable arsemic was

detected in at least one field replicate sampie at Scappoose Bay and Willow Bar Islands. The highest

average total recoverable concentration was measured at Willow Bar Islands (3.6 ug/L). However, these
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concentrations are all lower than the US EPA and Washington chronic freshwater and saltwater

standards of 190 and 36 ug/L, respectively

Due 1o the infrequent detection of arsenic, CV could not be determined.

4.1.4.4 Barium Station average total recoverable barium concentrations ranged from 11 to 24 ug/L
with 2 median concentration of 18 ug/L (Figure 4-8) The mumimum average concentration was measured
at Elochoman Slough and the maximum at Scappoose Bay Station average filtered barium concentrations
ranged from 8 to 18 pg/L with a median concentration of 14 ug/L (Figure 4-8) Agawn, the mumum
and maximum average concentrations were measured at Elochoman Slough and Scappoose Bay respec-
tively (Figure 4-8) There are no recommended criteria or standards for total recoverable or dissolved

banum, and therefore the environmental significance of these concentrations measured be assessed

The CV for total recoverable barium samples ranged from 2 8 to 17.6%, and for filtered barium from
zero to 13 3% Relatively large differences in the average barium concentrations measured between

stattons are likely due to inter-station rather than intra-station vanability

4.1.4.5 Beryllium Neither total recoverable nor filtered beryllium was detected above the laboratory
detection himut of 2.0 ug/L 1n any sample (Figure 4-8) This detection lumit 18 lower than the U S. EPA
lowest observed effects level (LOEL) of 5.3 ug/L for freshwater aquatic organisms

Due to the mnfrequent detection of beryltium, CV could not be determuned.

4.1.4.6 Cadmium. Neither tota] recoverable nor filtered cadmuum was detected above the laboratory
detection it of O 18 ug/l. m any sample, detection limits were generally 0.10 ug/L. (Figure 4-9).
These detecrion limuts are lower than both the lowest total recoverable standard (freshwater) of 0.7 ug/L
and the Washington (freshwater) dissolved cadmium standard of 0.6 ug/L.

Due to the infrequent detection of cadmium, CV could not be determuned.

4.1.4.7 Chromium Total recoverable chromuum was detected infrequently and filtered chromium was
not detected above the laboratory detection limit of 1 O pg/L (Figure 4-9). Total recoverable chromium
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was detected 1n all three field rephcate samples at Scappoose Bay (average concentration 6 3 ug/L)
These concentrations are all lower than the chronic freshwater and saitwater standards of 50 and 11 ug/L.,

respectively.

The CV of the three field replicate chromuum samples of total recoverable chromuum collected from
Scappoose Bay was 96 4%  All laboratory duplicate analyses were performed on samples with concen-
trations of chromium that were below the limit of detection Therefore, 1t is not possible to determune
if the relatively high vanability noted in this sample was due more to analytical or field variability
Because the reported sample concentrations were near the laboratory detection linut, laboratory vanabihity

may have contributed to the variation noted in these field samples.

4.1.4.8 Copper. Station average total recoverable copper concentrations ranged from 1 0 to 4.6 ug/L
with a median concentration of 2.3 ug/L (Figure 4-10). The mummum average concentration was
measured at Elochoman Slough and the maximum at Youngs Bay The U.S EPA and Oregon freshwater
standard for copper (6.5 pg/L) was not exceeded at any of the stations, but the saltwater standard
(2.9 ug/L) was exceeded at Youngs Bay.

The CV of total recoverable copper samples ranged from 2 8 to 54 6%. It was greater than 25% at
Svensen Island, Carroils Channel, and Scappoose Bay Laboratory precision was within QC limuts; there-
fore, the relatively high variability at these stations may be due to field variation in the total recoverable
copper concentration. Reiatively large differences i concentration between stations are likely due to

inter-station rather than intra-station variability

Filtered copper concentrations were all below the laboratory detection limut of 1.0 ug/L and did not
exceed the Washington freshwater dissolved standard of 5.6 ug/L (Figure 4-10).

4.1.4.9 Iron. Station average total recoverable iron concentrations ranged from 188 to 2,523 ug/L with
a median concentration of 421 xg/L (Figure 4-6) The minimum average concentration was measured
at Svensen Island and the maximum at Scappoose Bay. The U.S. EPA and Oregon water quality criterion
for wron (1,000 ug/L) was exceeded only at Scappoose Bay.
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The CV of total recoverable ron sampies ranged from 0 8 to 80 2% It was greater than 25% at Knappa
Slough, Scappoose Bay, Willow Bar Islands, and Skamama Landing Laboratory precision was within
QC Iimuts; the relatively high vanability at these stations may be due to field variation in the total
recoverable iron concentration. Relatively large differences in concentration between stations are ltkely

due to inter-station rather than intra-station variability.

Station average filtered iron concentrations ranged from 6 to 442 ug/L with a median concentration of
26 pg/L (Figure 4-6) The mimmum average concentration was measured at Camas Slough and the

maximum at Scappoose Bay. There are no recommended criteria or standards for dissolved iron

The CV for filtered iron samples ranged from 4 1 to 33 6%. It was greater than 25% at Cathlamet Bay,
Svensen Island, and Lewis & Clark NWR. Laboratory precision was within QC limits, the relatively
high vanability at these stations may be due to field varation mn the filtered iron concentration.
Relatively large differences in concentration among stations are likely due to inter-station rather than

intra-station variability.

4.1.4.10 Lead. Station average total recoverable lead concentrations ranged from below laboratory
detection (average detection limits of 0.8-1 0 ug/L) at mne stations to 2.0 ug/L, with a median concen-
tration equivalent to the 0.8 ug/L detection it (Figure 4-10). The maximum concentration was
measured at Skamania Landing. The U.S. EPA and Oregon freshwater standard for lead (1.3 ug/L based
on a water hardness of 50 mg/L) was exceeded at Scappoose Bay, Willow Bar Islands, and Skamania
Landing.

The CV of the total recoverable lead detected 1n the three field replicate samples from Skamama Landing
was 22.9%. The CV of one laboratory duplicate analysis was 15.7%. Therefore, the vanability noted
in the field samples from Skamama Landing may have been due more to analytical than field vanability.
Because the reported sample concentrations were near the laboratory detection limit, laboratory vanability
likely contributed to the variation noted in these field samples.

Filtered lead concentrations were generally below the laboratory detection limut of 0.8 ug/L, with the
exception of lead detected in one of the three field replicate samples at each of three stations (Fig-
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ure 4-10) These average concentrations were all below the Washington freshwater dissolved standard
of 09 ug/L

4.1.4.11 Mercury. In general, total recoverable and filtered mercury were not detected above the
laboratory detection limt of O 11 pg/L, except for one total recoverable mercury rephcate sample
collected from Lewis & Clark NWR 1n Bug Hole (Figure 4-11) Therefore, 1t 1s possible that the average
total recoverable mercury concentration exceeded the freshwater standard of 0 012 ug/L at thus station
However, the detection lmmuts were too high for an adequate evaluation of potential water quality
problems It 1s not currently possible to measure mercury levels at concentrations below the water quality

standards with the conventional laboratory methods used 1n this survey

Due to the infrequent detection of mercury, CV could not be determuned.

4.1.4.12 Nickel. Station average total recoverable nickel concentrations ranged from below laboratory
detection (detection limat range of 5 0-7 3 ug/L) at 13 stations to 6.0 ug/L, with a median concentration
equivalent to the 5.0 ug/L detection limit (Figure 4-11). The maximum concentration was measured at
Youngs Bay The U.S EPA and Oregon freshwater standard for nickel (88 ug/L) was not exceeded at
any backwater station.

Filtered mickel concentrations were generally below the laboratory detection limit of 5.0 ug/L, with the
exception of mckel detected in one of the three field replicate sampies at each of three stations (Fig-
ure 4-11) The maximum average concentrations were below the Washington freshwater and saltwater
dissolved standards of 83 and 7 9 ug/L, respectively

Due to the infrequent detection of total recoverabie or filtered nickel in the field replicate samples, CV
could not be determined.

4.1.4.13 Selenium. In general, total recoverable and filtered selenium were not detected above the
laboratory detection limit of 3.0 ug/L, except for one sample from Youngs Bay (Figure 4-12). The
reported concentrations and detection lumuts were all lower than the U.S EPA and Washington freshwater
and marine standards of 5.0 and 71 ug/L, respectively.
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Figure 4-11. Water Column Concentrations of Total Recoverable and Filtered
Mercury and Nickel in Fifteen Backwater Areas of the Lower
Columbia River (24 June - 1 July 1993).
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Figure 4-12. Water Column Concentrations of Total Recoverable and Filtered
Selenium and Silver in Fifteen Backwater Areas of the Lower
Columbia River (24 June - 1 July 1993).
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Due to the infrequent detection of total recoverable or filtered selemum 1 the field replicate samples, CV

could not be determined

4.1.4.14 Silver In general, total recoverable and filtered silver were not detected above the laboratory
detection limit of 1 0 ug/L, except for one total recoverable sample from Cathlamet Bay (Figure 4-12).
It 1s possible that the average total recoverable silver concentration exceeded the freshwater standard of
012 pg/L at this staton However, the detection limuts achieved were in general too high for an
adequate evaluation of potential water quality problems. It 1s not currently possible to measure silver
levels at concentrations below the water quality standards with the conventional laboratory methods used

n this survey

Due to the infrequent detection of totai recoverable or filtered silver in the field replicate samples, CV

could not be determuned

4.1.4.15 Thallium. Station average total recoverable thallium concentrations ranged from below
laboratory detection (detection limat of 1 O ug/L) at ten stations to 1.1 ug/L, with a median concentration
equivalent to the 1.0 ug/L detection limut (Figure 4-13). The maximum concentrations were measured
at Cathlamet Bay and Bachelor Isiand. The US EPA and Oregon freshwater LOEL for thallium
(40 ug/L) was not exceeded at any backwater station sampied.

Station average filtered thalium concentrations ranged from below laboratory detection (1.0 ug/L} at ten
stations to 1.2 ug/L, with a median concentration equivalent to the 1 0 ug/L detection bt (Figure 4-13).
The maximum concentration was measured at Lewis & Clark NWR in Bug Hole. The U S EPA and
Oregon freshwater LOEL for thallium (40 pg/L) was not exceeded at any backwater station sampled.

Due to the infrequent detection of total recoverable or filtered thallium in the field replicate samples, CV
could not be determined.

4.1.4.16 Zinc. Station average total recoverable zinc concentrations ranged from below laboratory

detection luruts (average 3.0-6 0 ug/L) at five stations to 16.7 ug/L, with a median concentration of
8 0 ug/L (Figure 4-13) The maximum average concentration was measured at Scappoose Bay The
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Figure 4-13. Water Column Concentrations of Total Recoverabie and Filtered
Thallium and Zinc in Fifteen Backwater Areas of the Lower
Columbia River (24 June - 1 July 1993).

4-33




U S EPA and Oregon freshwater and saltwater standards for zinc (57 and 86 ug/L, respectively) were

not exceeded at any backwater station sampled

The CV of total recoverable zinc samples ranged from 19 8 to 66 4% It was greater than 25% for five
stations Laboratory precision was generally outside of the QC limuts for laboratory replicate results; the
relatively high vanability at these stations may be due to laboratory variation Only very large dif-
ferences 1n zinc concentrations between stations are likely due to inter-station rather than intra-station

vanabulity.

Filtered zinc concentrations were generally below the laboratory detection limut of 3.0 pg/L, except for
zinc detected in one sample at each of five stations (Figure 4-13). The maximum average concentration
of 5.3 ug/L measured at the Lewis & Clark NWR station was below the U.S EPA and Oregon
freshwater and marine standards for zinc (57 and 86 ug/L, respectively).

Due to the infrequent detection of filtered zinc 1n the field replicate samples, CV could not be determined

4.1.4.17 Cyanide. Cyamde was not detected above the laboratory detection limut of 2 ug/L 1n any
sample. The detection limit 1s lower than the 5 2 ug/L freshwater standard, but slightly higher than the
saltwater standard of 1 ug/L. Therefore, 1t 1s possibie that cyamde was present at potentially harmful
levels at Youngs Bay in the estuary. '

Because cyamide was not detected in the field replicate samples, CV could not be determined

4.1.4.18 Summary of Quality Assurance/Quality Control Detection limuts reported by the laboratory
met the goals specified n the Sampiing and QA/QC Plan (Tetra Tech 1993c). The sample results for
cyamde were all qualified as undetected, because sample concentrations were below the laboratory
detection limut of 2 ug/L. Sample results for several metals were qualified as estumnated based on
evaluation of QA/QC data. Three positive values for cadmum and one for lead were qualified as
estimates based on exceeding continuung calibration verification criteria. Because of metals detected 1n
several iaboratory blank samples, approximately 40 values for eight different metals (aluminum, cad-
mum, chrormuum, copper, lead, nckel, thallium, and zinc) were qualified as undetected due to blank

contammation. Aluminum was detected in one equipment/filter biank sample at a concentration of
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3 8 ug/L  All dissolved aluminum concentrations as‘socmed with this equipment/filter blank that were
less than five tiumes the blank concentration have been qualified as undetected. Forty values for six
different metals (alumunum, ron, lead, nickel, thallum, and zinc) were qualified as estimates based on
exceeding QC guidelmes for matnx spikes. Several values for aluminum, lead, and zinc were qualified
as estimates based on exceeding QC gwidelines for laboratory precision The qualification of many of
the metals data 1s primarily due to ambient water and spike metals concentrations that are very near the
laboratory-reported detection himuts achieved for this study The detection lumits themselves are generally
lower than the typical method reporting limuts recommended for the conventional analytical methods
employed for this study

The qualification of data as undetected due to laboratory and fireld-equipment/filter blank contarmination
has ensured that the detected concentrations reported are not likety due to contarmination, which has been
a significant problem 1n previous studies that have atternpted to measure trace amounts of metals n
freshwater and marine systems (e.g., Windom et al 1991). Although a number of the metals data were
qualified, the precision, accuracy, and completeness of the metals data were within project guidelines and
the data, as qualified, are considered suitable for their intended use in this report.

4.1.5 Indicator Bacteria

Sampling for indrcator bactena (fecai coliforms, enterococcus, and E. coli) was conducted 24 June-1 July
1993. Table 4-6 presents summary statistics, including exceedances of standards Exceedances of the
fecal coliform standards were noted at three stations. No exceedances the E. coli or enterococcus

standards were noted. The significance of these findings 1s discussed in more detail in Section 5.1.5

4.1.5.1 Fecal Coliforms The geometric mean fecal coliform concentration ranged from 10 to 262
bacteria per 100 mL (Figure 4-14). The minimum geometric mean was measured at Lewis & Clark NWR
and the maximum at Scappoose Bay The overall geometric mean concentratton for ail 15 stations was
40 bacteria per 100 mL. The Washington freshwater fecal coliform standard of 100 bacteria per 100 mL
was exceeded at Svensen Island and Scappoose Bay The Washington and Oregon standard for marine
and/or shellfish harvesting waters (14 bacteria per 100 mL) was exceeded at Youngs Bay in the estuary.

The CV of the field triplicate analyses ranged from 15 to 142%. The relatively high variation was
generally due to the occurrence of much higher concentrations in one of the three field replicate samples.
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NS = Not sampled.

Frequency of
Detection?

Fecal Coliform

Jun-Jul 1993 15/15
Eschenchia coli

Jun-Jul 1993 15/15
Enterococcus

Jun-Jul 1993 12/15

TABLE 4-6. SUMMARY OF INDICATOR BACTERIA DATA
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

Numbers of Bactena per 100 mL
Range® Geometric Mean®
_ 10-262 40
8-85 26
2U-5 3

b Ranges given are for geometric means of three field replicate sampies at each station.

€ Overall geometnc mean of individual station geometric means.

i
Wd Frequency of exceedance of the lowest standard (e g, 100 fecal coliforms per 100 mL} for the geometric mean concentration
(n=3) at a particular station ( )
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Frequency of Exceedance

of Standardd

3/15 (20%)

0/15 (0%)

0/15 (0%)

3 Frequency of detected occurrence at the stations sample Fifteen stations were sampled between ~ - June-1 July 1993 The

numbers 1 parentheses indicate the frequency of detection of individual samples I[n Jun-Jul 1993 a single sample consisted of
tnplicate field samples collected at each of fifteen stations (n=15). The geometric mean of the tniplicate samples was used for
comparison with the standards
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Figure 4-14. Indicator Bacteria Concentrations in Fifteen Backwater Areas of
the Lower Columbia River (24 June - 1 July 1983).

4-37




Previous studies have attributed large variation m bacteria densities to the patchiness of these orgamisms
and their association with particulate matter For example, the CV of co-located field triplicate samples
ranged over 100% in a WDOE study of fecal coliforms in the lower Columbia (Hallock 1993). The
variation 1n these samples was sigmficantly greater than the vanation in laboratory duplicate or sequential
samples collected 15 munutes later from a single location (Hallock 1993), Very similar results have been

obtained for £ colt and enterococcus counts

4.1.5.2 Escherichia coli. The geometric mean E. coli concentration ranged from 8 to 85 bactena per
100 mL (Figure 4-14). The mummum mean concentration was measured at Lewis & Clark NWR and
the maximum at Gary & Flag Islands The overall geometric mean of the station mean values was
26 bactenia per 100 mL The US EPA E coli criterion of 126 bacteria per 100 mL was not exceeded

at any station.

The CV of the mean of the field triplicate analyses ranged from 17 to 144% See 4.1.5.1 above for a

discussion of high vanations 1n bactena counts.

4.1.5.3 Enterococcus. The geometric mean enterococcus concentration ranged from undetected (report-
ing limut of 2 bacteria per 100 mL) to 5 bacterta per 100 mL (Figure 4-14) Enterococcus concentrations
below the reporting limit 1n all three fieid replicate samples occurred at Elochoman Siough and Fisher
isiand Slough. The maximum geometric mean concentrations were measured at Svensen [sland and
Skamania Landing. The overall geometric mean of the station mean values was 3 bactena per 100 mL.
The U.S. EPA freshwater enterococcus criterion of 33 bacteria per 100 mL was not exceeded at any
station, and the U.S EPA marine cniterion of 35 bacteria per 100 mL was not exceeded at Youngs Bay

The CV of the mean of the field triplicate analyses ranged from 25 to 58% See 4.1.5.1 above for a

discussion of high variations in bacteria counts.

4.1.5.4 Summary of Quality Assurance/Quality Control. The method reporting limit (MRL) specified
by the laboratory (2 organsms per 100 mL), met the quantrtation goais specified 1in the Sampling and
QA/QC Plan (Tetra Tech 1993¢c). Those samples that were not detected above the MRL were qualified
as undetected. All samptes were taken completely through a confirmation phase. No data qualifiers other
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than "U" (undetected) were assigned to any of the sample results and they are considered appropriate for
use in this report

4.2 SEDIMENT QUALITY

This section presents resuits of analyses of sediment samples collected 1 the 1993 backwater recon-
naissance survey Analytes are grouped and presented as for water samples, 1n narrative, tabular, and
graphic formats Where calculable (from field triplicate samples), the coefficient of varnation (CV) 1s
presented within the discussion of each analyte, data QA/QC is summarized at the end of each group of
analytes. Complete survey results are found in the separate data appendix (Tetra Tech 1993e), complete
results of data QA/QC reviews are aiso presented separately (Tetra Tech 1993d).

Results are compared to existing reference levels (U.S EPA-recommended critena and state standards;
see Section 2) to provide a prelimmnary assessment of potential adverse effects to aquatic organisms. The
single composite samples (of surficial sediments to the 2-cm sediment depth) collected for sediment
analyses are more suitable than water column samples for characterizing and evaluating water quality n
a river system, at least for persistent hydrophobic contaminants. Surficial sediments, especially fine-
grained sediments 1n depositional areas, integrate the contaminants recently (on the order of months to
years) discharged to the river system from both point and nonpoint sources. Therefore, exceedances of
the reference values adopted for use mn this study indicate potentially serious water quality problems that

warrant more intensive 1nvestigation.

4.2.1 Conventional Parameters

Sediment samples were analyzed for the conventionally measured sediment parameters totai organic
carbon (TOC), gramn size (percent fines), solids, total voiatile solids (TVS), total sulfides, ammoma
nitrogen, and total Kjeldah] nitrogen (TKN). Sediment sampling was conducted 24 June-i July 1993.
Table 4-7 presents summary statistics for these data. Although 1t 1s likely that these parameters have been
altered to some degree by human influences (at least in localized areas of the river), there are no refer-
ence values available for this data. These parameters are important in regulating the transport, toxicity,
and bioaccumulation of contaminants that enter the river, and provide useful information for evaluating
chemical contarninant data.
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Number of Observations? Range Median
[Total Organic Carbon | 15 | 0737 | 18 |
Percent Fines ( <63um) 15 29-95 52
Total Solids 15 36.2-57 6 45 4
Total Volatile Solids 15 2989 53

| Units in mg/kg dry weight

TABLE 4-7 SUMMARY OF SEDIMENT CONVENTIONAL PARAMETERS
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

| Ussmpemeudyvegn |

Units 1n percent dry weight

Total Sulfides

Ammonia Nitrogen

Total Kjeldahl Nitrogen

15

15

1.8U-133.9

4.3-63.8

650-2,000

U = Not detected. The preceeding value 1s the laboratory detection limut.

18.9

247

1,400

2 The number of observations 1s equivalent to the number of stations sampled. Fifteen stations were sampled
between 24 June-1 July 1993. One of the observauons represents a mean of three field replicate values.




4.2.1.1 Total Organic Carbon TOC concentrations ranged from 0.7 to 3 7% with a median of 1 8%
(Table 4-7) The lowest sediment TOC concentration was measured at Bachelor Island Slough and the
highest at Gary & Flag Islands.

The CV of sediment TOC at Burke Slough was 12 %, with concentrations ranging from 3.0 to 3.8 mg/kg.
Differences 1in sediment TOC content between stations are likely due to inter-station rather than mntra-

station variability

4.2.1.2 Percent Fines. Sediment percent fines (the silt and clay fraction less than 63 um effective
diameter} on a dry weight basis ranged from 29 to 95% with a median of 52% (Table 4-7). The lowest
proportion was measured at Elochoman Slough and the highest Youngs Bay The remaiming sediments
at the backwater stations sampled were predomunantly sand (4.4-70.4%) with very little gravel present
(00-1.5%).

The CV of sediment percent fines at Burke Slough was 4.4% and the relative amount of fines tn the three
field replicate samples ranged from 42.7 to 46.2%. Differences in sediment percent fines content

between stations are ltkely due to inter-station rather than intra-station variability.

4.2.1.3 Total Solids. Total solids ranged from 36.2 to 57 6% with a median concentration of 45 4%
(Table 4-7) The lowest percent total solids was measured at Scappoose Bay and the highest at Bachelor
Island.

The CV of sediment total solids at Burke Slough was 2.5% and the total solids in the three field replicate
samples from this station ranged from 45 4 to 47.7%. Differences in total solids between stations are
likely due to inter-station rather than intra-station variability.

4.2.1.4 Total Volatile Solids. TVS ranged from 2.9-8.9% with a median of 5.3% (Table 4-7). The
lowest TVS was measured at Fisher Island Slough and the highest at Burke Slough.

The CV of sedument TVS at Burke Slough was 12.2%, TVS in the three field replicate samples from this
station ranged from 7.0 to 8.9%. Dufferences in sediment TVS between stations are likely due to inter-
station rather than intra-station vanability.



4.2.1.5 Total Sulfides. Sediment total sulfide concentrations ranged from undetected (detection lumt
of 1 8 mg/kg), to 133.9 mg/kg (Table 4-7) Sulfide was not detected at Fisher [sland Slough The
lowest detected total sulfide concentration (3 4 mg/kg) was measured at Carrolls Channel, and the highest
(133 9 mg/kg) at Youngs Bay. The next highest concentration (64 mg/kg) was measured at Elochoman
Slough

The CV of sediment total sulfides at Burke Slough was 13 8%, with concentrations 1n the field triplicate
samples ranging from 16 0 to 21 0 mg/kg Dufferences in total suifides between stations are hikely due

to inter-station rather than intra-station variability

4.2.1.6 Ammonia Nitrogen. Sediment ammona nitrogen concentrations ranged from4 3 to 63 8 mg/kg.
The lowest concentration was measured at Fisher Island Slough and the highest at Camas Slough.

The CV of sediment ammomnia mtrogen at Burke Slough was 6 1%, with concentrations in the three field
replicate samples ranging from 46.3 to 52.0 mg/kg. Differences in sediment ammonia mtrogen between

stations are likely due to inter-station rather than intra-station variability.

4.2.1.7 Total Kjeldahl Nitrogen Sediment TKN concentrations ranged from 650 to 2,000 mg/kg. The
lowest sediment TKN concentration was measured at Bachelor Island Slough and the highest at Scappoose
Bay (Table 4-7).

The CV of sediment TKN at Burke Slough was zero percent and the TKN concentration in the three field
replicate samples from this station was 1,200 mg/kg. Differences in sediment TKN between stations are
likely due to mnter-station rather than intra-station vanability.

4.2.1.8 Summary of Quality Assurance/Quality Control. The detection ltmuts reported by the laboratory
met the goals specified in the Sampling and QA/QC Plan (Tetra Tech 1993c). For all parameters except
grain size, no data qualifiers, other than "U" (undetected), were assigned. For grain size, one of the 17
samples was qualified as estimated based on laboratory precision data. All of the conventional parameter
data are suitable for use in this report.
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4.2.2 Metals and Cyanide

Sediment sampling for 16 total recoverable metals and cyanide was conducted 24 June-1 July 1993
Table 4-8 presents summary statistics, including exceedances of available reference levels for arsenic
(4 stations), cadmium (14 stations), chromium (2 stations), copper (15 stations), iron (9 stations), nickel
(7 stations), silver (1 station), zinc (4 stations), and cyamde (1 statton) All of the detection lumts
achieved for these analytes were adequate to evaluate potential adverse effects on benthic orgamsms No

reference levels were available for aluminum, barum, beryllium, seleuum, or thallium.

These reference level exceedances tndicate potential adverse effects on benthic aquatic orgarusms; this

will be discussed 1n more detail in Section 5.2 4

4.2.2.1 Aluminum Sediment aluminum concentrations ranged from 14,200 to 33,300 mg/kg, with a
median concentration of 18,033 mg/kg (Figure 4-15). The lowest concentration was measured at Fisher
Island Slough, and the highest at Elochoman Slough. No reference values are available to evaluate the
potential environmental sigruficance of these data.

The CV of sediment aluminum samples from Burke Slough was 5.5%; concentrations n the three samples
ranged from 16,900 to 18,700 mg/kg These differences in reported sediment alummunum content are
likely due to inter-station rather than intra-station variability

4.2.2.2 Antimony. Antimony was not detected at any station (detection limits ranged from 0.23 to
0.41 mg/kg; Figure 4-15). Detection limits were 2il lower than the Ontarto reference level for antimony

(2 mg/kg).

4.2.2.3 Arsenic. Sediment arsemic concentrations ranged from 3.6 to 13.6 mg/kg with a median
concentration of 4.5 mg/kg (Figure 4-15) The lowest conceniration was measured at Bachelor Island
Slough and the highest at Scappoose Bay. Concentrations exceeded the lowest reference concentration
(Ontario’s Lowest Effect Level of 6 mg/kg) at Cathlamet Bay, Scappoose Bay, Willow Bar Islands, and
Camas Slough
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Aluminum
Antimony

Arsenic

Barium
Beryllium
Cadmium
Chromium
Copper
Iron
Lead
Mercury
Nickel
Selenium
(| Silver
Thallium

i
Zinc

Cyanide

15/15
0/15
15/15
15/15
15/15
15/15
15/15
15/15
15/15
12/15
15/15
15/15
o/15
1/15
0/15
15/15

1/15

“ Units in mg/kg dry sediment l

Frequency of

TABLE 4-8 SUMMARY OF SEDIMENT METALS AND CYANIDE DATA
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

Frequency of Exceedances

14,200-33,300
0 23U-0 41U
36-136
59 9-186
042-12
0.49-19
14 8-31 1
193499
15,500-39,000
9.5U-26.3
006-0 18
14 0-24 8
091U-1 6U
008U-3 1
0 30U-0 55U
68.3-155

0 100U-Q 172

NA = No reference level available for determ.mauon.

U = Not detected. Value presented is the detection Limit.

Detection? I Range Median

18,033
0 30U
45
144
076
10
20.8
276
20,600
156
0.08
15.3
1.2U
011U
040U
97.3

0.100U

Long and Morgan

0/15
0/15
NA
NA
0/15
0/15
0/15
NA
0/15
1715
0/15
NA
1/15
NA
4/15

NA

Ontario

IH

NA
NA
4/15
NA
NA
14/15
2/15
15/15
9/15
0/15
0/15
7/15
NA
1/15
NA
4/15

1/15

4 Frequency of detection 1s equivalent to the number of stations sampled where the parameter was detected.

Fifteen stations were sampled betweem 24 June-1 July 1993,

b Frequency of exceedance of the Long and Morgan (1990) Effects Range-Low or the Ontano Minmstry of
the Environment's Provincial Sediment Quality Guidelines (Persaud et al 1993) Lowest Effect Level for
potenual adverse effects on benthic orgamsms.
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Figure 4-15.  Sediment Concentrations of Antimony, Aluminum, Arsenic, and
Barium (mg/kg dry wt).
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The CV of sediment arsenic samples from Burke Slough was 9 3%, concentrations 1n the three samples
ranged from 4 O to 4 8 mg/kg These differences in sediment arseruc content are likely due to inter-

station rather than intra-station varnabality

4.2.2.4 Barium. Sediment barium concentrations ranged from 59.9 to 186 mg/kg, with a median
concentration of 144 mg/kg (Figure 4-15) The lowest concentration was measured at Youngs Bay and
the highest at Scappoose Bay No reference values are available to evaluate the potential environmental

sigmficance of these data.

The CV of sediment barium samples from Burke Slough was 9.2 %, concentrations in the three samples
ranged from 129 to 152 mg/kg These differences in sediment barium content are likely due to inter-
station rather than intra-station varabality

4.2.2.5 Beryllium. Sedunent berylllum concentrations ranged from 0 42 to 1.2 mg/kg, with a median
concentration of 0.76 mg/kg (Figure 4-16) The lowest concentration was measured at Fisher Island
Slough and the highest Elochoman Slough. No reference values are available to evaluate the potential

environmemntal significance of these data.

The CV of sediment beryllium sampies from Burke Slough was 14.2%, concentrations i the three
samples ranged from 0.64 to 0 85 mg/kg. These differences in sediment beryllium content are likely due
10 mter-station rather than intra-station vanabiiity.

4.2.2.6 Cadmium Sediment cadrmum concentrations ranged from O 49 to 1.9 mg/kg, with a median
concentration of 1.0 mg/kg (Figure 4-16). The lowest concentration was measured at Eiochoman Slough
and the highest at Willow Bar Islands. Sediment concentrations exceeded the lowest reference concen-
tration (Ontario’s Lowest Effect Level of 0.6 mg/kg) at all stations except Elochoman Slough.

The CV of sediment cadmium samples from Burke Slough was 21.9%, concentrations mn the three

samples ranged from 0.73 to 1.1 mg/kg. These relatively large differences in sediment cadrmuum content
are likely due to inter-station rather than intra-station vanabality.
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4.2.2.7 Chromium Sediment chromium concentrations ranged from 14 8 to 31 1 mg/kg, with a median
concentration of 20 8 mg/kg (Figure 4-16) The lowest concentration was measured at Fisher Island
Slough and the hughest at Elochoman Slough. Sediment concentrations exceeded the lowest reference

concentration (Ontario’s Lowest Effect Level of 26 mg/kg) at Elochoman Slough and Scappoose Bay

The CV of sediment chromium samples from Burke Slough was 0 5%, concentrations in the three
samples ranged from 19 9 to 20 1 mg/kg These differences 1n sediment chromium content are lhikely

due to inter-station rather than intra-station variability

4.2.2.8 Copper. Sediment copper concentrations ranged from 19 3 to 49 9 mg/kg, with a median
concentration of 27.6 mg/kg (Figure 4-16). The lowest concentration was measured at Bachelor Island
Slough and the highest at Elochoman Slough Sediment concentrations exceeded the lowest reference
concentration {Ontario’s Lowest Effect Level of 16 mg/kg) at all stations sampled except Elochoman
Stough.

The CV of sediment copper samples from Burke Slough was 6.9%; concentrations in the three sampies
ranged from 25.5 to 29.2 mg/kg. These differences in sediment copper content are likely due to nter-
station rather than intra-station variability

4.2.2.9 Irom. Sediment iron concentrations ranged from 15,500 to 39,000 mg/kg with a median
concentration of 20,600 mg/kg (Figure 4-17) The lowest concentration was measured at Fisher Island
Slough and the highest at Elochoman Slough Sediment concentrations exceeded the reference concen-
tration (Ontario’s Lowest Effect Level of 20,000 mg/kg) at mne stations (see Figure 4-17).

The CV of sediment iron samples from Burke Slough was 5.8%; concentrations in the three samples
ranged from 19,000 to 21,100 mg/kg These differences in sediument 1ron content are likely due to inter-
station rather than intra-station vanability.

4.2.2.10 Lead. Sediment concentrations of lead ranged from below laboratory detection limuts (9.5-18.1
mg/kg) to 26.3 mg/kg, with a median concentration of 15.6 mg/kg (Figure 4-17) The maximum
concentration was measured at Willow Bar Islands. None of the measured sedunent lead concentrations
exceeded the reference levels (31-35 mg/kg) adopted for this survey.
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Because lead was detected in only two of the three samples collected from Burke Slough, CV could not

be calculated

4.2.2.11 Mercury. Sediment mercury concentrations ranged from 0.06 to 0.18 mg/kg with a median
concentration of 0 08 mg/kg (Figure 4-17) The lowest concentration was measured at both Knappa
Slough and Lewis & Clark NWR, the highest at Fisher Island Slough. The lowest reference concen-
tration (Long and Morgan’s ER-L of 0 15 mg/kg) was exceeded at Fisher Island Slough.

The CV of sedument mercury samples from Burke Slough was 6.9%, concentrations 1n the three samples
ranged from O 08 to 0.09 mg/kg These differences in sediment mercury content are likely due to inter-

station rather than ‘ntra-station variability.

4.2.2.12 Nickel. Sediment mickel concentrations ranged from 14 0 to 24 8 mg/kg with a median
concentration of 15 3 mg/kg (Figure 4-17) The lowest concentration was measured at Fisher Island
Slough and the highest at Elochoman Slough Sediment concentrations of nickel exceeded the lowest
reference concentration (Ontario’s Lowest Effect Level of 16 mg/kg) at seven stations: Cathlamet Bay,
Elochoman Slough, Carroils Channel, Burke Slough, Scappoose Bay, Willow Bar Islands, and Camas
Slough

The CV of sedument nickel samples from Burke Slough was 4.5%, concentrations in the three samples
ranged from 154 to 16 8 mg/kg. These differences 1n sediment mickel content are likely due to mter-
station rather than intra-statton variability

4.2.2.13 Selenium. Selemum was not detected at any station. Detection lirues ranged from 0.91 to
1 6 mg/kg (Figure 4-18).

4.2.2.14 Silver. Silver was detected only at Elochoman Slough (3.1 mg/kg; Figure 4-18). Detection
lumuts ranged from 0.08 to 0 49 mg/kg. The concentration of silver detected at this station exceeds both
the Long and Morgan and Ontano reference leveis of 1 and 0.5 mg/kg, respectively. Because silver was
not detected in the field replicate samples, variation could not be assessed.
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4.2.2.15 Thallium Thalllum was not detected at any station. Detection limts ranged from 0 30 to
0 55 mg/kg, Figure 4-18

4.2.2.16 Zinc. Sediment zinc concentrations ranged from 68 3 to 155 mg/kg with a median concen-
tration of 97 3 mg/kg (Figure 4-18). The lowest concentration was measured at Fisher Island Slough and
the hghest at Gary & Flag Islands Sediment concentrations of zinc exceeded the reference concentration
of 120 mg/kg (Long and Morgan’s ER-L and Ontario’s Lowest Effect Level) at four stations Carrolls
Channel, Willow Bar Islands, Camas Slough, and Gary & Flag Islands.

The CV of sediment zinc samples from Burke Slough was 8.5%; concentrations in the three samples
ranged from 89 4 to 106 mg/kg. These differences 1n sediment zinc content are likely due to inter-station

rather than intra-station variabulity

4.2.2.17 Cyanide. Cyamde was detected at one station 0.172 mg/kg was measured at Elochoman
Slough (detection limit of 0.1 mg/kg; Table 4-8) This concentration exceeded the reference level
adopted for the reconnaissance survey (Ontario’s Lowest Effect Level of 0 1 mg/kg). Because cyanide
was not detected in the three field replicate samples, field vanation could not be assessed.

4.2.2.18 Summary of Quality Assurance/Quality Control. Sampie results for several metals were
qualified as estimated based on evaluation of QA/QC data Because of metals detected in various blank
samptes, four values each for lead and silver were qualified as undetected due to blank contamination.
Because of high matrix spike recovery, all mercury values were quaiified as estimates. Several values
for arsenuc, beryllium, and cadmium were qualified as estimates based on exceedances of QC guidelines
for laboratory precision. Although a number of the metals data were qualified, the precision, accuracy,
and completeness of the metals data were within project guidelines and the data are considered suitable
for therr intended use in this report.

4.2.3 Semi-volatile Organic Compounds

Sediment sampling for 63 semi-volatile organic compounds, including 17 PAHs, was conducted 24 June-
1 July 1993 Except for the PAH compounds (analyzed using selective ion monitoring [SIM]), only three
semi-volatile compounds were detected in the sediments sampled. The sediment concentration of
4-methylphenol measured at Camas Slough exceeded the New York State (NYS) sediment criterion for
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the protection of benthic orgamsms The PAHs were detected frequently due to the relatively low labora-
tory detection limuts achieved with the SIM methodology None of the PAH concentrations exceeded the
reference levels adopted for this study

Reference levels are not available for of all the semi-volatile organic compounds analyzed. The detection
limuts achieved for these compounds are 1n some cases too high to evaluate exceedances of reference
values that are available, because of the sensitivity of the SIM methodology, PAHs are an exception to
thuis The mmplications of the spatial distribution of the detected PAH concentrations are discussed in
Section52 3

4.2.3.1 Polynuclear Aromatic Hydrocarbons. Sedment PAHs analyzed using SIM were detected
frequently at all fifteen backwater stations sampled (Table 4-9) The concentrations detected did not
exceed any of the reference values adopted for this study (Table 4-9 and Figures 4-19 to 4-23) No
reference values were available to evaluate the detected concentrations of acenaphthalene, 2-methyl-
naphthalene, and dibenzofuran The highest sediment PAH concentrations were typically measured at
Carrolls Channel, Burke Slough, and Scappoose Bay Relatively high concentrations were also frequently
measured at Youngs Bay, Willow Bar Islands, and Gary & Flag Islands

Fifteen PAHs were detected 1n all three field replicate samples collected from Burke Slough. The CV
of the mean of these results ranged from 2.3 to 46.9% It was greater than 25% for four compounds:
anthracene (35 1%), benzo(a)anthracene (42 4%), chrysene (46 9%), and benzo(a)pyrene (28.5%)

4.2.3.2 Other Semi-volatile Compounds Only three semi-volatile compounds other than PAHs were
detected in backwater sediments (Tabie 4-10). The compound 4-methylphencl was detected at Camas
Slough at a concentration of 150 pg/kg. Its orgamc carbon-normalized concentration (10 pg/g,.)
exceeded the NYS draft sediment criterion of 0 5 xg/g,. for the protection of benthic aquatic organisms.

Bis(2-ethylhexyl)phthalate was detected at 13 stations. However, the organic carbon-normalized concen-
trations did not exceed the NYS draft sediment criterion of 199.5 ug/g,,. for the protection of benthic
orgamisms The highest concentration (51 ug/kg) was measured at Scappoose Bay, and the highest
organic carbon-normalized concentration (3 3 ug/g,.) at Camas Slough.
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TABLE 4-9 SUMMARY OF SEDIMENT SEMI-VOLATILE COMPOUNDS DETECTED |
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY
[ Unuts 1n pg/kg dry sediment
| Range Median |

Frequency of Detection Detected Detection Detected Frequency of
Detection? Limits Concentrations Liumits Concentrations Exceedances?
b_—"'—'——__JI P ———

4-Methylphenol 1/15 16U 150

Bis(2-ethylhexyl) " 13715

i8U 24 0/15
phthalate
Benzoic acid NA

2 Frequency of detection at the stations sampled. Fifteen stations were sampled between 24 June-1 July 1993.

D The frequency of exceedance of the lowest available reference level for potential adverse effects on benthic organisms or
wildlife.

NA = No reference value available for companson.

U = Not detected

Value 1s the detection limuit,

—0
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(ng/kg dry wt). ‘Refersnce level concentration assuming a sediment TOC content of 1 percent,
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Figure 4-23. Sediment Concentrations of Polynuclear Aromatics Hydrocarbons;
Dibenzofuran (ug/kg dry wt).
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TABLE 4-10 SUMMARY OF SEDIMENT POLYNUCLEAR AROMATIC HYDROCARBON CONCENTRATIONS

1993 LOWER COLUMBIA RIVER RECONNAISSANCE BACKWATER SURVEY

Acenaphthene

Acenaphthylene

Anthracene
Benzo(a)anthracene
Benzo(b,k)fluoranthene
Benzo(a)pyrene
Benzo(g,h,i)perylene
Chrysene

f Dibenzo(a,h)anthracene
Fluoranthene

Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene

Pyrene
2-Methyinaphthalene

Dibenzofuran

wildlife.

Frequency of
Detection®

15/15
15/15

15/15
8/15

15/15
15/15
15/15
15/15
11/15
15/15
15/15

II Range |

Umits 1n ug/kg dry sediment

Median

15/15
15/15

NA = Reference levels not available.

Detection
Limts

065

3374

U = Not detected. Value presented: 1s the detecuon limut.

Detected
Concentrations

Detection
Limits

0.674.1
0206-54
046-12
3640
12-119
4 2-61
8 4-40
6.5-62
1.5-9.7
8 1-76
074-6 73
3141 5.6U
1098 -
5 6-34 -
7-102 -
0704.2 -

03949

Detected
Concentrations

20
2.5
14
24
16

3 Frequency of detection at the stations sampled. Fifteen stations were sampled between 24 June-1 July 1993.

Frequency of
Exceedance?

0/15
0/15
0/15
0/15
NA

b Frequency of exceedances of the lowest available reference level for potential adverse effects on benthic orgamsms or




Because bis(2-ethylhexyl)phthalate was detected 1n only one sample from Burke Slough, CV could not
be calculated. The concentration of this compound was below the laboratory detection lumut of 15 ugrkg
in two of the three samples, and measured at a concentration of 49 ug/kg n the thard sample The field
variation 1n the concentration of this compound encompasses the range of concentrations measured at the
other 14 stations, which suggests that these concentrations may be more variable within a sampling

location than among other sampling locations

Benzoic acid was detected at 14 of the 15 stations No reference levels were available to evaluate the
potential environmental sigmficance of the concentrations measured The highest concentration
(68 ug/kg) was measured at Scappoose Bay, and the highest organmic carbon-normalized concentration

(4.9 ug/goc) was measured at Bachelor Island Slough

Benzoic acid was detected 1n all three field replicate samples from Burke Slough The CV of the mean
was 13 8% and the measured concentration ranged from 38 to 66 ug/kg 1n the samples Differences in
the concentration of this compound between stations may be due to inter-station rather than intra-station

variability

4.2.3.3 Summary of Quality Assurance/Quality Control The detection limits for PAHs measured by
GC/MS with selective 1on monutoring, and for other semu-volatile orgamic compounds measured by
GC/MS, met the goals specified in the Sampiing and QA/QC Plan (Tetra Tech 1993c) Several sample
results were qualified as undetected due to blank contamination. The compounds qualified in this manner
included bis(2-ethylhexyl)phthalate (one sample), indeno(1,2,3-cd)pyrene (six samples), and benzo(g,h,1)-

perylene (nine samples). These data are considered suitable for use 1n this report
4.2.4 Pesticides and PCBs

4.2.4.1 Summary of Results. Sediment sampling for pesticides (25 chlonnated and 1 organophosphorus)
and 6 PCB Arochior mixtures was conducted 24 June-1 July 1993. The two pesticides p,p’-DDD and
p.p’ -DDE were detected at stations from RM 68 to RM 141 (Tables 4-11 and 4-12). The pesticide
p.p’-DDT was detected at Burke Slough, and the PCB Arochlor 1248 was detected at the Carrolls
Channei and Burke Slough stations; no other pesticides or PCBs were detected. The reference levels for
the detected DDD and DDT compounds were exceeded at two stations: p,p’-DDD (2.0 ug/kg) measured
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TABLE 4-11

Detection?

Frequency of

SUMMARY OF SEDIMENT PESTICIDE CONCENTRATIONS
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY
(Page 10f2)
l Units . ug/kg dryut "T*_‘
] T~ —#7—-‘ Frequency of
Range Median Exceedances?
Detection Detected Detection Detected Long and
Limits Concentrations Limats Concentrations Ontario

Aldrin 015 - | 0.5U J
Dieldrin 0/15 - } 1U - (DL>ref)S | 0/15
Endrin 0/15 ! - J U - (DL>ref® | 0/15
Endrin ketone 0/15 j 1 - ' 1U -- NA NA
Endrin aldehyde 0/15 ' i - U - { NA NA
Alpha-BHC 0/15 05 - . 0.5U - | Na 0/15
Beta-BHC 0/15 ’ 0.5 - | 0.5U - . NA 0/15
Delta-BHC 0/15 0.5 - l 0.5U - | NA 0/15
Lindane (gamma-BHC) ‘ 0/15 I 0.5 - 0.5U - | NA 015 |
Gamma-Chlordane 0/15 0.5 - ‘ 0.5U - 015 onCP
Alpha-Chlordzne 0/15 0.5 -~ 1 0.5U - 0/15 0/15 {
Dicofol 0115 11-15 ~ H 14U - NA NA
Endosulfan 1 0/15 0.5 - 0.5U - NA NA
Endosulfan ¥ 0/15 ’ 1 -~ 1U - NA NA
Endosulfan sulfate ‘ 0/15 ' I - 1U - NA NA
Heptachlor | 0/15 0.5 - 0.5U - NA NA
Heptachlor epoxide 1 0/15 } 0.5 - 0.5U - NA NA
Methoxychlor ‘ 0/ 1-5 5 - sU - NA NA
Methyl parathion ': 0/15 l 11-15 - 14U - NA NA
o,p’-DDE ] 0/15 \ 0.16-0.20 - 0.20U - 0/15 NA
o,p’-DDD | 0/15 E 0.16-0.35 - 0.20U - 0/15 NA
o,p’-DDT , 0/18 | 0.16-0.24 - 0.20U - 015 NA
p.p’-DDE 5/15 1 0.5-1.2 1U 0.8 0/15 0/15
p.p’-DDD j 8/15 1 0.7-2.0 1)) 0.85 1115
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TABLE 4-11 SUMMARY OF SEDIMENT PESTICIDE CONCENTRATIONS
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY
(Page 2 of 2)

| Units n ug/kg dry sediment ’
Frequency of
Range Median Excecdances?

Frequency of || Detection Detected Detection Detected Long and
Detection? Linuts Concentrations Limits Concentrations Morgan Ontane
p,p’-DDT 1/15 1 i1 Iu 1.1 1/15 NA
Toxaphene 0/15 50 - 50U - NA NA

NA = Reference value not available

U = Not detected. Value presented 1s the detection Iumit.

4 Frequency of detection at the stations sampled. Fifteen stations were sampled between 24 June-1 July 1993,

b Frequency of exceedances of the Long and Morgan (1990) Effects Range-Low or the Ontario Minustry of the Environment’s

Provincial Sediment Quality Guidelines (Persaud et al 1993) Lowest Effect Level. Detected pestictde concentrarttons did oot
exceed the available organic carbon-based reference vaiues

C The detection limit was greater than the reference level
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Aroclor 1221

Aroclor 1232

Aroclor 1242/1016

Aroclor 1248

Aroclor 1254

Aroclor 1260

TABLE 4-12 SUMMARY OF SEDIMENT PCB DATA
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

Frequency of
Detection?

0/15

[ ons
0/15

2/15

0/15

0/15

Units 10 ug/kg dry sediment
[

U = Not detected. Value presented 15 the detecuon limut

Frequency of
It Range Median Exceedances®
Detection Detected Detection | * Detected Long and
Limts Concentrations Limuts Concentrations || Morgan Ontario
20 - 20U - 0/15 0/15
10 - 10U - 0/15 0/15
10 - " 10U - 0/15 0/15
10 7 3-11 1ou 9.2 0/15 0/15
10 - 10U - 0/15 0/15
10 - 10U - 0/15 0/15

3 Frequency of detection at the stations sampled. Fifteen stations were sampled betweem 24 June-1 July 1993

b Frequency of exceedance of the Long and Morgan (1990) Effects Range-Low or the Ontano Mumstry of the Environment's
Provincial Sediment Quality Guidelines (Persand et al 1993) Lowest Effect Level




at Scappoose Bay was equivalent to the Long and Morgan ER-L, and was therefore considered an
exceedance, p,p’-DDT concentration (1 2 ug/kg) in one of the three samples from Burke Slough exceeded
the Long and Morgan ER-L of 1 ug/kg None of the organic carbon-normalized concentrations exceeded
the NYS draft carbon-normalized criteria for the protection of benthic orgamisms or fish-eating wildlife.

The CV of the mean of samples collected from Burke Slough could only be calculated for p,p’-DDD and
p.p’ -DDE, both were less than 10% Therefore, differences between stations in the concentrations of

these compounds may be due to inter-station rather than intra-station vanability

The detection himits achieved for some of these compounds were too ngh to evaluate possible exceed-
ances of reference levels No reference values were available for several of these pesticides (see
Tabie 4-11). The potential for adverse environmental effects of sediment pesticides and PCBs 1n the

lower Columba Raver 1s discussed in 5 2.4

4.2.4.2 Summary of Quality Assurance/Quality Control The detection lumuts reported by the laboratory
were higher than the goals specified in the Samphng and QA/QC Plan (Tetra Tech 1993c) because of
matnx interferences. None of the analytical data were qualified based on evaiuation of the QA/QC data.
The data are considered suitable for use in this report.

4.2.5 Dioxins and Furans

4.2.5.1 Summary of Results Sediment sampling for seven dioxin and ten furan congeners was conduc-
ted 24 June-1 July 1993. Dioxins and furans were not detected or were detected infrequently above the
EDLs achieved n thss study, except for octachiorodibenzo-p-dioxin (OCDD) which was detected at seven
stations (Table 4-13 and Figures 4-24 through 4-28). The highest concentration of OCDD (52 5 ng/kg)
was measured at Scappoose Bay, and the highest organic carbon-normalized concentration (3 7 ng/g )
at Skamama Landing (Figure 4-25). The only other compound that was detected was 1,2,3,4,6,7,8-
heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD) which was detected at Scappoose Bay (see
Figure 4-25)

Because dioxin and furan congeners were not detected n the field replicate sample from Burke Slough,
variability could not be determined.
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TABLE 4-13 SUMMARY OF SEDIMENT DIOXIN AND FURAN DATA

1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

A AT o e

TEC®d

TEC®¢

NA = Not applicable.
ND = Not detected
U = Not detected. The number preceding the "U" 1s the detection limat.

4-66

3 Frequency of detection at the stations sampled. Fifteen stations were sampled 1 1993,
b Frequency of exceedance of the draft New York State reference level for protection of wildlife (Newell and Sinnott 1993)
€ Toxicity Equivalency Concentration (TEC) calculated based on Barnes (1991).

[—Range—"—m_—_l
It Frequency il Detection Detected Detection Detected Frequency of
Detection? Lumuts Concentrations Liuts Concentrations Exceedances?
2,3,7,8-TCDD 0/15 _I
1,2,3,7,8-PeCDD /15
1,2,3,4,7,8-HxCDD 0/15
1,2,3,6,7,8-HxCDD 0/15
1,2,3,7,8,9-HxCDD /15 05-2.1 --
1,2,3,4,6,7,8-HpCDD 1/15 09-6.9 50
oCDD 7/15 45469 104.52 5
2,3,7,8-TCDF 0/15 0.6-1.3 --
1,2,3,7,8-PeCDF 0/15 03-1.1 -
2,3,4,7,8-PeCDF 0/15 0313 - 06U ND NA
i 1,2,3,4,7,8-HxCDF 0/15 08-2.1 - 1.1U ND NA
1,2,3,6,7,8-HxCDF 0/15 07-1.9 - 11U ND NA (
,2,3,7,8,9-HxCDF 0/15 10-2.7 -- 16U ND NA
2,3,4,6,7,8-HxCDF 0/15 08-2.3 - 13U ND NA
1,2,3,4,6,7,8-HpCDF 0/15 05-71 - 13U ND NA
1,2,3,4,7,8,9-HpCDF 0/15 0.3-3.0 -- 1.9U ND NA
OCDF 0/15 0.44.0 - 1.6U ND NA
NA NA 0.73-1.81 NA 117 0/15

d TEC based on the assumption that the concentrations for undetected compounds 1s equal to half the lower detection limt.

€ TEC based on the assumption that the concentrations for undetected compounds is zero.
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Figure 4-25. Sediment Concentrations of 1,2,3,7,8,9-HxCDD;
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Figure 4-27.  Sediment Concentrations of 1,2,3,6,7,8-HxCDF; 1,2,3,7,8,9-HxCDF;
2,3,4,6,7,8-HxCDF; and 1,2,3,4,6,7,8-HpCDF (ng/kg dry wt).
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The only sediment reference level adopted for use 1n this study for evaluating the potential environmental
significance of dioxin and furan data 1s the NYS draft sediment criterion of 0 2 ng/g,, for 2,3,7,8-
tetrachiorodibenzo-p-dioxin (2,3,7,8-TCDD). However, 2,3,7,8-TCDD was not detected 1n any of the
sediment samples above detection lumuts that ranged from 0.3 to 1 4 ng/kg Normalized to sediment
carbon, these detection limuts are adequate for comparison with this reference level and indicate that
concentrations of 2,3,7,8-TCDD 1n the areas sampled were below levels expected to have an adverse

effect on fish-eating wildlife,

As a further evaluation of the data, sediment toxicity equivalency concentrations (TECs) were calculated
for each station based on the toxicity equivalency factors (TEFs) for dioxin and dioxin-like congeners
(usmng the TEFs in Barnes 1991). Two calculations were performed. 1) assurmung that the concentration
of undetected compounds was equivalent to half the reported detection limit, and 2) assuming a concen-
tration of zero for non-detects. Netther organic carbon-normalized TEC exceeded the relevant NYS draft

criterion at any station (see Tetra Tech 1993e-Table C-8 for the results of these calculations).

4.2.5.2 Summary of Quality Assurance/Quality Control. The detection limits reported by the laboratory
met the goals specified in the Sampling and QA/QC Plan (Tetra Tech 1993c¢). Most of the sample results
were qualified as undetected at the estimated detection limit (EDL) (qualifier code "U/E"). Three of the
seventeen OCDD values were qualified as undetected due to biank contamunation and two values were
qualified as estumates based on laboratory precision data. The evaluation of the QA/QC data indicates
that the reported data are suitable for use in this report

4.2.6 Butyltin Compounds

Sediment sampling for mono-, di~, and tributyltin compounds was conducted during 24 June-1 July 1993.
Butyitin compounds were frequently detected (Table 4-14). However, there are no reference levels avail-
able to evaluate the potential environmental sigmficance of these concentrations. The results for each
butyltin compound are presented below

Because butyitin compounds were only detected in one of the three field replicate samples from Burke
Slough, vanability could not be determuned.
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TABLE 4-14 SUMMARY OF SEDIMENT BUTYLTIN DATA,
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

l Unuts i pg Sn/kg dry sediment

I Range Median I
Frequency of Detection Detected Detection Detected
Detection? l Limuts Concentratians Limuts Concentraiions
[Monobutyltin || 6/15 || 1734 5.1-14 5 1.7 77
Dibutyltin 4/15 26 4612 4 2.6 69
Tributyitin 12/15 32 24-344 32 56

4 Frequency of detection of mono-, di-, and tnbutyltn at the stations sampled. Fifteen stations were sampled
1n 24 June-1 July 1993 No reference values are available for sedument levels of butyltins
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4.2.6.1 Monobutyltin Monobutyltin (measured as n-butyltin trichloride) was detected at six backwater
stations from RM 59 to RM 14 (Figure 4-29) The tughest concentration (14 5 ug Sn/kg) was measured
at Lewis & Clark NWR in Bug Hole (RM 29)

4.2.6.2 Dibutyltin Dibutyltin (measured as di-n-butyltin dichloride) was detected at four stations from
RM 68 to RM 23 (see Figure 4-29). The highest concentration (12 4 ug Sn/kg) was measured at Lew1s
& Clark NWR 1n Bug Hole

4.2.6.3 Tributyltin (TBT) Tnbutyltin (measured as tri-n-butyltin chloride) was detected at 12 stations
(see Figure 4-29). TBT was detected at stations throughout the study area from RM 141 to RM 21
However, the highest concentrations were detected at stations below RM 81 The lighest concentration
(34 4 pg Sn/kg) was measured at Lewis & Clark NWR 1n Bug Hole.

4.2.6.4 Summary of Quality Assurance/Quality Control The detection limuts reported by the laboratory
met the goals specified in the Sampling and QA/QC Plan (Tetra Tech 1993c). Two of the 17 values for
monobutyltin were qualified as undetected due to blank contarmmation. All three butyltin compound
concentrations were qualified as estymates at Scappoose Bay due to low surrogate recovenes. The evavlu-
ation of the QA/QC data indicates that the reported data are suitable for their intended use in this report

4,2.7 Radionuclides

4.2.7.1 Summary of Results. Composite sediment samples were analyzed for the alpha-emutting radio-
nuclides americium 241 (Am-241), plutontum 238 (Pu-238), and plutonium 239/240 (Pu-239/340); and
the gamma-emutting radionuclides cesium 137 (Cs-137), cobait 60 (Co-60), and europium 152, 154, and
155 (Eu-152, Eu-154, Eu-155) in samples collected 24 June-1 July 1993. Pu-239/240 and Cs-137 were
frequently detected above the lower limit of detection (LLD), and Co-60 and Am-241 were detected less
frequently (Table 4-15). There are no reference levels available to evaluate the potential environmental
significance of these concentrations.

Cs-137 was detected at all stations. Concentrations ranged from 0. 050 pCi/g at Fisher Island to 0.176
pCi/g at Willow Bar Islands. Pu-239/240 was detected at seven stations 1n concentrations ranging from
0 004 to 0.010 pCi/g. The highest Pu-239/240 concentration was measured at Willow Bar Islands.

4-74

O

O

O



15

Monobutyltn, N '
Hg Srvkg
: -
: lollonnonnt
i | T I t 1] | I
15
] 2
A :
5—: :_
E nolonancanl
15
s
o
-
.

[ Detocted Concentratons [} Detection Lim
Rwver Mile T & 8% ®8 a8 8 3 ¥ 3 8 8 %

13| 120
14} 124
159141

Station - o~ L) - w o ~ L @ =] = o

Figure 4-29. Sediment Concentrations of Organotin Compounds (g Sn/kg dry wt).
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Americium 241
Cesium 137
Cobait 60
Europijum 152
Europium 154
I

Europium 155

Plutonium 238

Plutonuum 239/240

ND = Not detected.

Radiologtc
Half-life (yr)

458

30

53

13

16

1.8

86

24,400/6,580

TABLE 4-15 SUMMARY OF SEDIMENT RADIONUCLIDE DATA
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

Unts in pCi/g dry sediment

Range " Median
Frequency of Detection Detected Detection Detected
Detection? Linuts Concentrations Limns Concentrations
1/15 0.011-0 026 0 040 0 016U 0.040
15715 - 0 050-0 176 - 0083
3/15 0.02 0 012-0.022 0.02U 0019
0/15 02 ND 0.2U ND
0/15 0.02 ND 0.02U ND
0/15 005 ND 0 05U ND
0/15 0 007-0.014 ND 0.009U ND
7115 0 003-0.009 0.004-0.010 0 004U 0.007

U = Not detected. Value 1s the reported detection lumut.
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2 Frequency of detection at the stations sampled. Fifteen stations were sampled betweem 24 June-1 July 1993. No reference

levels are available for the evaluation of these data




Co-60 was detected at three stations, with the highest concentration at Carrolls Channel Am-241 was
detected 1n one of three separate analyses conducted on the sample collected from Skamama Landing at
a concentration of 0 069 pCi/g However, Am-241 was not detected above the LLDs of 0.026 or 0.024
1n the other two subsamples. Eu-152, Eu-154, Eu-155, and Pu-238 were not detected above the LLD

at any station.

Because of infrequent detection of radionuclides at Burke Slough, CV could only be calculated for
Cs-137 The CV of the mean concentration of the Burke Slough Cs-137 samples was 3 3% Differences
m Cs-137 concentrations measured among the stations are likely due to inter-station rather than intra-

station vaniability

4.2.7.2 Summary of Quality Assurance/Quality Control. The detection limits reported by the laboratory
met the goals specified n the Sampling and QA/QC Plan (Tetra Tech 1993c). For the radionuclides that
were not detected, the data were reported as undetected at the sample-specific lower limut of detection
(LLD). No data qualifiers were added to sample results based on evaluation of the QA/QC data. The
evatuation of the QA/QC data indicates that the reported data are suitable for their intended use 1n this

report

4.2.8 Sediment Toxicity Testing

Sediment sampling for toxicity testing was conducted 24 June-1 July 1993 The tests used were the solid-
phase Microtox bioassay for chronic toxicity and the Hyalella 10-day acute toxicity test; results are
summanzed mn Table 4-16. Comparison of toxicity data to reference guidelines for the Microtox
(ECsp=2%, Tung et al 1991) and the Hyalella (80% survival; U.S ACOE/U.S. EPA 1991) toxicity
tests indicates that only sediments from Youngs Bay demonstrate relatively high toxicity

A comparison of the 95% confidence estunates of the ECys for the Microtox . results between the
designated reference station (Bachelor Island Slough) and the other stations indicated that the relative
sediment toxicity was higher at five stations' Youngs Bay, Knappa Slough, Lewis & Clark NWR, Camas
Slough, and Gary & Flag Islands. However, the results of a statistical test (Dunnett’s Test) indicated that
the mean survival at the reference station was not sigmificantly different (p <0 05) than the mean survival
at any other station. The contrasting results provided by these two bioassays may reflect the varying
sensitivity of the two tests to the contaminants present in the samples. However, the refatively low
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(Page 1 of 2)

TABLE 4-16 SUMMARY OF SEDIMENT TOXICITY TESTING CONDUCTED FOR THE 1993
LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

Percent Sediment \
Sofid-Phase 95% Hyalella Standard
Microtox Confidence 10-day acute Deviation
Station 1 ECqq Intervals toxicity {(n=95)
I
Youngs Bay
(RM 14)
79 4 7-13.3 85 11.2
Cathlamct Bay
(RM 21) ' Al
41 3055 100 0
Svensen Island
(RM 23)
2.5 2.0-3.0 98 4.5 "
Knappa Slough I
(RM 26)
2.4 2.0-2.8 I 100 0
Lew1s & Clark NWR
(RM 29)
11.3 1.7-76 96 42 1'
Elochoman Slough
(RM 38) l
7 95 4 5-20 83 12.0
Fisher Is. Slough
{(RM 59)
8 15.3 0.09->100 88 (99%) 241 2.5%
Carrolls Channei
i (RM 68)
9 4.5 3.0-6.7 |
Burke Slough 100 0
(RM 81) 3.8 3.34.3 |
a.1 31548 | I
10 5 2.94.3 99 2.2
Scappoose Bay
(RM 88)
11 10.6 3.8-29 94 6.5
Bachelor Is. Slough
(RM 50)
12 5.7 4.0-8.1 95 3.5
Wiilow Bar Islands
(RM 95)
13 24 1.5-3.7 80 (959) 34.1 (7.1%
Camas Slough
(RM 120)
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TABLE 4-16 SUMMARY OF SEDIMENT TOXICITY TESTING CONDUCTED FOR THE 1993
LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY
(Page 2 of 2)

Percen: Sediment Mean Percent Survival

Solid-Phase 95% Hyalella Standard
Microtox Confidence 10-day acute Deviation

EC50 Intervals toxicity (n=>5)
14
Gary & Flag Islands
(RM 124)
15 51 3282 91 42
Skamama Landing
(RM 141)

i e—————e——————— 1
e ————————______————— ___—————  ———————————— —— |

2 Summary staustics following removal of one outlier (1 e., n=4)
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sediment toxicities evidenced by these two tests (1 e., all but one station had an ECgy of >2%, and the
average 10-day amphipod survival was greater than 80% at all stations) suggests that the significant
differences noted from the reference station may be anomalous. Possible relationships between the
sediment toxicity measured by the bioassays and the levels of contarmnants measured 1n sedunents from

the same stations are explored 1n Section 5 2 8

4.2.8.1 Microtox” The sediment ECsqs ranged from O 36 to 15.3% sediment; lower ECqys indicate
greater toxicity (Figure 4-30) The lowest ECy, was measured at Youngs Bay and the highest at Carrolls
Channel The reference station EC4y was 10 6%, which was higher than all the stations sampled except
Carrolls Channe! and Elochoman Slough. Tung et al (1991) have recommended that a sediment ECg,
of 2% be used as a criterion for the selection of uncontaminated reference stations. Except for Youngs
Bay, all of the stations sampled had a sediment EC5y >2% Therefore, the Youngs Bay station cannot

be considered a reference station and may also be considered relatively toxic based on these results

Because single field samples were analyzed at ail stations except for Burke Slough, it 1s not possible to
evaluate the statistical sigmficance of the observed differences from the EC, measured at the reference
station. However, comparing the reference station ECg; 95% confidence intervals to the confidence
mntervals for the other stations suggests that sedument toxicity 18 higher (approximately 90% confidence)
than the reference statton at Youngs Bay, Knappa Slough, Lewis & Clark NWR, Camas Slough, and
Gary & Flag Islands (see Tabile 4-16).

4.2.8.2 10-day Amphipod Survival Test Mean amphipod survival (n=>5) in these toxicity tests ranged
from 80 to 100% (Figure 4-30). Removal of the lowest survival value (20%) measured 1n a singie
rephicate sample from Camas Siough increases the mean survival at this station to 95%. The second
lowest mean survival was 81 %, measured at Gary & Flag Islands. Mean survival at the reference station
was 94%, at 6 stations mean survival measure was lower than it was at the reference station. The
U S Amy Corps of Engineers (U.S. ACOE) and the U.S. EPA (U.S. ACOE/U S. EPA 1991) have
suggested that m order for a sediment sample to be considered toxic, mean survival must be at least 20%
lower than, and sigmficantly less than, the mean survival of the reference sediment sample. Based on
this guidance, the backwater sedument samples tested should not be considered toxic.
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Figure 4-30. Sediment Toxicity Results Based for the Amphipod, Hyalella

azteca, Acute Test and the Microtox Solid-Phase Bicassay. Note:
Mean percent survival and standard deviation (n=5) are shown for the amphipod tast.
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4.2.8.3 Summary of Quality Assurance/Quality Control The QA/QC resuits for the two toxicity tests

are summarized separately below

Microtox --The results of the control samples run with each sediment sample indicate acceptable
laboratory precision However, the high relative percent differences (RPDs) between the laboratory
duplicates indicates that the sediment sample may have been incompletely homogenized before subsamples
were removed for testing The close agreement between the EC,ys calculated for the four reference
toxicant tests indicates that the bactenal population used in these tests maimntained a consistent dose-
response relationship throughout the several-day period over which the tests were performed, so that test
results from the four different test days may be compared to each other. No data qualifiers were assigned

to any the sample results; results are acceptable for their intended use

10-day Amphipod Survival Test—-Water quality parameters (temperature, salinity, DO, conduc-
tivity, alkalinity, and hardness) were momitored throughout the test period, and stayed within the ranges
accepted for this test Results of the control sediment and reference toxicant tests indicate that the test
orgamsms were healthy and not unusually sensitive to toxicants. The survival of amphipods in single
replicate samples from each of two stations (Carrolls Channel and Camas Slough) was relatively low.
In the case narrative that accompanied the final report, the laboratory could not explain the observed
anomalies. Because water quality and test conditions (1.e., feeding, air supply) were all within normal
parameters for these two replicates, these data were not rejected or qualified as estimates.

4.3 CRAYFISH AND FISH TISSUE QUALITY

This section presents results of analyses of fish and crayfish tissue samples collected in the 1993 back-
water reconnaissance survey. Analytes are grouped and presented as for water and sediment samples.
Findings relating to CV and data QA/QC are also presented as in the water and sediment sections.
Complete survey results are found in the separate data appendix (Tetra Tech 1993e); complete results of
data QA/QC reviews are also presented separately (Tetra Tech 1993d).

Results are compared to existing reference levels (see Section 2) to provide a prelumunary assessment of

potential adverse effects to aquatic orgamsms and fish-eating wildlife. The single whole-body composite
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samples collected for analysis are suitable for charactenizing and evaluating water quality in a river
system, at least for persistent lipophilic contaminants and metals that bioaccumulate. Aquatic orgamsms,
especially fatty orgamisms that feed on benthic orgamsms and sediments, integrate contaminants dis-
charged to the nver system from both point and nonpoint sources. Therefore, exceedances of the refer-
ence values adopted for use in this study indicate potentially serious water quality problems that warrant

more ntensive mvestigation

4.3.1 Conventional Parameters

Conventional parameters for biota in this survey included wet weights and fork lengths (for fish only) of
individuals included 1n the sample composite, and the lipid content of the sample composite. These
vanables were measured because anirnal weight and length provide an estimate of the age of the ammals,
and the si1ze and/or age of the animal 1s often positively correlated with tissue contaminant concentrations
{e.g., Gnesbach et al. 1982; Evans et al. 1993) The lipid content of aquatic organisms 1s aiso unportant
because it is generally believed that hydrophobic and/or ipophilic contaminant accumulation correlates
positively with the fat/lipid content of the orgamism due to solubility considerations (e.g., Bannerjee and
Baughman 1991), aithough the relationship becomes more complicated for very large orgamic compounds
(Opperhuizen 1986, Barron 1990; Opperhuizen and Sijm 1990, Bannerjee and Baughman 1991).

4.3.1.1 Crayfish. Wet weights of individuai crayfish (collected from 13 stations) ranged from 5.0 to
137 7 g (Figure 4-31) The mean weight of individuais included 1n each of the 15 composite samples
anatyzed (two samples collected from Camas Siough were field replicates) ranged from 32 3 to 92.1 g
(Figure 4-31) The lipid content of samples ranged from 0.6 to 2.2% with a mean concentration of
1.4%

The CV of the mean average weights of individual crayfish in the three Camas Slough field replicate
samples was 8 5% and the CV of the mean lipid content was 22%.

Data relating weight to age are not available for the crayfish Pactfastacus lemusculus in the lower
Columbia River. However, crayfish age may be estimated using data collected for this species 1n the
Sacramento-San Joaquin Delta in Califorma (McGriff 1983). Table 4-17 shows the estimated age of
different crayfish weight classes. The mean weights of individuals in each composite sample correspond
to two age groups: 34 years (eight samples) and greater than 4 yeats (seven samples). Crayfish age-
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Figure 4-31. Minimum, Maximum, and Mean Wet Weights of Species Collected for O
the 1993 Backwater Reconnaissance Survey, July-August 1993.
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TABLE 4-17 ESTIMATED RELATIONSHIP BETWEEN WHOLE-BODY WET

WEIGHT AND AGE FOR THE CRAYFISH PACIFASTACUS LENTUSCULUS

Esumated Age (years) Crayfish Weight (g)
T__—=—_—_——_—_—= {

<1 <8
1-2 g-15
2-3 15 - 31
3-4 31-48
>4 >48

Source McGnff (1983).
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weight or age-length relationships vary with sex and environmental conditions (e g., McGnff 1983,
Mitchell and Smock 1991). Therefore, the actual ages of crayfish collected in the lower Columbia River
may differ from the estimates provided 1n Table 4-17.

4.3.1.2 Largescale Sucker. Sucker were collected at 14 stations, from Youngs Bay to Gary & Flag
Islands. Wet weights of individual fish ranged from 40.0 to 1,351 0 g (Figure 4-31). The mean weight
of individuals included in each sample ranged from 309.5 to 1,153.0 g Fork lengths of individual fish
ranged from 15.5 to 48 0 cm, and the mean fork lengths of individuals 1n a sample ranged from 25.2 to
44.5 cm (Figure 4-32). The lipid content of the sucker samples was generally higher than that of the

crayfish samples 0.6 to 8.4% with a mean concentration of 3 9%.

The CV of the mean of the average weight of suckers in the three sampies collected from Camas Slough
was 24% For fork length the CV was 9%, and for liptd content 1t was 59%.

Age estimates are not available for lower Columbia largescale sucker. Length-age relationships for this
species 1n British Columbia suggest that the fish collected in this study could have ranged n age from
3 to over 10 years (see Table 4-18); mean fork lengths would indicate an age range from 6 to over

10 years

4.3.1.3 Carp. Carp were collected at two stations Youngs Bay and Skamama Landing. Wet weights
of individuals ranged from 1,248 1 to 4,508 5 g (Figure 4-31) The mean weights of individuals 1n each
composite sample were 1,738.8 and 3,275 2 g. Fork lengths of individual carp ranged from 39 5 to
58.5 cm. The mean fork length of individuals in the two samples were 44 5 and 53 1 cm (Figure 4-32)
The lipid content of the two carp composite samples was simular to sucker lipid content (6.0 and 3.0%)

Age estimates are not available for lower Columbia carp. Length-age relationships for carp from other
U.S locations are quite vanable, and suggest that the fish collected in this survey could range in age
from 2 to 4 years (Wydoski and Whitney 1979).

4.3.2 Metals
Crayfish, sucker, and carp whole-body composite samples were analyzed for 12 metals. All values
reported are on a wet-weight basis. Table 4-19 summarizes frequency of detection, range of detected
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Figure 4-32. Minimum, Maximum, and Mean Fork Lengths of Fish Species Collected
for the 1993 Backwater Reconnaissance Survey, July-August 1993.

4-87




"_?_ABLE 418 ESTIMATED RELATIONSHIP BETWEEN FORK LENGTH AND |
. AGE FOR THE LARGESCALE SUCKER CATOSTOMUS MACROCHEILUS
Estimated Age (years) Fork Length (cm) L

1-2 46-76

2-3 76-122

3.4 122-168

4-5 16 8 - 18.8

5-6 188-226

6-7 226-279

7-8 27.9-30.2

8-9 30.2-33.8

9-10 33.8-353

> 10 > 35.3
Source: Wydoski and Whitney (1979)
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’==. TABLE 4-19 METALS ANALYZED IN THREE SPEC‘OLEECTED FOR THE 1993 LOWER COLUMBIA .“

RIVER BACKWATER RECONNAISSANCE SURVEY'
Compound Units Crayfish Largescale Sucker Carp Detection Limits b
Antimony mg/kg 0012-0018 [ c 0011-0012
(6/15)d
Arsenic mg/kg 0036 0385 c 0033-0046
(17 715) (1/16)
Barium mg/kg 85-472 034-35 10-12 e
(15715) {16/ 16) 2/2)
Cadmium mg/kg 0021 - 0053 0 010 - 0 066 0033-0039 0 0004
14/ 15) (16 / t6) 212)
Chromium mg/kg 0 035 - 0 095 0032-0527 0078 0024
(15/15) (16 / 16) (172)
Copper mg/kg 149-311 039-123 076-126 e
(15715 (16 / 16) 21/2)
Lead mg/kg 009 0444 0 106 - 0 507 0116-0173 0009-0010
{15/ 15) (147 16) 27/2)
Mercury mg/kg 0029 - 0081 0100 - 0 264 0 145 0001
(15715) (16 / 16) (1/2)
Nickel mg/kg 024-133 013-088 078 009-010
(13/15) ©/16) (1/2)
Selenm mg/kg 0044 - 0 047 0 040 - 0 207 0093 0033-0046
(3/15) 6/ 16) (1/2)
Silver mg/kg 0018-0103 G 005 - 0 006 0 004 - 0 005 0 004
(14 /15) 2/16) 2/2
Zinc mg/kg 246-833 123-237 296-921 €
(15/715) (16 / 16) 2/2)
2 Reported results are on a wet weight basis.
b Detection lumit range includes only those samples reported as undetected
¢ Compound was not detected 1n any sample.
4 Values 1n parentheses indicate the frequency of detection among the entire sample set.
¢ Compound was detected 1n all samples




concentrations, and range of detection himuts for the metais in these samples No reference levels were
available for any of the metals except seleuum None of the measured whole-body composite ussue
burdens of selemium exceeded the reference concentration (adjusted for comparison on a wet weight basis)
for potential effects on carmivorous fish and wildlife, or for the health and reproductton of freshwater and

anadromous fish

In general, the highest concentrations of metals were measured 1n crayfish samples, including the highest
concentrations of antimony, barium, copper, mckel, and silver Although the highest concentration of
zinc was measured in the carp sample from Skamama Landing, the next four highest zinc concentrations
were found in crayfish samples. Of the remaining metals, cadmum, chromium, mercury, and selenium
typically occurred at higher concentrations in the sucker samples. The second highest concentration of
selemium was also measured 1n a carp sample Arsenic was detected too infrequently to determune
whether the highest concentrations tended to occur n crayfish or fish samples The highest concentra-

tions of lead were measured in both crayfish and sucker samples.

The station with the most frequent occurrence of samples containing the highest metal concentrations was
Svensen Island, where the highest concentrations of arsenic, lead, and selemium were detected in sucker
samples, and the highest concentration of copper was measured in crayfish Samples collected from Gary
& Flag Islands had the highest concentrations of antimony, cadmium, and chromium, ranking thus as the
station with the second greatest number of highest metal concentrations. The highest concentrations of
barium and nickel were measured in crayfish from Fisher Isiand Slough The highest tissue concen-
trattons of mercury and silver were measured in samples from Cathlamet Bay. The highest concentration
of zinc was found in carp from Skamama Landing.

4.3.2.1 Antimony. Antumony was detected above laboratory detection ltmits 1n 6 crayfish samples
collected from 4 stations (Figure 4-33). The maximum concentration measured was 0.018 mg/kg 1n one
of three samples from Camas Slough. Antumony was not detected in any of the sucker or carp samples.
Laboratory detection linuts for the three species ranged from 0.011 to 0 012 mg/kg (see Table 4-19)

Antimony was detected in all three crayfish samples from Camas Slough; the CV of these concentrations
was 18 2%. Concentrations at this station ranged from 0.013 to 0.018 mg/kg, nearly encompassing the

range of concentrations 1n all other crayfish samples with measurable levels of antimony
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Figure 4-33. Antimony Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (mg/kg

wet weight).
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Table 4-20 lists locations where antimony was detected tn crayfish (the rephicate results for Station 13
were averaged). Tissue concentrations ranged from 0 012 to 0 017 mg/kg and were measured 1 samples

collected from Cathlamet Bay, Scappoose Bay, Camas Slough, and Gary & Flag Islands

4.3.2.2 Arsenic. Arseruc was detected in one crayfish and one sucker sample (Figure 4-34). The

maximum detected concentration (0 385 mg/kg) was measured in the sucker sample

Because arsenic was not detected i either the crayfish or sucker samples from Camas Slough, field

variation could not be determmned.

Table 4-20 shows the locations of the two arsenic detecticns The concentrations measured were 0 385
and 0.036 mg/kg for the sucker and crayfish samples respectively The sucker sample was collected at
Svensen Island and the crayfish sample at Scappoose Bay

4.3.2.3 Barium. Barum was detected 1n all tissue samples (Figure 4-35). The median concentrations
for crayfish, sucker, and carp sampies were 31.5, 1 4, and 1.1 mg/kg, respectively Crayfish tissue
concentrations ranged from 8.5 to 47.2 mg/kg; the range in sucker and carp was from 0 34 to 3 5 mg/kg

(see Table 4-19) The maximum concentration of 47.2 mg/kg was measured 1n a crayfish composite

sample

The CV of mean barium content 1n crayfish and sucker samples from Camas Siough was relatuvely low
(5 6 and 6 4%, respectively). Differences in barum content 1n these species are likely due to inter-station

rather than intra-station vanability

Table 4-20 lists the five highest barium concentrations, ranging from 33.5 to 47.2 mg/kg. All five were
measured 1n crayfish samples. Four of these were collected between RM 59 and RM 95. The composite
sampie with the second highest concentration was collected from RM 26.

4.3.2.4 Cadmium. Cadmum was detected 1n all tissue samples except for one crayfish sampie

(Figure 4-36). Median concentrations were 0.033, 0.032, and 0.036 mg/kg for crayfish, sucker, and
carp, respectively. The maximum concentration of 0.066 mg/kg was measured in a sucker sample.
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TABLE 4-20. LOCATIONS OF MAXIMUM METAL CONCENTRATIONS MEASURED
IN TISSUE SAMPLES [mg/kg (ppm) wet weight]

" 0.174 Crayfish 8-CF

Banum 472 Crayfish 7-CF 59 Fisher Iasland Slough
38 Crayfish 4CF 26 Kasppa Slough
36.9 Crayfish 10-CF i3 Scappooss Bay
5.6 Crayfish 8CF ] Carrolls Channel
335 Crayfish 12-CF 95 Willow Bar Island
Cadmmum 0062 Largescals Sucksr 14-18 124 Gary & Flag Liiands
0059 Largeacale Sucker 13-LS 120 Camas Slough
0.057 Largescals Sucker 513 3 Lswus & Clark NWR
0.053 Cryfish 12-CP 95 Willow Bar Island
0.051 Crayfish 14-CP 124 Gary & Fiag llands
Chroauum 0 450 Largescals Sucker 14-LS 124 Gary & Flag Lalands
. 0389 Largescaie Sucker 13-L3 120 Camas Slough
0.170 Largescalo Sucksr 12-L8 98 Willow Bar [aland
0153 Largoscale Sucker 7-Ls 5 Fishar [sland Slough
0.139 Largescale Sucker 5-LS 29 Lowns & Clark NWR
Copper 311 Crayfish 3CFP pa) Svetwon Island
293 Cruyfish 1-CP 11 Cathlamat Bay
247 Crayfish 11-CF 90 Bachaior Island Slough
242 Crayfish 1-CF 59 Fisher Luand Slough
223 Crayfish 6-CF 36 Elochomas Slough
Load 0.507 Largescale Sucksr 3-Ls P Svensen [aland
0.444 Crayfish 14CP 124 Gary & Flag lalands
0.235 Largescale Suckar 13-Ls 120 Camas Slough
0.204 Largeacale Sucker 12-1% 95 Willow Bar Inland
43
21
14
63
]
124




e e ———— ———— ——— — —————
TABLE 4-20. LOCATIONS OF MAXIMUM METAL CONCENTRATIONS MEASURED
IN TISSUE SAMPLES [mg/kg (ppm) wet weight]

Maximum
Concentrations
Largeccale Sucker

0054 Largeccale Sucker 7-LS 59 Ficher Inland Slough

0 047 Crayfich 10-CF 83 Scappoocs Bay
Silver 0.103 Croyfish 2-CF 21 Cuthlamet Boy

0051 Crayfich 12CF 95 Wiliow Bar Inland

0.070 Croyfich 4CF 26 Kanppa Slough

0.062 Cryfish S-CF 29 Lowan & Clark NWR

0.057 Crayfish 10-CF 83 Scappoocs Bay

Zinc 92.1 Carp 15-C 141 Sknmamo Landing

833 Crayfish 9-CF 81 Burke Slough

557 Crayfish 14-CF 124 Gary & Flag Islando

378 Crayfish 11-CF ) Bachelor Inland Slough

Croyfish
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Figure 4-34, Arsenic Concentrations in Whole-Body Composite Biota Samples Collected
for the 1993 Backwater Reconnaissance Survey (mg/kg wet weight).
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Figure 4-35. Barium Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (mg/kg
wet weight). (NOTE: axes not on same scale)
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Figure 4-36. Cadmium Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (mg/kg

wet weight).
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The CV of mean cadrmum content tn crayfish and sucker samples from Camas Slough was relauvely low
(5 6 and 6 4%, respectively) Dafferences in cadmium content in these species are likely due to inter-

station rather than intra-station vanability

Table 4-20 lists the five highest cadmium concentrations Three of these were detected 1n sucker samples
and the remaimng two 1n crayfish samples. Gary & Flag Islands had the two highest cadmium concen-
trations, in the sucker and crayfish samples Tissue concentrations ranged from 0 010 to 0 066 mg/kg
(see Table 4-19).

4.3.2.5 Chromium Chromium was detected 1n all samples except for one carp sample (Figure 4-37)
A maximum concentration of 0.527 mg/kg was measured in a sucker sample. Median concentrations

were 0 077, 0.110, and 0 051 mg/kg for crayfish, sucker, and carp, respectively

The CV of mean chromium content in crayfish samples from Camas Slough was relatively low (9.0%).
The CV of mean chromium content 1n sucker samples from this station was relatively high (30 9 percent).
However, there were large differences 1n chromuurn content mn sucker samples between stations; therefore
the differences in chrommum content 1n both crayfish and suckers between the stations are likely due to

inter-station rather than intra-station vanabulity.

Table 4-20 lLists the five lghest chromwum concentrations; all five were detected 1n sucker samples

These samples were from stations dispersed throughout the study area, from RM 29 to RM 124. Tissue
concentrations ranged from Q 032 to 0.527 mg/kg with the hughest vaiue measured at Gary & Flag Islands
(RM 124).

4.3.2.6 Copper. Copper was detected in all tussue samples. Median concentrations were 21 8, 0.735,
and 1 01 mg/kg for crayfish, sucker, and carp, respectively (Figure 4-38) A maximum concentration
of 31 1 mg/kg was detected in a crayfish sample.

The CVs of mean copper content in crayfish and sucker samples from Camas Slough were telatively low

(5.8 and 3.0% respectively). Differences in copper content in these species are likely due to inter-station
rather than intra-station variability.
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Figure 4-37. Chromium Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (mg/kg
wet weight). (NOTE: axes not on same scale)
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Figure 4-38. Copper Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (mg/kg
wet weight). (NOTE: axes not on same scale)
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Table 4-20 hists the five highest copper concentrations, all five were detected 1n crayfish Concentrations
1n crayfish ranged from 14 9 to 31 1 mg/kg Concentrations 1n sucker and carp ranged from 0 39 to
1 26 mg/kg (see Table 4-19) Four of the five samples with the highest concentrations were collected
between RM 21 and RM 59 The remaining high concentration was collected at RM 90

4.3.2.7 Lead Lead was detected 1n all crayfish and carp samples, and 88% of sucker samples
(Figure 4-39) A maxmmum concentration of 0 507 mg/kg was detected in a sucker sample. Med:an
concentrations were 0 145, 0.095, and 0 144 mg/kg for crayfish, sucker, and carp, respectively.

The CV of mean lead content in crayfish samples from Camas Slough was relauvely low (13.4%)
However, the CV of mean lead content in sucker samples collected from this station was relatively high
{34 0%). There were large differences in lead content 1 sucker sampies between stations, therefore, the
differences in lead content in both crayfish and suckers are likely due to inter-station rather than intra-

station variability

Table 4-20 lists the five highest lead concentrations detected. Three of these were detected 1n sucker
samples and the other two 1n crayfish samples. Collection locations for these samples were dispersed
throughout the study area, from RM 23 to RM 124 Concentrations ranged from 0 048 to 0 507 mg/kg
(see Table 4-19) The sample with the highest concentration was collected at RM 23,

4.3.2.8 Mercury. Mercury was detected 1n almost all of the crayfish and sucker sampies and one carp
sample (Figure 4-40). A maximum concentration of 0 264 mg/kg was found 1n a sucker sample. Median
concentrations were 0,045, 0 170, and ¢ 073 mg/kg for crayfish, sucker, and carp, respectively

The CV of mean mercury content in crayfish samples from Camas Siough was retatively low (18.3%)
Dafferences 1n mercury content in these species are likely due to inter-station rather than intra-station
varniability. The CV of mean mercury content in sucker samples from this station was relatively high
(29.2%) Concentration ranged from 0 119 to 0.215 mg/kg, which encompassed a number of concen-

trations measured in sucker samples from other stations.

Table 4-20 lists the five highest mercury concentrations; all five were detected in sucker samples. The
sample with the highest concentration was from Cathlamet Bay, followed by sampies from Youngs Bay,
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Figure 4-39. Lead Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (mg/kg

wet weight).

4-102



Mercury

Crayhsh Largescale Sucker
Q1s 23

025

0.20

015

MEDIAN 910

| I’I | m )
000

010

MEDIAN

mo/Kg
mg/Kg

o
5

llllllllllllLlllllJllIllllllll

000
RvorMie S RE8R823353388883 AverMis T R 883235838388 d
Stahon NV TV O DRSS TAUNTGOT Saion " N M TV VR OIS =WTNUDY
oeR Ran
Carp
0.15 —
0.10
z
) MEDIAN
E
0.05 LEGEND
indicates detected
values
are tot
o‘mlllli‘l—lllllll‘llln mpoﬂgdedqmmﬁmn
River Mile X b4
Staton ™ 0

Figure 4-40. Mercury Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (mg/kg
wet weight)(Note: axes not on same scale).
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Carrolls Channel, Scappoose Bay, and Gary & Flag Islands in order of decreasing concentranon

Concentrations ranged from 0 029 to 0 264 mg/kg (see Table 4-19)

4.3.2.9 Nickel. Nickel was detected in 87% of the crayfish samples, 38% of the largescale sucker
samples, and 50% of the carp samples (Figure 441} A maximum concentration of 2.26 mg/kg was

detected in a sucker sample The median concentration for crayfish was 0 53 mg/kg.

The CV of mean nickel content in crayfish samples from Camas Slough was relatively high (26.9%)
However, there were relanively large differences in crayfish micke! content between stations; these
differences are likely due to inter-station rather than intra-station varability. For sucker, the CV of mean
mckel content was very high (136%), due primarily to the high value (2.26 mg/kg) n one ot rhe three
triplicate samples. The range of concentrations measured 1n the three subsamples (O 28 to 2.26 mg/kg)

encompassed the range of concentrations measured in ail but one of the other samples.

Table 4-20 lists the five highest mickel concentrations. The four highest values were detected in crayfish
samples and the fifth 1n a carp sample. Collection locations for the crayfish samples with the hghest
measured mckel concentrations were dispersed throughout the study area from RM 23 to 120 The carp
sample was collected from Youngs Bay (RM 14) Concentrations ranged from 0 13 to 2.26 mg/kg,
laboratory detection lumits ranged from 0 09 to O 10 mg/kg (see Table 4-19).

4.3.2.10 Selenium Selenium was detected in a relatively small proportion of the tissue samples: 20%
of the crayfish samples, 38% of the sucker samples, and one of the two carp sampies (Figure 4-42) A
maximum concentration of 0.207 mg/kg was detected in a sucker sampie. Crayfish sampie concentrations
ranged from 0.044 to 0.047 mg/kg; sucker concentrations from 0.040 to 0.207 mg/kg; the carp sampie
concentration was 0.093 mg/kg (see Table 4-19). The laboratory detection limuts for selenum ranged
from 0 033 to 0.046 mg/kg (see Table 4-19). Because selenium was not detected in any field replicate
sample, variability could not be assessed.

Selemum 15 the only metal measured to have a tissue burden reference value. Selemum concentrations
in ail three species, as well as laboratory detection limits, were ail below this reference level of
0.75 mg/kg wet weight. This indicates that adverse effects due to dietary intake of the target species by
other fish or wildlife would be unlikely. The seleruum concentrations measured are also lower than the
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Figure 4-41.

Nickel Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (mg/kg

wet weight).
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Figure 4-42. Selenium Concentrations in Whole-Body Compaosite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (mg/Kg wet

weight). Selemum refersnce value 1s 0.75 mg/kg wet weight assuming a 75 percent body
moisture content.
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concentration (1 0 mg/kg wet weight assuming 75% moisture content) considered by Lemly (1993) to be
the threshold for potential adverse effects to the health and reproductive success of freshwater and
anadromous fish

Table 4-20 lists the five highest selenium concentrations The highest concentration was 1n a sucker
sample from Svensen Island and the second highest 1n a carp sample collected from Youngs Bay The
third and fourth highest concentrations were measured in sucker samples from Willow Bar Island and
Fisher Island Siough, respectively The fifth highest value was found 1n a crayfish sample collected from
Scappoose Bay. Concentrations ranged from 0 040 to 0.207 mg/kg; laboratory detection limits ranged
from G 033 to 0 046 mg/kg (see Table 4-19)

4.3.2.11 Silver Silver was detected in 93% of crayfish samples, 12% of sucker sampies, and both carp
samples (Figure 4-43). The maximum concentration of 0 103 mg/kg was detected 1n a crayfish sample.
Median concentrations were 0 053, 0.004, and 0 004 mg/kg for crayfish, sucker, and carp samples,
respectively

The CV of mean silver content in crayfish samples from Camas Slough was relatively high (26 1%)
However, there were relatively large differences in crayfish silver content between stations, therefore,
differences n siiver content in this species are likely due to inter-station rather than intra-station

vanability As silver was not detected 1n any of the field replicate samples. CV could not be assessed

Table 4-20 lists the five hughest silver concentrations All five values were detected in crayfish samples
and ranged from 0 057 to 0 103 mg/kg. The highest concentration was from Cathiamet Bay followed
by sampies from Willow Bar Island, Knappa Slough, Lewis and Clark NWR, and Scappoose Bay
Concentrations n sucker and carp samples ranged from 0 004 to 0.006 mg/kg (see Table 4-19).

4.3.2.12 Zinc. Zinc was detected 1n ail tissue samples (Figure 4-44). The maximum concentration of
92.1 mg/kg was measured 1n a carp sample. Median concentrations were 32.3, 19 1, and 60.8 mg/kg
for crayfish, sucker, and carp, respectively.

The CVs of mean zinc content 1n crayfish and sucker sampies from Camas Slough were relatively high
(13.3 and 24.3%, respectively). The range of zinc concentrations measured in these replicate samples
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Figure 4-43. Silver Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (mg/kg
wet weight).
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Figure 4-44.

Zinc Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (mg/kg

wet weight).
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Table 4-20 lists the five highest zinc concentrations. The highest concentration was measured in a carp
sample from Skamania Landing. The next four highest concentrations were measured in crayfish sampies
collected from Burke Slough. Garv & Flag Islands. Bachelor Island Slough, and Elechoman Slouzh.

Concentrations detected in all three species ranged from [2.3 10 92,1 mg/kg (see Tabie 4-19).

4.3.2.13 Summary of Quality Assurance/Quality Control. A total of 33 tissue samples were analyzed
for the 12 metals. Continuing calibration verification (CCV) analysis was conducted for each metal;
results were within QC limits with the exception of 14 arsenic values, 1 cadmium value, 24 lead and
selenium values, and 3 silver values. All positive values exceeding the CCV upper control limit, and ali
positive and undetected values below the lower control limit were qualified as estimated results. All zinc
values were qualified as estimates based on exceeding ICP serial dilution QC guidelines. Chromium and
lead were each detected in one method blank, mercury in 2 method blanks, and zinc in 4 method blanks.
Sample concentrations detected at less than 5 times the blank detection amount were qualified as

undstacted duee to blan'™ contritwiricn. As 2 resutlt, 2 chromivm sampi<s. 7 "ead samples. ind 2 mercury

samptes “vers qualified i3 inaetecred, The cerection Hmus reporiac for argenic. .ead, mercury, nickel.
1nd seienium were aporoximatety 5 iimes mgner than those specifled in the Samoiiag and QA.QC Plan

erra Tech 1993c) zue o mamx interfersnce. The torger detection limits wvere acaleved for the

remaining metals. The tissue metais data arz considered acceptabie for use in this report.

4.3.3 Semi-volatile Organic Compounds

Composite samples of all three species were analyzed for 63 semi-volatile organic compounds. All values
are reported on'a wet-weight basis. Table 4-21 lists compounds detected by species, range of measured
concentrations, frequency of detection, and range of detection limits for those sampies with concentrations
below laboratory detection limits. Reference levels for potential adverse effects on fish-eating wildlife
are available for the semi-volatile compounds pentachiorophenol, 1,2,4-trichlorobenzene, hexachloro-
benzene, and hexachlorobutadiene. None of these c_:ompélunds were detected. In general, the laboratory
detection limits achieved for these compounds were adequate for comparison to available reference levels,

with the exception of pentachlorophenol and hexachlorobenzene in sucker and carp samples.
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. TABLE 4-21. SEMI-VOLATILE COMP(S(iN_nE'Kr\IATZ‘.".ila‘n’TnREE SPECIES COLLECTED FOR THE 1993 LOWER

Compound Units ~ (: 1 ;ﬁ_)l_n
PHENOLIC COMPOUNDS
Phenol prglkg 100 - 690
(57154
2-Methylphenol puglkg c
4-Methylphenol ug/kg c
2,4-Dimethylphenol ng/kg c
Pentachlorophenol ng/kg c
2-Chlorophenol uelkg [
2,4-Dichlorophenol ung/kg c
4-Chloro-3-methylphenol pelkg c
2,4-Dinitrophenol pnelkg c
2-Nitrophenol pe/ke c
4-Nitrophenol ugikg c
2,4,5-Trichlorophenol ne/kg c
2,4,6-Trichlorophenol nglkg ¢
4,6-Dinitro-2-methylphenol  pg/kg C -

Largescale Sucker

Carp

Detection Lin:

94 - 500
93 - 500
93 - 500
93 - 500
460 - 12000
93 - 500
280 - {500
190 - 1000
460 - 5000
460 -‘25()(1
460 - 2500
460 - 2500
460 - 2500

930 - 5000
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TABLE 4-21. SEMI.VOLATILE COMPO{INDS ANAT.YZ(:D IN TIHREE SPECIES COLLECTED T'OR THE 1993 LOWER
COLUMBIA RIVER BACKWA' ER RECONNAISSANCE SURVEY'

(Pag. 2 of 5)

Compound Units _ Cuayhih Largescale Sucker Carp Detection Linii -

HALOGENATED ETHERS

Bis(2-chloroethyl)ether nelkg c € C 93 - 500

Bis(2-chloroethoxy)methane  pg/kg c C c 93 - 500

4-Bromophenyl-phenylether  pg/kg c C C 93 - 300

4-Chlorophenyl-phenylether  pg/kg ¢ ¢ C 93 - 500

2,2'-Oxybis[2-chloropropan  pp/kg c c c 93 - 500
NITROAROMATICS

2,4-Dinitrotoluene ne/kg c C c. 460 - 2500

2,6-Dinitrotoluene pglkg c c c 460 - 2500

Nitrobenzene relkg c c € 93 - 500

2-Nitroaniline nel/ke c c 3 460 - 2500

3-Nitroaniline palkg ¢ c c 460 - 2500

4-Nitroaniline ne/kg ¢ < c 460 - 2500
POLYNUCLEAR AROMATIC HYDROCARBONS

Acenaphthene pelkg T3 c C 93-10

(1715
Acenaphthylene puelkg ¢ C ¢ 93-10




. TABLE 4-21 SEMI-VOLATILE COMPOUNDS ANAL Y?T. THREE SPECIES COLLECTED FOR THE 1993 LOWER . ’

COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY'

1Al e 4

(Page 3 of 5)
Compound Units Crayfish ___Largescale Sucker Carp Detection Limilsh
POLYNUCLEAR AROMATIC HYDROCARBONS
Anthracene ug/kg c c c 93-10
Benzo(a)anthracene ng/kg c c c 93-10
Benzo(b,k)fluoranthene ug/kg c c c 93-10
Benzo(a)pyrene ug/kg c C c 93-10
Benzo(g,h,1)perylene pug/kg [ [ c 93-10
Chrysene png/kg [ [ c 93-10
Dibenzo(a,b)anthracene nplkg c c c 93-10
Fluoranthene pelkg c c c 93-10
Fluorene pelkg 53 c c 93-10
(1/15)
Indeno(1,2,3-cd)pyrene uglkg ¢ c c 93-10
Naphthalene pe’kg Y5-570 66-13 c 44-10
(7/15) (5/716)
Phenanthrene nelkg 17 c c 77-10
(1715
Pyrene pup/hg L c ¢ 93-10
2-Methylnaphthalene unelke /17-200 88-23 c 53-10
(07 13) (5/16)
Dibenzofuran uelkp c [ C 36-10
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TABLE 4-21 SEMI-VOLATILE COMPOUNDS ANALYZED IN THREE SPECIES COLLECTED FOR THE 1993 LOWER

COLUMSBIA RIVER BACKWATER RECONNAISSANCE SURVEY

(Page 4 of §)

7N

(1715)

Compound Units Crayfish Largescale Sucker Carp Detection Limits®

ICHLORINATED NAPHTHALENE

2-Chloronaphthalene pglkg c c c 93 - 500
{CHLORINATED BENZENES

1,3-Dichlorobenzene ng/kg [ ¢ [ 93 - 500

1,2-Dichlorobenzene pnglkg c c c 93 - 500

1,4-Dichlorobenzene pne/kg [ c c 93 - 500

1,2,4-Trichlorobenzene ng/kg [ c c 93 - 500

Hexachlorobenzene ng/kg c c c 93 - 500

Hexachlorobutadiene nglkg c c c 93 - 500

Hexachloroethane palke c [ c 93 - 500

Hexachlorocyclopentadiene  pup/kg c [ c 460 - 2500

ENZIDINES

3,3"-Dichlorobenzidine ne/kg [ c c 460 - 2500

HTHALATE ESTERS

Dimethyl phthalate palke [ c [ 93 - 500

Dicthy! phthalate uglkg c c c 93 - 500

Dy-n-butyl phthalate uglkg 240 430 c 96 - 3100

(1/16)

/

c
Q




o
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4.3.3.1 Phenolic Compounds. Samples were analyzed for fourteen phenolic compounds (Table 4-21).
Phenol was the only compound detected. and only in 5 of 15 crayfish samples. The measured concen-
trations ranged from 100 to 690 ug/kg (Figure 4-45). Three of the five samples were collected between
RAM 29 and RM 39, The other two samples were collected from RM 81 and RM 88. Detection limits

varied for the different compounds. bur ranged from 93 to 12,000 pg/kg.

The only reference value available for these phenolic compounds is for pentachlorophenol: 2,000 ug/kg
wet weight for the evaluation of adverse effects on fish-eating wildlife. This compound was not detected
in any sample. Laboratory detection limits for crayfish analyses were all below this reference level; for
sucker and carp they were above the reference level, making an assessment of the potential for adverse

effects on fish-eating wildlife impossible.

4.3.3.2 Halogenated Ethers. Samples were analyzed for five halogenated ether compounds (Table 4-21).

These compounds were not detected in any sarmmple, Detection limnits ranged from 93 to 500 pg/ke.

tay

+4.3.3.3 Nitrearomanic Compounds. Sampies were analyzed for six nitroaromatic compounds (Ta-
sie 4-21). These compounds were not detected in any sampie. Detection limits ranged from 460 0

2.300 ug/kg with the exception of murobenzene. which ranged from 93 to 500 ug/kg.

<.5.3.4 Polyauciear Aromage fdydrocarpons. Szmpies were analyzed for seventeen P.AHs (Table 4-21).
Detection limits ranged from 4.4 10 10 ug/kg (see Table 4-21). No PAHs were detected in the two carp

samples.

Naphthalene and 2-methyinaphthalene were detected in 31% of the largescale sucker samples. These
samples were collected from Youngs Bay, Elochoman Slough, Scappoose Bay, Bachelor Island Slough,
and Camas Slough (Figures 4-46 and 4-47). The highest PAH concentration in the sucker samples
(23 pg/kg) was for 2-methylnaphthalene (see Table 4-21).
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Naphthalene Concentrations in Whole-Body Composite Biota
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Figure 4-46.
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Burke Slough {Figure 4-46). Naphthaiene was detected in 47% and 2-methylnaphthalene was detected in
62% of the crayfish samples. Acenaphthene, fluorene, and dibenzofuran were detected in one crayfish

sample from Carrolls Channel (RM 68}.

4.3.3.5 Chlorinated Naphthalene, The only chlorinated naphthalenre compound measured was
2-chloronaphthaiene (Table 4-21). This compound was not detected in any of the three species sampled.

Detection limits ranged from 93 to 500 ug/kg.

4.3.3.6 Chlorinated Benzenes. Samples were analyzed for eight chlorinated benzene compounds (see
Table 4-21). These compounds were not detected in any sample, Detection limits ranged from 93 to

500 ug/kg except for hexachlorocyclopentadiene, which ranged from 460 to 2,500 pg/kg.

Reference values were available for three of the chlorinated benzene compounds analyzed (1,2,4-tri-
chiorobenzene, hexachlorobenzene, and hexachlorobutadiene). None of these compounds was detected.
In general, the laboratory detection limits achieved for these compounds were adequate for comparison
to the available reference levels, althoush 7 of the 16 sucker detection limits achieved for hexachloro-
Jenzene were nigher inan ihe respective rererance ievei.

2.3.3.7 3Benzdines. Samples were analyzed for 5.3'-dichlorobenzidine {see Table 4-21). This zom-

pound was not detected in any sampie. Detection limits ranged from 450 to 2,500 ugrkgs.

4.3.3.8 Phthalare Esters. Samples were anaiyzed for six phthalate ester compounds (Table 4-21). None
of these compounds was detected in the carp samples. The detection limits ranged from 93 to 7,400
nelkg.

Di-n-butylphthalate was detected in one crayfish sample (240 ug/kg) collected from Lewis & Clark NWR
and one largescale sucker sample (430 pg/kg) collected from Svensen Island (Figure 4-48), Bis(2-ethyl-
hexyl)phthalate was detected in two sucker samples (Figure 4-49).

4-120



et
D

n’
___m___,_._.._u.—._.__.__._—ﬂlﬂl-l._.i.,

S g g8 8 8 =°

-t (2] o~ -

By/61

=
uy
“y

.—_~_~_.___.__._.___,_..Fn-———_.._.ﬁm.h—

g 8 8 8 8 8 °

m iy w3 L4 w
o o — —

By

S|

vel

1 021

Oct

NN D@ oD

RiverMile T 5 3

River Mila

Staion ~ N M TV O N~

vl
£€l
ze
1€l
2l
1l
o1

N O~

Station

Carmp

]

-y -

s

.m
1]
geos
m 8 w.m
D - .m w o
g 533
@ [+
W 88 8BSt
m 28 258
-4 )
m‘”u“..m..u.uh“"”.ann..n...n..ﬂ...‘....-....n._.n..V.u.,..r.u....h-u...h..r..ﬂn.h.uup . 1| st

] .,,;;ﬂﬂ._.q_!_..ﬂ_..._.... 14..1»...
® 88 8 g 8 <

fiy/61d

River Mila 3
Station —
Samples Collected for the 1993 Backwater Reconnaissance Survey

Figure 4-48. Di-n-butyl phthalate Concentrations in Whole-Body Composite Biota
(ng’kg wet weight)(Note: axes not on same scale).

4-121

ke AT T b —



e
——m_——_—m.~—q_——’mm.-u_.—@——_—-mnuuq,n___.——

31 8 8 8 8 8 8 8 °

R A=) U] - [3r ] o™ —

Gy 6r

: 8 8 8 8 g °

i =] @ @ o

« Bys6r

.-__._u__._.__.__.pp_..~_.|—~. !

el
oct
1143
ozl

O AW DHO O OLW
NN W®DWooddD

River Mile T 5 &

vel
oct

A
%] 02l

-
o

River Mile

vi
&£l
el
el
2l
H
o8

Station — N M T 0 O M~ DO @

143
€€l
¢€l
€l
el
L
14

N T WO MO

Station

Camp

- Py e

...lmu.
0 qo.E
gz 8%
o 3 Bx%
u gz 352
O e§ 288
[ R G R prevasasass 8 4 )
EEE
j..ﬂngm i B 4 —ﬂ_a.q.!n_ _|»...._-—I~J|-|n...dj.ﬂ11~ m—j.l_vﬂljiﬂl_!. i lm
§ £ 8 5 %8 8 8 8 ° %
B0 m
[

Sl

Statlen ~

Bis(2-ethylhexyl)phthalate Concentrations in Whole-Body Composite

Figure 4-49,

Biota Samples Collected for the 1993 Backwater Reconnaissance

Survey (ng/kg wet weight). (NOTE: axes not on same scale)

4-122

vupn




detected Detection hrmuts ranged from 93 to 300 pg/kg for tne first tour compounds histed above and

280 to 1,500 ug/kg for 4-chloroaniline (see Table 4-21)

4.3.3.10 Summary of Quality Assurance/Quality Control A total of 33 ussue samples were analyzed
for semi-volatile organic compounds 15 crayfish, [6 sucker. and 2 carp samples Detection limits
{excluding PAHs) were shightly higher than the goals specified n the Sampling and QA/QC Plan (Tetra
Tech 1993c) due to matnx interference with the phthalate compounds detected 1n crayfish samples and
the high lipid content of the fish samples Target detection lirmits for the analysis of PAHs were achieved
using GC/MS 1n conjunction with selective 1on morutoring  Sample results qualified as undetected due
to blank contribution included 8 naphthalene values for crayfish and 2 methylnaphthalene values for
crayfish Several posinive crayfish sample results were qualified as estimates due to the occurrence of
internal standard recoveries outside of the advisory QC limits, including one detection each of acenaph-

thalene, dibenzofuran, and fluorene These data are considered suitable for use m this report

4.3.4 Pesticides and PCBs
Samples of 2l three specres were analvzed for 26 pesticides and 6 Arochlor moxiures 1P7”Bsy  All valies
-Te 12DoTted 0N d “vel-welgr: basis  1:nles <-I7 ane <-23 st compeounds aetecied ov speciss  Znge of

measured concentrations reqguenc’ ot Jestection, and range of laboratory aetecuon 'imuts

4.3.4.1 Pesacides. Three of the 26 pesticides, (p p™-PDD, p.p’-DDE, and p,p’-DDT) were ceteciea
'n tissue samples (see Table 4-22) DDT 1s an organochlorine pesticide that was banned trom use 1n the
United States in 1972 Prior to the ban, however, it was a widely used, low-cost agricultural insecticide
Techmcal grade DDT was composed primarily of p,p’-DDT, but also contamned up to 30% of the 1somer
o,p’-DDT Samples were analyzed for both 1somers of DDT, 0,p’-DDT was not detected, but p,p’-DDT
was detected 1n all of the fish samples (Figure 4-50) DDT was not detected 1n the crayfish samples,
which had a detection lumit of 5 0 ug/kg The highest concentration of this pesticide (56 ug/kg) was
measured 1n a sucker sample The five highest concentrations were collected found at Scappoose Bay,
Camas Slough, Cathlamet Bay, Svensen Island, and Bachelor Island Slough Median concentrations were

10 5 and 3 8 ug/kg for sucker and carp sampies, respectively
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TABLE 422 PESTICIDES ANALYZED IN 1HRFE SPECIES COLLECTED FOR THE 1993 LOWER COLUMBIA

RIVER BACKW A 1 FK 1tE-CONNAISSANCE SURVEY!
o (bage Lof2)

Compound Units Crayfish o Largescale Sucker Carp Detection Lims
Alpha-BHC perkg c c [ 25
Beta-BHC pne/kg c c c 25-30
Delta-BHC ug/kg c c [ 25-10
Lindane nglkg c c C 25
Aldrin ug/kg C c c 25-38
Heptachlor ug’kg C c ¢ 25
Heptachlor epoxide ug/kg c c ¢ 25-22
Endosulfan | pe/kg [ c c 25
Endosulfan II pelkg ¢ c c 50
Endesulfan sulfate pa/ke c c ¢ 50
Dicldrin uglkg c [ c 50-65
Methoxychlor pe/kg c c ¢ 25
p.p'-DDD pe/kg ¢ 94.-47 20-21 50
16/ 16)9 2/

p.p'-DDE pg'kg 24d-t4 37- 180 63 - 100 50
(i4/13) (16 / 16) 272}

p.p'-DDT ug/kg c 40-56 37-39 50
(16 /7 16) {2/2)

@)
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RIVLR BAC KWAT1 R Ri 'ONNAISSANCE SURVEY'
Page 20l2)

ﬁ TABLE 4-22 PESTICIDES ANALYZED IN THRI 1. §1' CIES COLLECTED FOR THE 1993 LOWER COLUMBIA

Compound Units Crayfish Largescale Sucker Carp Detection Lim
Endrin ng/kg c [ 8 50
Endrin ketone ng/kg c c c 50-200
Endrin aldehyde uglkg c & 8 50-60
Gamma-chlordane ug/kg [ [ ¢ 25.44
Alpha-chlordane pg/kg [ c C 25-60
Toxaphene ng/kg C c L 250
o,p'-DDE ugikg c c 9 50-130
o,p’-DDD up’kg c 3 C 50-260
o,p'-DDT ng/kg ¢ c L 50-210
Dicofol nglkg c c ¢ 26- 62
Methyl parathion ug/kg c c ¢ 20-62

“Reported results are on a wet weight basis

® Detection limit range includes only those samples 1epuoiied s wdetected

¢ Compound was not detected 1n any sample

¢ Values in parentheses indicate the frequency of detcction anniy ilie entire sample set
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TABLE 4-23 PCBs ANALYZLD IN THREE SPECIi S COLLECTED FOR THE 1993 LOWER COLUMBIA
RIVER BACKWATLER Rl CONNAISSANCE SURVEY'

Compound Units Crayfish Largescale Sucker Carp Detection Limn
Aroclor 1221 . uglkg c c c 100 - 110
Araclor 1232 pg/kg c c 30 50-52

(/24
Aroclor 1242/1016 pg/kg c c c 50 - 52
Aroclor 1248 ug/kg c c ¢ 50 - 52
Aroclor 1254 ngikg c 26 - 2700 36 - 65 50
(167 16) 2/2)
Aroclor 1260 ug’kg 30 27 -56 30 50 - 250
(L7 15 (8/16) (172
Total PCBs pefke 30 26 - 2700 36 - 95 100
(/15 {16/ 16) 2/2)

? Reported results are on a wet weight basis

® Detection limit range includes only those samples icpoited as wintetected

¢Compound was not detected 1n any sample
4 Values in parentheses indicate the frequency ot detectian amony the entire sample set




pgpl'DDT

Crayfish
0- yt
:._' me:mmg
2 -]
20—:
o b
El

-
[
L

[4.]

N N

Bt

| sasstas!

Largescale Sucker

»ro/Kg
3

| Y I

o

JE——
S |
o

I

1 T

132120 TG

15

MEDIAN

(=3 o w [=] -+
RiverMle R RE8833z384388d AverMie T F R 888235338 88T
Carp
3
T—MM:MMQ
25
2
=
x 1§
-]
a2
10
LEGEND
; Indicates detacted
MEDIAN values
indicatas nondetects
0 and are squal to the
T T T T T T T ¥ 1 1 T T T T T mmnﬁMoHtlmn
River Mile X x
Station w

Figure 4-50. p,p'-DDT Concentrations in Whole-Body Composite Biota Samples

Collected for the 1993 Backwater Reconnaissance Survey (ugkg wet

weight).

4-127




DDD 1s an organochlorine msecticide that was used less frequently than DDT, and also a degradation
product of DDT Biota samples were analyzed for two 1somers of DDD 0,p’-DDD and p,p’-DDD (see
Table 4-22), o,p’-DDD was not detected 1n any of the three species, but p,p’-DDD was detected 1n all
of the fish samples (Figure 4-51) The highest concentration of this 1somer (47 pg/kg) was measured in
a sucker sample from Bachelor Island Slough (RM 90) Five of the seven highest concentrations were
collected at stations between RM 88 and RM 124, DDD was not detected 1n any crayfish sample
Median concentrations of p,p’-DDD were 25 0 and 20.5 ug/kg for sucker and carp samples, respectively

Detection lumits for the crayfish sample analyses were 5 0 ug/kg.

DDE 15 a degradation product of DDT not produced commercially. Biota samples were analyzed for two
1somers of DDE: o,p’-DDE and p,p’-DDE (Table 4-22), o,p’-DDE was not detected, but p,p’-DDE was
detected in all fish samples and 93% of the crayfish samples (Figure 4-52). The highest concentration
(180 ug/kg) was measured in a sucker sample from Camas Slough. Fish samples with the 7 highest
concentrations were collected from sampling locations dispersed throughout the study area. Four of the
five hughest concentrations measured 1n crayfish samples occurred between RM 90 and RM 124. Median
concentrations were 5 0, 95 5, and 81.5 for crayfish, sucker, and carp samples respectively

The CV of mean pesticide concentration in crayfish and sucker samples from Camas Slough could be
determuned for a limited number of compounds for each species The CV of mean p,p’-DDE concen-
traczon 1n crayfish samples was 13 1% The CV of mean p,p’-DDE concentration 1n sucker samples was
45.5% The CVs of mean p,p’-DDT and p,p’-DDD concentration 1 sucker samples were 72.8 and
19 1% respectively. The reiatively lugh CV for p,p’-DDT may have been due in part to analytical
vanability: the highest the three field replicate results was qualified for exceeding continuing calibration

criteria.

Reference levels are available for 13 of the 26 pesticides analyzed (see Table 2-8). Laboratory detection
himuts achieved for the pesticide analyses were adequate for comparison to these reference levels except
for o,p’-DDD and o,p’-DDT in one sucker sample analysis. Concentrations of individual DDT com-
pounds did not exceed the 200 ug/kg reference level for potential adverse effects on fish-eating wildlife

4.3.4.2 PCBs. Three PCB Arochlor mixtures were detected 1n biota samples: Arochlor 1232, Arochlor
1254, and Arochlor 1260 (see Table 4-23). Arochlor 1232 was detected n one carp sample (30 ug/kg)
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but no crayfish or sucker samples The detection Itmit for Arochlor muxtures in all three species ranged
from 50 to 250 ug/kg

Arochlor 1254 was detected 1n all of the fish samples, but no crayfish samples (Figure 4-53). Sampies
with the five highest concentrations were collected from Scappoose Bay, Camas Slough, Youngs Bay,
Bachelor Island Slough, and Cathlamet Bay Concentrations ranged from 26 to 170 ug/kg except for one
sucker sample which had a concentration of 2,700 ug/kg (see Table 4-23) The median concentrations
for sucker and carp were 58 5 and 41 O ug/kg respectively

Arochlor 1260 was detected in 56% of the sucker samples, one carp sample, and no crayfish samples
(Figure 4-54) The five highest concentrations were collected from Camas Slough, Youngs Bay,
Cathiamet Bay, Bachelor Island Slough, and Svensen Island; concentrations ranged from 30 to 56 ng/kg
Median concentrations for sucker and carp samples were 52 and 41 pug/kg, respectively Arochlors 1260
and 1254 had four stations in common among their respective top five concentrations Youngs Bay,
Cathlamet Bay, Bachelor Island Slough, and Camas Slough. These stations are distributed throughout
the study area, from RM 14-120

Arochlor 1254 was the only PCB muxture detected 1n triplicate samples from Camas Slough. It was
detected in the sucker samples, with a CV of 84 2% Concentrations ranged from 26 to 170 pug/kg,
encompassing the range of PCB concentrations measured wn all sucker samplies except that from
Scappoose Bay Inter-stanon vanaton m Arochlor 1254 concentration in sucker sampies may not mdicate

any true difference between stations except for the Scappoose Bay sample.

A reference value for total PCBs (110 ug/kg) was available evaluate survey data to assess potential
adverse effects to fish-eating wildlife Laboratory detection limuts for individual PCB Arochlor mixtures
were near to or higher than this reference value. Only concentrations greater than the laboratory
detection imit were summed for comparison to the reference value Based on this analysis, the total PCB
concentration exceeded the reference value at one station, Scappoose Bay, due to the high concentration

of Arochlor 1254 (2,700 ug/kg) measured in the sucker sample.

4.3.4.3 Summary of Quality Assurance/Quality Control A total of 33 biota samples were analyzed for
pesticides and PCBs- 15 crayfish samples, 16 sucker samples, and 2 carp samples. The detection limits
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Figure 4-54. Aroclor 1260 Concentrations in Whole-Body Composite Biota Samples
collected for the 1993 Backwater Reconnaissance Survey (ug/kg wet
weight).
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reported by the laboratory were shightly higher than those specified 1n the Sampling and QA/QC Plan
(Tetra Tech 1993c) due to matrix interference  Several positive resuits for p,p’-DDT n the fish samples
were qualified as estimates based upon exceedance of continuing calibration limits The data are con-

sidered suitable for use 1n this report.

4.3.5 Dioxin and Furans
Samples of all three species were analyzed for 7 dioxmn and 10 furan congeners All values are reported
on a wet weight basis Table 4-24 Lists compounds detected by species, concentration range of detectable

values, frequency of detection, and range of detection lumuts.

4.3.5.1 Dioxin Congeners. All dioxin congeners were detected in at least one of the species analyzed
with the exception of 1,2,3,7,8,9-HxCDD, not detected in any sample. The most toxic member of this
group of compounds, 2,3,7,8-tetrachiorodibenzo-p-dioxin (TCDD), was detected in 20% of the crayfish
samples and 12% of the sucker samples (Figure 4-55) Concentrations ranged from 0 7 to 1.0 ng/kg,

with the highest concentration measured in a crayfish sampie from Elochoman Slough.

Five other dioxin congeners were detected in biota samples: 1,2,3,7,8-PeCDD; 1,2,3,4,7,8-HxCDD;
1,2,3,6,7,8-HxCDD; 1,2,3,4,6,7,8,-HpCDD; and OCDD (Figures 4-56 through 4-59). The congener
1,2,3,7,8-PeCDD was detected in one sucker sample (0.5 ng/kg) from Camas Slough; 1,2,3,4,7,8-
HxCDD (Figure 4-56) and 1,2,3,6,7,8-HxCDD (Figure 4-57) were detected 1n three and two sucker
sampies respectively; both of these were also detected n one carp sample. All fish samples contained
detectable levels of 1,2,3,4,6,7,8-HpCDD (Figure 4-58); concentrations ranged from 0 4 to 3.8 ng/kg
with the highest found in a carp sample from Youngs Bay This congener was not detected in any
crayfish sample OCDD was also detected in all fish samples and two crayfish samples (Figure 4-59)
The concentrations ranged from 1.5 to 36 9 ng/kg with the highest detected in a sucker sample from
Svensen Isiand.

4.3.5.2 Furan Congeners Eight furan congeners were detected in crayfish and fish sampies. The
most toxic congener, 2,3,7,8-PeCDF, was detected in two sucker samples (1.0 and 1.8 ng/kg) and
one carp sample (0.2 ng/kg) (Figure 4-60). The congeners 1,2,3,7,8-PeCDF, 1,2,3,7,8,9-HxCDF; and
2,3,4,6,7,8-HxCDF were detected 1n the majority of the fish samples with concentrations ranging from
0.3 t0 9 9 ng/kg, and median concentrations of 1.6, 1.65, and 0.55 ng/kg for largescale sucker, and 3.1,
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!ABLE 4-24 DIOXINS AND FURANS ANALYZED IN THREE S!ECIES COLLECTED FOR THE 1993 LOWER COLUMBIA

RIVER BACKWATER RECONNAISSANCE SURVEY‘|
(Page 1 of 2)
Compound Units Crayfish Largescale Sucker Carp Detection Limits®
DIOXINS
2,3,7,8-TCDD ng/kg 07-10 07-09 c 01-18
13/154 (2/16)
1,2,3,7,8-PeCDD ng/kg c 05 c 01-23
(1716}
1,2,3,4,7,8-HxCDD ng/kg c 03-05 03 02-19
(3'/16) (1/2)
1,2,3,6,7,8-HxCDD ng/kg [ 05-06 06 02-21
(2/16) (1/2)
1,2,3,7,8,9-HxCDD ng/kg c c c 01-25
1,2,3,4,6,7,8-HpCDD ng/kg c 04-26 12-38 03-23
(167 16) (2/2)
OCDD ng/kg 67-237 15-369 39-75 05-28
(2/718) (16 / 16) 2172)
IFURANS
2,3,7,8-TCDF ng/kg 063-262 16-65 36-39 21
(157 15) (157 16) (2/2)
1,2,3,7,8-PeCDF ng/kg c 03-99 23-39 01-21
(12 / 16) 272
2,3,4,7,8-PeCDF ng/kg c 10-18 02 01-28
2/16) (1/2)
1.2,3,4,7,8-HxCDF ng/kg c c c 01-26
1.2,3,6,7,8-HxCDF ng/kg c 52 c 01-27
(1/16)




otI-v

RIVER BACKWATER RECONNAISSANCE SURVEY?
(Page 2 of 2)

TABLE 4-24 DIOXINS AND FURANS ANALYZED IN THREE SPECIES COLLECTED FOR THE 1993 LOWER COLUMBIA

Compound Units Crayfish Largescale Sucker Carp Detection Limits?
IFURANS

1,2,3,7,8,9-HxCDF ng/kg c 08-45 23-25 02-19
15/16) 2/2)

2,3.4,6,7,8-HxCDF ng/kg c 03-52 07-10 01-11
(13/16) 272)

1,2,3,4,6,7,8-HpCDF ng/kg 52 04-55 c 02-56

(1/15) “4/16)

1,2,3,4,7,8,9-HpCDF ng/kg c [ c 02-31

OCDF ng/kg c 03-27 c 01-15
6/ 16)

TEC® ng/kg 034-155 092-314 141-207 NA

3 Reported results are on a wet weight basis

® Detection lmit range includes only those samples reported as undetected.

¢ Compound was not detected in any sample

4 Values in parentheses indicate the frequency of detection among the entire sample set.
® TEC values were calculated using half the lower detection linnt for undetected congeners
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Figure 4-55. 2,3,7,8-TCDD Concentrations in Whole-Body Composite Biota

Samples Collected
(ng/kg wet weight).

for the 1993 Backwater Reconnaissance Survey
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Figure 4-56. 1,2,3,4,7,8-HxCDD Concentrations in Whole-Body Composite Biota
Samples Collected for the 1993 Backwater Reconnaissance Survey
(ng’kg wet weight).
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Figure 4-57. 1,2,3,6,7,8-HxCDD Concentrations in Whole-Body Composite Biota
Samples Collected for the 1993 Backwater Reconnaissance Survey

(ng/kg wet weight).
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Figure 4-58. 1,2,3,4,6,7,8-HpCDD Concentrations in Whole-Body Composite Biota
Samples Collected for the 1993 Backwater Reconnaissance Survey
(ng/kg wet werght).
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Figure 4-59. OCDD Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (ng/kg wet
weight).
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Figure 4-60.

2,3,4,7,8-PeCDF Concentrations in Whole-Body Composite Biota
Samples Collected for the 1993 Backwater Reconnaissance Survey
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2 4, and O 85 ng/kg for carp, respectively (Figures 4-61 through 4-63) The highest concentrations of
1,2,3,7,8-PeCDF and 2,3,4,6,7,8-HxCDF were found at Young's Bay The highest concentration of
1,2,3,7,8,9-HxCDF was in a sample from Cathlamet Bay The furan congeners OCDF (Figure 4-64)
and 1,2,3,6,7,8-HxCDF (one detected value) were detected 1n sucker samples with concentrations ranging
from 03 to 52 ng/kg The congener 1,2,3.4,6,7.8-HpCDF was detected 1n one crayfish sample
(5 2 ng/kg) and four sucker samples (0 4 to 5 5 ng/kg) (Figure 4-65) The congener 2,3,7,8-TCDF was
detected 1n all the biota samples except for one sucker sample (Figure 4-66); concentrations ranged from
0 63 to 6 5 ng/kg with median concentrations of | 5, 3 95, and 3 75 ng/kg for crayfish, sucker, and carp

respectively

The only dioxin or furan congener detected in the three crayfish samples from Camas Slough was
2,3,7,8-TCDF, the CV was 20 5% Five dioxin and furan congeners were detected 1n all three sucker
samples collected from this station. The CVs of the mean concentrations of 1,2,3,4,6,7,8-HpCDD,
oCDD, 2,3,7,8-TCDF, 1,2,3,7,8,9-HxCDF, and 2,3,4,6,7,8-HxCDF were 37 8, 57 8,42 7, 41 8, and
20 4%, respectively The high vanation of the field data indicate that only relatively large differences

in these concentrations may be due to inter-station rather than intra-station vanability

4.3.5.3 Toxicity Equivalency Concentrations Toxicity equivalency factors (TEFs) for dibenzo-p-dioxins
and dibenzofurans have been developed as a method for estimatng the hazard and dose-response of
complex muxtures contaiung dioxin and furan congeners 1z addition to TCDD (Barnes 1991) Each
congener is assigned a toxicity reiatve to TCDD (1 e , their TEF) The concentration of each congener
1s then multiplied by us TEF and the sum of these products for all dioxin and furan congeners 1s the

overall toxicity equivalency concentration (TEC)

TECs caicuiated for the three species collected for this survey are shown n Figure 4-67 For the caicu-
lation of TECs, non-detect values were assigned values equal to haif the detection limit Sucker had the
highest TECs, followed by carp and crayfish. Median concentrations were 0.82, 1 71, and 1 74 ng/kg
for crayfish, largescale sucker, and carp, respectively. The median lipid-normalized TECs were 0 078,
0 047, and 0 041 ng/g lipid for crayfish, largescale sucker, and carp, respectively.

Table 4-25 gives the percentage of the total mean TEC for sediment, crayfish, and fish represented by
each of the 17 dioxiz and furan congeners. For each sample type, two calculation methods are compared
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Figure 4-61. 1,2,3,7,8-PeCDF Concentrations in Whole-Body Composite Biota

Samples Collected for the 1993 Backwater Reconnaissance Survey
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Figure 4-62. 1,2,3,7,8,9-HxCDF Concentrations in Whole-Body Composite Biota
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Figure 4-63. 2,3,4,6,7,8-HxCDF Concentrations in Whole-Body Composite Biota

Samples Collected for the 1993 Backwater Reconnaissance Survey O
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Figure 4-64. OCDF Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (ng/kg wet
weight).
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Figure 4-65. 1,2,3,4,6,7,8-HpCDF Concentrations in Whole-Body Composite Biota
Samples Collected for the 1993 Backwater Reconnaissance Survey
(ng/kg wet weight).
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Figure 4-66. 2,3,7,8-TCDF Concentrations in Whole-Body Composite Biota

Samples Collected for the 1993 Backwater Reconnaissance Survey
(ng/kg wet weight).
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Toxicity Equivalency Concentrations

. Crayfish . Largescale Sucker

5—j 5_5

4 4

. Relaronco lovol ] Ressroncs knd
g, — [ 2 . 3q l_-
?31 ——————— et - 193—‘* —————————————————————

2 2] I

] X — MEDIAN

E . E H ” HH HH

0 . 1 1 ] T ] |-|l|—lTnTﬂr T l|_|fl-|l ] L] 0 . L) ] 1 T T T 0 F | | 3R T | T
RvorMis 5 88833:3888883 RverMic T N ER8335338 8888
Stahon N O TV O R D PO =N - NOT Station * N M T W C R O P Q N = N D T

mMom MM m

Carp

s .

5

4

L—ﬂdmmomcl

S Y N P
2

2

MEDIAN
| H
o 1 T ] T 1 T T T 1 T T ¥ T ¥ L Ll L
River Milo 2 §

Staten ~ )

Figure 4-67. Toxicity Equivalency Concentrations (TECs) for Dioxins and Furans in

Biota Samples (ng/kg wet weight). New York State Guidelines for the Protection of
Fish-Eating Wildliife are shown as a dashed line
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TABLE 4-25 PERCENT CONTRIBUTION OF EACH DIOXIN/FURAN CONGENER TO TEC CALCULATION
1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY

Sediment Crayfish Fish

Percent of Mean TEC Percent of Mean TEC Percent of Mean TEC

Percent of Mean TEC | Calculated Using One- | Peicent of Mean TEC | Calculated Using One- | Percent of Mean TEC | Calcutated Using One-

Calculated Using Only | half Detection Limst | Calculated Using Only | half Detection Limut | Cateulated Using Only | half Detection Limut

Cong:ncr Detected Values for Non-detect Values Detected Values for Non-detect Values Detected Values for Non-detect Values
2378-TCDD 00 239 518 317 86 171
12378-PeCDD 0.0 160 00 152 13 71
123478-HxCDD 0.0 18 L 00 22 08 16
123678-HxCDD 00 57 00 25 09 17
123789-HxCDD 00 48 00 2.9 00 11
1234678-HpCDD 24.9 17 ~ 00 0.3 11 08
jocpp 75 1 12 06 03 06 03
2378-TCDF 00 35 o 46 5 219 366 271
12378-PeCDF 00 14 00 0.8 109 81
3478-PeCDF 00 146 00 109 81 98
123478-HxCDF 00 50 00 213 00 09
123678-HxCDF 0.0 417 00 22 28 29
123789-HxCDF 00 69 00 31 192 143
234678-HxCDF 00 55 00 23 82 62
1234678-HpCDF 00 07 11 09 06 05s
1234789-HpCDF 0.0 07 00 0.5 00 01
[locoF 00 01 00 00 0.1 00




1n adjacent columns the left column uses only detected values, and the right column assumes the value
of half the detection limut for non-detects. For sediment and crayfish, which had relatively few detected
values, the difference between the two approaches s substantial. Taking crayfish as an example, the two
tetra congeners (2,3,7,8-TCDD and 2,3,7,8-TCDF) made up 98.3% of the total mean TEC when only
detected values are used; when one half the detection limat values are used, the contribution of these two
congeners falls to 53 6% For the fish samples, the two approaches yielded more similar results because
of the greater number of detected values. In both approaches, the two tetra congeners represented less
than 45% of the total mean TEC for fish

A TEC-based reference value for potential adverse effects on fish-eating orgamisms of dioxins and furans
(3 0 ng/kg) was adopted to evaluate this data This reference concentration was exceeded in the
largescale sucker sample from Youngs Bay and the crayfish sample from Elochoman Slough (see
Figure 4-67).

4.3.5.4 Summary of Quality Assurance/Quality Control. A total of 33 biota samples were analyzed for
dioxins and furans: 15 crayfish samples, 16 sucker samples, and 2 carp samples Detection limuts
reported by the laboratory met the goals specified in the Sampling and QA/QC Plan (Tetra Tech 1993c).
The majority of the sample results were qualified as undetected at an estimated detection limit (EDL)
which was determined by exarmmng instrument signai-to-noise ratios. For the fish sampies, five resuits
for 2.3,7,8-TCDF were qualified as estimated due 10 high matrix spike recoveries The dioxin and furan

data are considered acceptable for use in this report

4.3.6 Butyitin Compounds

4.3.6.1 Summary of Butyltin Results. Samples of all three species were analyzed for the 3 butyltin
compounds monobutyltin, dibutyltin, and tributyltin. All concentrations are reported on a umt tin (Sn)
and a wet-weight basis. Tabile 4-26 lists compounds detected by species, range of detected concentra-
tions, frequency of detection, and range of detection limuts

None of the three butylttn compounds was detected in the crayfish samples; detection limits were 5.2 ug
Sn/kg except for one sample which had a detection limit of 9.6 gg Sn/kg. Dibutyltin was detected in five
sucker samples and one carp sample (Figure 4-68), with concentrations ranging from 1 3 to 2.6 ug Sn/kg.
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I TABLE 4-26 POLYBUTYLTIN COMPOUNDS ANALI!ED N THREE SPECIES COLLECTED FOR THE

1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY ?

Compound Units Crayfish Largescale Sucker Carp Detection Limitsh
Monobutyltin ug So/kg c c c 34
Dibutylun ug Sn/kg c 13-26 13 52

5-16)¢ (/2
Tnibutylun ng Su/kg c 64-543 28 8 13-96
(127 16) 1r/2)

: R;:poned results are on a wet weight basis.

® Detection limut range includes only those samples reported as undetected.
¢ Compound was not detected mn any sample

4 Values in parentheses indicate the frequency of detection among the entire sample set.
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Figure 4-68. Dibutyitin Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (ug Sn/kg
wet weight).
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It should be noted that the concentrations were detected below the target detection lumt for the above
samples Tributyltin was detected in twelve sucker samples and one carp sample (Figure 4-69) Concen-
trations ranged from 6.4 to 54.3 ug Sn/kg, with the highest detected 1n a sucker sample. The five
samples containing the highest concentrations were collected from Elochoman Slough, Cathlamet Bay,
Youngs Bay, Lewis & Clark NWR, and Scappoose Bay

Because the butyltin compounds were not detected 1n all three replicate samples from Camas Slough, CV
could not be assessed.

4.3.6.2 Summary of Quality Assurance/Quality Control A total of 33 biota samples, including 15
crayfish samples, 16 largescale sucker sampies, and 2 carp samples were analyzed for three butyitin
compounds Detection lumuts reported by the laboratory were slightly higher than those specified in the
Sampling and QA/QC Plan (Tetra Tech 1993c) due to the necessity of perforrung gel permeation
chromatography to remove lipids. Low-level blank contarmunation was noted in several instances. Due
to biank contarmnation, one value for monobutyltin and six values for trmbutyltin were qualified as
undetected For two samples, data for all three compounds were qualified as estimates due to low

surrogate recovenies The butyitin data are considered acceptable for use in this report.

4.3.7 Radionuclides

4.3.7.1 Summary of Radionuclide Results Samples of all three species were analyzed for eight long-
hived radionuciides. All values are reported on a wet-werght basis. Table 4-27 lists compounds detected

by species, range of detected concentrations, frequency of detection, and range of detection limits.

None of the radionuclides was detected in the crayfish samples above the lower limuit of detection.
Plutonium 239/240 (Pu-239/240), plutonium 238 (Pu-238), and cesium 137 (Cs-137) were detected 1n
fish samples. Pu-238 was detected in one sucker sample from Youngs Bay at a concentration of
0 011 pCi/g. Pu-239/240 was detected in 13 sucker sampies and both carp samples; concentrations
ranged from 0.001 to 0.003 pCi/g. Cs-137 was detected 1n two sucker samples: Burke Slough
(0 016 pCi/g) and Camas Slough (0.020 pCi/g).
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Figure 4-69. Tributyltin Concentrations in Whole-Body Composite Biota Samples
Collected for the 1993 Backwater Reconnaissance Survey (ug Sn/kg
wet weight).
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TABLE 4-27 RADIONUCLIDES ANALYZED l! THREE SPECIES COLLECTED FOR THE

1993 LOWER COLUMBIA RIVER BACKWATER RECONNAISSANCE SURVEY *

Compound Units Crayfish Largescale Sucker Carp Detection Limits °

Plutonium 239/240 pCvg c 0.001 - 0 003 0001 - 0 002 0000-0011
(13716 @12 1

Plutonium 238 pCi/g c 0ol11 c 0004 - 0.018
(1/716)

Americium 241 pCvg c c c 0 006 - 0.026

Cobalt 60 pCu/g [ c c 002-015

Cesum 137 pCuv/g c 0 016 - 0 020 [ 002-012
2/16)

Europum 152 pCuvg c c c 020-040

Europium 154 pCug c c c 020-0.25

Europium 155 pCi/g c c c 005-050

® Reported results are on a wet weight basis
® Detection limit range includes only those samples reported as undetected.
® Compound was not detected in any sample

9 Values in parentheses indicate the frequency of detection among the entire sample set.




Because the selected long-lived radionuchides were not detected tn all of the three samples from Camas

Slough, CV could not be assessed

4.3.7.2 Summary of Quality Assurance/Quality Control A total of 33 biota samples-15 crayfish,
16 sucker, and 2 carp samples—were analyzed for the eight radionuclides The laboratory was able to
achieve the detection luruts specified 1in the Sampling and QA/QC Plan (Tetra Tech 1993¢). No data
qualifiers were assigned to sample results based upon evaluation of QC data,

4.4 RIVER FLOW AND RAINFALL CONDITIONS DURING THE SURVEY

Ruver flow and rainfall conditions prevailing during the survey are important because they can affect the
water quality parameters. However, short-term variation 1n flow and rainfail 1s expected to affect the
levels of pollutants 1n the water column more than in sediments or tissue For example, when river flows
are low, pollutants discharged from point sources may be present 1n higher concentrations because
dilution by niver water 1s reduced When ramfall 1s lugh, non-potnt input via runoff increases. High
flows due to release of water stored in upstream reservoirs or from spring snowmeit can increase the
ditution capacity of the river, but may also be associated with increased flow velocities which can

resuspend bed sediment and transport suspended seduments downriver

Backwater sampiing was performed under medwum-flow conditions in the lower Columbia durning
June and July 1993, following a period of exceptionaily hugh flows and river levels (see Figure 4-70)

Figure 4-70 compares monthly average, maximum, and mtmmum discharge of the Columbia River at The
Dailes, OR (RM 188.9) for 1993 with historical average, maximum, and mummum discharge. These data
from the U.S. Geological Survey (Hubbard et al 1994) discharge momtoring statton located above
Bonneville Dam, do not reflect peak winter flows resulting from heavy rainfall typical of the lower river.
Discharge at The Dalles may be fairly representative of conditions at Bonneville Dam, since no large
tributaries discharge to the Columbia River between The Dalles and the dam. Based on thus data,
monthly average discharge was slightly below historical average, ranging from 232,926 cubic feet per
second (cfs) in June to 124,400 cfs in August 1993 (see Figure 4-70). The maximurn and minimum

average flow for June through August were within historical ranges.
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Figure 4-70. Summary of Columbta River Flow and Stage Data.




The discharge data from the USGS momtoring station at Beaver Army Termunal (RM 53 8) can be used
to characterize the lower part of the river during this survey Flow at Beaver Army Termunal 1s generally
higher than flow measured at The Dalles or Bonneville Dam due to contributions from large tributares,
including, 1n descending order of flow contribution, the Willamette (RM 101 5), Cowlitz (RM 68), Lewis
(RM 87), and Sandy (RM 120) (Tetra Tech 1992a) In June, the monthly average and maximum flow
(387,000 cfs) at Beaver Army Termunal was much higher than 1t was in 1992 (see Figure 4-70)
However, flow m July was average (198,100 cfs), although the mimumum flow was somewhat higher than
in 1992,

Gage height readings at a USGS momitoring station just below Bonneville Dam provide an indication of
water level fluctuations in the lower river during the sampling period (Figure 4-70). Water levels below
the dam are affected by both tidal height and discharge from the dam and tributaries. Monthly average,
rmummum, and maximum water levels at the gaging station in May 1993 were approximately 3 to 8 feet
higher than 1n 1992 (see Figure 4-70). The levels remained somewhat higher than 1992 average values
through July, but were sumiar to 1992 average levels in August.

Figure 4-71 compares 1993 USGS data on the monthly average, maximum, and minimum discharge of
the Sandy, Willamette, Lewits, and Cowlitz Rivers with comparable historical data. Monthly average
discharge of the Lewis and Sandy Ruvers in June through August 1993 was generally sumilar to historical
measurements, monthly average flow in the Cowlitz was generally below average during this period The
Wiilamette recorded flows much fugher than historical averages from March-June 1993, but returned to

normal flows by later in the summer (see Figure 4-71)

Water levels and flows during this survey can aiso be compared to those during the 1991 survey, which
was conducted under low-flow conditions in September and October. Gage height below Bonneville Dam
averaged 11 11 ft in September 1991 and ranged from 7 76 to 14.67 ft. The June 1993 gage height at
the same- station averaged 18.94 ft and ranged from 18.13 to 19.9 ft. Relanvely higher water levels
during the 1993 backwater survey facilitated water access to backwater areas along the river and ensured
that fine sediments could be collected from these quiescent locations, removed from the mamstem of the

r1ver.
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Rainfall data for this period coincide with the flow and stage data presented above (Figure 4-72)

Monthly rainfall at both Astoria and Portland was hgher than historical averages for April-July 1993
Following a wet spring and early summer, the monthly rainfall in August 1993 was lower than the
historical average Figure 4-72 also shows the daily rainfall data for the sampling period. Luittle or no

ramn fell during the water/sediment (June 24-July 1) or fish sampling (August 3-6) efforts, but heavy
rainfall occurred during the crayfish sampling (July 15-25)
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5.0 DISCUSSION

The 1993 backwater reconnaissance survey of the lower Columbia River was designed to augment the
more extensive reconnaissance survey of the lower Columb:a River done 1n the fall of 1991 (Tetra Tech
1993a) Samples collected during the 1991 reconnaissance survey were obtained primarily in or along
the marn channel of the river during a period of very little rainfall and low niver flow conditions In
contrast, 1993 backwater samples were collected primarily in sloughs and back channels during a period
of intermuttent rainfall and moderate river flow conditions While the physical and seasonal differences
between the two sample sets complicates data comparisons, taken together the two surveys should
adequately characterize contamunant concentrations and other water quality parameters in the lower

Columbia.

In the following sections, the backwater survey results are compared and contrasted with the 1991 survey
results and, where appropriate, with other studies Each of the three media sampled—water, sedument,
and tissue—are discussed 1n separate subsections. Potential relattonships among contamunants in the

different media are expiored m Section 5 4

5.1 WATER QUALITY

The two surveys analyzed water samples for many of the same parameters, both field-measured and
laboratory-analyzed. However, the 1991 survey analyzed single composite samples comprised of water
collected from several depths at each site, while the backwater survey analyzed triplicate near-surface
grab samples, 1.e., field replicates, for most parameters. This change 1n sampling design was adopted
to provide an estimate of the vanance associated with water quality measurements and because the

shallow water depths at collection sites precluded the need for compositing of water from several depths
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Besides differences 1n sampling strategy, the shallow water depth and increased residence time of water
n backwater locations suggests that these water samples may be influenced to a greater degree by bottom
sediments, benthic commuruties, and local conditions than samples collected in the main river channel

These differences shouid be kept in mind when evaluating water quality data.

5.1.1 Field Measured Parameters

The water quality parameters that were measured in the field (as opposed to being analyzed in the
laboratory) include salimity and conductivity, turbidity, dissolved oxygen (DO), temperature, and pH.
Table 5-1 shows the range and median values for these parameters in the two surveys and summary
statistics, including number of observations and frequency of exceedances of available standards for DO,

temperature, and pH.

Median backwater conductivity and turbidity (0 123 mMhos/cm and 13 NTU, respectively) were
r2latively higher than mainstem conductivity and turbidity (0 089 mMhos/cm and 5 6 NTU) Although
this may reflect genuinely higher 1ontc content and turbidity 1n backwater areas, some portion of these

differences could be seasonal.

State standards for DO were exceeded in both surveys, although frequency of exceedances was generally
higher in 1991 Again, this difference could be seasonal  Although the more restricted water exchange
in backwater areas may allow for higher rates of production by phytoplankton, aquatic plants, and
attached algae, relatively high DO concentrations (greater than 110% saturation) have also been measured
in'the lower niver mainstem between Apri and August (Dahm et al. 1981). Relatively lower DO m late
summer and fall may also reflect greater bioclogical respiration over photosynthetic production during the
low-flow period. The extent to which oxygen-demanding wastes contribute to relatvely lower DO

concentrations noted in the 1991 survey has not been assessed.

Exceedances of Washington’s 20° C water temperature standard and the Oregon and Washington pH
standard were noted in the 1993, but not the 1991 survey. High temperature standard has been a chromc
problem in the lower river (Tetra Tech 1993a for a review of historical data) It is not clear to what
extent this is due to human vs. natural causes, but relatively high temperature of the lower river in late
summer can influence the success of cold- and warmwater fishes The higher pH values measured in

1993 coincide with high DO concentrations measured at the same stations. These data indicate relatively
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TABLE 5-1 SUMMARY OF WATER COLUMN FIELD-MEASURED PARAMETERS,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
Frequency of Exceedances
Number of
Observations? Range Median Freshwater Saltwater
- -

Dissolved Oxygen (mg/L)

Jun-jul 1993 15 (29) 50-123 101 1/14 (2/27) 0/1 (0/2)

Oct-Nov 1991 45 (45) 58122 8.8 3/37 (3/37 2/8 (2/8)

Combined Data 60 (74) 50-{23 90 4/51 (5/64) 2/9 2/10)
Dissolved Oxygen (% saturation)

Jun-Jul 1993 15 29 53-132 107 2/14 (3/127) NA

Oct-Nov 1991 45 (45) 56-129 93 11/37 (11/37) -

Combined Data 60 (74) 53-132 96 13/51 (14/64) --
Temperature (°C)

Jun-Jul 1993 15 (30) 17.321 9 187 4/15 ?/30 ¢

Oct-Nov 1991 45 (45) 106-192 180 0745 (0/4

Combined Data 60 (75) 10 6-21 9 18.3 4160 (5/75)
pH

Jup-Jul 1993 15 (30) 7190 8.3 8/14 (10/28) 0/1 (0/2)

Oct-Nov 1991 45 (45) 7284 77 0/37 (0/37) 0/8 (0/8)

Combined Data 60 (75) 7190 78 8/51 (10/65) 0/9 (0/1%)
Conductivity (mMbhos/cm)

Jun-Jul 1993 15 (30) 0096-53 0123 NA NA

Oct-Nov 1991 45 (45) 0013-320 0 089 - -

Combined Data 60 (75) 0013-320 0110 - --
Salinity (ppt)

Jun-Jul 1993 15 (30) 0029 00 NA NA

QOct-Nov 1991 45 (45) 00-285 01 - --

Combined Data &0 (75) 00285 040 - -
Turbidity (NTU)

Jun-Jjut 1993 i5 (30) 5730 13 NA NA

Oct-Nov 1991 45 (459) 1 0-35 5.6 - -

Combined Data 60 (75) 1.0-35 83 - -

w%
k NA = Not available

2 The first number 1s the number of samphing stations visited during each study, number 1n parentheses 1s the total number
of observations. In Jun-Jul 1993, the field-measured parameters were sampled on two separate occasions (n =30, with the
exception of dissolved oXygen measurements) A smgle sample was based on the average of tnplicate field measurements of
each parameter
b The frequency of exceedance of the lowest freshwater and saltwater standard for any single sampling date at a particular
station. The numbers 1n parentheses indicate the frequency of exceedance of the same standard for all the samples analyzed
€ The Washington temperature standard of 20° C 15 applied to the mouth of the Columbia River




higher productivity (by phytoplankton, aquatic plants, and/or attached algae) at the backwater stations
The possibility that this difference may be seasonal cannot be ruled out

Some of the observed variability i pH and DO could have been caused by the necessity of sampling at
different times of day, there 1s a natural daily cycle of photosynthetic respiration, which in turn affects
the pH and DO of ambient waters Two ways to control for this effect are to sample each station over
a 24 hour period, or to do all sampling at the same time of day. Neither of these was logistically

feasible

5.1.2 Conventional Parameters

The conventional water quality parameters measured 1n both surveys include total suspended solids (TSS),
hardness, total organic carbon (TOC), particulate organic carbon (POC), and dissolved organic carbon
(DOC). Table 5-2 presents summary statistics for these parameters. Although no reference levels were
available to evaluate these data, these parameters play important roles in the transport and bioaccumu-
lation of pollutants 1n the river system. Analysis of POC was added to the 1993 backwater recon-
naissance survey, so no comparisons are possible for POC or DOC (the caicuiated difference between
TOC and POC)

The median TSS concentration was higher 1n 1993 samples than 1n 1991 sampies However, the ranges
of TSS were generally similar These results are consistent with turbidity ranges and medians
(Table 5-1) Median freshwater hardness was lower in 1993 samples (50 mg/L) than in 1991 (57 mg/L).

Some portion of these differences may be seasonal

Total suspended solids include inorganic and orgamic particles from withun the river and from external
sources that are carried suspended in the niver system, which can absorb and transport contaminants.
Physical and chemucal processes (e.g., particle surface area, temperature, pH, oxidation-reduction
potential, contaminant hydrophobicity, etc.) control the proportton of contamnant sorbed to suspended
particles vs. dissolved n the water column. These processes also determine the amount of contaminants
accumulating in orgamsms due to uptake through cell membranes (e g., the gills of fish) and the amount
accumulated due to ingestion of particle. Water hardness is an important conventional variable because
the polyvalent 1on content of the water (primarily calcium and magnesium 1ons) appears to nutigate metal
toxicity to aguatic organisms and may also affect bioaccumulation (Luoma 1989).
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TABLE 5-2 SUMMARY OF WATER COLUMN CONVENTIONAL PARAMETERS,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
] Units in mg/L
Numbers of Frequency of
Observations? Range Median I Exceedances?
[ — 11%@—————_
Total Suspended Solids
Jun-Jul 1993 15 6 4-63 15 NA
QOct-Nov 1991 45 0 5-60 68 -
Combined Data 60 0 5-63 79 -
Hardness
Jun-Jul 1993 15 35 7-359 51 (50)P NA
Oct-Nov 1991 45 10-5,292 58 (5T)P -
Combined Data 60 10-5,292 57 (55) -
Total Organic Carbon
Jun-Jul 1993 15 2294 2.7 NA
Oct-Nov 1991 5 07-24U 24U --
Combined Data 20 | 0794 27 -
|| Particulate Organic Carbon
Jun-Jul 1993 15 0546 07 NA
Oct-Nov 1991 NS - - -
Combined Daza 15 05 07 -
Dissolved Organic Carbon®
Jun-Jul 1993 15 1448 19 NA
Oct-Nov 1991 NS -- -- --
Combined Data 15 14438 19 --
'm:ﬁ
NA = No criena or screemung levels are available for determunation
NS = Not sampled.
U = Not detected. The value 15 the detection limyg
2 Number of observahons is equivalent to the number of stations sampled.
® The number parentheses 1s the median hardness of the freshwater stations sampied. This number s

used to determune hardness-based metals critena for samples from that penod.

C Dissolved organic carbon 15 defined as of total orgamic carbon munus particulate organic carbon.
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The concentration of total orgamic carbon 1n the water column and the proportion of TOC in dissolved
and particulate forms (DOC and PQOC) aiso play an important role in contamunant transport and
bioaccumulation in aquatic ecosystems. Comparison of the TOC concentrations measured tn 1991 and
1993 1s difficult due to the lumuted number of stations sampled, and the relatively high detection limits
(2 4 mg/L) reported 1n 1991 (Table 5-2) However, TOC concentrations appeared to be somewhat higher

1in the backwater survey

No clear seasonal pattern was evident in TOC concentrattons measured in the mainstem of the lower river
by Dahm et al (1981), but lower concentrations generaily occurred in late fall and winter Although the
maximum TOC concentration measured n the backwater survey (9.4 mg/L) 1s much higher than Dahm’s
reported maximum for the mainstem (approximately 3.3 mg/L), the median backwater concentration of

2.7 mg/L was relanvely sumlar to the majority of Dahm’s 1981 measurements (1 8-2 7 mg/L).

Water column concentrations of POC and DOC measured 1n 1993 ranged from 0 46 to 4.60 mg/L and
1.37 to 4 84 mg/L, respectively (Table 5-2) These concentrations are somewhat hgher than the maxi-
mum POC and DOC concentrations of 0 9 mg/L and 2 4 mg/L, respectively, reported by Dahm et al

(1981) for June Lower concentrations (to below detection for POC and 1 4 mg/L for DOC) typically
occurred during late fall and winter In general, DOC in the lower Columbia is greater than POC The
median percentage of DOC refative to TOC 1n the backwater survey was 76 % with a range of 38—84%

High POC and DOC concentrations reported for the backwater survey were measured at Scappoose Bay

during intermattent but heavy rainfall

5.1.3 Nutrients and Phytoplankton Biomass

Human-caused eutrophication (the oversupply nutrients to a water body) has been a significant concern
in water management (e.g , Beeton and Edmondson 1972; Paerl 1988). With adequate light, temperature,
pH, nutrient supply, and relatively long water residence times, excess nutrients may resuit in increased
production and/or biomass of phytoplankton Any one of these factors may lumt this growth and
production, and predation by zooplankton can keep phytoplaniton at relatively low levels even under 1deal
conditions But when uncontrolled, species of blue-green algae (cyanobacteria) may bloom at levels
causing aesthetically displeasing scums on the water surface and unpleasant odors due to rotting algae.
Decaying algae may reduce DO, due to microbial degradation. Lowered DO levels may n turn adversely

affect other aquatic organisms.
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Table 5-3 presents summary staustics for nutrient and phytoplankton parameters, including total phos-
phorous (TP}, soluble reactive phosphorous (SRP), ammonium mitrogen, nitrite + nitrate nitrogen, total
Kjeldahl mtrogen (TKN), and chlorophyll and phaeophytin a from the 1993 backwater survey and from
a WDQE study conducted on three dates at two stations (Bradwood, OR, RM 38 9; Warrendale, OR, RM
141-0) 1n the mainstem of the lower river during 1990 No reference levels were available evaluate
nutrient data, an Oregon chlorophyll a action level (15 pg/L) 1s available to evaluate chlorophyll data.
The study conducted by WDOE did not include analysis for total Kjeldahl nitrogen (TKN), chlorophyll

a, or phaeophytin g, precluding comparisons for these parameters

5.1.3.1 Total Phosphorus. The backwater survey detected higher TP concentrations than the WDOE
study (Table 5-3) The highest backwater concentration was more than twice the maximum average
WDOE concentration. 172 ug/L vs 70 ug/L The median backwater concentration was 59 ug/L, vs
40 ug/L for the WDOE survey. Some portion of these differences may be seasonal

Generally, the concentration of TP assoctated with eutrophic conditions in lakes 1s 20 ug/L or greater
(Welch 1980). The backwater and WDOE studies indicate that enough phosphorus 1s present to support
nuisance algal growth If other conditions are adequate

5.1.3.2 Soiuble Reactive Phosphorus. The backwater survey detected lower SRP concentrations than
the WDOE study (Table 3-3) The highest concentration measured tn the 1993 survey (15 ug/L) was less
than haif the maximum average SRP concentranton measured by WDOE (40 ug/L) The median concen-
tration in the backwater survey was also iower than in the WDOE survey 10vs 30 ug/L Some portion

of these differences may be seasonal

The lower SRP concentrations measured 1n the backwater survey suggest that soluble phosphorus was
relatively depleted in the water column and that most of the phosphorus present was in particulate form,
possibly incorporated into growing phytoplankton cells. This 1s consistent with previous studies (e.g.,
Park et al 1970; Dahm et al. 1981), which have shown that SRP 15 lower n the summer when

phytoplankton are actively growing and assumulating soluble nutrients.

5.1.3.3 Ammonium Nitrogen. Findings of ammonuum nitrogen (and nitrate+ nitrite nitrogen; see below)
in the two studies paralleled the SRP findings much lower 1n the backwater survey than in the WDOE
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TABLE 5-3 SUMMARY OF WATER COLUMN NUTRIENT AND CH_LOR‘-(-)PHYLL DATA,
1990 WDOE DATA-AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEY

Unus n pg/L

| Frequency of
Range Median I Exceedances

Frequency of

Detection®

/

Total Phosphorus

Jun-Jul 1993 . 15/15 (15/15) 26-172 59 NA

Jan-Sep 1990 2/2 (6/6) 30-70 40 -

Combned data Y7717 (21/721) 26-172 48 -
Soluble Reactive Phosphorus

Jun-Jui 1993 15/15 (15/15) 2-15 10 NA

Jan-Sep 1990 2/2 (5/6) 10U-40 30 -

Combined data 17 2D 240 12 -
Ammonium Nitrogen

Jun-Jul 1993 L1715 (11/15) 10U-22 11 NA

Jan-Sep 1990 2/2 (6/6) 10-50 20 -

Combined data i 13/17 (17/21) 10U-50 11 -
Nitrate and Nitrite Nitrogen

Jun-Jui 1993 11/15 (11/15) 10U-181 32 NA

Jan-Sep 1950 2/2 (6/6) 50-260 80 -

Combmed data 13/17 (17/21) 10U-260 39 --
Total Kjeldahl Nitrogen

Jun-Jul 1993 15715 (15/15) l‘ 145474 232 NA

Jan-Sep 1990 NS - - -

Combined data 15/15 (15/15) 15474 232 -
Chlorophyll a

Jun-Jul 1993 15/15 (15/15) 67350 140 5/15

Jan-Sep 1990 NS - -~ --

Combined data 15/15 (15/15) 6 7-35.0 140 5/15
Phaeophytin a

Jun-Jui 1993 15/15 (15/15) 26310 9.3 NA

Jan-Sep 1990 NS -~ - -

Combined data 15/15 (15/15) 2.6-310 913 -

NA = No cntena or screening levels available for determination.
NS = Not sampled.
U = Not detected. Value 1s the detection limt.

2 Frequency of detected occurrence at the stations sampled. Fifieen stations were sampled mn Jun-Jul 1993,
two stations were sampled by the Washington Department of Ecology 1n Jan-Sep 1990. The numbers n
parentheses indicate the frequency of detection of individual samples. In Jun-Jul 1993 a single sample
consisted of tniplicate field samples collected at each of fifteen stations (n=15), the Jan-Sep 1990 samples
consisted of three or four transect samples collected at each station on three separate dates (n=6). The
average of field triplicate or transect samples was used for companson.

b Frequency of exceedance of the lowest standard or reference level (Oregon’s 15 ug/L action level for
chlorophyll a}.
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study (Table 5-3) The highest concentration measured n the backwater survey was 22 ug/L, vs a maxi-
mum average concentration of 50 pg/L measured by WDOE, median concentrations were 11 and
20 ug/L, respectively Concentrations mn the backwater survey were often below the 10 ug/L laboratory

detection limit Some portion of these differences may be seasonal

Low concentrations measured 1n the backwater survey suggest that soluble ammomnum nitrogen was

relatively depleted 1n the water column, possibly incorporated mto growing phytoplankton cells

5.1.3.4 Nitrate+ Nitrite Nitrogen. These findings parallel SRP and ammomum mtrogen findings
much lower 1n the backwater survey than in the WDOE study (Table 5-3) The highest backwater
nitrate + mtrite concentration was 181 ug/L, vs a maximum average concentration of 260 ug/L measured
by WDOE Median measurements were 32 ug/L in the backwater survey and 80 pug/L o the WDOE
survey Concentrations in the backwater survey were below the 10 ug/L laboratory detection limut i

several samples Some portion of these differences may be seasonal

Low mnitrate + mtrite concentrations measured in the backwater survey suggest that soluble ammomum
mitrogen was relatvely depleted 1n the water column, possibly incorporated into growing phytoplankton
cells This 1s consistent with previous nutrient studies conducted on the lower river (e g , Park et al

1970, Dahm et al 1981) which have shown that nutrate concentrations are lower during the summer when

phytoplankton are actively growing and assimlating soluble nutrients

Phytoplankion require nitrogen and phosphorous at a ratio of approxumately 7 1 (Ryther and Dunstan
1971) The ranos of these nutrients in the water column can be used to deterrune whuch nught limit
plankton growth' a ratio greater than 7 wouid suggest phosphorous limitation, less than 7, mtrogen
hmutation, Other factors, including light and other essential nutrients, should be considered in deter-

muning which factor limits phytoplankton growth and any given tume

The mitrogen to phosphorus ratios (calculated as SN {ammonium + nitrate +nitrite rutrogen) S;’ (SRP)]
in the backwater survey ranged from 1.8 (Carroils Channel) to 22 6 (Elochoman Slough) with a median
ratio of 4 3 These ranos indicate that mtrogen may be the predomunantly limiting nutrient in backwater
areas of the lower river during the summer growing season. There were three stations with SN-SP ratios

greater than 7- Carrolls Channel, Elochoman Slough, and Camas Slough Nitrogen limitation could also
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tend to favor the growth of nitrogen-fixing blue-green algae However, growth limitation by light or

other essential nutrients not measured 1n this study cannot be ruled out.

5.1.3.5 Total Kjeldahl Nitrogen. The WDOE study did not analyze TKN, so no inter-study comparisons
are possible TKN concentrations at backwater stations ranged from 145 to 474 ug/L

Ratios were calculated for total nitrogen to total phosphorus, to complement the soluble ratios noted
above, using the TKN measurements in the backwater survey TN:TP ratios ranged from 1.8 (Carrolls
Channel) to 9 1 (Carnas Slough) with a median ratio of 4 5. These ratios also indicate that nitrogen may
be the limung nutrient in backwater areas of the lower river during the summer growing season; Camas
Slough was the only station with a TN'TP ratio greater than 7 Nitrogen limtation could also tend to
favor the growth of mtrogen-fixing blue-green algae However, limitation by light or other essential

nutrients not measured 1n this study cannot be ruled out.

5.1.3.6 Chiorophyll and Phaeophytin a. The WDOE study did not include analysis for chiorophyll and
phaeophytin q, so no inter-study comparisons are possible. The concentrations of chlorophyll @ measured
1n the backwater survey was relatively high, ranging from 6.7 to 35 0 ug/L. with a median concentration
of 14 ug/L (Tabie 5-3) Phaeophytin a concentrations were also relatively high, ranging from 2 6 to
31 0 ug/L with a median concentration of 9 3 ug/L

The chlorophyll a concentration exceeded Oregon’s 15 ug/L action level at 5 of 15 stanons sampied

These data are consistent with the chlorophyll a concentrations measured 1n the mainstem of the lower
Coilumbia River by Haertl et al. (1969) which increased to concentrations greater than 15 ug/L dunng
the summer. This level indicates a possible impairment of beneficial uses of backwater areas such as
swimmung and esthetic enjoyment. However, some nutrient enrichment could be considered beneficial
to aquatic orgamisms and wildlife. No measurements were made of the species of algae present to
determune the relative abundance of nuisance growth such as blue-green algae Far examplie, the phyto-
plankton present in these backwater areas could be domunated by diatoms, which have been shown to be
the dominant phytoplankton group in the lower Columbia mainstem throughout the year in a number of
studies (e.g., Williams and Scott 1962; Haertl et al. 1969; Beak Consultants, Inc. 1978; Tetra Tech
1993a). Concentrations of biue-green algae (primarily Oscillatoria sp. and Aphamizomenon sp.), typicaily
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most abundant September-November when total phytoplankton abundance 1s lowest, have generally been

low 1n the Columbia mainstem (e g , Beak Consultants, Inc 1978, Tetra Tech 1993a)

5.1.4 Metals and Cyanide

The difficulty of measuring relatively low concentrations of metals 1n ambient waters has been noted 1n
a number of investigations (Shiller and Boyle 1987, Windom et al 1991), some of which have been con-
ducted in the lower Columbia River (discussion by Velz 1984, pp 340-352) Although the U S Geo-
logical Survey (USGS) has conducted routine sampling of metals in the lower Columbia River as part of
the National Stream Quaiity Accounting Network (NASQUAN), the USGS considers historical data
reported for arsenic, boron, beryllium, cadmium, chromium, copper, lead, and zinc biased due to con-
tarmnation of the samples by the metallic solenoid-activated, flow-weighting water sampler (Bortle-
son, G., 3 June 1992, personal communication) Current USGS metals sampling 1n the lower Columbia
Ruver 1s conducted at Warrendale (RM 141) and Beaver Army Termunal (RM 54) and is limited to
reporting dissolved forms (0.45 um pore-size filters) of alumunum, barum, cobalt, iron, lsthium,
magnesium, manganese, molybdenum, mckel, selenium, silver, strontium, and vanadium (Hubbard et al.
1993)

To obtain more accurate measurements, WDOE performed water sampling and analysis in 1990 des:gned
to reduce contamination of sampies and achieve lower detection humuts (Johnson, A. and B Hopkins,
30 Apni 1991, personal communication to S Saunders, WDOE) While historical USGS data shows
freshwater chronic criteria being exceeded for lead, copper, mercury, cadmmum, and zinc, WDOE
sampling showed total concentrations m whole water samples for copper, zinc, lead, cadmum, and
mercury that were lower than freshwater chronic criterta. Dissolved concentrations of these same metals

were also generally much lower in the WDOE swdy than 1n USGS momtoring data.

As part of the 1991 reconnaissance survey, composite water samples coliected from 45 stations n the
lower niver were analyzed for sixteen metals, including the metals previously analyzed by WDOE.
Findings were qualified as estimates ("E") because the contract laboratory provided only limited tnstru-
ment calibration data. However, 1991 reconnaissance data indicated higher concentrations than the
WDOE study, with chronuc criteria being exceeded for aluminum, cadmium, copper, iron, lead, selenium,
and zinc.
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One of the primary objectives of collecting and analyzing water column metals data during the 1993
backwater survey was to confirm the results of the 1991 reconnaissance survey Confirmation of 1991
results was a high priority because of the uncertainty associated with the 1991 data and its vanance from
the results of the WDOE study As noted above, the 1991 data indicated potential water quality problems
for a number of metals 1n the lower Columbia There are several possible explanations for the differences
between the 1991 reconnaissance data and WDOE data 1) field or laboratory contamination, 2) seasonal
differences 1n water quality, and 3) differences 1n station sampling locations and the possibie influence
of nearby pollution sources The data available from the 1991 survey were not adequate to 1denufy the
specific cause of the differences between the studies The 1993 backwater data were intended to assist
1n evaluating the potential causes of the study differences For the sake of simplicity, the three studies
will be referred to by year: 1990 (WDOE), 1991 (reconnaissance survey), and 1993 (backwater recon-

naissance survey)

In 1993, field and laboratory techmques were improved to reduce the potential for sample contamination.
Based on the data validation review, some metals data were qualified as estimates due to exceedance of
quality assurance criteria established for this project (Tetra Tech 1993d). The qualification of data as
undetected due to laboratory and field-equipment/filter blank contamunation has ensured that detected
concentrations reported are not hikely due to contamination Aithough a number of the metais data were
quatified, overall precision, accuracy, and completeness of the metals data were withun project guidelines

and the data, as qualified, are considered suitable for their intended use

In 1993, samples were analyzed for 16 total recoverabile and filtered (operationally defined as dissolved)
metals and cyamde. Table 54 presents summary statistics for ail three studies Statistics presented
include range and med:an vaiues for each analyte 1n each study, frequency of detection, and frequency
of exceedances of available reference levels. Table 4-5 presented the dissolved metals data from the 1993

survey and includes information sumilar to Table 54

The uncertainty of the 1991 data was evaluated by sampling the same metals 1n 1993 and companng those
results to both 1991 and 1990 resuits. As can be seen from Table 54, there was generaily good agree-
ment between 1993 and 1990 data. This agreement tends to indicate that 1991 data may have been posi-
tively biased due to field or laboratory contammunation. It is not possible from the data collected to rule
out other causes of differences, but the data indicate that contamination may be the dommant factor.
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Aluminum
1993¢€

19914

1990¢
Combined data

Antimony
1993
1991
1990
Combined data

Arsenic
1993
1991
1990
Combiped data

|
Barium
1993
1991
1990
Combined data

Beryilium
1993
{991
1990
Combined data

Cadmum
1993
1991
F 1990
Combined data

Chromium
1993
1991
1990
Combined data

Copper
1993
1991
1990
Combined data

TABLE 54 SUMMARY OF WATER TOTAL RECOVERABLE

COLUMN METALS AND CYANIDE DATA,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS

AND 1990 WASHINGTON DEPARTMENT OF ECOLOGY DATA

Frequency of
Detection®

15/15
11/45
NS
26/60

1/15
0745
NS
1/60

2/15
0/45
NS
2/60

15/15
44/45
NS
39/60

0/15
0/45
NS
0/60

0/15
3/45
6/6
5/66

1/15
3/45
NS
4/60

13/15
10/45
6/6
26/66

{Page 1 of 3)

Unts 1n pg/L

Frequency of Exceedances

Range

159-843
120-1,300

450-1,300

300-31
15U-150U

30U-3.1

30U-36

30U36

11-24
10042

10U-2

¢ 10U-0 17U
0.5U-335

0.025-0 044
002535

10U-63
5U-5.5

1.0U-6 3

1.04.6
5U-54
1222
1 0-54

Median

388
250

270U

3ou
15U

15U

3.0U
50U

5.00

18
26

23

20U
50U

50U

0.10U
0.5U
0.029
05V

10U
5U

s5U

23
5.0U
14
5.0U

Freshwater

0/14
0437

0/51

0/14
37
0/6

3/57

0/14
0/37

0/51

6/14
6/37
0/6
6/57

Saltwater

4/8f

5rof
0/1

0/8

0/9

0/1
0/8

0/9

01
0/8
NS
0/9

0/1
0/8

0/9

/1
/8
NS
2/9
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TABLE 54 SUMMARY OF WATER TOTAL RECOVERABLE
COLUMN METALS AND CYANIDE DATA,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
AND 1990 WASHINGTON DEPARTMENT OF ECOLOGY DATA

(Page 2 of 3)
| Units i ug/L | Frequency of Exceedances |
Frequency of

Detectiond Range Freshwater
Iron
1993 15/15 188-2,523 421 1/14 or1f
1991 43/45 100U-1,800 430 3/37 1/8f
1990 NS - . - -
Combned data 58/60 100U-2,523 425 4/51 1/9f
Lead
1993 6/15 0 8U-20 0.8U 3/14 0/1
1991 25/45 1U-8 21 21/37 0/8
1990 6/6 0.18-0.50 034 0/6 NS
Combined data 37/66 0188 10U 24/57 0/9
Mercury
1993 “ 1115 0.11U0 11 011U 1/148 0/18
1991 0/45 - 0.5U 0378 0/88
1990 0/6 0001U-0 002U | 0 001U s NS
Combuned data 1/66 0 001U-0 11 0.5U 0/9
Nickel
1993 2/15 5.0U-6.0 50U 0/14 0/1
1991 0/45 - sou | o7 0/8
1990 NS - - - -~
Combined data 2/60 50U-6 0 40U 0/51 0/9
Selenium
1993 0/15 - 30U 0/14 011
1991 3/45 5U-22 5U 3137 0/8
1990 NS - - - -
Combined data 1/60 30U-22 5U /51 0/9
Silver l
1993 | s 1.0U4.6 1.0U 1/148 018
1991 0/45 - 2U 0/378 0/88
1990 NS - - | s »
Combined data 1/60 10U4 6 2U 0/9
Thatlium
1993 5/15 1.0U-1.1 1.0U 0/14 -
1991 0/45 36U-360U 36U 0/37 -
1990 NS - - - -
Combined data 5/60 10U-11 36U 0/51 NA
Zinc
1993 10115 3.0U-16.7 8.0 0/14 0/1
1991 12/45 20U-84 20U 3/37 0/8
1950 5/6 033U-1.7 1.3 0/6 NS
“ Combined data 27/66 0 33U-84 20U 3/57 0/9
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TABLE 54 SUMMARY OF WATER TOTAL RECOVERABLE
COLUMN METALS AND CYANIDE DATA,
1991 AND {993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
AND 1990 WASHINGTON DEPARTMENT OF ECOLOGY DATA

(Page 3 of 3)
Units 1n ug/L " Frequency of Exc;eedam:esE

Frequency of od —
Detection? Range e lanJ reshwater Saltwater
Cyanide I
1993 0/15 20U 20U 0/14 0/18
1991 0/45 20U 20U 0/37 0/88
1990 NS - - - 0/9
Combined data 0/60 20U 20U 0/51

NA = No cntenia or screening levels available

NS = Not sampled.
U = Not detected Value 15 the detection limut

ha Frequency of detected occurrence at the stations sampled  Fifteen stations were sampled 1 1993, forty-five
stations were sampled mn 1991, and two stations were sampled by the Washington Department of Ecology 1n
1990 In 1993, a single sample consisted of triplicate field samples, the 1991 sampies were single analyses
of a station composite sampie, and the 1990 samples were replicate grab samples.

b Frequency of exceedance of the lowest standard or reference level at the stations sampled. The numbers 1n
parentheses indicate the frequency of exceedance of the same standard for all of the samples collected

¢ Based on results of the 1993 Lower Columbsa River Backwater Reconnaissance Survey

d Based on 1991 Lower Columbia River Reconnaissance Survey (Tetra Tech 1993a)

€ Based on Washington Department of Ecology Study (Johnson, A and B Hopkins, personal
communication, 3¢ Apnl 1991).

f No saltwater critena or screening levels were avallable The number of exceedances are based on the
avaiiable freshwater criterion.

& Detection limts were higher than the chromc critena  The number of exceedances are based on detected
concentrations only.
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Thus, the 1993 and 1990 WDOE studies are given more weight 1n evaluating exceedances of reference

fevels

Analysis of the available data on metals and cyamde in the lower Columbia water column allows the
defimtion of four groups or categories The first group includes analytes which appear to have little
potential to cause chronic toxicity to aquatic organisms' antimony, arsenic, barum, beryllium, cadmium,
chromium, mercury, mickel, thallium, and zinc, plus cyamde. The second group includes metals infre-
quently detected at concentrations greater than available chronic criteria, but which at present cannot be
attributed wholly to sample contamunation selenium and silver. The third group includes metals that
frequently exceed available criteria, but are likely in forms that do not pose a chronic threat to aquatic
organisms aluminum and iron  The relatively high concentrations of these two metals 1s likely due to
thetr presence 1n very fine particulate clays that are transported with the suspended sediments of the river
(Conomos 1968, Whetten et al. 1969, Conomos and Gross 1972). Concentrations of these two metals
showed significant regressions with TSS or turbidity (Table 5-5). The percentages of total aluminum and
iron content that were dissolved rather than particulate (3-12% and 1-39%, respectively) are consistent
with measurements made on two rivers 1n Japan which indicated dissolved percentages ranging from 1 to
45% and 1 to 19% for aluminum and 1ron, respectively (Taruzaki et al. 1992) The fourth group includes
metals detected at concentrations that exceed chronic criteria, which have been analyzed in an independent
study indicating comparable, aibeit somewhat lower concentrations. These metals, which may warrant

further study, are copper and lead

5.1.5 Indicator Bacteria

Indicaror bactena are used to assess the sutability of waters for water contact sports such as swimming,
and for shellfish harvesting. Several studies of indicator bactenia have been conducted historically (e.g.,
Vasconcelos et al. 1975), and more recently, studies sampling for fecal coliform and enterococcus
bacteria have been conducted for the Lower Columbia River Bi-State Water Quality Program (Tetra Tech
1993a, Hallock 1993; Elunger 1993). Tetra Tech conducted shore-based sampling during a relatively
rainy period in October and November of 1991 at six locations along the lower river, on five separate
occasions over a 30-day period (Tetra Tech 1993a). WDOE conducted two separate indicator bacteria
studies 1n 1992 (Hallock 1993 and Ehinger 1993) using the same six stations sampled by Tetra Tech (with
runor modifications; Hallock 1993) plus six more. The WDOE sampling design was simular to that used
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TABLE 5-5 REGRESSION COEFFICIENT OF DETERMINATION (;) BETWEEN WATER
COLUMN METALS AND SUSPENDED SOLIDS AND TURBIDITY

T Tol Suspened Solids Turbidity TR-Aluminum || TR-Iron
1991 1993 1991 1993 1993 1993
e e s B e —— ..._......._.—_.._....——-‘

TR2-Alumunum 0 5920+ 0 0061 0 0708
DP-Aluminum - 0 4969* - - 0.3761* -
TR2-Iron 0 2072%* 0 8696** 0 0068 0 3275* -- -
DP-Iron - 0 6605* - - - 0 7619**
Total Suspended Solids - - 0 2608* 0 2876* - - L

!
2 TR = Total recoverable

b D = Filtered (0.45 xm membrane filter).

Statistically sigmficant regressions noted by: * P<0 05, ** P<0 001
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in the Tetra Tech study, five to six samples were collected and analyzed from each station over a 30-day

period for analysis of fecal coliform and enterococcus bacteria

Sampling for indicator bacterta in the backwater survey differed in a number of respects from the
previous studies, which complicates companison of these data sets. The backwater survey involved the
collection of three field-replicate samples from 15 backwater areas for analysis of fecal coliform,
enterococcus, and Escherichia coli E coll analyses were added because this 1s an indicator bacteria
species that 1s recommended by the U.S. EPA for use in evaluation of water quality which 1s also being
considered by Oregon for incorporation into their water quality standards

Although these bacteria indicators are all commonly used to assess the quality of water with respect to
water contact recreation, recent studies imncreasingly demonstrate that fecal coliform bacteria also occur
In pristine environments; their presence does not always correlate with the occurrence of pathogens
(Cabell1 et al 1982, Cabell1 1983a,b, Cabelli et al. 1983, Dufour 1984; O’Shea and Field 1991, Fujicka
et al. 1988; Ferley et al. 1989, Geldenhuys and Pretorius 1989) On the other hand, fecal enterococci,
although suffering from some of the same limitations (Toranzos 1991; Comnax et al. 1991), are generally
regarded as valuable indicators of the extent of fecal contamination 1n surface waters (Cabell: et al 1983,
Cabetlli 1983b, Dufour 1984, U S EPA 1986a, APHA 1989). E. col: 1s also considered to be an accept-
able indicator of the nisk of gastroenteritis 1n swunmers exposed to contarmunated fresh water (Dufour
1984} Studies conducted for the U S EPA (Cabell: et al 1983; Dufour 1984) have led to the recommen-
dauon that enterococcus or E. colt measurements be used 1n place of fecal coliforms to assess the human
health nsk at freshwater bathing areas (U.S. EPA 1986a). However, for the protection of sheilfish
harvesting waters, the U § EPA sull recommends the use of fecal coliform standards (U S. EPA 1986a).

Table 5-6 presents a summary and comparison of the results of the four indicator bacteria studies
conducted for the Bi-State Water Quality Program. To facilitate comparisons between the four studies,
frequency of detection and frequency of exceeding the appropriate criterion or standard are presented by
station and for the total number of samples collected duning each study The frequency of exceedance
of a criterion or standard was determuned by comparing the data for a single sampling event at each
station (geometric mean of replicate samples) to a single standard (e.g., Washington’s 100 coliforms/
100 mL). Exceedances of state standards that address sampling over a period of time were not considered
because sampling 1n 1993 was limnited to a single sampling event.
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TABLE 5-6 SUMMARY OF INDICATOR BACTERIA DATA COLL-ECTED FOR

THE LOWER COLUMBIA RIVER BI-STATE COMMISSION
q Numbers of Bactena per 100 mi 1
Frequency of Frequency of Exceedance
Detection? Range Geometric Mean of Standard®
Fecal Coliform
Jun-Ju] 1993 15/15 (15/15) 10-262 40 3/15 (20%) [3/15 (20%)]
Nov-Dec 1992 12/12 (71/71) 1-901 19 7/12 (58%) [20/71 (24 %))
Sep-Oct 1992 12/12 (60/60) 1-1,764 10 4/12 (33%) [7/60 (12%))
Oct-Nov 1991 6/6 (27/30) 1-284 18 3/6 (50%) [5/30 (17%)]
Combined Data 27127 (172/176) 1-1,764 16 11727 (41%) {28/176 (16%)]
Escherichia coli
Jun-Jul 1993 15/15 (15/15) 8-35 26 0/15 (0%) [0/15 (0%)]
Nov-Dec 1992 NS -~ - -
Sep-Oct 1992 NS - - -
Oct-Nov 1991 NS - -- -
Combined Data 15/15 8-85 26 0/15 (0%) [0/15 (0%)]
Enterococcus
Jun-Jul 1993 12/15 (12/15) 2U-5 3 0/15 (0%) [0/15 (0%)]
Nov-Dec 1992 12/12 (66/66) [-384 12 6/12 (50%) [14/66 (21%)]
Sep-Oct 1992 12/12 (57/60) 1-296 3 3/12 (25%) [3/60 (5%)]
Oct-Nov 1991 6/6 (30/30) 8-954 87 6/6 (100%) [20/30 (67%)]
Combined Data 27/27 (165/171) 1-954 10 9/27 (33%) [37/17]1 (20%)]

NS$ = Not sampled

2 Frequency of detected occurrence at the stations sample  Fifteen stations were sampled i Jun-Jul 1993, twelve stations were
sampied 1n Sep-Dec 1992, and six stanons were sampled in Oct-Nov 1991 The numbers 1n parentheses imdicate the frequency
of detection of individual samples In Jun-Jul 1993 a single sampie consisted of triplicate field samples collected at each of
fifteen stations (n=15), the Sep-Oct and Nov-Dec 1992 samples consisted of field duplicate samples coilected on five or six
separate days at tweive stations (n=60-61), and the Oct-Nov 1991 sampies consisted of field duplicate sampies collected on
five separate days at six stations (n=30). The geometric mean of the duplicate or triplicate samples were used for companson
with the standards.

o Frequency of exceedance of the lowest standard (e.g, 100 fecal coitforms per 100 mL) for any single sampling daie at a
parucular station The numbers 10 brackets wndicate the frequency of exceedance of the same standard for all of the samples

collected.
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Although the maximum congentration of fecal coliforms was lower (262 bacter1a/100 mL) in backwater
samples compared to previous Bi-State studies, the geometric mean concentration was the highest
(40 bacten1a/100 mL, see Table 5-6) The number of stations that exceeded the 100 bacter1a/100 mL
standard was also relatively low (3 of 15 stations or 20%) compared to the previous studies which showed

exceedances at as many as 7 of the 12 stations (58 %) sampled (1n November-December 1992).

Eschenchua coli was not previously sampled 1n Bi-State studies, so comparison to previous data 1s limuted
to the observation that no exceedances of the U S EPA cruterion for E. coli (126 bactenia/100 mL) were

noted 1n the backwater sampling.

The maximum backwater concentration of enterococcus bacteria was low (5 bacteria/100 mL) compared
to previous Bi-State studies The geometric mean concentration was also quite low (3 bacteria/100 mL,

see Table 5-6) U.S. EPA enterococcus criteria were not exceeded at any backwater station

Some of the differences noted 1n indicator bactena levels between backwater and mainstem sampling may
be due to differences in the character of these areas; some of the differences may be seasonal. Varying
rainfall runoff may also have contnibuted to vanation 1n indicator bacteria densities. Although rainfail
data have not yet been thoroughly evaluated, some generalizations can be made. Very few samples
collected for the Bi-State Program bacteria studies have been collected during periods of dry weather.
Such periods, especially during summer months, shouid be sampled because these are periods when water
recreational activity 1s generally greatest, and the most people at nsk (Ehunger 1993). According to
climatological data pubiished by NOAA, sampling conducted i October-November 1991 and October-
November 1992 were performed duning or between relatively heavy and intense ranfall rypical of the
early fall season. Sampling conducted 1n September-November 1992 was also conducted under mter-
nuttent rainfall, albeit of lower mtensity. Although the backwater survey was conducted during the
summer when rainfall is usually infrequent, it rained during or just before sampling at severai stations,
notably Scappoose Bay

There are ongoing debates about the correctness and utility of the recommended U.S. EPA critenia (e.g ,
Fleicher 1991) and the utility of the current indicator bacteria used n general (e.g., Toranzos 1991)
However, data coliected for the Bi-State Water Quality Study indicates that exceedances of state water
quality standards and U S. EPA criteria are expected at a number of locations in the lower river,
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including Sauvie Island (RM 56) where indicator bacteria levels have exceeded standards for water contact
recreation, and the [lwaco Marina (RM 3) where indicator levels have exceeded the more restrictive
standards for harvesting shellfish for human consumption (Hallock 1993, Ehinger 1993; Tetra Tech
1993a) High concentrations of indicator bacteria have also tended to occur in the reach of the lower
niver between RM 61 below Longview to RM 115 above the Portland/Vancouver area (Hallock 1993;
Ehinger 1993) The sources of the indicator bacteria measured have not been identified, but hkely
include mumcipal and industrial pownt sources, and non-point sources associated with urban and
agnicultural runoff. Non-point sources of indicator bacteria may be more significant after the fall rains
begin, because water column concentrations of indicator bacteria tend to be higher in late fall when
rainfal] intensity and duration is greater, and contact recreation less common (Ehinger 1993). Further
studies of indicator bactena in the lower Columbia shouid focus on the characterization of water quality
during the relanvely dner, peak recreational period. The most suitable indscators of the presence of
human pathogens, the risks for contraction of various types of illness, and protocols for the regulatory
application of these criteria should also be established.

Routine momitoning of indicator bacteria was imtiated by the Oregon Department of Environmental
Quality (ODEQ) at one station on the lower Columbia in February 1991 (RM 102.5), and the USGS
routinely momitors the concentrations of fecal coliforrn and fecal streptococc: at the Beaver Army
Termunal (RM 54) and Warrendale (RM 141) stations The Washington State Department of Health
(WSDH) has recommended that such bacterial sampling results be coupled with additional information
(including samtary surveys) and actions (inciuding limiting bather densities to avotd contarmunation of the
water by the bathers themseives) to ensure the heaith of public bathing areas (WSDH 1991). Direct
sampiing and analysis of shellfish tissue quality (of shellfish actually or potentiaily harvested for human
consumption) would also provide more direct information on the sustability of these shellfish for human
consumption. Further research, including epidemiological studies, evaluation of additional indicator
orgamsms (e.g., Oregon 1s currently evaluating the use of E. coli), and evaluation of new methods for
the direct detection of pathogens should be conducted to develop the criteria necessary to ensure the
public heaith of recreational waters.

5.1.6 Water Quality Summary
Potential adverse effects on aquatic life were identified by comparing 1991 and 1993 survey data to

relevant criteria and standards (Figure 5-1). Exceedances of water quality standards for the conventtonal
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variables dissolved oxygen, pH, and temperature were noted at several stations in either 1991 or 1993
Exceedances of dissolved oxygen standards occurred from the area below Portland/Vancouver out to the
estuary Exceedances were more frequent for the 1991 survey which was conducted during the low-flow
period of late summer and fall Water quality standards for pH and temperature were only exceeded at
backwater stations sampled during the summer of 1993 This is probably due to the relatively warmer
summer temperatures and higher primary productivity which results in elevated water temperatures and
pH The more lumited water exchange of backwater areas may be an additional factor Exceedance of
Washington's 20° C water temperature standard has already been recognized as a chronic problem in the
lower Columbia The degree to which these exceedances are due to pollutant discharges and/or human-

induced changes 1n niver flow has not been determuned.

Although there are currently no reference levels to assess the environmental sigmficance of the nutrient
levels measured in the 1993 backwater reconnaissance survey, the concentrations of phosphorus and
nitrogen approached levels that under proper conditions (e.g., light and water residence time) can cause
nuisance aigal blooms 1n lakes (Hileman et al 1975; Weich 1980) Such blooms could have an adverse
effect on aquatic life (due to algal senescence and depletion of oxygen) and/or affect the aesthetic quality
of the water for human uses. The chlorophyil a concentrations measured 1n backwater areas in 1993 also
exceeded Oregon’s action level of 15 ug/L at 5 of the 15 locations {(Figure 5-1) It is possible that the
relatvely high concentranons of algae present are not nuisance blue-green forms, additional sampling
(including algal species dentification and enumeration) couid be conducted to assess the potential
beneficial use impairment of these backwater areas of the river. The degree to which nutrient levels have

been elevated due to pollutant inputs has not been determned

Potential adverse effects on aquatic life due to water column metals concentrations were 1dentified based
on comparison to relevant chromc water quality criteria. The relatively infrequent exceedance of
available standards and critena for some metais that could not be attributed to sample contamination
(silver and selenium) indicates relatively limited potential to cause chronic toxlcity‘_to aquatic organisms
(Figure 5-1). The metals that frequently exceeded chronic water quality criteria or standards, and there-
fore present a potential for chronic toxicity to aquatic orgamsms include aluminum, iron, copper, and lead
(Figure 5-1) However, most of the aluminum and iron are likely in muneral and particulate forms not
readily available to aquatic biota This was evidenced by the relatively low dissolved concentrations of
these metals, which were consistently below the available criteria and standards. The fact that the dis-
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solved concentrations of copper and lead were also generally below detection limits, and below Washing-
ton's dissolved metals standards, further indicates that these metals may not pose a chronic problem for
aquatic biota The degree to which metals levels have been elevated due to pollutant inputs has not been

deterrmuned

Additional water column sampling of metals should focus on aluminum, iron, copper, and lead, and
include an assessment of the potentially toxic forms and concentrations of these metals Further analyses
of mercury and silver may also be warranted to assess whether these metals frequently occur above the
relatively low standards established Less conventional, more costly techniques may be required to

achieve the detection limuts necessary to make these evaluations.

Potential adverse effects on human health due to water column indicator bacteria concentrations were
identified by comparison to reference levels (Figure 5-1). Additional data collected for the Bi-State
Program by WDOE have also indicated levels of fecal coliform and enterococcus that exceed water
quality standards for the protectton of recreational bathing waters (primanly in the area between
Portland/Vancouver and Longview) and standards for the protection of shellfish harvesting waters (in
[lwaco). There are questions regarding the human health significance of indicator bacteria results and
the utility of the current indicator bacteria used. Recommendations include routine momtoring at popular
recreattonal and shellfish harvesung areas, ongoing studies and data review to identify the most relevant

indicators, sanitary surveys, and controlling bather density.

3.2 SEDIMENT QUALITY

Sediment parameters analyzed for the 1993 backwater survey included conventional sedunent variables,
metals and cyanide, organic contarmnants, and selected long-lived radionuclides. The sediment sampling
design and the parameters sampled differed only slightly between the 1991 and 1993 surveys, facilitating
companson of these two data sets. The primary difference between the two surveys was that the back-
water survey focused on the collection of predominantly fine-grained sediments from areas that were

generally removed from the mainstem of the river, i.e., backwater sediments.
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5.2.1 Conventional Parameters

Table 5-7 summarizes statistics for conventional parameters sampled in 1991 and 1993 No reference
levels were avatlable to evaluate these data, but these parameters play important roles tn the transport and
bioaccumulation of pollutants in the river system. Analyses for total sohds, total volatile solids (TVS),
total sulfide, TKN, and ammomna nitrogen were added for the backwater survey, so no comparisons are

possible for these parameters

Sediments percent fines were defined for the 1991 survey as the weight percent of the sediment with grain
sizes less than 100 um (clay, silt, and fine sand) For the backwater survey, gram size was changed to
less than 63 um diameter (clay and silt only) This more restrictive defimition was considered more useful
for exploring the relationship between the contaminant concentrations and the proportion of fine sediment
matenals collected from each station Horowitz and Elrick (1987) found that the use of the <63 um
sediment fraction produced greater correlation coefficients with sediment metals concentrations than the
use of finer (<2 and <16 um), or coarser (<125 um) grain size fractions for relatively fine sediments.
Since a primary objective of the backwater survey was to deterrune if finer backwater sediments con-

tained relatively higher amounts of contarmnants, this was an important vanable to define.

5.2.1.1 Total Organic Carbon. Sedument TOC 1s known to affect the bioavailability and toxicity of
some substances and influence the composition and abundance of benthic communities (Landrum and
Robbins 1990). The potential toxicity of non-polar, non-1onic orgamic compounds 1s related to the orgamc
content of the sedunents (e g, D1 Toro et ai 1991) Higher sediment organic content allows for the
sorption of orgamc compounds and the reduction of the toxicity potentiat of a given sediment contamnant
level. The relatively low TOC content of lower Columbia River seduments has been noted in other
studies (e.g., Hedges et al. 1984; Fuhrer 1986, Johnson and Norton 1988).

The maximum TOC content of lower Columbia sediment samples reported 1n studies reviewed by Tetra
Tech (1992b) did not exceed 2.0% In the backwater survey, sediment TOC concentrations exceeded
2 0% at 6 of the 15 stations, and 3.0% at 3 stations Elochoman Slough, Burke Slough, and Gary &
Flag Islands. Median sediment TOC was higher for backwater samples (1 8%) than 1t was for samples
in the 1991 survey (0.5%). The highest sediment TOC concentration (4.1%) was measured at Camas
Slough 1n 1991 (Table 5-7). It was suggested that the relatively high TOC content of this sample was
due to the presence of woody debnis from nearby log storage areas and historical discharges from the
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TABLE 5-7 SUMMARY OF SEDIMENT CONVENTIONAL PARAMETERS,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
— e . ——  —  —— —  _— ———————————

Unuts 1n percent dry weight

Number of Observations? Range Median J
I%
Total Organic Carbon
1993 15 0.7-37 1.8
1991 54 0024.1 05
Combined Data 69 00241 06
Percent Fines (<63um)
1993 15 29-95 52
1991 54 0394 14
Combined Data 69 0 3-95 20
Total Solids
1993 15 36.2-57.6 454
1991 NS - -
Combined Data 15 36.2-57 6 454
Total Volatile Solids
1693 15 2.9-8.9 53
1991 NS - -
Combined Data 15 2.9-8.9 53
Umits in mg/kg dry weight “
Total Sulfides |
1993 15 1 8U-133 9 189
1991 NS - -
Combined Data 15 1 8-133.9 189
Ammonia Nitrogen
1993 15 4 3-63 8 247
1991 NS - --
Combined Data 15 4 3-63.8 24.7
Total Kjeldahl Nitrogen
1993 15 650-2,000 1,400
1991 NS -- -
Combined Data 15 650-2,000 1,400

NS = Not sampled.

U = Not detected. Value 15 the detection limut.

4 The number of observanons is equivalent to the number of stations sampled.
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former Crown-Zellerbach (Camas) pulp and paper mull (Tetra Tech 1993a) However, the TOC content
of the Camas Slough sediments sampled 1n 1993 was 1 5% which was not an exceptional concentration
in this survey. The degree to which woody debris and other coarse particulate orgamic matter contributed
to the vanation in sediment TOC cannot be ascertained. Hedges et al 1984) determuned that the
sediment organic matter of the Columbia River was generally dominated by non-woody angiosperm
matenal, and to a lesser extent by woody gymnosperm material Furthermore, the variation in sediment
TOC content varied by as much as 40% in the Columbia River reservoirs sampled (Hedges et al 1984)

Analysis of the TOC content of vartous sediment grain size fractions collected from Cathlamet Bay led
Fuhrer (1986) to conclude that most of the orgamc carbon in these sediments was in coarse particles.
The quality and character of lower Columbia sediment carbon may require additional study to determine

the effect of these vanables on contaminant transport and toxicity (e.g , Socha and Carpenter 1987)

Although three sampiing stations were common to the two surveys (Youngs Bay, Carrolls Channel, and
Camas Siough), their sediments did not have sumular TOC content from one sampling to another. Youngs
Bay and Carrolls Channel sediments had tigher TOC in 1993 than 1991 (2.1 vs. 0 60% and 2.1 vs.
0.85%, respectively) As mentioned above, the Camas Slough sediment had a much higher TOC content
than the slough sediment collected in 1993 (4 06 vs 1 5%). A general positive relationship between
sediment TOC and percentage of fine sediments has been noted in previous studies of the Columbia (e.g ,
Hedges et al 1984, Tetra Tech 1993a), higher TOC content was expected because finer seduments were
sampied 1n 1993.

5.2.1.2 Sediment Grain Size. Sediment grain size distnbution may be related to the bicavailability and
toxicity of some substances (Luoma 1989, Landrum and Robbins 1990) and 15 related to the composition
and abundance of benthic commumnes. The relatively sandy character of lower Columbia River sedi-
ments 1n the river’s mainstem has been noted n previous studies (e.g., Whetten et al. 1969; Hubbel and
Glenn 1973, Sherwood et al. 1984; Johnsen and Norton 1988). A primary goal of the backwater survey
was to locate and sample finer sediments in backwater areas. The backwater sampling effort succeeded
in collecting sediments that were generally finer than the majonty of sediments collected for the 1991
reconnaissance survey (Figure 5-2). Seven of the 1991 samples contained proportions of siit and clay
(greater than 30% fines) that were within the range of the percent fines of 1993 backwater samples
(Figure 5-2). The 1991 samples with relatively fine sediments tended to be backwater areas: stations Di
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near Hammond OR, D2 and D4 in Baker Bay, D12 near Cathlamet, D16 1n Coal Creek Slough, D22 1n
Kalama, and D23 1n Martin Slough

Samples taken from the three stations sampled in both surveys (Youngs Bay, Carrolls Channel, and
Camas Slough) tended to have finer sediments 1n 1993 (primarily silt) than in 1991 (primarily fine sand),
which 1s consistent with the effort to collect finer sediments for chemucal analyses 1n the backwater survey
(Figure 5-2)

The sediment percent fines concentration exceeded 50% at 9 of the 15 backwater stations, exceeding 75%
at 2 of these (Youngs Bay and Willow Bar Islands). The median percent fines concentration in backwater
samples was 52%, compared to 14% in the 1991 survey (Table 5-7). The highest percent fines content
were measured at stations located in the estuary Baker Bay, sampled in 1991 (94%) and Youngs Bay,
sampled 1n 1993 (95%).

Tne sources of these sediments include natural geologic sources (land erosion, erosion and scouring of
the river) and anthropogenic sources (land clearing, logging, agricultural activities, urban runoff, and
point source discharges) Whetten et al. (1969) summarized the textural and muneral characteristics of
mainstem Columbia River sediments and quantified sediment transport relationships in the river. They
concluded that manstem sediment 1s denved from two principal sources. upstream sediments (above the
McNary Dam) from the metamorphuic, plutonic, and sedimentary rocks of the upper niver basin, and
downsiream sediments from andesitic voicamic rocks and seduments of the lower river basin. The
upstream sediment 1s generally fine-gramed and 1s transported by the river pnmanly 1n suspension.
Volcanic sediments from the lower river basin are generally coarser and are transported as bedload {For
exampie, the catastrophic input of mud and debris following the eruption of Mount St. Heiens in May
1980 (Haem 1983; Hubbell et al. 1983; Simenstad et al. 1984)]). Mainstem sediment particles have
undergone relatively little chemical weathering and the amount of sediment transported in a single lugh-
flow period may exceed the amount transported 1n an average year. Whetten et al. (19695) also concluded
that the primary sources of suspended sediments to the river were the Spake and Willamette Rivers and
that dam construction in the niver basin had not affected the total aanual discharge of sediment, but had
altered the seasonal patterns of sedument transport and deposition.
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The degree to which backwater sediments are representative of the fine-grained sediments transported n
the mainstem vs denving from local sources has not been determined This may be an important
vanable, affecting the relationship between fine sediment particles and their contamnant content which
1s presumably due primanly to upstream pollutant inputs from pownt and nonpoint sources, and the
accumulation and settling of contamnated fine-grained sediments in backwaters Other potential sources

of backwater contaminants include local point and nonpoint sources and atmospheric tnputs.

5.2.1.3 Relationship Between Sediment TOC and Percent Fines. Sediment orgamc carbon tends to
accumuiate to greater concentrations in finer-grained sediments because finer-grained particles have
greater surface area per mass and hence sorb relatively greater concentrations of organic carbon (Horo-
witz and Elrick 1987, Horowitz 1991) Finer-gramned seduments also indicate areas where both coarse
and fine organic materials tend to settle There also is a living biotic component of the sedinsent that
inciudes mucro- and macro-benthos and bacteria  As a result, sediment TOC concentration tends to cor-
relate positively with the percentage of finer-grained sedunents (Figure 5-3). However, the rclationship
between percent fines and TOC was not significant in the backwater samples (Table 5-8). 7'lus lack of
a significant relationship suggests the mfluence of localized sources of organic matter n the relatively
confined backwater areas sampled (e g., litter fall from nearby trees, wood fibers from log-storage areas,
and/or wetland and aquatic plant detnitus) These stations may be 1dentified as outliers from the 1991

regression relationsiiup.

5.2.2 Metals and Cyanide

In general, the median concentrations of metals in 1993 backwater samples were hgher than in 1991
samples. This was true for aluminum, arsenic, barium, cadmium, copper, iron, lead, mickel, silver, and
zinc (Table 5-9). Frequency of exceedances of reference levels also increased for the metals that were
identified in 1991 as potential problem contamuinants: arsemic, cadmium, copper, iron, nickel, and zinc).
The exception was siiver, which was detected at only one backwater station (Elochoman Slough) at a
concentration that exceeded both the Long and Morgan and Ontario reference levels (Table 5-9). Two
additional metals were identified as potential problem contaminants due to higher concentrations in
backwater sampies Chromum exceeded the Ontario reference level of 26 mg/kg at 2 stations (Elocho-
man Slough and Scappoose Bay), and mercury exceeded the Long and Morgan reference level of
0.15 mg/kg at Fisher Island Slough (Table 5-9). Due to the relauvely high detection limts for antimony
and thallium, the differences between laboratory detection linuts achieved for berylhum and selenium,
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[ TABLE 5-8 REGRESSION COEFFICIENT OF DETERMINATION (:)

BETWEEN SEDIMENT PERCENT FINES AND TOTAL ORGANIC CARBON

I Percent TOC?

Combined Data
0 4665%°

0 7637%=

3 Percent sediment total orgamic carbon  One outher, TOC content at Statton D35 - Camas Slough was
removed pnior to analysis.

b Percent fines defined as percent dry sediment less than 63 um effective diameter

Statistically sigmificant regressions noted by ** P<0 001.
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[ Aluminum

1993

1991
Combined data

Antimony
1993
1991
Combined data

Arsenic
1993
1991
Combined data

Barium
1993
1991
Combined data

Beryllium
1993
1991
Combined data

Cadmium
1993
1991 .
Combined data

Chromium
1993
1991
Combined data

Copper
1993

1591
Combined data

Iron
1993
1991
Combined data

|
Lead
1993
1991
Combined data

Frequency of
Detection?

15/15
54/54
69/69

0/15
0/54
0/69

15/15
54/54
69/69

15/15
54/54
69/69

15/15
1754
16/69

15/15
53/54
68/69

15/15
52/54
67/69

15/15
54/54
69/69

15/15
54/54
69/69

12/15
54/54
66/69

(Page 1 of 2)

Units 1n mg/kg dry sediment

TABLE 5-9 SUMMARY OF SEDIMENT METALS AND CYANIDE DATA,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS

| Frequency of Excef:dances5 '

|

Range
14,200-33,300 18,033
2,794-15,060 6,752
2,794-33,300 8,065
0 23U-0 41U 0.30U
4 28U-11 1U 53U
- NC
36-136 45
0 46-8 92 2.15
046-136 25
59 9-186 144
8 5-165 738
8.5-186 83
042-12 0.76
2.82U-7 99U 338U
-- NC
049-1.9 10
0 06U-2 66 038
0 06U-2 66 043
14 8-31 1 208
23U-14 6 72
23311 79
19.3499 27.6
1 84-26.9 85
184499 10.7
15,500-39,000 20,600
3,906-24,408 11,635
3,906-39,000 13,521
9.5U-26.3 15.6
0.63-20.5 7.0
0.63-26.3 8.0

NA

0/15
0/54
0/69

0/15
0/54
0/69

0/15
0/54
0/69

0/15
G/54
0/69

0715
0/54
0/69

NA

0/15
0754
0/69

Median " Long and Morgan Ontano |

NA

NA

4/15
1/54
5/6%

14/15
8/54
22/69

2/15
0/54
2/69

15/15
8/54
23/69

9/15
/54
12/69

0/15
0/54
0/69
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TABLE 5-9 SUMMARY OF SEDIMENT METALS AND CYANIDE DATA,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
(Page 2 of 2)

| Units 10 mg/kg dry sediment II Frequency of Exceedancess |

Frequency of

Detection? Long and Morgan
Mercury
1993 0 06-0.18
1991 0 057U-0 125
Combined data 0 057U-0 18
Nickel
1993 15/15 14 0-24 8 153 0/t5 T/15
1991 54/54 4.21-20.1 9.2 0/54 1/54
Combined data || 69769 4.21-24 8 10 4 0/69 8/54
Selenium "
1993 0/15 0.91U-1 6U 1.2U NA NA
1991 2/54 Q029U-0 75 NC - -
Combined data 2/69 0290075 NC -- -
Silver
1993 it 1/15 008U-3 1 0.11U 1/15 1/15
1991 10/54 0 26U-1 49 0.32U 2/54 6/54
Combined data 11/69 0 08U-3.1 0.31U 3/69 7/69
Thallium
1993 I ons 0.30U-0.55U 0.40U NA NA
1991 0/54 10 3U-26 8U 12 6U - -
Combined data 0/69 0.30U-26 8U 12.2U - -
Zinc
1993 15/15 68 3-155 97 3 4/15 4/15
1991 54/54 16 4-161.3 63 8 2/54 2/54
Combined data 69/69 16 4-161 3 76.3 6/69 6/69
Cyanide
1993 /15 01U-0172 Q11U NA 1/15
1951 R - - - -
Combined data 0.1U0.172 1/15

NA = No ref levei avle for detenon.

NC = Not calculated due to large number of detection limt values that were mgher than detected
concentrations measured 1n the 1991 Reconnaissance Survey.

4

U = Not detected. Value is the detection lumt.
|| R == Samples analyzed, but data unusable due to exceedance of sample analysis holding tumes.

3 Frequency of detection 1s equivalent to the number of stations sampied where the parameter was detected.
Fifteen stations were sampled 1n 1993 and fifty-four stations were sampled in 1991.

b Frequency of exceedance of the Long and Morgan (1990) Effects Range-Low on the Ontario Mimistry of
the Environment’s Provincial Sediment Quality Guidelines (Persaud et al. 1993) Lowest Effect Level for
potential adverse effects on benthic orgamisms.




and the lack of reference levels for these metals, their potential environmental sigruficance and concen-

trations relative to 1991 data could not be determined

Cyamde was detected at 1 station at a concentration {0 172 mg/kg) that exceeded the Ontario reference

level of 0 1 mg/kg

Table 5-10 compares results of sediment metals analyses conducted on samples collected from relatively
simmular locations for the 1991 and 1993 surveys Sediment metal concentrations were generally higher
m the backwater survey, except for mercury concentrations which were simlar between the 1991 and
1993 surveys The relatively higher metal concentrations are likely due to the relatively higher percent

fines and TOC content of backwater sediments

5.2.2.1 Relationship Between Sediment Grain Size and Metals Concentrations. Metals, particularly
alurminum and 1ron, are a component of river sediments due to their naturai occurrence n rocks and soils.
Metals are mobilized and concentrated in the environment by both natural processes and human activities,
making, the assessment of anthropogenic contributions more difficult than 1t 1s for synthetic organic
chemicals To clanfy the geochemucal variables that control natural concentrations of metals in sediment
and to 1dentify which concentrations are potentially elevated by human influence, statistical relationships
between sedument metals concentrations and other sediment variables (percent fines and TOC content) are

explored bejow

The correlation berween finer seduments and increasing concentrations of metais has been demonstrated
1n a number of studies (e g , Horowutz and Elnck 1987; Horowitz et ai 1989; Hanson et al 1993, Morse
et al 1993, Rowan and Kalff 1993} The generai associaticn of metals with fine-grained seduments 1s
due to covarymng physical (e.g., particle surface area) and chemical (e g., cation exchange capaciry)
variables that enhance the adsorption of metal oxides and hydroxides (prumarily of 1ron and manganese)
and organic matter onto the surfaces of clay munerais (Horowitz et ai. 1989; Horowitz 1991). Metal
complexes, orgamic matter, and clay muneral surfaces all provide smtable binding sites for the comcen-
tration of trace metals. Relationships between sediment metals concentrations and both sediment percent
fines and TOC content (for 1993 data and combined 1991 and 1993 data) are presented graphically for
al} of the metals that were detected frequently in sediments : alumunum, iron, arsenc, barium, beryllium,

cadmmum, chromum, copper, lead, mercury, nickel, and zinc (Figures 54 through 5-15). Regression
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Nickel
Selemum
Silver
Thailium
Zine

Cyamde

r ]

TABLE 5-10 COMPARISON OF SEDIMENT METALS CONCENTRATIONS

REPORTED FOR YOUNGS BAY, CARROLLS CHANNEL, AND CAMAS SLOUGH

SAMPLED IN THE 1991 AND 1993
LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS

l Youngs Bay (RM 14)

Carrolls Channel (RM 68)

Camas Slough (RM 120)

" Station D3

Station 1

Station D20

Station 8

Station D35

Station 13

I 1

1993

I 991
Percent Fines 732
Percent TOC 0.6

! mg/kg dry sediment

8 %4
0 36U
032U
12.88U

787

15.3
1.44
0.12U0
0.47U0
93.2

NR = Not reported. Data were considered unusable.
U = Not detected. Value 13 the detection limit.

1991

1993

1104
0 39U
0.35U
14 2U
90.7

17 4
1.3U
049U
044U

136

1991

12.54
0 45U
04U
16.13U
i61.3

1993

183
1.2U
01U

0.39U

128

e —— e —— = = = e )
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Figure 5-4.

Scatterplots and Linear Regressions of Sediment Percent Fines and
TOC Content vs. Total Recoverable Aluminum Content in Sediments

Collected for the 1991 and 1993 Reconnaissance Surveys. Dashed ines
indicate 95% confidence intervals.
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TOC Content vs. Total Recoverable Iron Content in Sediments Collected

for the 1991 and 1993 Reconnaissance Surveys. Dashed lines indicate 95%

confidence intervals
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Scatterplots and Linear Regressions of Sediment Percent Fines and
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Collected for the 1991 and 1993 Reconnaissance Surveys. Dashed lines
indicate 95% confidencs intervals.

540




Tolsl Recoversble berylum, mg/kg

Total Recoverable berylium mg/kg

14 T T T 7
12— » o
L
10 p= -
a
. L ]
08 |- * * * g
[ J
. . ® 1
. ® .
08 - -
. 1
04— - -
o3 1993 Data i
% Fines vs Be
| U VR S T
o0 20 Py & w 100
Percent Fines (<83 um)
14 T T 7 1 T T T T
13 4~ . -
L ]
= -
-
- L]
a8 b= 3 . * -
. .
" Y -
o8- R
o .
0# b= - -
19893 Data
0z = -
% TOC vs. Be
PP SR S U TP T S P N

0.0

1.0 3 20 15 30 13 40

Percent Total Organis Carben

Figure 5-8.

Scatterplots and Linear Regressions of Sediment Percent Fines and TOC
Content vs. Total Recoverable Beryllium Content of Sediments Collected for the

1991 and 1993 Reconnaissance Surveys. Beryllium was detected in only one sample in
1991 and therefore these data wers not plotted, Dashsd lines indicate 95% confidence intervals

541




30— T T
g [ 1993 Data : i g
E’ **" % Fines vs Cd ] 2
€ ~ E
3 - - 3
L¥ L
w V3P L]
3 - 2
g [ £
e oF > g
-t 5 2
L e Combined Data | 3
D 05| & - K
¢ ,-A:a‘q % Fines vs Cd _“ e

06 ! Y DU S F Sl T SN SR SRR P

[ 20 [l ] &0 100 ] 0 4 &0 [+ 100
Parcant Pines (<63 um) ° —1963 Percont Finas {<83 um)
s -1991

M =T T T > T 7T T 77 1T T T 7 T 1 1
g 1993 Data ] [ - Combined Data g
';a 3 % TOC vs. Cd . B % TOC vs. Cd "‘”E

= E 3 -4 "
5 20} — — —10 5
F ° ° o o E
3 1 3
: 18 -~ ;
E o -] ug
g 10 p ° o : o °° - §
2 L a o o o E
3 ] e K]
E 0.3 o 2
4 B o
PP FRPERE TR PR U RN RPN SIPINS B | LP:?L A REPEEE WO R TIPS a0
0.0 03 1.0 15 20 15 0 23 40 0.0 [-2] 19 13 W0 25 M 38 40
Parcont Total Orgonle Corbon Porcont Totol Orgonie Corbon
Figure 5-9. Scatterplots and Linear Regressions of Sediment Percent Fines and

TOC Content vs. Total Recoverable Cadmium Content of Sediments

Collected for the 1991 and 1993 Reconnaissance Surveys. Dashed iines
indicate 95% confidencs intarvals.

5-42




Total recoverable chromium, mg/kg

Total recoverable chromium mg/kg

38 7 T T b I
S ] ' 1= ¢
E
28 * * = * ¢ 9® g
[ ] LIS E]
. ° .

. . _J g
20 . o » - F g
* - 4 ]
L]
" o - a-{% 3
1
e _ - - 10 §
- A b
. 1993 Data ] Combined Data |, 3
% Fines vs Cr % Tines vs Cr | r

o N DR T SR B PR DT R R

[ 0 L] &0 a0 100 20 40 [ ) »® 100

Percent Fines (<63 um) o -1993 Percent Fines (<63 um)
s —1991

3 , T T T T 1 1 ] 3
[ ] -
30 * N 1* i:‘.
1 E
1 . * - 1% €
. . 2
* g E
20 “ e . L . & .- — . -t 2 %
|
1 . = iy 1" e
2 E
19 I - av ?:
1993 Data 3
. ?QTOC e o 3 Combined Data J; 3
% -

% TOC vs. Cr 1
o . 1 . ! , [ i L ; L i , ide
° 1 z 3 . 1 a 3 ‘

Parcant Total Organic Carbon

Percent Total Organic Carbon

Figure 5-10.

Scatterplots and Linear Regressions of Sediment Percent Fines and
TOC Content vs. Total Recoverable Chromium Content of Sediments
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coefficients of determunation (r2) for 1991, 1993, and combined data for percent fines and TOC vs
metals concentrations are presented in Table 5-11 Fewer statistically sigmficant linear relationships were
noted for backwater survey data (none for TOC regressions, and only cadmium, lead, and zinc for per-
cent fines regressions) compared to regression results for 1991 data (aluminum, iron, arsenic, cadmium,
chromium, copper, lead, mckel, and zinc with TOC, and aluminum, 1ron, arsenic, chromium, copper,
lead, and zinc with percent fines) This was probably due to the smaller number of samples collected
in 1993 (Table 5-11) Combining the two data sets resulted 1n statistically sigmificant relationships for
all metals detected 1in 1991 and 1993 for both percent fines and TOC content, except for mercury which
did not result n any sigmficant regressions with erther (Table 5-11) No significant regressions were
obtained for beryllium and as this metal was detected in only one sample in 1991, no regressions were
performed for 1991 or combined 1991 and 1993 data

In generai, the vanation in the 1991 metals data was better explained (lugher r?) by regression with
percent fines than TOC (except for cadmium, nicke! and zinc). However, except for cadmium and lead,
vanation 1n the combined data was better explained by regression with TOC. The differences noted
between the 1991 and 1993 results may reflect differences in the character and sources of the sediments
sampled, although the influence of sample size (fewer samples were collected m 1993) and laboratory

precision and accuracy should also be considered

Other sediment metals investigations have found that sediment grain size generally provides a stronger
relanonship to sediment metals concentrations than sediment TOC content (e g., Windom et al 1989,
Hanson et al 1993) Oniy cadmum, and possibly mercury, were considered to be strongly influenced
by TOC n these studies Although TOC generally explains more of the metals variation 1n the lower
Columbia surveys than does percent fines, this could be due to a closer association of sediment TOC
content with the fine-grained trace metal-bearing phases.

In the analyses presented above, percent fines and TOC were used as surrogate measures of the trace
metal-bearing fine sediment fraction Several studies have demonstrated that sediment aluminurn content
1s a better surrogate than either of these for this fine sediment fraction (e.g., Windom et at 1989,
Forstner 1990, Lornng 1991; Horowitz 1991, Din 1992; Pardue et al. 1992; Hanson et al. 1993) Hanson
et al. (1993) explained that the use of sediment aluminum concentration was consistent with a geochernical

model with aluminosilicate clays and quartz (as well as feldspars, micas, pyroxenes, and amphiboles) as
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Iron

Arsenic
Barium
Berylllum
Cadmium

Chromium

Copper
Lead

Mercury
Nickel

Zinc

TABLE 5-11

REGRESSION COEFFICIENT OF DETERMINATION (ré)

BETWEEN SEDIMENT METALS CONCENTRATIONS AND SEDIMENT

Percent Fines?

PERCENT FINES AND TOTAL ORGANIC CARBON CONTENT

0 4175%=
0 2154%=
0 1783¢

0.0001

NC

0 0555
0 4902%°
0.5510°°
0.3199°¢°
0 2961
0.0666
0.1666°

1993
0.0355
0.0527
00234

(-)0.2534%¢

0.0361
0.3525°
0 0040
0.0040
0.4287°
0.0281
0.0647
0 2591°

D Percent sediment total organic carbon.

Combed Data

0.4967%
0 3505%=
0 2636°°
0.1440°
NC
0 3330%%
0 5735%*
0 5802°°
0.5357%=
0 0005
0 319197
0 3640°°
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0 2976°°

0.17837
0.1490°

0.0511
NC
0.1375°
0.2878°=
0.3674%%
0.2569¢°

0.0144
0 1085°
0.4475%2

NC = Not calculated. Sediment concentrations were lower than laboratory detection limuts.

2 Percent fines defined as percent dry sediment less than 63 um effective diameter.

Staustically sigmficantly regressions aoted by- ® P<0.05; *° P<0 001

0.0162
0.0807
0 0004
0.1275
0.2109
00677
0.0559
0.1539
0 0286

C The regression of 1993 percent fines vs banum was the only signtficant regression with a negative slope.

0.5943%%

0 484450
0.3058°°
0.3077¢¢
NC
0.2815%°
0 586822
0.62189°
0.2386°¢
0.0187
0.4546°°

0 4220°=




end members Alumunum functions as a surrogate measure of such aluminum-rich clay munerals as
montmonilomte, kaclinute, 1llite, and chlorite Quartz and other silicate nunerals are assumed to contan
almost no trace metals Other variables that are not considered 1n this model include the influence of
carbonates, organic matter, sea salts, and 1ron and manganese oxide and hydroxide coatings on coarse
sediment gramns (Windom et al 1989, Hanson et al 1993) Carbonates are not generally found in
Columbia River sediments (Whetten et al 1969), and therefore would not be a sigmificant influence in
this study

Another assumption of the model 1s that alummnum has not been altered by contaminant inputs {constant
alurminum associated sediment input over the study area 15 assumed) (Windom et al 1989, Hanson et al.
1993). Available data indicate that present direct point source discharges of aluminum to the lower river
are relatively mnsignificant compared to tnbutary and upstream discharge loadings (Tetra Tech 1992a)
Although 1t could be argued that local or regional variation in the aluminum content of geological sources
of sediments preclude the use of alumunum to evaluate sedunent trace metals levels, Rowan and Kalff
(1993) found that geologic vanables could only explain the vanation in sediment cobalt, chromium, and
nuckel concentrations. Chromuum and nickel were enrniched 1n catchments contaiming ultramnafic ophiolite
munerals (Rowan and Kalff 1993)

The use of sediment alurmunum concentrations to explain variation in sediment trace metal data on a
regional scale has been recognized for estuarine and coastai environment, lake, and atmosphenc metal
concentrations (references in Hanson et al 1993) Models that have used geochermcal vanables
(including alumunum) to explain vanation tn sediment trace metal concentrations have ranged from
sophisticated multi-parameter models like principle component analysis (Horownz et ai. 1989) and
multiple linear regression (Rowan and Kalff 1993) to sumple linear regression models that included log-
transformation prior to regression (Din 1992). Hanson et al (1993) concluded that linear regression
without log-transformation of the data was more consistent with the geochemucal model descnibed above

and that log-transformation of the data would generally assume a curvilinear relationship on a linear scaie.

Sediment iron 1s another vanable that may be suitable for evaluating sediment trace metal vanation.
Iron’s abundance 1n sediments buffers it from anthropogenic changes. Available data indicate that present
direct point source discharges of iron to the lower river are relatively insigmficant when compared to
tributary and upstream discharge loadings (Tetra Tech 1992a). Iron 1s also present in clay munerals,
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especially montmorillonite, an aluminum and ron-rich clay which 1s a sigmficant fraction of the
suspended sediment load of the lower river (Conomos 1968, Knebel et al. 1968, Whetten et al. 1969,
Conomos and Gross 1972).

Although the use of total metals concentrations is more consistent with the geochemical model {total metal
concentrations were used 1n the analyses conducted by Horowitz et al. (1989), Windom et al. (1989), Din
(1992), Pardue et al (1992), and Hanson et al (1993)], only total recoverable metals concentrations were
measured in this study However, relationships using sediment trace metal data based on recoverable or
reactive metal concentrations have also been demonstrated (e.g , Rowan and Kalff 1993, Morse et al

1993) The relationships between total recoverable sediment metals and recoverable sediment aluminum

and iron concentrations are explored below

Figures 5-16 through 5-26 show the relationships between sediment total recoverable metals concen-
trations and total recoverable aluminum and iron content (for 1993 data and combined 1991 and 1993
data) for all of the metals detected frequently in sediments: aluminum, iron, arsenic, bariumn, beryllium,
cadmuum, chromium, copper, lead, mercury, nickel, and zinc Table 5-12 presents regression coefficients
of determunation (r%) for these relationships. As suggested above, the strongest statistical relationship
occurred between sediment aluminum and ron concentrations More of the varianon in sediment trace
metal concentrations was explained by regression with erther aluminum or 1ron than with sediment percent
fines or TOC (Tabie 5-11). Fewer staustically sigmficant posittve linear relationshups were noted for
backwater data for alumunum and wron (with beryilum, chromium, copper, and nickel) compared 1991
survey data (arsenic, barium, cadmium, chromum, copper, lead, mercury, mckel, and zinc). This was
probably due to the smaller number of sampies collected 1n 1993 (Table 5-12).

Combinng the two data sets resulted in statistically significant refationships with both aluminum and 1ron
for all of the metals that were detected in 1991 and 1993, except for mercury (Table 5-12). With the
possible exception of chromium, aluminum and iron concentrations explained a similar amount of the
sediment trace metal vartation, which ranged from greater than 30 to over 90% (Table 5-12). The
amount of trace metal variation explained by aluminum decreased from Cr>Fe>Cu>Ni>As>Ba>
Zn > Pb > Cd; the variation explained by iron decreased from Al > Ni>Cr>Cu> As>Ba>Zn>Cd > Pb.
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Figure 5-16. Scatterplots and Linear Regressions of Total Recoverable Aluminum
vs. Iron in Sediments Collected for the 1991 and 1993 Reconnaissance
Surveys. Dashed iines indicate 95% confidence intervals.

5-53




L]

® T T 1 — T
1993 Data ° Combined Data o
L]
3 Al vs As Al vs As
E
"E - a b - 10
]
[ -]
Q
L)
-
i °
H
§ T 3 a°° -] 7 °
- )
a o
K]
o — 1 I - °
o vo000 20000 6000 40000 o 10000 20000 30000 40000
Total rocavarablo aluminum, mg/kg Total rocovarablo slumunumm, mg/kg
o - 1983
a ~ 1981
19 e s o —— ——— e e R
1993 Data ° Combined Data o
(=]
.*é Fe va As Fe va As
[
L 4 -
E °
]
3
g °
3= =
:“: % & ° r-
- o J
s
e
0 N ! R | . ] N A N . ! °
0 10680 20000 30000 40080 0 10000 20600 30080 Pr ]

Tolal roeevarablo lron. mg/itg

Total rocoverablo iren. mg/kg

Total recoverable armenic, mg/kg

Tolal recovernble arsenic, mg/kg

Figure 5-17. Scatterplots and Linear Regressions of Total Recoverable Aluminum
and Iron vs. Arsenic in Sediments Collected for the 1991 and 1993
Reconnaissance Surveys. Dashed lines indicate 95% confidence intervals.
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Reconnaissance Surveys. Dashed lines indicate 95% confidencs intervals.
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Beryllium
Cadmium
Chromium

Copper

Mercury
Nickel

Zinc
|

TABLE 5-12 REGRESSIUvt COEFFICIENT OF DETERMINATION (r)

BETWEEN SEDIMENT METALS AND SEDIMENT ALUMINUM AND IRON

Aluminum lron
1993 Combined Data 1991 1993 Combined Data

- - 0 8783%° 0 9265°= 0 9008°°
0 8783%= 0.9265%° 0 9008°« - - -
0.4857%¢ 0.1547 0 5519%° 0 5711=® 0.1438 0 5569°°
0.2255%< 00753 0.4900°= 0.2963°° 0.1191 0.49762¢

NC 0.6918%° NC NC 0 7323%° NC

0.4172°= 0.0832 0.3693°° 0 5013%® 0 0445 0.4125%=
0.7175%* 0.8978%= 0.9272%= 0.5899°° 0 90889° 0 7770%=
0.5218%° 0.7210%* 0 8498== 0.3419%° 0 6815%° 0.7026%°
0.5868%= 0 0687 0.3726°° 0 5403°° (-)0.05652 0.3657°%
0.7024° 0.0024 0 0008 0.6260° 0 0002 0.0041
0 55139° 0 7724%° 0.80407% 0.6504°° 0.8853%% 0.85049°
0.4876°° 0.0001 0 3764%¢ 0.4866%° 0.0037 0 4257%°
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NC = Not calculated. Sediment concentrations were lower than laboratory detection linuts.
Statistically sigmficantly regressions noted by * P<0 05; = P <0 001.

4 The regression of 1993 tron vs. lead was the only regression with a negauve slope




Significant regressions were obtained for beryllium in 1993, but beryllium was detected in only one
sampie 1n 1991, so no regressions were performed for 1991, or combined 1991 and 1993 data The
differences noted between the relationships between the 1991 and 1993 survey results may indicate some
differences n the character and sources of sediments sampled, although the influence of sample size

(fewer samples were collected in 1993) and laboratory precision and accuracy ate also factors to consider

5.2.2.2 Identification of Stations with Elevated Sediment Metals Concentrations. Although linear
regression (Fe vs. trace metal) and 1dentification of station outhiers (data above the upper 90% confidence
limut) was used to dentify 1991 sediment stations with potentially elevated sediment metals concentrations
due to anthropogenic inputs (Tetra Tech 1993a), a somewhat different graphical approach was used n
this study Thas approach 1s similar to that used by Rickert et al (1977) to evaluate sediment trace metal
data and potential anthropogenic enrichment of trace metals in Willamette River sediments. Combined
1991 and 1003 sediment metals concentrations were separately normalized to sedument aluminum and iron
content except for sediment mercury concentrations, which did not show any sigmficant relationships with
these variabies. The data were then ranked, and cumuiative data probabilities were calculated according
to Velz (1984, pp 693-727); these data were plotted on normal-probabulity graphs. The normal-proba-
bility plots are presented in Figures 5-27 through 5-35 Changes 1n the trend of the slope of the pilots
suggests the presence of distinct groups of data; the higher concentration group 1s considered to be due
to wmcreased sediment trace metal wnput from either natural or anthropogenic sources (Rickert et al
1977y Distinct breaks in the normal-probability curves indicated anomalousiy high metals concentrations
at several stations for arsenic, cadmum, and copper based on normalization to either alumunum or tron
(Figures 5-27, 5-30, and 5-32) Possible, but {ess distinct breaks in the normal-probability curves were
also noted for chromum, lead, mckel, and zinc (Figures 5-31, 5-33, 5-34, and 5-35). No distinct breaks
were 1dentified for aluminum- or iron-normaiized banum or beryllium content (Figures 5-28 and 5-29)
The data indicating potential anthropogemic ennichment of sediment concentrations of arsemc, cadmium,
chrommum, copper, lead, mckel, and zinc are summanzed below

Arsenic—~Potential anthropogemc elevation of sediment arsenic concentrations was 1dentified for
nine stations based on distinct breaks observed in both the aluminum- and iron-normalized normal-

probability plots (Figure 5-27) Potentially elevated levels of arsenic were measured pnmanly in back-

water areas m both surveys. Several of these stations are located n the estuary, and the remainder in
backwater areas near more urban and industnal portion of the river between RM 80and 120 Although
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Figure 5-2;1.

Normal-Probability Plots of Sediment Total Recoverable Arsenic Normalized
to Aluminum (top) and Iron (Bottom) Content of Sediments Collected for the

1991 and 1993 Reconnaissance Surveys. Lines indicate two possible groups of data.
Numenc station designations are from 1993 survey; aiphanumeric station designations are from 1991

survey with D indicating fine-grained (>20% > 100um) and E indicating coarse-graned (<20% < 100um).
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Figure 5-28.

Normal-Probability Plots of Sediment Total Recoverable Barium
Normalized to Aluminum (Top) and Iron (Bottom) Content of Sediments
Collected for the 1991 and 1993 Reconnaissance Surveys. No distinct

groups of data wers identified,
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Figure 5-29. Normal-Probability Plots of Sediment Total Recoverable Berytlium
Normalized to Aluminum (Top) and Iron (Bottom) Content of Sediments

Collected for the 1993 Reconnaissance Survey. Beryllium was detsctsd in only one
sample in 1991 and therefore only the 1993 data were plottad. No distinct groups of data were
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Figure 5-30. Nommal-Probability Plots of Sediment Total Recoverable Cadmium Normalized
to Aluminum (Top) and Iron (Bottom) Content of Sediments Collected for the

1991 and 1993 Reconnaissance Surveys. Lines indicate two groups of data.  Numenc
station designations are from 1993 survey; alphanumenc station designations are from 1991 survey
with D indicating fine-grained (>20% > 100um) and E indicating coarse-grained (<20% < 100um).
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Figure §-31.

Normal-Probability Plots of Sediment Total Recoverable Chromium Nomalized
to Aluminum (Top) and Iron (Bottorn) Content of Sediments Collected for the

1991 and 1993 Reconnaissance Surveys. Lines indicate two possible groups of data.
Numenc statron dasignations are from 1993 survay; aiphanumonc station dasignations are from 1991
survey with D indicating fine~gramed (>20% > 100um) and E indicating coarse-graned («20% < 100um)
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Figure 5-32.

Normal-Probability Plots of Sediment Total Recoverable Copper Normalized to
Aluminum (Top) and lron (Bottom) Content of Sediments Collected for the

1991 and 1993 Reconnaissance Surveys. Lnes indcate two passible groups of data.
Numeric station designations are from 1993 survey; alphanumenc station designations are from 1991
survey with D indicating fine-grained (>20% > 100um) and E indicating coarse-grained (<20% < 100um)
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Figure 5-33. Normal-Probability Plots of Sediment Total Recoverable Lead Normalized to
Aluminum (Top) and iron (Bottom) Content of Sediments Collected for the

1991 and 1993 Reconnaissance Surveys. Lines indicate two possible groups of dats.
Numeric station designations are from 1993 survey; alphanumeric station designations aro from 1991
survay with D indicating fine-grained (>20% > 100um) and E indicating coarse-grained (<20% < 100um)
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Figure 5-34.

Normai-Probability Plots of Sediment Total Recoverable Nickel Normalized to
Aluminum (Top) and Iron (Bottom) Content of Sediments Collected for the

1991 and 1993 Reconnaissance Surveys. Lines ndicate two passibie groups of data,
Numenc stabon designations are from 1993 survey; alphanumenc station designations are from 1991
survey with D indicating fine-grained (>20% > 100um) and E indicating coarse-gramned (<20% < 100um).

5

5-73




Q020 T T T T T T T T 1
D28 (B 99 bolov Portland/Voncouver)
DAS {RM 113, Camaos Slough)
L D37 (RM 131, noor Voshougol Mivar mauth)
E11 (RH 104 Vancouvor)
D32 (RM L0758 Voncouvor)
fs] 015 _D:!B (R 1245 Rood Iﬂlﬂl‘)

D33 (AY 108 Voneouvor) 7
D26 (RH 101 bolow Portlond/Voacouver}
D40 (RM 142, bolow Boancville Dam)
F D22 (RM 76 8 Koloma) 1
D31 (R 103, N Portlond Harbor)
E13 (RM 128 & Roed Ivlond)
0010 | D34 (RH 113, Lomon Inland)

Zinc/Aluminum

L{
N}

0 00%

L Zn/Al

Q000 | I 1 L L 1 | DR N S S |
a.cof oY &1 1 "n n» N - o0 200 00900000

Probaobility (porcent) oqual to or leos thon

8020 1T T T T T T

Zn/Fe

QoS

1
i

0010 & D3 (RM 118 Combs Slough)} % .4

Zinc/Iren

Q00S p~ -

a

1 L L i J I L ] 1 1
°°°gwu- 01 1 10 N U N -] £ 000 000D

Probobility {percent) equal to or less than

Figure 5-35. Nommal-Probability Plots of Sediment Total Recoverable Zinc Nonmalized to
Aluminum (Top) and Iron (Bottom) Content of Sediments Collected for the 1991
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statron degignations ara from 1993 survey; alphanumenc station dasignations are from 1991 survey with
D indicating fine~grained (>20% > 100um) and E indicating coarse-grained («20% < 100um).
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some of the potenually elevated sediment arsemic concentrations were identified based on only one
normalization, all of the 5 stations where sediment arsenuc levels exceeded Ontario’s reference leve] of

6 mg/kg were 1dentified by both normalizations.

Cadmium--Potential anthropogenic elevation of sediment cadmium concentrations was wdentified
for 4 stations based on distinct breaks observed 1n the aluminum- and 1ron-normalized normal-probability
plots (Figure 5-30) Potentially elevated cadmium levels were measured tn both mainstem and backwater
areas n both surveys These areas include near and below Skamokawa (RM 30-34), at Gary and Flag
Islands (RM 124}, and near the Trojan Nuciear Power Plant (RM 70) (Figure 5-30) The station near
the Trojan Nuclear Power Plant was identified based on only the aluminum-normalized data. All four
of these stations exceeded Ontano’s reference level of 0 6 mgrkg, however, several other stations that
exceeded the reference level (5 additional 1991 stations and 13 additional 1993 stations) were not

identified as potentially elevated due to human contnibutions

Chromium—Potennal anthropogenic elevation of sediment chromium concentrations was 1dentified
for two stations based on a fairly distinct break observed for the aluminum-normalized normal-probability
plot, no distinct change was noted for 1ron-normahzed sediment chrommm data (Figure 5-31). These
locations are in the upper river reach above the major urban and industrialized areas at RM 128 (near
Rooster Rock) and RM 112 (Lemon Island). These two stations did not comnctde with the two stations
that exceeded Ontano’s sediment chromum reference level of 26 mgrkg (Elochoman Slough and Scap-

poose Bay)

ggm'—Pménual anthropogenic eievation of sediment copper concentrations was identified at one
station on the Washington side of the river below Vancouver, WA (RM 104), based on distinct breaks
observed 1n both the aluminum- and wron-normalized normal-probability piots (Figure 5-32). Thus statton
was located just downstream of an area contarminated with copper from bulk ore loading at the Port of
Vancouver (Century West Engimneering Corporation 1989). Although a clean-up operation has been
conducted at the facility, the target clean-up level of 1,300 mg/kg of copper, and post-dredging sample
anatyses (Century West Engineering Corporation 1989, 1990) indicate that elevated copper concentrations
remain 1n the area, which could result in downstream sediments showing as anthropogenically elevated

in copper concentration.
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Potenually elevated concentrations of copper were also 1dentified based on only the aluminum-normalized
copper data (Figure 5-32) These areas, 1n the vicimty of Longview below the confluence with the
Cowlitz River, were all sampled 1n 1991, and were primarly mainstem locations except for one back-
water, Fisher Island Slough

The potentially elevated sediment copper concentration near Vancouver exceeded Ontario’s sediment
copper reference level of 16 mg/kg However, several other stations where copper concentrations
exceeded the reference level (7 additional 1991 stations and all 1993 stations) were not identified as
potentiaily elevated due to human contributions The three stations near Longview did not exceed the
reference level.

Lead—Potential anthropogeruc or elevation of sediment lead concentrations was identified for one
station (Camas Slough) based on the distinct breaks 1n both normalizations for lead Potentially elevated
concentrations of lead at Station D21 near the Trojan Nuclear Power Plant were 1dentified based on only
the iron normalization (Figure 5-33). This station was also 1dentified as potentially enriched in cadmium
No sediment lead concentrations exceeded Ontario’s reference level of 31 mg/kg, and therefore lead

concentrations at these two stations were also below the 31 mg/kg reference level.

Nickel-Potential anthropogenic elevation of sediment nickel concentrations was dentified at
Lemon Island, RM 112 based on somewhat distinct breaks observed 1n both normalizations. Potennally
elevated concentranons of nickel were also 1dentified at eight stations based on one normalization or the
other (Figure 5-34) These were mainstem and backwater areas located between RM 92 and RM 128,
plus two iocanon near Longview (RM 67 and 57 5), ail sampled mm 1991

None of these stations exceeded Ontario’s sediment nickel reference level of 16 mg/kg. Nickel concen-
trations exceeded the reference level at 1 station sampled in 1991 and 7 stations sampled in 1993 These

concentrations were not identified as potentially elevated by human contributions

Zinc—Potential anthropogenic elevation of sediment zinc concentrations was identified at Camas
Slough based on somewhat distinct breaks observed in both normalizations. Potentially elevated concen-
trations of zinc were also identified at twelve stations based on the aluminum normalization (Figure 5-35).
These include mainstem and backwater areas located between RM 75.5 and RM 125 5.
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Two of the stations where potentially elevated sediment zinc concentrations were 1dentified (Kalama and
Camas Slough) were also the two stations sampled m 1991 that exceeded Ontarto’s and Long and
Morgan’s sediment zinc reference level of 120 mg/kg However, four stations sampled in 1993 where
zinc concentrations exceeded this reference level were not identified as potentially elevated due to anthro-
pogenuc contributions The other 11 stations identified as potentially enriched 1n zinc did not exceed the

reference level

5.2.2.3 Comparisons Between Lower Columbia River Sediment Metals Concentrations and Other Rele-
vant Data. To place the lower Columbia River sediment metals data into perspective, Table 5-13
compares range and median concentrations of sediment metals measured 1n both surveys to the reference
levels adopted for this study and also to available data on metal content of presumed uncontamsnated soils
in the Unuted States and shales (fine sedimentary rocks), which likely represent the uncontaminated metals
content of fine sediments The alumunum and 1ron concentrations measured in lower rniver sediments are
generally lower than those mn soils and shales, which 15 to be expected since the total recoverable
digestion does not completely recover these metals from muneral fragments. The maximum measured
total recoverable concentrations of a few trace metals (antumony, barium, and chromium) in sediuments
are also generally lower than concentrations n souls or shales However, although the median sediment
concentration 1s lower, the maximum measured concentrations of several metals exceed typical levels in
souls or shales (arsenuc, beryllnun, cadmium, copper, lead, mercury, mckel, selemum, silver, and zinc)

These comparisons suggest that some sediment areas may have relatively high concentrations of these

elements due to localized enrichment from anthropogemc sources

Potential enrichment of arsenic, cadmium, copper, lead, mckel, and zinc were 1dentified above based on
the normal-probability plots of aluminum- and iron-normalized sediment trace metal concentrations,
Lower Columbia sediment concentrations of cadmium, mercury, sulver, and zinc (and antimony as well)
have been ranked with the 20 highest sediment metals concentrations (normalized to the percent <63 um
sediment fraction) measured at 175 fine-grained sediment sampling sites located tn coastal and estuarine
areas of the United States (O’Connor and Ehler 1991, measured as part of NOAA’s National Status and
Trends Program at two locations in the lower Columbia River, including one sampling area mn Youngs
Bay) Higher concentrations of cadmium, copper, lead, and mercury in Columbia River sediments
compared to lower Willamette River sediments have also been noted by Ruckert et al. (1977).
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TABLE 5-13. COMPARISON OF SEDIMENT METALS CONCENTRATIONS MEASURED IN

THE 1991 AND 1992 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
TO REFERENCE LEVELS AND SOIL AND ROCK CONCENTRATIONS

Lower Columbia River
Reconnaissance Surveys Reference Values ‘
Geometric Mean Willamette

Range Median || L&M2 | Ontano® U S. Souls® Basin Soilsd Shales®
Aluminum || 2,794-33,300 | 8,065 T 47,000 [ 92,000 (80,000) |
Antimony 0.23-0.41 0.30 2 0.48 15(15)
Arsenic 0.46-13.6 25 33 6 52 10 (13)
Bartum 8.5-186 83 440 600 (580)
Beryllum 0.42-12 076 063 33
Cadmiem 0 06U-2.66 043 5 0.6 -- “ 0303
Chromium 2.3-31.1 79 80 26 37 70 100 (90)
Copper 1.84-49.9 10.7 70 16 17 50 50 (45)
Lron 3,906-39,000 13,521 20,000 18,000 47,000 (47,200)
Lead 0.63-26.3 8.0 35 31 16 15 20 (20)
Mercury 0.057U-0.18 NC 0.15 0.2 0.058 0.2 0.3 (4 C)
Nickel 421-24 8 10 4 30 16 i3 80 (68)
Selenium 0.29U-0 75 NC 0.26 06(06)
Silver 008U-31 0 31U 1 0.5 - 0.1 (007
Thallium 0 30U-26 8U 122U - 1(14)
Zinc 16.4-161 3 763 120 120 48 68 90 (95}

w
NC = Not calculated due to differences in detection limuts between the 1991 and 1993 Reconnaissance Surveys. i

4 Source Long and Morgan (1990)
b Source: Ontano Mimstry of the Environment’s Provincial Sediment Quality Guidelines (Persaud et al. 1993).

€ Source: Shacklette and Boerngen (1984). The geometric mean was based on the analysis of about 750 samples, except for
antimony (n=223).

d Source: R. Mendes, U.S. Geological Survey, wrnitten communication (1975), as cited 1n Rickert et al. (1977). The modal

concentrations of 50 soil sampies analyzed for chromium, copper and lead, and the average concentration of three soil samples
analyzed for zanc and mercury.

“ € Source: Krauskopf (1979). The source of the number 1n parentheses 15 Turekian and Wedepobl (1961) :~
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Also of nterest 1s the comparison of the reference values used mn this study to typical soil and shale
concentrations of the same metals For some metals, the reference levels (primarily the Ontario values)
are lower than the concentrations that would be expected 1n uncontarmunated soils and sediments (e.g ,
chromium and copper) These compansons, and the analyses performed above, underline the difficulties
in 1dentifying elevated sediment metals concentrations due to human inputs, and identifying sediment
metal concentrations that have a potentially harmful effect on biota The analyses presented above have
provided some 1utial exploration of the available data, and emphasize the utility of sediment aluminum
or 1ron concentrations to reduce the influence of vanation in physical and chemical sediment properties,
and to 1denufy potentially elevated sediment metal concentrations The same or a simular approach may
also be useful, when coupled with biological effects data, in dentifying the potential for adverse
biological effects and for the establishment of regional sediment guidelines or standards for sediment

metals concentrations

5.2.3 Semi-volatile Organic Compounds

In generai, few semu-volatile organic compounds other than PAHs were detected in sediments collected
for erther survey Due to lower detection limuts achieved for these compounds analyses for the backwater
survey, some of them were detected only in 1993 sediments, making comparisons impossible

The only serm-volatile compound detected 1n both surveys was bis(2-ethylhexyl)phthalate (Tabie 5-14).
This compound was detected more frequently in the backwater survey, probably due to lower detection
limuts. The concentranions of bis(2-ethylhexylphthalate (normalized to sediment organic carbon content)

do not exceed the New York State reference levei for the protection of benthic orgamsms.

Two other semu-volatle compounds were detected n the 1993 survey 4-methyiphenoi (not detected m
1991) and benzoic acid (not measured 1n 1991; see Table 5-14) No reference value 15 available for
benzoic acid, but the sediment concentration of 4-methylphenol (normalized to sediment organic carbon
content) exceeded the New York State reference level for the protection of benthic orgamisms at one
station, Camas Slough

PAHSs were detected more frequently in 1993 sedunent samples because of lower detection limits made
possible by SIM methodology (Section2) However, maximum and median sediment PAH concentrations
were consistently higher for the PAHs that were detected 1n 1991 (Table 5-15).
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TABLE 5-14 SUMMARY OF SEDIMENT SEMI-VOLATILE COMPOUNDS DETECTED
IN EITHER THE 1991 OR 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS

Unus i pg/kg dry sediment
Range Med:ian
Frequency of Detection Detected Detection Detected Frequency of
Detection? Limuts Concentrations Limuts Concentrations Exceedances?
4-Methylphenol
1993 1/15 13-18 150 16U 150 1715
1991 0/54 80-288 ND 176U ND (DL > ref)¢
Combimned data 1/69 13-288 150 176U 150 1/15
Bis(2-ethylhexyl)
phthalate
1993 13/15 11-25
1991 18/54 40-310
Combined data 31/69 1t-310
Benzoic acid
1993 160
1991 -
Combined data 160

3 Frequency of detection at the stations sampled. Fifteen stanons were sampled 1n 1993 and fifty-four stations were sampled
m 1991

b The frequency of exceedance of the lowest available reference level for potential adverse effects on benthic orgamisms or
wildlife.

€ The detection limuts were higher than the available reference level

NA = No reference value available for companson.

ND

0

Not detected

NS = Not sampied.

U = Not detected. Value 1s the detection Limt.
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TABLE 5-15 SUMMARY OF SEDIMENT POLYNUCLEAR AROKTIC
HYDROCARBON (PAH) CONCENTRATIONS,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
{Page 1 of 2)
. ] Units 1n pg/kg dry sediment
Range
Frequency of Detection Detected
Detection? Limuts Concentrations Concentrations [| Exceedance
—_—

Acenaphthene

1993 15/15

1951 0/54

Combined data 15/69
Acenaphthylene .

1993 14/15 Q65 026-54 0 65U 12 NA

1991 0/54 40-144 - | 88U - -

Combined data 14/69 0 65-144 02654 88U 12 -
Anthracene

1993 15/15 - 0 46-12 - 26 J 0/15

1991 0/54 40-144 - 88U - (DL > ref)®

Combined data 15/69 40-144 0 46-12 88U 26 0/15
Benzo(a)anthracene ”

1693 15/15 - 3.640 - 13 0/15

1991 354l 40-144 65-260 88U 180 || us4

Combined data F] 18/69 40-144 3 6-260 ' 88U 18 1/69
Benzo(b,k)fluoranthene

1993 15/15 - 12-110 - 29 0/15

1991 3/54 80-288 63-400 176U 210 0/54

Combined data 18/69 80-288 12400 176U 35 0/69
Benzo(a)pyrene

1993 15/15 - 4 2-61 - 12 0/15

1991 3/54 80-288 100-260 176U 250 0/54

Combined data 18/69 80-288 4 2-260 176U 175 0/69
Benzo(g,h,1)perylene

1993 8/15 3374 8.4-40 50U 16.5 0/15

1991 2/54 80-288 78-200 176U 139 1/54 i

Combined data 10/69 33-288 8 4-200 100U 19.5 ' 1/69
Chrysene

1993 15/15 -- 6.5-62 - 22 0/54

1991 4/54 40-144 48-630 88U 190 1/54

Comb:ned data 19/69 40-144 6.5-630 83U 8 1/69
Dibenzo(a,h)anthracene |

1993 15715 - 1.59.7 - 2.8 ons

1991 0/54 80-288 - 176U - (DL > ref)®

Combined data 15/69 80-288 1.5-97 176U 2.8 /15
Fluoranthene

1993 15/15 - 8.1-76 - 28 0/15

1991 5/54 40-144 70-280 88U 88 0/54

Combined data 20/69 40-144 8 1-280 88U RS ﬂ 0/69
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Fluorene
1993
1991
Combined data

Indeno(1,2,3-cd)pyrene
1993
1991
Combined data

Naphthalene
1993
1991
Combined data

Phenanthrene
1993
1991

I Combined data

Pyrene
1993
1991
Combined data

2-Methylnaphthaiene
1993
1991
Combined data

Dibenzofuran
1993
1991

NS = Not sampied.

1991.

wildlife.

TABLE 5-15 SUMMARY OF SEDIMENT POLYNUCLEAR AROMATIC

HYDROCARBON (PAH) CONCENTRATIONS,

Frequency of

Detection®

15/15
0/54
15/69

11/15
3/54
14/69

15/15
0/54
15/69

15/15
4/54
19/69

15/15
5/54
20/69

15/15
0/54
15/69

15/15
NS

U = Not detected. Value 18 the detection limat.

NA = Reference levels not available.

Range

1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
(Page 2 of 2)

Unuts 1n ug/kg dry sediment (
| Median

i

Detection

Lumnts

Combined data 15/15 “ -
i

€ Detection limuts greater than available reference levels

Detected
Concentrations

074-6 73

074673

8 141
62-170
8.1-170

1.0-9.8

1.0-98

56-34
48-210
5 6-210

7-102
44420
7-420

0704 2

Q7042

03949

0.394.9

Detection Detected Frequency of
Limts Concentrations Exceedanceb
- 22 |. 0/15 i
88U - (DL > ref)¢
88U 2.2 0/15
56U 20 0/15
176U 140 (DL > ref)©
124U 23 0/15
- 25 0/15
88U - (DL > reH)*
88U 2.5 /15
- 14 0/15
88U 95 0/54
88U 16 0/69
- 24 0/15 (
88U 130 2/54
88U 435 2/69
- 16 NA
38U - -
38U 1.6 --
- 13 NA

2 Frequency of detection at the stations sampled. Fifteen stations were sampled 1n 1993 and 54 stattons were sampled 1n

b Frequency of exceedances of the lowest available reference level for potential adverse effects on benthi¢ organisms or




Table 5-16 compares results of sediment PAH analyses conducted on samples collected from three areas
where sampling was done n both 1991 and 1993 Because of mgh detection lumuts, no PAHs were
detected at these sites 1n 1991, Note that the concentrations detected 1n 1993 are all much lower than the

corresponding 1991 detection limits.

PAH concentrations measured in 1993 appear to relate linearly to the percent fines and TOC content of
the sediments, which may indicate regional background contamunant inputs from upriver and diffuse
atmospheric sources. Stations D19 and D24 show elevated concentrations, readily apparent m Fig-
ures 5-36 and 5-37 These localized PAH concentrations may indicate PAH pollutant sources in the
vicinuty of Longview and St Helens. For example, Johnson and Norton (1988) measured sediment
concentrations of PAHs below the Reynolds Aluminum facility ¢a source of PAHs) in Longview which
exceeded the Long and Morgan {1990} Apparent Effects Threshold values for individual PAHs as well
as Ontario’s Severe Effect Level (Persaud et al 1993) and/or Long and Morgan’s Effects Range-Medium
values (Table 2-7) The total PAH concentration reported for this Longview location (19,000 ug/kg) also
exceeded the Ontano Severe Effect Level of 10,000 ug/kg. These concentrations indicate the potential

for adverse effects to benthic orgatusms n the vicinty of this alurmnum smelter.

5.2.4 Pesticides and PCBs
In general, pesticides and PCBs were detected infrequently in samples collected for the 1991 and 1993

reconnaissance surveys An evaluation of the pesticide and PCB data 15 presented below

5.2.4.1 Pesticides. Pestucides were detected infrequently in both surveys (Table 5-17). Lower detection
limuts in 1993 pius infrequent detection of pesticides preciudes most comparisons between the two
surveys However, for the two pesticides detected in both surveys (p,p’-DDE and p,p’-DDT), hugher
concentrations were reported for 1991. Although few pesticide reference levels are available, and labora-
tory detection limits were near to or greater than the reference levels that were available, some exceed-
ances for DDT compounds were noted in each survey (Table 5-17). These exceedances indicate the

potential for adverse effects on benthic organsms

Although the low frequency of detection of pesticides preciudes an adequate assessment of the distnbution
and potential sources of pesticides in the lower Columbia, pesticides were detected throughout the rniver

at concentrations exceeding available reference levels. Relatively higher concentrations of some pesticides
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TABLE 5-16 COMPARISON OF SEDIMENT PAH CONCENTRATIONS
REPORTED FOR YOUNGS BAY, CARROLLS CHANNEL, AND CAMAS SLOUGH
IN THE 1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS

Youngs Bay (RM 14) Carrolls Channe} (RM 68) Camas Slough (RM 120)

Percent Fines

Percent TOC

Acenaphthene
Acenaphthylene
Anthracene
Benzo{a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(b k)fluoranthene
Benzo(a)pyrene
Benzo(g,h,1)perylene
Chrysene
Dibenzo(a.h)anthracene

Fluoranthene

Fluorene
Indeno(1,2,3-cd)pyrene
Napithalene
Phenanthrene

Pyrene
2-Methylnaphthalene

|| Station D3

Station 1

Station D20

Station 8

Station D35

Starion 13

1993

1991
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1993

23.0
NR
NR

40
190
150

390

~

66.0
47
14 0
97

26.0

67.0

1991

62U
62U
124U
124U
NR
124U
124U
62U
124U
62U
62U
124U
62U
62U
62U
62U

1993

6 8U
3.1
12
18
2.2
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Figure 5-36. Scattemlots and Linear Regressions of Sediment Percent Fines and TOC Content
vs. Chrysene and Flucranthene Concentrations in Sediments Collected for the 1991

and 1993 Reconnaissance Surveys. Regressions shown are for the 1993 data only. Dashed
linas indicate 95% confidence intervals. Reference lavsis also shown.
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Figure 5-37. Scatterplots and Linear Regressions of Sediment Percent Fines and TOC Content
vs. Phenanthrene and Pyrene Concentrations in Sediments Collected for the 1991

and 1993 Reconnaissance Surveys. Regressions shown are for the 1993 data only, Dashed
lines indicate 95% confidence intervals. Referance levels also shown.
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Aldrin
1993
1991
Combined Data

Dieldrin
1993
1991
Combined Data

Endrin
1993
1991
Combined Data

Endrin ketone ’(

1993
1991
Combined Data

Endrin aldehyde
1993
1991
Combined Data

il

Alpha-BHC
1993
1991
Combmned Data

Beta-BHC
1993
1991
Combined Data

Delta-BHC
1993
1991
I Combined Data

Lindane (gamma-BHC)
1993
1991
Combined Data

Gamma-Chlordane
1993
1991
Combined Data

LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS

0/15
1754
1/69

0/15
1/54
1/69

0/15
1754
1/69

0/15
NS
0/15

0/15
0/54
0/69

Q/15
3/54
3/69

6/15
0/54
0/69

0/15
3/54
/69

0/15
1/54
1/69

0/15
0/54
0/69

(Page 1 of 3)

TABLE 5-17 SUMMARY OF SEDIMENT PESTICIDE CONCE_NTRATIONS. 1991 AND 1993

Frequency of || Detecion
Detection?

Units 1n pg/kg dry sediment
—
Frequency of
Range Median Exceedances?
Detected Detection Detected Leng and
Limuts Concentrations Limts Concentrations Morgan Ontario
%ﬁw e ——
05 - 0.5U - NA 0/15
2-20 31 2U 31 - 1/54
05-20 3t 2U 3.1 - 1/69
1 - U - gDL>re . 0/15
2-20 33 U 3.3 DL>re 1/54
1-20 33 2U 3.3 - 1769
1 -- 1U - {DL)re g 0/15
2-20 45 2U 4.5 DL>re 1/54
1-20 45 U 4.5 - 1/69
i - tU - NA NA
| N - w - - -
1 - 1U - NA NA
2-20 - 2U - - -
i L-20 - U - - -
as - QsuU -- NA 0/15
2-20 2.6-4.0 2U 2.9 - 1/54
0.5-20 2640 2U 29 - 1/69
0.5 - { 05U - NA 0/15
2-24 - 2u - - 0/54
05-24 - U - - (/69
0.5 - 0.5U - NA 0/15
2-20 4279 2U 5.5 - 3/54
0.5-20 4.2-7.9 ' 2U - - 3/69
05 - 0.5U - NA 0/15
2-20 22 2U 2.2 - 0/54
0 5-20 22 2U 2.2 - 0/69
05 - 0.5U - 0/15 0/15
2-20 - 2U - (DL > ref)* 0/54
05-20 - U - 0/15 0/69
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Alpha-Chlordane
1993
1991
Combined Data

Dicofol
1993
1991
Combined Data

Endosulfan I
1993
1991
Combined Data

Endosulfan I
1993
1991
Combined Data

Endosulfan sulfate
1993
1991
Combined Data

Heptachlor
1993
1991
Compbined Data

Heptachlor epoxide
1993
1991
Combined Dara

Methoxychlor
1993
1991
Combined Data

Methyl parathion
1993
1991

Combined Data

o,p’-DDE
1993
1991
Combined Data

LOWER COLUMEIA RIVER RECONNAISSANCE SURVEYS

Frequency of
Detection?

0/15
0/54
0/69

0/15
0/54
0/69

0/15
0/54
0/69

0/15
0/54
0/69

0/15
0/54
0/69

0/15
3/54
3/69

0/15
0/54
0/69

0/15
0/54
0/69

0/15
13/54
13/69

0/15
2/54
2/69

TABLE 5-17 SUMMARY OF SEDIMENT PESTICIDE CONCENTRATIONS, 1991 AND 1993

(Page 2 of 3)
Units 1n pg/kg dry sediment .
Frequency of
Range Median Exceedances?
Detection Detected Detection Detected Long and
Limuts Concentrations Linuts Concentrations Morgan Ontano
e —
05 - 0.5U - 0/15 0/15
2-20 - 2U - (DL>ref)® | 054

0 5-20 - 2u - 0/15 0/69
11-15 - 14U - NA NA

20-200 - 20U - - -

£1-200 - ‘ 20U - - -
035 - 0.5U - NA NA
2-20 - 2U - - -

0 5-20 - 2U - - -

1 - 1U - NA NA
2-20 - U - - -
1-20 - 2U - - O

1 - 1y - NA NA
2-20 - 2U - -- -
1-20 - 2U - - -
05 - 05U - NA NA
2-20 2161 2U 25 - -

0 5-20 2161 U 25 - -
0.5 - 0.5U - N NA
2-20 - 2u - - -

¢ 5-20 - U - - -

5 - 5U - NA NA

20-200 - 20U - - -

5-200 - 20U - - -
11-15 - 14U - NA NA
2-20 2.3-68 2U 4.9 - -
2-20 2.3-68 2U 4.9 - -

016-0.20 - 0.20U - 0/15 O
2-20 3236 2U 34 2/54 -
0.16-20 3.2-3.6 2U 34 2/69 -

5-88



TABLE 5-17 SUMMARY OF SEDIMENT PESTICIDE CONCENTRATIONS, 1991 AND 1993
LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
(Page 3 of 3)

Unuts 1n ug/kg dry sedument I
Frequency of
Range Median Exceedances?
Frequency of || Detection Detected Detection Detected Long and
Detection? Limuts Concentrations Limits Concentrations Morgan Ontano

o,p’-DDD

1993 0/15 0 16-0 35 -- 0 20U -- 0/15 NA

1991 1/54 2-20 66 2U 66 1/54 -

Combined Data 1/69 0.16-0 35 66 2U 6.6 1/69 -
o,p’-DDT

1993 0/15 0.16-0 24 - 020U - 0/15 NA

1991 4/54 2-20 2794 20 70 5/54 --

Combined Data 4/69 0.16-20 2794 2U 7.0 5/69 -
p,p’-DDE

1993 515 ! 05-12 1U 0.8 0/15 0/15

1991 4/54 2-20 2.1-56 2U 2.9 4/54 1/54

Combined Data 9/69 1-20 0.5-56 2U 1.2 4/69 1/69
p,p’-DDD

1993 8/15 1 07-2.0 1U 085 1715 0/15

1991 0/54 2-20 -- 2U - 0/54 0/54

Combined Data 8/69 1-20 07-2.0 - 0.85 1/69 0/69
p’p,.Dm

1993 1/15 1 11 1u 11 1/15 NA

1991 2/54 2-20 3.3-100 2U 517 2/54 -

Combined Data 3/59 1-20 1.1-100 2U 33 3/69 -
Toxaphene

1993 0/15 50 - sou - NA NA

1991 0/54 100-1,000 - 100U -- -

Combinted Data 0/69 -

NA = Reference value not available.
NS = Not sampled.
U = Not detected. Value 18 the detection Iimit.

2 Frequency of detection at the stations sampled. Fifteen stations were sampled 1 1993 and fifty-four stations were sampled 1n
1991

b Frequency of exceedances of the Long and Morgan (1990) Effects Range-Low or the Ontano Mumstry of the Environment’s
Provincial Sediment Quality Guidelines (Persaud et al. 1993) Lowest Effect Level, Detected pesticide concentrations did not
exceed the available organic carbon-based reference values.

€ The detection hmut was greater than the reference level.
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were measured near the mainstem below St Helens, specific sources of these pesticides cannot be
identified The low concentrations measured may indicate diffuse sources derived from historical and/or

current apphications of pesticides to agricultural and residential lands.

Pesticide concentrations measured 1n 1993 sediments from Carrolls Channel and Camas Slough were close

to, but lower than sediment detection lumts reported for these areas in 1991 (Table 5-18)

5.2.4.2 PCBs. PCBs (measured as Arochlor mixtures of PCB congeners) were infrequently detected
for both reconnaissance surveys, although lower detection limits were achieved for the 1993 backwater
survey (Table 5-19) Arochior 1248 was detected at Carrolls Channe! and Burke Slough in 1993, and
Arochlor 1254 was detected 1n Longview 1 1991. Only the concentration measured 1n Longview

exceeded reference levels

Compansons of sediment PCB levels measured at the three locations sampled in both surveys are difficuit
due to differing detection limits. The 1993 concentration of Arochlor 1248 from Carrolls Channel was
only somewhat lower than the detection lumut reported for analysis of sediment collected from this area
in 1991 (11 vs 25 ug/kg,; see Table 5-18)

5.2.5 Dioxins and Furans

Dioxins and furans were detected less frequently 1n 1993 sediment samples prunarily because of reiatively
higher detection limts (Tabile 5-20). For two compounds detected 1n both 1991 and 1993 {1,2,3.4,6,7.8-
HpCDD (heptachiorodibenzo-p-dioxin) and OCDD (octachlorodibenzo-p-dioxin)], 1991 sediment concen-
trations were generally much lugher (Table 5-20). Reiatively high concentrations were typicaily measured
m sediments collected at or near Camas Siough, St. Helens, Longview, and Wauna, OR (Tetra Tech
1993a). These stations are located below chlorinated-bieach kraft pulp mulls that are known sources of
dioxins and furans (e.g., Amendola et al. 1989; Clement et al. 1989; Campin et al. 1991). However,
dioxin and furan congeners occur in sediments above the pulp mills, suggesting additional sources of
these contaminants. Possible sources include the atmosphere (Koester and Hites 1992, Macdonald et al

1992), and wood treatment facilities (Campin et al 1991). The effect of chemmcal and biclogical trans-
formations of these compounds that would alter the ultimate sediment dioxin and furan content has not
been evaluated (e.g., Koester and Hites 1992).

O
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TABLE 5-18 COMPARISON OF SEDIMENT PESTICIDE AND PCB CONCENTRATIONS

REPORTED FOR YOUNGS BAY, CARROLLS CHANNEL, AND CAMAS SLOUGH IN
THE 1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS

a%i
Camas Slough (RM 120)

Youngs Bay (RM 14) Carrolls Chaanel (RM 68)
Station D3 Station 1 Station D20 Station 8 Station D35 Station 13
1991 1993 1991 1993 1991 1993
e e —'—_._._._—"—-—-—'_——ll
Percent Fines 732 951 29 8 6913 43 6 519
Percent TOC 06 21 085 21 4.06 _i_l
1} pug/kg dry sediment "
—_— e —
Aldnn 2U 05U 20U 05U 2U 035U
Dieldrin 2U 1U 20U 10U U 1U
Endnn 2U 10U 20U 10U 2U 1U
Endrm ketone NR 1U NR 10U NR iu
Endnn aldehyde 22U 1U 20U 1.0U 2U 1U
Alpha-BHC 20U 05U 20U 05U 2U 0.5U
Beta-BHC 12U 05U 2.0U 0.5U 6U Q5U
Delta-BHC 3uU 05U 2.0U 05U 5U 0.5U
Lindane 2U 05U 40U 0.5U 3uU 05U
Chiordane 2U NR 20U NR 2U NR
Gamma-Chlordane NR 05U NR 05U NR 0.5U
Alpha-Chlordane NR 05U NR 05U NR 05U
Dicofol il 20U 15U 20U 14U 20U 14U
Endosulfan | 2U 05U 2.0U 0.5U 2U 05U
Endosulfan I1 2U 10U 20U 1.0U 22U 1U
Endosulfan sulfate 2U 1u 20U 10U 2U U
Heptachlor 2U 05U 20U 05U 2U 05U
Heptachlor epoxide 2U 05U 20U 05U pAss 035U
Methoxychlor 20U 5U 20U 5QU 20U 5U
Methyl parathion 6U 15U 20U 14U U 14U
o,p’-DDE 2U 022U 20U 02U 20 0.2U
o,p’-DDD 2U 0.3U 20U 0.5U 2U 03U
0.p’-DDT 2U 0.22U 20U 02U 2U 020
p,p’-DDD 22U U 2.0U 1.2 20 0.8
p.p'-DDE U U 2.0U 1.6 2 0.8
p.p’-DDT 2U HY) 20U 10U 18] 1U
Toxaphene 100U 50U J 100U 50U 100U 50U
Malathion U NR [ 20U NR 2U NR i
Parathion U NR 20U NR 2u NR
Dacthal 2U NR 2.0U NR 22U NR
Mirex 2U NR 2.0U NR 52 NR
Arocior 1016 25U NR 25U NR 25U NR
Aroclor 1242/1016 NR 10U NR 10U NR 10U
Aroclor 1221 25U 20U | 25U 20U 25U 20U
Aroclor 1232 25U 10U 25U 10U 25U
Aroclor 1242 25U NR 25U NR I 25U
Aroclor 1248 25U 10U 25U 11 25U
Aroclor 1254 25U 10U 25U 10U 25U
Aroclor 1260 25U 10U 25U 10U 25U

NR = Not reported

U = Not detected Value 1s the detection limut

<
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TABLE 5-19 SUMMARY OF SEDIMENT PCB DATA, 1991 AND 1993
LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
R Umts 1 pg/kg dry sediment
Frequency of
Range Median Exceedances®
Frequency Detection Detected Detection Detected Long and
of Detection Limzts Concentrations Limuts Concentrations || Morgan | Ontano
e —
Aroclor 1221
1993 0/15 20 -
1991 0/54 25-250 -
Combined Data 0/69 20-250 --
Arocior 1232 i
1993 0/15 10 - 10U -- 0/15 0/15
1991 0/54 25-250 - 25U -- 0/54 0/54
Combined Data 0/69 10-250 -- 25U -- 0/69 0/69
Aroclor 1242/1016
1993 0/15 10 - 10U - 0/15 0/15
1991 0/54 25-250 - I 2su -~ 0/54 0/54
Combined Data -- 10-250 - 25U - 0/69 0/69
Aroclor 1248
1993 2/15 10 7 3-11 10U 92 0/15 0/15
1991 /54 25-250 - 25U - 0/54 0/54
| Combmed Data 2/69 10-250 7 3-11 || 25U 9.2 0/69 0/69
Aroclor 1254
1993 " 0/15 10 - 10U - 015 0/15
1991 1/54 F 25-250 85 25U 85 1/54 1/54
Combined Data 1/69 10-250 85 25U 85 1/69 1/69
Aroclor 1260
1993 0/ts 10 - 10U - /15 Q/15
1991 0/54 25-250 -- 15U - 0/54 0/54
Combined Data 0/69 10-250 - 25U - 0/6 0/69
e —
U = Not detected. Vajue 1s the detection lumut.
2 Frequency of detection at the stations sampled. Fifteen stations were sampled 1n 1993 and fifty-four stations were sampled
1n 1991
b Frequency of exceedance of the Long and Morgan (1990) Effects Range-Low or the Ontanio Mimstry of the Environment’s
Provincial Sediment Quality Guidelines (Persand et al. 1993) Lowest Effect Level.




2,3,7,8-TCDD
1993
1991
Combined data

1,2,3,7,8-PeCDD
1993
1991
Combined data

1,2,3,4,7,8-HxCDD
1993
1991
Combined data

1,2,3,6,7.8-HxCDD
1993
1
ombined data

1,2,3,7.8,9-HxCDD
1993
1991
Combmed data

1,2,3,4,6,7,8-HpCDD
1993
1991
Combrined data

OCDD
1993
1991
Combiped data

2,3,7,8-TCDF
1993
1991
Combned data

1,2,3,7,8-PeCDF
1993
1991
Combined data

e e e — ——
TABLE 5-20 SUMMARY OF SEDIMENT DIOXIN AND FURAN DATA,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
(Page 1 of 3)

Frequency of
Detection?

0/15
18/20
18735

0/15
16/20
16/35

0/15
19720
19/35

0/15
20720
20435

Q1S
20/20
20/35

‘l 1715
20/20
21/35

7/15
20/20
J 27135

0/15
20720
20/35

0/15
19/20
19/35

Unsts 1 ng/kg dry sediment

| Range

Detection
Limuts
03-14

009
009-14

04-11
oo0s8
008-11

04-16
0.17
017-16

07-2.2

0722

0521

0521

0.9-69

-—

0969

4.5469

| 45469

06-13

0.6-13

0.3-1.1
007

0.07-1.1

Detected
Concentrations

007035
007-0.35

009-3 38
009-3.38

0 10-1.92
0 10-1 92

0 14-5 95
0 14-595

01-504
0.1-504

50
0 9-138
0.9-188

10 4-52.5
6.8-1,480
6 8-1,480

006-323
006-3 23

-

017-137

0.17-1 37 J

Median
Detection Detected
Limits Concentrations
—_
04U ND
01U 02
04U 02
08U ND
0.11U 0.18
07U 018
08U ND [
Q17U 0.3t
0.8U 031
11U ND
- 118
1.1U 118
10U ND
- 087
1.0U 0 87
33U 50
- 1825
3.30 165
30U 13.2
- 176
7.9U 105
0.9U ND
- 1.39
09U 139
0.7U ND
0.07U 030
0.7U 0.30

Frequency of
ExceedancesP

0/15
0/20
0/20

NA

)
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2,3,4,7,8-PeCDF
1993
1991
Combined data

1,2,3,4,7,8-HxCDF
1993
1991
Combined data

1,2,3,6,7,8-HxCDF
1993
1991
Combined data

1,2,3,7,8,9-HxCDF
1993
1991
Combined data

2,3,4.6,7,8-HxCDF
1993
1991
Combined data

1,2,3,4,6,7,8-HpCDF
1993
1991
Combined data

1,2,3,4,7,8,9-HpCDF
1993
1991
Combined data ||

OCDF
1993
1991
Combined data

TECc’d
1993
1991
Combined data

Frequency of
Detection?

0/15
19/20
19/35

0/15
20/20
20/35

0/15
20/20
20735

0/15
16/20
16/35

0/15
20720
20/35

0/15
20/20
20/35

0/15
19720
19/35

0/15
20/20
20/35

NA

(Page 2 of 3)

TABLE 5-20 SUMMARY OF SEDIMENT DIOXIN AND FURAN DATA,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS

]

Units in ng/kg
I Range I

dry sediment
| Median ,

Detecticn
Limats

0.3-13
0.07
007-13

0.8-2.1

0.8-2.1

07-19

0.7-19

10-2.7
f 010024
0.10-2.7

0.8-23

0823

0.5-7 1

05-7.1

0.3-30
0.42
0.3-3.0

0440

0440

NA

Detected
Concentratnons

0 16-1.46
0 16-1 46

0.31-7 47
0.31-7.47

0.11-2 22
0.11-2.22

007-721
0 07-7.21

0 16-6.21
0 16-6.21

051-27 8
0.51-27 8

0.12-15.5
0.12-15.5

1.19-128

0 73-1.81
0.22-7.58
0.22-7.58

Detection
Linuts

0.6U
0.07U
0.6U

1.1U
0oy
11U

1.10

“ L1u

1 6U
020U
1.5U

1.3U
13U
il 1.3U
1.3U0

1.5U
0.42U
1.8U

1.6U

1.6U

NA

Detected
Concentrations

ND
0.28
0.28

ND
0.69
0.69

ND
0.27
0.27

ND
046
0.46

ND
3.27
3.27

ND
0.37
0.37

ND
9.03
503

1.17
1.58
.21

Frequency of
Excwdanccsb

0/15
16/20
16/35

)
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TECS*
1993
1991
Combined data

TABLE 5-20 SUMMARY OF SEDIMENT DIOXIN AND FURAN DATA,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS

| ~ Range '

{Page 3 of 3)

Units 1n ng/kg dry sediment

Frequency of
Detection?

Detection
Limuts

NA = Not applicable.
ND = Not detected

U = Not detected. Value 1s the detection lymit.

Detected
Concentrations

Detected
Concentrations

Detection
Limuts

0010
0 12-7 58
0-7 58

¢ Toxicity Equivalency Concentration (TEC) calculated based on Barnes (1991)

€ TEC based on the assumption that the concentrarions for undetected compounds ts 2&ro

5-95

Frequency of
Exceedances

0/15
16/20

2 Frequency of detection at the stanions sampled Fifteen stations were sampled 1n 1993 and twenty stations were sampled i 1991

b Frequency of exceedance of the draft New York State reference level for protection of wildhife (Newell and Sinnott 1993)

C based on the assumption that the concentrarions for undetected compounds 1s equal to half the lower detection limut.




The New York State sediment dioxin criterion for the protection of fish-eating wildhife, 0 2 ng/g OC, was
not available to evaluate 1991 data Companson of toxicity equivalency concentrations (TECs) calculated
for both surveys to this criterion indicated exceedances at 16 of the 20 stations sampled in 1991 but no
exceedances at the backwater areas sampled in 1993 (Table 5-20) These data indicate some potential
for adverse effects on fish-eating wildlife from the levels of dioxins and furans measured in lower

Columbia sediments

The concentrations of dioxins and furans detected in sediments collected from Carrolls Channet and
Camas Slough in 1991 were simular to or somewhat lower than 1993 detection limits for these areas
(Table 5-21) However, the concentrations of a few congeners, most notably 1,2,3,4,6,7,8-HpCDD;
OCDD, 1,2,3,4,6,7,8-HpCDF (heptachlorodibenzofuran); and OCDF (octachlorodibenzofuran) were
consistently higher in the 1991 sediment samples than 1993 quantification limits Although the dif-
ferences noted between the 1991 and 1993 studies may reflect relanvely lower sediment dioxin and furan
concentrations 1n backwater areas farther removed from the mainstem of the river (consistent with the

results of sediment PAH analyses), differences due to laboratory analytical bias cannot be ruled out.

5.2.6 Butyltin Compounds

Butyltin compounds were detected at sumular frequencies and at relatively similar concentrations in 1991
and 1993 (Table 5-22). Although marnas and port faciities were targeted for sampling fln 1991, the
highest concentrations of dibutyitin (12 4 ug Sn/kg) and tnburtyltin (34 4 ug Sn/kg) were measured at the
1993 backwater station Lewis & Clark NWR (Table 5-22) The highest concentration of monobutyitin
was measured in 1991 1n Longview (50 3 ug Sn/kg)

Although reference levels are not availabie to evaluate the potential environmental significance of the
butyltin data, the concentrations reported are within the range of sediment butyitin concentrations classi-
fied as lightly (3-20 ug Sn/kg) to moderately (20-100 ug Sn/kg) contaminated based on samplhng of
sediments 1n two estuaries 1n Great Britain. In this study, concentrations as high as 3,935 ug Sn/kg for
TBT, 2,964 ug Sn/kg for DBT, and 174 ug Sn/kg for MBT were measured 1n sediments collected from
marinas (Dowson et al 1992). Although the use of organotins 1n anti-fouling pamnts was controlled by
legislation enacted in 1988 1n the U.S. and decreasing trends in water concentrations have been demon-
strated 1n some areas (Huggett et al 1992), sediments in the lower Columbia River appear to harbor



Percent Fines

Percent TOC

2,3,7,8-TCDD
1,2,3,7,8-PeCDD

OoCDD
2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF

QCDF

NR = Not reported.

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

1.2,3,4,7.8-HxCDF
1.2,3.6,7.8-HxCDF
1,2,3.7,8.9-HxCDF
2.3,4,6,7,8-HxCDF
1,2.3,4,6.7,8-HpCDF
1.2,3,4,7.8,9-HpCDF

TABLE 521 COMPARISON OF SEDIMENT DIOXIN CONCENTRATIONS REPORTED FOR
YOUNGS BAY, CARROLLS CHANNEL, AND CAMAS SLOUGH
SAMPLED IN THE 1991 AND 1993

LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
H Youngs Bay (RM 14) Carrolls Channel (RM 68) " Camas Slough (RM 120

" Station D3 Station 1 Station D20 Station 8 IIjtauon D35 Station 13
1991 1993 1991 1993
73.2 95 1
06 21 08s 21
NR o6U || o024 | oeu | o2 | osu |
NR 10U 012 0.8V 013U 07U
NR 12U 031 0.5U 0.4 07U
NR 17U 148 10U 139 11U
NR 1.5U 089 0.6U 10 0.9U
NR 0.9U 54.3 19U 20 3.10
NR 13.2 566 74U 193 8U
| MR 0 6U 207 0.90 294 U
F NR 1 0.17 0 8U 1.14 09U
. 1w 0.28 08y || o018 v
| NR 21U 0 61 10U 299 13y
NR L 9U 025 09U 0 94 11U
NR 27U 055 15U 102 [ 6U
NR 2.3U 016 L1y 022 13U
NR 71U 1.42 a9y 6.46 11U
NR 19U 037 1.2U 1.76 19U
NR 3.5U 12.5 0.9U 16.9 11U

U = Not detected. Value 15 the detection limut.




—
TABLE 5-22 SUMMARY OF SEDIMENT BUTYLTIN DATA,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS

Unuts 1n xg Sn/kg dry sediment

‘ Range l Median
Frequency of Detection Detected Detection Detected
Detection® Limats Concentrations Limits Concentrations
TR, -~ —
Monobutyltin
I 1993 6/15 1.7-3 4 51-14.5 1.7 77
1991 7/10 3350 1.3-50.3 34 27
Combined data 13/25 17-50 2.9-50.3 1.7 51
Dibutyitin |
1993 4/15 2.6 4 6-12 4 26 69
1 1991 6/10 49.75 4.1-88 1 5.1 56
Combmed data 10/25 26-7.5 41-12.4 2.6 6.7
Tributyltin
1993 12/15 32 24-34 4 32 56
1991 510 5.8-8.9 5.8-22.7 6.1 17.0
Combined data 17/25 3.2-89 24-34 4 5.8 64

2 Frequency of detection of mono-, di-, and tn-butyltin at the stations sampled. Fifteen stations were
sampled 1 1993 and ten stations were sampled 1 1991

No reference values are available for the evaluation of these data.
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butyltin compounds and may serve as a reservoir of these contaminants for continued release to the water

column and accumulation by aquatic organsms

5.2.7 Radionuclides

Radionuclhides were generally detected at simular frequencies and concentrations tn 1991 and 1993
(Table 5-23) An exception was americium 241 (Am-241) detected at Skamania Landing in 1993, 1t was
detected 1n only one of three subsamples analyzed The radionuchides detected n both surveys were
cesium 137 (Cs-137) and plutomum 239/240 (Pu-239/240) These show sumilar ranges and median
concentrations (Table 5-23) Differences in the frequency of detection of cobalt 60 (Co-60) and europium

152 (Eu-152) are due to the differences in the detection luynits achieved for the two surveys

The concentration of radionuchides in 1991 sediments from Carrolls Channel and Camas Slough were
simular to or somewhat lower than 1993 detection lumts for these areas (Table 5-24). The greatest
difference was noted for the sediment concentrations of Cs-137 in Camas Slough- 0.25 pCi/g in 1991
0.082 pCiv/g 1n 1993

Although no reference levels are available to evaluate the potential environmental sigmuficance of radio-
nuclide data, the levels measured are sumular to concentrations measured 1n sediments above Hanford,
WA, the largest potenntial direct source of these radionuchdes (Tetra Tech 1993a) The concentrations
measured tn areas removed from direct radionuclide inputs are primarily the resuit of the accumuiation
of fallout from historical above-ground nuciear weapons tesung For example, Beastey et al. (1981)
estimated that only about 4% of the Pu-239/240 in Youngs Bay sediment (which was considered to be
mummaily influenced by sediment input from the Youngs and Lew:s and Clark rivers) was derived from
Hanford operations Beasley and Jennings (1984) estimated that about 20-25% of the Pu-239/240 and
50% of the Cs-137 in sediments behind McNary Dam (directly below Hanford) was derived from
Hanford operations, and the remainder of these radionuchides, plus others such as Am-241 came from
atmosphenic sources. The presence of Co-60 was attributed to operations at Hanford (Beasley and
Jennings 1984) Foliowing the termunation of sigmificant radionuclide input from the old once-through
plutomum production reactors in 1971, sediment radionuchde concentrations have steadily declined due
to radioactive decay, dispersion, transport, and bunal of radionuclides by relatively uncontarminated
sediments (Robertson and Fix 1977).
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TABLE 5-23 SUMMARY OF SEDIMENT RAD[ONUCLE DATA,
1991 AND 1993 LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS
—_—  ——— ————— — v
Unus n pCi/g dry sediment
Range " Median ( )
Radiologic Frequency of Detection Detected Detection Detected
Half-hfe (yr) lw Limits Concentrations Limuts Concentrations
—_—— —————————mmr
Americium 241
1993 458 1/15 0.011-0 026 0 040
1991 0/6 0 003-0 006 ND
Combined data 1721 0 003-0 026 0 040
Cesium 137
1993 30 15/15 -- 0 050-0.176
1991 6/6 - 007-0.29
Combined data 21/21 -- 0 050-0.29
Cobalt 60
1993 5.3 3/15 0.02 0.012-0.022
1991 0/6 0 03-0.05 ND
Combined data 321 0 02-0.05 0.012-0 022
Europium 152
1993 13 0/15 0.2 ND 0.2U ND
1991 2/6 008-0 10 011-0.14 009U 0.125
Combined data 2121 0 08-0.2 0.11-0.14 | 02U 0125
Evropium 154
1993 16 0/15 0.02 ND 0.02U ND
1991 NS - - -- -
Combined data 0/15 002 ND 0.02U ND
Europium 155
1993 18 0/15 005 ND 0.05U ND
1991 0/6 0 07-0.10 ND 009U ND
Combrned data 0/21 Q050 10 ND 005U ND
Plutonium 238
1993 86 0/15 0.007-0 014 ND 0.005U ND
1991 0/6 0 002-0.006 ND 0 002U ND
Combined data 021 0.002-0,014 ND 0.008U ND
Plutonium 239/240 |
1993 24,400/6,580 7/15 0.003-0 009 0.004-0.010 0.004U 0.007
1991 3/6 0 001-0.002 0.002-005 0.001U 0.003
Combined data 10/21 0.001-0.009 0.002-0.010 0.004U 0.005
i
ND = Not detected.
NS = Not Sampled
U = Not detected. Value 15 the detection lumut.
3 Frequency of detection at the stations sampled. Fifteen stations were sampled 1n 1993 and six stanons were sampled n
1991 i b
No reference levels are available for the evaluation of these data



Youngs Bay (RM 14) Carrolls Channel (RM 68) Camas Slough (RM 120)
Station D3 Station 1 Station D20 Station 8 Station D35 Statron 13

1991 1993 1691 1993 1991 1993
Percent Fines 732 951 298 T 43 6 519
Percent TOC 0.6 21 0385 2.1 4 06 15

pCi/g dry sedument
Amencrum 241 NS 0 012U 0 006U 0016U | 003U | 002U
Cobalt 60 NS 0 QU 0.03U 0022 0.05U 0 20U
Cesium 137 NS 0071 J 0.07 0 155 0.25 0082
Europium 152 NS 0.20U f 009U 0.20U 011 020U
Europium 154 NS 0.20u NR 020U NR 020U
Europium 155 NS 0 osu 009U 005U 007 0.05U
Plutonium 239/240 NS 0.007 0 003 0007 0.002U 0.004U
Plutonium 238 NS 0 014U 0.002U oo1u 0 006U 0 008U
(R = Not reported. T -
NS = Not sampled for radionuchides m 1991,
U = Not detected. Value is the detection lumt.
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5.2.8 Sediment Toxicity

Sediment toxicity testing was umplemented as part of the 1993 backwater survey to evaluate the toxicity
of Columbia River sediments using established bioassay protocols, as a tool for interpreting the results
of sediment chermstry analyses. The toxicity tests employed were the solid-phase Microtox- test and the
10-day amphipod (Hyalella azteca) survival test The results of these tests, presented in Section 4.2.8,

are bniefly summarized below

Comparison of the toxicity data to reference guidelines for the two toxicity tests indicates that only
sediments collected from Youngs Bay demonstrated relatively high toxicity (based on the resuits of the
Microtox~ test). A companson of the 95% confidence estimates of the ECsps for the Microtox- results
of the designated reference station (Bachelor Island Slough) with resuits from the other 14 sampling
stations indicated that the relative sediment toxicity was significantly mgher at five stations (Youngs Bay,
Knappa Slough, Lewis & Clark NWR, Camas Slough, and Gary & Flag Islands) The results of a statis-
tical test (Dunnett’s Test) indicated that the mean Hyalella survival at the reference station was not
sigmficantly different (p <0 05) than at any other station. The contrasting results provided by these two
bioassays may reflect the varying sensitivities of the two tests to the contaminants present However, the
relatively low sedunent toxicities shown by these two tests (all but one station with a sediment ECgq of
2% and average 10-day amphipod survival greater than 80% at all 15 stations) suggests that the

significant differences noted from the reference station may be anomalous

Such eguivocal results are typical when sediment toxicity 1s relatively low For example, WDOE
conducted acute bicassays on sediuments coilected from 10 locauons, tnciuding 5 industrial and/or port
facilities (Camas, Vancouver, Kalama, Longview, and [lwaco) and a reference location near Reed Istand.
upstream of {ower river urban and industnai areas (Johnson and Norton 1988) Two test organisms and
exposure times were used (a 4-day Hyalella test and a 48-hour Daphma test). Although at least one of
these areas was shown to have potentially toxic levels of PAHs (the sampling station below Reynolds
Alunmunum 1n Longview, see Section 5.2.3.2 above), none of the sediments tested showed hugher toxicity
than the reference station (Johnson and Norton 1988) The percent mortality of Daphnia was actually
greatest (25 and 30%) 1n the Reed Island reference sediment (Johnson and Norton 1988)

5.2.8.1 Relationship of Sediment Toxicity to Sediment Contaminant Levels. In order to determine the
extent to which the variation in toxicity measured by the Microtox- and Hyalella bioassays could be
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explained by the variation in the sediment parameters, hnear regression analyses were performed using
sediment physical or chemucal parameters as the independent variable The parameters chosen for
analysis were the conventional sediment variables (percent fines, TOC, total solids, TVS, ammomna
mitrogen, TKN, and total sulfides), and the metais detected frequently at al} 15 stations (Al, As, Ba, Be,
Cd, Cr, Cu, Fe, Pb, Hg, Ni, and Zn) Organic contamunants (including butyltin compounds) and
radronuclides were detected too infrequently to be used 1n this analysis, and the detected sediment PAH

concentrations were well below concentrations expected to cause acute toxic effects

There were no sigmficant (alpha=0 05) linear refationships between Hyalella percent survival and any
of the vanables tested (Table 5-25). Normalization of the metals data to sediment alumunum content
resulted 1n an increase in the strength and number of negative correlations with percent survival, but none

of these relationships was statistically sigmficant (Table 5-25)

There were no sigmficant (alpha=0 05) linear relationships between Microtox- ECsy and any of the
vanables tested (Table 5-25) A negative correlation between TVS and sediment ECqy was found
[correlation coefficient (r) of -0 3367] and a coefficient of regression (rz) for TVS vs sediment ECsj
indicated that 11% of the vanance in percent survival was explamned by the regression (Table 5-25)
However, the regression refationship was not sigruficantly different from zero (P=0 2198). A negative
correlation with percent fines was also noted. also not stanisuically sigmficant. The highest correlation
of sediment EC5ns with metals was for lead (r=-0 3359), again not statistically sigmficant. Normali-
zation of the metals data to sediment alumunum content resulted n little change 1n the strength and

number of negative correlations with sediment ECs (Table 3-25).

Although the vanation in measured sediment toxicity could not be attributed to vanation mn the amounts
of individual contargunants or other physical and chemical sediment variables, sedunent concentrations
of several contamnants were measured at levels that exceeded reference values. For exampie, the highest
sedmment concentration of total sulfide (133.9 mg/kg) was measured at Youngs Bay which had the lowest
Microtox- ECsy  Concentrations of copper and cadmium measured in Youngs Bay sediments also
exceeded reference values. The other stations (Knappa Slough, Lewis & Clark NWR, Camas Slough,
and Gary & Flag Islands) where the Microtox- ECsq was significantly different from that of the reference
sediments also ¢ontamned concentrations of copper and cadmium that exceeded reference values The
highest sediment butyltin concentrations were generally measured at the Lewis & Clark NWR station.
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BETWEEN SEDIMENT TOXICITY AND MEASURED SEDIMENT
PHYSICAL AND CHEMICAL VARIABLES

TABLE 5-25 CORRELATIONS AND LINEAR REGRESSION RELATIONSHIPS

'ote  Regressions were performed only for relationships showing a negatrve correlation coefficient greater than (0 30
None of the correlations shown below are sianstically significant (p = 0 05)

A. Sediment variables vs. Hyalella percent survival

corretation correiation
coefficient | r-square P-vaiue coefficient | r-square P-value
% TOC 00160 - - I
l:’/o Fines -0 1624 - --
otal solids -0 2260 - -
TVS 04009 - -
| Ammonta-N -0 0235 - -
Sulfides -0 0978 - - )
TKN 00354 - -~ : g *
Al 02972 - - AlTFe 005219 - -
As 00934 - - AS/AL -0 09841 - -
|Ba 02513 - - Ba/Al -0 06331 - -
Bc 02554 - - [|BeAl 0 00645 - -
{Cd 02747 - - |cdral -0 3565 o12n 0 1921
Cr 03231 - - Cr/Al -0 09531 - -
Cu 01132 - - Cuw/Al -031101 0 0967 02592
Fe 02743 - - Fe/Al -0 04764 - -
Pb -0 2306 - - Pb/Al 03223 01039 02414
Hg 01418 - - Hg/Al -0 29054 - -
(N1 01105 - - INVAL -0 44896 02016 00932
Zn -0 2800 - - Zn/Al -0 42315 01791 0116
B. Sediment variabies vs, Microtox EC-50
correlation correlanon
coeffictent | r-square P-value coefficient | r-square P-vaiue
% TOC -0 0474 - - A )
% Fines -0 3813 01454 01608 | R EREEN ORI SRR
total solids 02818 - -
TVS 03367 | 0t134 | 02198 3 9
| Ammonia-N -0 3543 01255 01951 o RS X CEVRERIN: 2 SIS A
Sulfides 203132 | 00981 02556 § RRTTNS TRCEN YRS
TKN 03557 | 01265 | ot932 |- e T et PRe TR
Al 01295 - - AlFe -0 25223 - -
As -0 1338 - - As/Al -0 13851 - -
Ba 02364 - - Ba/Al 0 16765 - -
Be 00249 - - Be/Al -0 10598 - -
Cd -0 1808 - - Cd/Al -0 16584 - -
Cr 01078 - - Cr/Al -0 05567 - -
Cu 02067 - - Cu/Al 013027 - -
Fe 02014 - - Fe/Al 024893 - -
Pb -03359 01128 02209 |Pb/Al -0 29381 - -
Hg 0 3860 - - Hg/Al 035785 - -
1 03482 - - NVAI 030438 - -
-0 0400 - - Zn/Al -0 07905 - -




The mghest sediment concentration of ammonia mitrogen was measured at Camas Slough, as were the
highest concentrations of 4-methylphenol and bis(2-ethylhexyl)phthalate. Furthermore, the sediment
concentrations of 4-methylphenol, arsemic, iron, lead, nickel, and zinc at this station also exceeded
reference values. Gary & Flag Islands had the highest sediment concentration of TKN, a concentration
of zinc above the reference level, and a cadmum concentration determined to be potentially elevated due

to human inputs

The frequent detection of contaminants in lower niver sediments which exceed reference levels for
protecting benthic orgamusms suggests that sub-lethal effects may occur. Such effects are difficult to
detect using established toxicity testing methods Sediments from locations closer to contaminant sources
may be more toxic, although this was not observed 1n Johnson and Norton's 1988 study for WDOE

5.2.9 Sediment Quality Summary

Potential adverse effects on aquatic hife or wildlife were identified by comparing 1991 and 1993 survey
data to reference levels adopted for this study (Figure 5-38). A number of metals exceeded reference
levels i one or both surveys, including As, Cd, Cr, Cu, Fe, Hg, Ni, Ag, and Zn. Sediment cyamde
exceeded the reference concentration at one station in 1993. Dioxin exceeded the reference level for
protecting fish-eating wildlife at all stations sampled for dioxins and furans in 1991, but not at the 1993
stations. Potentially harmful levels of PAHs were measured at four locations in 1991, but PAH levels
were consistently lower (below reference values) at all 1993 stations Considering the number of stations
sampled, pesticide levels exceeded reference levels relatively infrequently in both surveys. Most
exceedances of pesticide reference levels were for DDT compounds and metabolites, especially p,p’-
DDE.

In general, the sediment sampling objectives of the 1993 backwater survey were satisfied. The initial
1991 sediment quality data base was extended to additional fine-gramed backwater areas along the lower
nver The sampling results for the 1991 reconnaissance survey at three sampling locations also sampled
in 1993 generally confirmed the original analytical results with the possible exception of a few dioxin and
furan congeners. The toxicity of the sediments sampled was also evaluated, and an attemnpt was made
to relate the variation in sediment toxicity to the variation in measured sediment contaminant levels.
However, the seduments did not appear to be acutely toxic (based on comparison to reference levels),
although significant differences between reference station toxicity and toxicity measured at other stations
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Figure 5-38. Lécations of Concern, Because Samples
E?cceeded Sediment Reference Values for
the 1991 and 1993 Lower Columbia River
Rgconnaissance Surveys.
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were noted The variation in toxicity couid not be explained by vanation 1n individual contaminant levels

or other sediment variables

With the exception of sediment metals, the concentrations of contaminants detected n lower Columbia
River sediments did not appear to be consistently elevated in the relatively finer-grained backwater
sediments. The use of metal normalization techmques to account for the general association of trace
metals with fine sediment revealed potential anthropogenic elevation of several metals in both fine
backwater sediments (e g , arsemc) and In relatively coarse-grained mainstem sediments (e.g , copper)
Although sediment organic carbon content was found to be related to at least a few semu-volatile PAH
compounds, the highest PAH concentrations did not occur in backwater areas with relatively higher TOC,
but 1n the vicinty of urban and industnal sources of these compounds Pesticides were detected
infrequently throughout the study area in both surveys at relatively low concentrations, probably due to
diffuse inputs from agricuitural sources located in upper and lower niver tributary basins as well as local
nearshore sources. PCBs were also detected infrequently, the highest sediment PCB concentration was

measured near urban and industrial sources of these compounds near Longview.

A more Itmuted number of locations have been sampled for dioxins and furans, butyltin compounds, and
selected long-lived radionuclides. Dioxin and furan concentrations measured in backwater areas in 1993
were lower than those reported 1n 1991 In general, the highest concentrations of dioxins and furans
occurred helow bleach kraft puip and paper mulls that are known sources of these compounds Although
butyltin compounds were detected relatively frequently 1n 1991 and 1993, the potential environmental
significance of these concentrations cannot be determined and may warrant further study The selected
long-lived radionuchdes analyzed n the 1991 and 1993 surveys were generally detected infrequently
Although the potential environmental significance of the levels detected cannot be assessed, the maximum
concentrations measured are generaily lower than or simular to concentrations measured above
Hanford—the largest potential direct source of these radionuclides in the river basin.

5.3 CRAYFISH AND FISH TISSUE QUALITY

Human-introduced contarmnants in the aquatic environment are of concern because of possible human
health nsks from consuming contaminated fish and shellfish, and possible risks to wildlife from con-
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suming contarmnated prey There 1s also concern that aquatic species themselves may be impaired by
the accumulation of toxic chemucals 1n tissue  For example, Lemly (1993) determined that accumulations

of selemum 1n freshwater and anadromous fish could cause adverse health and reproductive effects

There 1s some evidence that fish-eating wildlife in the lower Columbia River have experienced adverse
effects due to the consumption of contaminated prey species. For example, Henny et al. (1981) found
elevated leveis of PCBs and organophosphorus pesticides in munk (Mustela vison) and otters (Lutra
canadensis) collected along the lower Columbia Ruver and suggested that population declines of these
spectes might be attnibuted to reproductive failure from consuming PCB-contarminated fish Impaired
reproductive success of predatory birds from accumulated organochlorine pesticides has been documented
mn .any areas of the United States Anthony et al (1993) have suggested that the relatively iow breeding
success of bald eagles in the Columbsa River estuary 1s due to the accumulation of DDT, PCB, and dioxin
and furan compounds from contarinated prey species These prey species may be smaller migratory
birds (exposed to current uses of DDT in Central and South America) or fish species such as largescale

sucker, American shad, common carp, and peamouth.

Whole-body composite samples of crayfish (Pacifastacus lemusculus), largescale sucker (Carostomus
macrochetlus), and common carp (Cyprinus carpio) were collected for the 1991 and 1993 reconnaissance
surveys Whole-body composite sampies of peamouth {Mylochellus caurinus) and filet sampies of white
sturgeon (Acipenser transmontanus) were also collected for the 1991 reconnaissance survey For

comparative purposes, however, only those species collected for both surveys will be discussed

Due to the limited number of reference values available to assess potential adverse effects on aquatic
orgamsms and wildlife, compansons of reconnaissance survey data with contaminant levels measured in
national studies as well as additional data for the lower and middle reaches of the Columbia River and
major lower river tributaries (available from U.S EPA’s STORET database) are provided.

The national studies used for compansons include the following, listed by the reference format used in
thus report:
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Measurements of metals and pesticides in freshwater fish reported by

May and McKinney 1981

Schrmutt et al 1981

Lowe et al 1985

Schnutt et al. 1985

Schmutt et al 1990

USFWS-NCBP- the National Contaminant Biomonitoring Program of the U.S. Fish and

Wildhfe Service; previously known as the National Pestictde Montoring Program
(Schmutt and Brumbaugh 1990)

Measurements of metals and orgamnc contamunants in freshwater fish (and a limited number of shelifish

and marme fish species) conducted by:

. EPA-NSCRF: the National Study of Chemical Residues in Fish of the U.S. Environ-
mental Protection Agency (U S. EPA 1992d); previously known as the National Bio-
accumulation Study (U.S. EPA 1991a)

5.3.1 Conventional Parameters

The conventronal parameters measured n the 1991 and 1993 reconnaissance surveys are considered
important vanables that are related to contanunant accumulanion in aquatic biota. Fish age and/or size
(e.g., length or weight) has been used to expiain variation 1n levels of trace metals (Evans et al. 1993)
and DDT (Gnesbach et al. 1982) 1n aquatic orgamsms Percent lipid content has been used to expiain
vanation mn contaminant levels 1n aquatic organisms (Pereira et al. 1988, Lake et ai. 1990); it is an
umportant component of equilibrum partittoning models of contarminant accumulation in benthic orga-
nusms and bottom-feeding fish (Thomann 1981; Thomann et ai. 1992; Gobas 1993). However, some
studies have not found a consistent relationshup between comtamunants and the lipid content of some
orgamsmis (Bierman 1990; Opperhuizen and Sijm 1990; Borgmann and Whittle 1992). Factors which
may complicate this relationship include translocation and storage of contaminants 1n specific tissues, non-
equilibnum conditions, variation 1n prey contaminant concentration or feeding habits, age and/or body
size variation, excretion and/or biotransformation of contaminants, and inhibition of contamunant uptake
due to solubulity factors (e.g., steric hindrance).
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The 1991 and 1993 survey data for wet weight, length, and tissue lipid content are examined to answer
the following questions 1) did these vanables differ between 1991 and 1993 in the two species sampled
frequently (crayfish and largescale sucker), 2) were length or weight vanables related to lipid content,
and 3) did lipid content differ significantly among species sampled

5.3.1.1 Dufferences in Conventional Parameters Between the 1991 and 1993 Reconnaissance Surveys.

Crayfish--The average weights of the crayfish 1n composite samples for the surveys ranged from
27.7 t0 92.1 g and lipid concentrations ranged from 0.6 to 2.2%. The difference between the average
crayfish weights and the average lipid concentrations for the composite samples collected in 1991 and
1993 varied only slightly and were not sigmificantly different (Student’s t-test; P=0 3735 and P=0 3735,
respectively). Therefore, 1t 1s assumed when comparing pollutant data from the two surveys that the

crayfish analyzed were roughly the same ages

Largescale Sucker—The average weights and lengths of the largescale suckers in composite
samples collected for the two surveys ranged from 309 5to 1,153 g and 25.2 to 53 1 cm, respectively.
Lipid concentrations ranged from 0 6 to 8.4%. The difference between the average largescale sucker
weights, lengths, and lipid content for the composite samples collected in 1991 and 1993 did not
substanually vary and were not sigmficantly different (Student’s t-test, P=0 1926, P=0 1919, and
P=0 0546, respectively) Therefore, based upon tength-age data presented in Table 4-18, it 15 assumed

that largescale suckers collected for the two surveys were silar ages.

Common Carp--The average weights and lengths of the carp composite samples collected for the
two surveys ranged from 378 to 3,275.2 g and 31.2 to 53 1 cm, respectively. The lipid content ranged
from 2.3 10 6.5% The difference between the average weights, lengths, and lipid content for the carp
composite samples collected in 1991 and 1993 were not sigmficantly different (Student’s t-test;
P=0 1834, P=0.0774, and P=0.7828, respectively). As weight and length did not substantially vary
between samples collected for the two surveys, it 1s assumed that carp were sumilar ages.

5.3.1.2 Relationships Among Weight, Length, and Percent Lipid. Average individual weights and
lengths in composite samples, and composite percent lipid content from the two surveys were combined
for each of the three species sampled. Linear regression analysis was used to determine if there were
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sumple relationships between the averages of length and weight, lipid and fength, and lipid and weight
for each species sampled Staustically significant relationships were found for length vs. weight (log-
normalized) for both fish species (largescale sucker, =0 8635, P<0 001, carp, 2=0.91 19, P<0.001)

However, no statistically significant hinear relationships were found between liptd and weight or lip:d and

length for any spectes

5.3.1.3 Differences in Percent Lipid Among the Species Sampled for the Two Reconnaissance Surveys.
Statistically sigmificant differences 1n mean lipid content of the three species collected for the 1991 and
1993 surveys were found (ANOVA, P<0001) To determune statistically significant differences 1n
_ whole-body lipid content among the pairs of species sampled, a Student-Newman-Keuls (SNK) test was
performed The lipid content of carp and largescale sucker was sigmficantly higher than that of crayfish,
but the lipid content of carp and largescale sucker was not sigmificantly different.

5.3.2 Metals

The following discussion will focus on 1) differences in metal concentrations measured among the three
species, 2) comparison of these metal concentrations to metal concentrations measured in national studies,
and to additional STORET data, and 3) possible relationships between conventional variables and the
tissue concentrations of metal \

5.3.2.1 Comparison of 1991 and 1993 Reconnaissance Survey Results, Comparison with Historical
Data, and Comparison with Criteria. All metals were detected 1n biota samples analyzed for both
surveys except antimony and selenium, which were not detected 1n any of the 1991 samptes (Table 5-26).
Antimony and selemum were detected in 1993 samples due to the lower detection limits achieved by the
laboratory for these metals 1n this survey Sample analysis for chromium was added 1n 1993 backwater
survey, so no comparisons can be made for this metal. Ail concentrations are reported on a wet weight
basis.

Antimony—~Antimony was detected 1n six crayfish samples 1n the 1993 survey at concentrations
ranging from 0 012 to 0 018 mg/kg (Table 5-26) Antumony was not detected in any other biota samples
collected for either survey, which suggests that this metal occurs at relatively higher concentrations 1n
crayfish than the other species sampled. The concentrations measured in 1993 samples were below the
lower limit of detection repotted by the laboratory mn 1991 (0.20 to 4.05 mg/kg), indicating that detection
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TABLE 5-26 METALS DETECTED IN FIVE SPECIES COLLECTED FOR THE LOWER COLUMBIA RIVER
RECONNAISSANCE SURVEYS, 1991 AND 1993”

(Page 1 of 2)

Crayfish Largescale Sucker Carp Peamouth b White Sturgeon ®
1991 1993 1991 1993 1991 1993 191 1991

Metal Units N=20 N=15 N=1]8 N=16 N=8 N=2 N=10 N=17
Antimony

Concentration range mg/kg c 0012-0018 c c c c c c

Concentration range (1991-1993) mg/kg NA NA NA NA NA

Frequency of detecuion 6135) 0134 ©710) 0/10) /71N
|Arsenic !

Concentration range mg/kg c 0036 c 0 385 [ c c 027-186 ‘

Concentration range (1991-1993) mg/kg NA NA NA NA NA

Frequency of detection (1/35) (1734) 110y ©/10) ann
Barium

Concentration range mg/kg 060-35 85-472 11-54 034-35 13-34 10-12 19-42 [

Concentration range (1991-1993) mglkg 060-472 0M-54 10-34 NA NA

Frequency of detection (35/135) (34734 10/ 10) (10/ 10) ©/17)
\Cadmium

Concentration range mg/kg 002-013 0021-0053] 002-006 00100066 | 003-035 0033-0039] 002-008 002-004

Concentration range (1991-1993) mg/kg ©002-013) (0 010 - 0 066) 003 -0135) NA NA

Frequency of detection (34/133) (34734) {10/ 10) {10/ 10) /17
Chromium

Concentration range mg/kg d 0035-0095 d 0043 -0 527 d 0078 d d

Concentration range (1991-1993) mg/kg NA NA NA

Frequency of detection (15/1%) 16/ 16) an
rower

Concentration range mg/kg | 1794-4640 149-311 070-123 039-123 120-18 076-126 | 090-2781 045-050

Concentration range (1991-1993) mg/lg (14 9- 46 40) 03¥¥-123) 076-182) NA NA

Frequency of detection (351 135) (34/39) 10/ 10) (10/10) Q/mn
Lead

Concentraticn range mg/kg | 001-005 009-0444) 004-08 O0106-0507] 002-02) 0116-0173] 005-135 001-112

Concentration range (1991-1993) mg/kg {0 01 -0 444) (004 -0 86) 002-023) NA NA

Frequency of detection (30 /135) 28/34) (10 / 10) (10710) {16 / 17)
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TABLE 5-26 METALS DETECTED IN FIVE SPECIES COLLECTED FOR THE LOWER COLUMBIA RIVER
RECONNAISSANCE SURVEYS, 1991 AND 1993

(Page 2of 2)
Crayfish Largescale Sucker Carp Peamouth White Sturgeon
1991 1993 1991 1993 1991 1993 1991 1991

{Metal Units N=20 N=15 N=18 N=16& N=§ N=2 N=10 N=17
Een:ury

Concentration range mg/kg 10014-0078 0029-008110022-0137 0100-0264 | 0056 - 0 166 0 145 0054 - 0230 0021-0521

Concentration range (1991-1993) mg/kg (0 0t4 - 0 081) (0022 - 0 264) (0 056 - 0 166) NA NA

Frequency of detection f (32/135) (34 /34) (9/10) (10 /10y (14717
[Nickel

Concentration range mghg | 101-123 024-133 096-1136 013-226 F117-1729 078 197-342 0 59

Concentratton range (1991-1993) mg/kg 024-133) ©13-226) 078-1729) NA NA

Frequency of detection (167 35) ©/34) “/10) 21/10) (/717
ISelenium

Concentration range mg/kg c 0044 - 0 047 c 0040 - 0 207 c 0093 c c

Cotxentration range (1991-1993)  mg/kg NA NA NA NA NA

Frequency of detection (/135 6/34) (1710) /10 0/17)
§Silver

Concentration range mg/kg | 034-154 0018-0103 c 0 005 - 0 006 c 0 004 - 0 005 c 023

Conceniration range (1991-1993) mg/kg (00I8-154) NA NA NA NA

Frequency of detection 30/ 35) (2/34) 2110) ©710) (1/17)
wzmc

Concentrafion range mghkg | 202-388 246-833 173-980 123-2376 | 7185-1337 296-921 227-442 23-160

Concentration range (1991-1993) mg/kg (202-833) (123-980) (296-921) NA NA

Frequency of detection (35739 04139 (10/10) 107 10) (15717

d Compound was not analy

NA Not Applicable

a Concentrations are reported on a wet weight basis
b Samples were not collected for 1993 study
¢ Compound was not detected in any sample




of this metal in 1993 was due to the lower detection lumits achieved Antimony was not detected at the

stations in both surveys except in one 1993 crayfish sample from Camas Slough (Table 5-27)

Antimony was not measured mm USFWS-NCBP or EPA-NSCRF, so no companson of antimony
concentrations with national studies 1s possible However, limited data were available m STORET for
biota sampled 1n the lower Columbia and the four major lower river tributaries. The geometric mean
based on half the reported laboratory detection lumut for values reported below detection 1s the most
appropriate statistic for companison of these data These geometric mean concentrations of antumony were
0.091, 0 110, and 0.054 mg/kg tn the reconnaissance surveys, lower Columbia STORET data, and
Willamette River STORET data, respectively (Table 5-28) Antimony was not detected in the single
samples collected from the Cowlitz, Kalama, and Lew1s nivers reported in STORET No reference levels

are currently availablie for comparison with reconnaissance survey data

Arsenic-Arsenic was detected infrequently in tissue samples for the 1991 and 1993 surveys

(Table 5-26). The highest concentrations were measured in white sturgeon sampled 1n 1991 (0.26 to 1.86
mg/kg), although relatively lower concentrations were also measured in one crayfish and one sucker
sample analyzed 1n 1993 (0 036 and 0.385 mg/kg measured in samples collected from Scappoose Bay and
Svensen Island, respectively) These measurements suggest that arsemic may occur at lugher concen-
trations 1n sucker (0 385 mg/kg) than in crayfish (0 036 mg/kg) The detection of arsenic wn fish for the
1993 study was likely due to the lower detection limuts (G 033 to 0 046 mg/kg) compared to 1991 (0 24
to 0 64 mg/kg). Arsenic was not detected mn any sample from the stations sampled i both years
(Table 5-27)

Arsenic was measured m USFWS-NCBP 1n 1984; the geometric mean arsenic concentration tn aquatic
biota collected nationwide was 0.14 mg/kg (Table 5-28). Arsenic was detected in only mne percent
of reconnaissance survey tissue samples, with a geometric mean concentration of 0.108 mg/kg, simlar
to that obtaned in USFWS-NCBP Data on the arsenuc content of biota in the lower and muddle
Coiumb{; Ruiver and lower river tnibutaries were also available in STORET. The geometric mean
concentranons of arsenic were 0.064, 0.380, and 0 078 mg/kg 1n the lower Columbia, muddie Columbia,
and Willamette rivers, respectively (Table 5-28). Arsenic was not detected 1n the single samples collected
from the Cowlitz, Kalama, and Lewis rivers reported in STORET Overall, the concentrations of
arsenic detected in biota collected for the reconnaissance surveys do not exceed typical background
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Metal

Antimony
Arsenic

{{ Bannum

Cadmium
Chromum
Copper
Lead
Mercury
Nickel
Selenum
Suver

Zinc

I TABLE 5-27 COMPARISON OF TISSUE METAL CONCENTRATIONS REPORTED
FOR CARROLLS CHANNEL AND CAMAS SLOUGH 1991 AND 1993
LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS

Carrolls Channel Camas Slough
[ Crayfish Largescale Sucker Crayfish Largescale Sucker 4“
Station D20 | Station 8 | Station D20 | Station 8 || Station D35 | Station 13 | Station D35 | Station 13
1991 1993 1991 1993 1991 1993 1991 1993
I 4 05U 09012U 0.32U 00120 178U 0.015 0.25U 0.012U
0.54U 0 035U 0 42U 0 037U 024U 0 036U 0 33U 0 035U I
35 356 25 140 1.0 30.9 14 327
008 0.0004U 004 0 046 0.02 0030 003 0 059
NA 0.088 NA 0.080 NA 0.068 NA 0 389
27.0 14.9 1.04 0.73 26.17 194 0.91 119
003U 0.174 0.20 0 161 0.01 0.134 002U 0.285
0022 0.08! 0.072 06222 0.056 0129 0 070 0 165
0 95U 0.29 0.74U 0.10U 102 0.54 0.96 088
0.54U 0.035U 042U 0 040 0 24U 0.036U 0 33U 0 035U
1.54 0 004U 0.19U 0 004y 06l 0.041 D 15U 0 004U
297 31.9 23.4 200 27.4 291 199 18.9
— . —

- L
Values presented are mg/kg wet weight.

U = Not detected Value 13 the detection limut,
NA = Not analyzed.
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concentrations found nationwide No reference levels are currently available for comparison with

reconnaissance survey data

Barium-—-Barium was detected 1n all species sampled for the two reconnaissance surveys, except
white sturgeon (Table 5-26) This 1s likely due to the natural occurrence of barium in bone and
connective tissue which comprised a significant portion of the whole body samples of crayfish, sucker,
carp, and peamouth, but was excluded 1n the white sturgeon filet samples Barmum concentrations in the
fish sampies were relatively similar and ranged from O 34 to 4 2 mg/kg, except crayfish in the 1993
survey, which had a higher barium content, ranging from 8 § to 47 2 mg/kg (Table 5-26)

The mean barium content of sucker was sigmficantly lower (ANOVA, P<0.05) in 1993 than 1991,
barium concentrations n crayfish were significantly higher (ANOVA, P<0 001) 1n 1993 than 1991
(Table 5-29) Combimung the data for 1991 and 1993 resulted 1n significantly higher concentrations of
barium 1n crayfish than other species sampled (Table 5-29) The difference in the mean barium
concentration of crayfish analyzed for both surveys was quite different (29 8 vs 14 mg/kg). Possible
reasons for such large differences include seasonal or temporal vanation, and differences in sampling
locations (backwater vs. mainstem). As the size and lipid content of the crayfish was similar between

1991 and 1993, these factors do not explain the differences observed

Barium concentrations in crayfish samples were more than 10 tumes higher in 1993 for the two stations
sampled mn both years For sucker samples, the relationship between 1991 and 1993 was not consistent
at these stations (Table 5-27)

Barium was not measured in USFWS-NCBP or EPA-NSCRF, so no comparison of the barium
concentrations with national studies is possible. Furthermore, no data on barium concentrations were
available in STORET No reference levels are currently available for companson with reconnaissance

survey data.

Cadmium—Cadmium was detected 1n almost all of the tissue samptes collected tn both surveys.
Although the concentrations of cadrmium measured in the various species were generally similar (0.01 to
0 13 mg/kg) the highest concentration was measured in a 1991 crayfish sample from RM 50 5 near
Clatskanie (Table 5-26).
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TABLE 5-29 ANALYSIS OF VARIANCE OF METALS CONCENTRATIONS IN CRAYFISH AND LARGESCALE

SUCKER SAMPLED IN THE LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS, 1991 AND 1993

811-¢

mg/kg wet weight
Number of Barwum Cadmum Chremium Copper Lead Mercury Zmnc
Samples Mean SD ] Mean SD | Mean  SD Mean SD Mean  SD | Mean  SD Mean  SD

1993-Crayfish 13 298 105 1 0034 0014110075 0018} 220 46 0157 0093 | 0047 0015 383 152
1993-Sucker 13 155 094 § 0035 0017)] 0.14 0.13 078 023 | 0128 0138} 0162 0053 181 33
1991-Crayfish i8 143 072 1 0072 0025 | n/m - 301 78 0021 0012 j 0034 0021 68 45
£991-Sucker 13 273 104 j 0038 0013} n/m - 099 017 | 0179 0201 | 0081 0033 | 298 249
993 + 1991-Crayfish k1 133 157 § 0056 0028 - - 267 77 0078 0091 | 0039 0020 N6 17
1993 + 1991-Sucker 31 223 114 | 0037 0015 - - 0 %0 022 | 0158 0177 { 0115 0058 | 249 197
JANOVA Results (P-values)®
1993-Crayfish vs Sucker 9.20E-10 093 on 1.22E-14 054 7.62E-08 8.80E-05
1991-Crayfish vs Sucker 1 16E-4 1.C0E-05 - 2.96E-17 2.20E-03 1.40E-05 0 61
1993 + 1991-Crayfish vs Sucker 2 28E-04 1.10E-03 - 1.23E-26 0.03 4.87E-09 011
1991 vs 1993-Crayfish 2.40E-12 3 GOE-05 - 0.0024 1.40E-06 00711 0.0046
1991 vs 1993-Largescale Sucker 0.0030 054 - 0.0080 04170 1.04E-05 0 1030

SD = Standard deviation

In/m = Chromium was not measured in the aguatic biota samples collected m 1991
*Reported ANOVA results are the probabiluy value that the null hypothests (means are equal between two populations) 1s true
For P-values less than 0 05, the means are considered 1o be significanily different  The significant P-values are shown 1n bold type
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The cadmuum content of 1993 crayfish samples was signuficantly lower (ANOVA, P <0 001) than it was
n 1991 (Table 5-29) There was no significant difference in cadmium concentrations in sucker samples
between 1991 and 1993 (Table 5-29) The combined crayfish data for both years was significantly higher
in cadmium (ANOVA, P<0.001) than the combined sucker data (Table 5-29).

Cadmium concentrations in crayfish and sucker remained simular at the two stations sampled 1n both
years, except for crayfish samples from Carrolls Channel (Table 5-27). In 1991, this concentration
was 0 08 mg/kg mn 1991, but 1n 1993 the concentration of cadrmium was below the detection limit of
0 0004 mg/kg.

Cadmium was measured 1n biota sampies collected for USFWS-NCBP The geometric mean cadmum
concentration of these sampies was 0 03 mg/kg Cadmuum was detected in 77% of the samples collected
for the reconnaissance surveys at a geometric mean concentration of 0.034 mg/kg. Cadmium was also
detected frequently in STORET (Table 5-28). The geometric mean cadmium concentrations of samples
collected 1n the lower and middle Columbia and reported in STORET were 0 034 mg/kg and 0 024
mg/kg respectively Geometric mean cadmium concentrations measured in lower river tributary biota
sampies were 0.016 and 0.200 mg/kg for the Willamette and Lewis Ruvers, respectively Overall,
cadmum concentrations detected i1n the reconnaissance surveys are sumlar to those measured 1n other
reaches of the Columbia River and to concentrations measured nationwide No reference levels are

currently available for companson with reconnaissance survey data

Chromium—Chromium was not measured in 1991 tissue sampies, so companisons are limed
to the three species collected in 1993 Chromium was detected 1n all samples except one carp sample
(Table 5-26). Concentrations ranged from 0.032 to 0.527 mg/kg and the highest concentration was
measured 1n a sucker sample from Camas Slough. The concentration of chromium 1n crayfish and sucker
samples was not significantly different (ANOVA, P> 0 05) (Table 5-29).

Chromum was not measured in exther USFWS-NCBP or EPA-NSCRF, so no companson with national
studies 1s possible. However, comparisons were made between STORET and the reconnaissance survey
data. The geometric mean chromium concentration of STORET samples collected 1n the lower Columbia
Ruver was 0.112 mg/kg. For the Lewis this figure was 0.030 mg/kg, and for the Cowlitz 1t was 0.471
mg/kg. Chromium was not detected 1n the two samples collected in the muddle Columbia River above
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a detection hmut of 0 030 mg/kg The geometric mean concentration of the reconnaissance survey data,
0 087 mg/kg, 1s within the geometric mean concentrations measured m other reaches of the Columbia

(Table 5-28) No reference levels are currently available for comparison with reconnaissance survey data.

Copper—-Copper was detected tn all crayfish and fish samples except white sturgeon samples, for
whuch 1t was detected 1n only 12% of the samples Concentrations ranged from 0.70 to 46.40 mg/kg 1n
1991 and from 0 39 to 31.1 mg/kg in 1993. The concentrations measured in crayfish were much higher
{14.90 to 46.40 mg/kg) than those measured n other species (Table 5-26) Crayfish contain naturally
higher concentrations of copper due to the presence of the respiratory pigment hemocyammn, a large
copper-contaiming protein that 1s used n the transport of oxygen in species of decapods and other
crustaceans (Eckert and Randall 1978, Rainbow 1988; Van Hattum et al. 1991).

The copper concentration n crayfish was sigmficantly lower (ANOVA, P<(.05) in 1993 than in 1991
(Table 5-29). The copper concentration 1n sucker was also sigmficantly lower (ANOVA, P<0.05) in
1993 vs. 1991 (Table 5-29)

The copper content of crayfish was sigmficantiy higher (ANOVA, P <0 001) than that of sucker in 1991,
1993, and for combined 1991 and 1993 data (Table 5-29). The mean concentration of copper in crayfish
sampled in 1991 and 1993 was 26 7 mg/kg and the mean concentration wn largescale sucker was
0 90 mg/kg As stated above, this difference 1s due to the presence of hemocyamn in crayfish

The copper concentration in crayfish was shightly gher in 1991 at the two stations sampled in both

years For sucker the relationshup was not consistent (Table 5-27).

Copper was measured in USFWS-NCBP, with a geometnic mean concentration of 0 65 mg/kg. Copper
was detected in 89% of the samples collected for the reconnaissance surveys at a geometric mean
concentration of 2.64 mg/kg. Copper was also frequently reported in STORET (Table 5-28); geometrnic
mean copper concentrations of 0.97 mg/kg and 1.00 mg/kg were reported for the lower and muddle
Columbia respectively. For the Lewis the figure was 0.002 mg/kg and for the Cowlitz, 1.075 mg/kg.
The relatively high geometric mean copper concentration calculated for the reconnaissance survey data
is likely due to the inclusion of crayfish, which have been shown to have elevated copper concentrations.

No reference levels are currently available for comparison with reconnaissance survey data.
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Lead--Lead was detected 1n 89% of the samples collected for the two reconnaissance surveys
(Table 5-26) Concentrations ranged from 0 01 to 0 86 mg/kg 1n 1991 and from O 048 to 0.376 mg/kg
in 1993 Considerable vanation in the measured lead concentrations can be seen both among the species

sampled and for the same species sampled between 1991 and 1993

The mean lead concentration measured 1n crayfish was sigmficantly higher (ANOVA, P<0 001) 1n 1993
than 1n 1991 (Table 5-29) 0 157 mg/kg and 0 024 mg/kg respectively The lead concentrations measured
in sucker were not significantly different (ANOVA, P>0.05) between 1991 and 1993

The concentrations of lead measured in crayfish vs sucker were not significantly different i 1993, but
were m 1991 (ANOVA, P<0.001) and for the combined data (ANOVA, P<0 05); the lead concentra-
tion of sucker was sigmficantly higher than that of crayfish in these two data sets The mean concen-
trations of lead in crayfish and sucker averaged 0.08 and 0 16 mg/kg, respectively, for the combined
data

Lead concentrations in 1993 crayfish and largescale sucker samples were generally higher than 1991
measurements at the two locations sampled both years (Table 5-27).

Lead was reported in USFWS-NCBP, with a geometric mean concentration of O 11 mg/kg Lead was
also frequently reported in STORET (Table 5-28). The geometric mean lead concentration for the lower
Columba was 0.049 mg/kg and for the muddie Columbia was 0 068 mg/kg. For the Willamette the
figure was 0 068 mg/kg, and for the Cowlitz, 0 947 mg/kg. The geometric mean concentranion for the
reconnaissance surveys was 0.064 mg/kg, which 1s lower than the national figure and simuiar to that
measured 1n other reaches of the Coiumbia. No reference leveis are currently available for comparison

with reconnaissance survey data.

Mercury—Mercury was detected frequently in all species sampled (Table 5-26). Detected concen-
trations ranged from 0.014 to 0.264 mg/kg. The concentration of mercury 1n crayfish was not signifi-
cantly different (ANOVA, P> 0 05) between 1991 and 1993 (Table 5-29). However, the mercury content
of sucker was significantly higher (ANOVA, P<0 001) in 1993 than 1991 (Table 5-29). Mean mercury
concentrations in sucker sampies were 0.162 in 1993 and 0.081 mg/kg in 1991.
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The mercury concentration of sucker samples was also sigmificantly higher (ANOVA, P<0 001) than that
of crayfish samples in both years and for the combined data (Table 5-29). The combined average

concentration of mercury 1n crayfish was 0 04 mg/kg and 1n sucker, 0 11 mg/kg

The mercury concentration in suckers was slightly higher in 1993 at the two stations sampled in both

years For crayfish the relationship was not consistent (Table 5-27).

Mercury was reported in both USFWS-NCBP and EPA-NSCRF. The geometric mean concentration
of mercury 1n USFWS-NCBP was 0.10 mg/kg, somewhat higher than the geometric mean of the
reconnaissance survey, 0.067 mg/kg. The median mercury concentration reported in EPA-NSCRF was
0.170 mg/kg, also somewhat higher than the reconnaissance survey median of 0.071 mg/kg. Mercury
was also frequently reported in STORET (Table 5-28) Geometric mean mercury concentrations were
0.109 mg/kg 1n the lower Columbia and 0.077 mg/kg 1n the middle Columbia. The geometric mean for
the Kalama was 0.010 mg/kg, and for the Lewis 4 00 mg/kg.

Mercury critena have not been promulgated for the protection of fish-eating wildlife. A reference value
of 5.0 mg/kg has been proposed for the maximum concentration of mercury in fish tissue [brook trout
(Salvelinus fonninalis)] (Eisler 1987). The denvation of this value was not provided and cannot be
evaluated, so 1t will not be considered further.

Nickel--Nickel was detected more frequently 1n 1993 than i 1991. The difference may be
attributed to the much lower detection lumts achieved by the laboratory in 1993: 0.09 mg/kg as opposed
to 0.43 mg/kg for 1991. Concentrations ranged from 0 13 to 17 29 mg/kg; the majoniry of the samples
analyzed had concentrations beiow 2.0 mg/kg.

No consistent relationship was noted for mckel concentrations in crayfish and sucker samples at the two
stations sampled in both years (Table 5-27)

Nickel was not measured in USFWS-NCBP or EPA-NSCRF, so no comparison of nickel concentrations
with national studies is possible. However, nickel was reported in STORET, geometric means for
samples collected from the lower Columbia (0.202 mg/kg), the Willamette (0.411 mg/kg), the Lewis
(0.200 mg/kg), the Cowlitz (0.200 mg/kg), and the Kalama (0.300 mg/kg) are similar to the
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reconnaissance survey geometric mean of ¢ 369 mg/kg (Table 5-28). No reference levels are currently

available for comparison with reconnaissance survey data

Selenium—Selemum was detected 1n 33% of 1993 samples (Table 4-19), with concentrations
ranging from 0 040 to O 207 mg/kg Selemium was not detected i 1991 samples, however, probably due
to higher detection Itmuts, which ranged from 0 033 to 0 046 mg/kg 1in 1993 compared to 0.24 to 0 64
mg/kg 1n 1991.

Selemum was not detected in crayfish or sucker samples at either of the stations sampied 1n both years,
except for one Carrolls Channel sucker sample (Table 5-27)

Selentum was reported in USFWS-NCBP, with a geometric mean concentration of 0.42 mg/kg. Selenium
was frequently reported in STORET (Table 5-28) The geometric mean selenium concentration of
samples collected from the lower Columbia was 0 178 mg/kg and from the muddle Columbia, 0.437
mg/kg For the Willamette, the figure was 0 164 mg/kg. Selenium was not detected in the single
samples reported in STORET for the Cowlitz, Kalama, and Lewis Rivers. The geometric mean for the
reconnatssance survey data was 0 107 mg/kg, lower than the geometric means of samples collected

nationwide and from other reaches of the Columbia.

Selemum cnitena have not been established for the protection of benthic aguatic life or piscivorous
wildlife However, Lemly (1993) has suggested a biologicai effects threshold for the health and
reproducuve success of freshwater and anadromous fish of 4 mg/kg (whoie-body, dry weight). No
crayfish of fish samples were found to exceed this value. The highest selenium concentration measured
was 0.207 mg/kg wet weight for a largescale sucker. Assumung a 25% solids value, the dry weight
concentration would be 0.828 mg/kg, well below the suggested reference level.

Silver— Silver was detected infrequently in fish samples analyzed from both surveys Silver was
detected 1n the majonty of crayfish sampies coliected: 830% in 1991 and 93% in 1993. Although the
frequency of detection for silver in crayfish samples was similar between the two surveys, the detected
concentrations differed substantiaily Concentrations reported in 1991 ranged from 0.34 to 1.54 mg/kg
compared to 0 018 to 0.103 mg/kg in 1993. Detection limits achieved for the 1993 survey were
substantially lower than in 1991 and the concentrations detected in largescale sucker and carp in 1993
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were below the lower limus of detection reported for the 1991 survey (Tables 4-19 and 5-26) Silver

concentrations measured in sucker and carp samples ranged from 0 004 to 0 006 mg/kg

Silver in crayfish samples was higher in 1991 at the two stations sampled in both years. Silver was not
detected 1n sucker sampies for either year at these stations (Table 5-27).

Silver was not measured in USFWS-NCBP or EPA-NSCRF, so no comparison with national studies 1s
possible.  Silver was not reported in STORET. No reference levels are currently available for

comparison with reconnaissance survey data.

Zinc—Zinc was detected 1n all tissue samples for both reconnaissance surveys. Concentrations
ranged from 17.3 to 133 7 mg/kg 1n 1991 and from 12.3 to 92.1 mg/kg in 1993 For both surveys, the
maximum concentration was measured in a carp sampie.

The mean concentration of zinc measured 1n crayfish was significantly higher (ANOVA, P<0.05) in
1993 samples (38.3 mg/kg) than in 1991 samples (26.7 mg/kg). The concentrations of zinc measured
in sucker samples were not significantly different between the two surveys (Table 5-29). Although zinc
content was signuficantly greater in crayfish than mn sucker in 1993 (ANOVA, P<0 001), there were no

sigmificant differences 1n the zinc concentrations of the two species in 1991 and 1n the combined data

Zinc concentrations 1n crayfish and sucker were simlar between 1991 and 1993 at the two stations
sampled in both years (Table 5-27).

Zinc was reported in USFWS-NCBP, with a geometric mean concentration of 21.7 mg/kg. Zinc was also
frequently reported in STORET (Table 5-28). The geometric mean zinc concentration of samples
coilected in the lower Columbia was 15.8 mg/kg; for the mddle Columbia it was 17.3 mg/kg. The
geometric mean concentration for the Lewis was 0.200 mg/kg, and for the Wiilamette, 19.2 mg/kg.
These concentrations are similar to the geometric mean concentration of the reconnaissance survey data,

21.7 mg/kg. No reference levels are currently available for comparison with reconnaissance survey data.

5.3.2.2 Relationships Between Conventional Variables and Biota Metal Content. To determune if the
conventional variables (average length, weight, and lipid content) measured for each cornposite biota
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sample could explain at least some of the variation of the metals concentrattons measured 1 the same
samples, simple correlation and linear regression analyses were performed No statistically sigruficant
(P> 0 05) relationships were found These resuits indicate that the observed variation 1n tissue metal
content cannot be attributed to variation in the conventional vanables measured, It 1s possible that the
vaniability 1n conventional variables within a composite sample couid have masked any significant
relationsiip with metals concentrations  Analysss of individual fish was not included in the study design,

50 a more precise determination of any possible correlation 1s not possible

The lack of a sigmficant correlation should not be understood to imply that there 1s no relationship
between whole-body tissue metal content of individual fish specimens and length or weight For example,
Evans et al (1993) demonstrated the relanonships between fish length and liver metal content and the
importance of adjusting tissue metals data for covarying factors (such as length or lipid content) to reduce
bias and increase the power of statistical testing for trends and differences among sampling sites

5.3.3 Semi-Volatile Organic Compounds

A total of 63 sem:-volatile organic compounds, including phenois, halogenated ethers, nitroaromatics,
polynuclear aromatic hydrocarbons (PAHs), chlonnated naphthalene and benzenes, benzidine, and
phthalate esters, were analyzed in crayfish, largescale sucker, and carp samples for the 1993 backwater
reconnaissance survey A total of 52 semi-volatile organic compounds within the same groups were
analyzed n crayfish, largescale sucker, carp, peamouth, and white sturgeon samples for the 1991 recon-
naissance survey. All concentrations are reported on a wet-weight basis. Some investigators have
suggested that since many orgamc compounds tend to exhubit igh hipd solubiity, lipid-normalization of
lissue organic contarninant content may reduce the vanation 1n measured contamunant concentrations both
within a species and among different species (Randall et al. 1991). Although survey data was too limited
to determine whether concentrations of particular semu-volatile compounds correlated with lipid content,
lipid-normalized concentrations (ug/g lipid) are aiso summanzed below.,

In general, semu-volatile organic compounds were detected infrequently in tissue sampies collected in the
two sutveys The most frequently detected compounds were phenol, di-n-butyi phthalate, naphthalene,
2-methytnaphthalene, and bis(2-ethylhexyl)phthalate which were detected mn 6, 10, 12, 19, and 47% of
the samples analyzed, respectively (Table 5-30).
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RECONNAISSANCE SURVEYS, 1991 AND 1993°

(Page 1 of 3)

TABLE 5-30 SEMI-VOLATILE ORGANICS DETECTED IN FIVE SPECIES COLLECTED FOR THE LOWER COLUMBIA RIVER

Crayfish Largescale Sucker Carp Peamouth b | White Sturgeon ®
1991 1993 1991 1993 1991 1993 1991 1991
|ICompound Units N=18 N=15 N=18 N=16 N=9 N=2 N=10 N=18
IHenol
Concentration range pe/kg c 100 - 690 ¢ c 5000 c c c
Concentration range (ipid norm.)  pg/g hpid NA 108-690 NA NA 220 NA NA NA
Frequency of detection (5733 0/34) /11 0/10) ©/18)
2-Chlorophenol
Concentration range ng/kg c c C c 4200 [ c c
Concentrauon range (ipid norm.) ‘pg/g hpid NA NA NA NA 185 NA NA NA
Frequency of detection (0/33) 0/3) ars1mn ©/10$) ©/18)
4-Chloro-3-methylphenol
Concentration range ne/kg [4 [ c c 5600 c c c
Concentration range (lipid norm )  pg/g hipd NA NA NA NA 247 NA NA NA
ky Frequency of detection 0/33) (0/34) a/1n ©/10) (0/18)
&
4-Nitrophenol
Concentration range pplkg c c c c 4000 c ¢ [ '
Concentration range (lipid norm )  pg/g hpid NA NA NA NA 176 NA NA NA
Frequency of detection ©/33) (0/34) (L/ 1) 07/10) (0/18)
{
2 4-Dinitrotoluene
Concentration range pefkg [ c c c 1000 c c c
Concentration range (hpid rorm )  ug/g hiprd NA NA NA NA 44 NA NA NA
Frequency of detection ©733) /34 (/710 ©/10) ©/18)
[N-Nitresedi-n-propylamine
Concentration range uglkg c d [ d 2900 d c c
Concentration range (lipid norm )  pg/g hpd NA NA NA NA 128 NA NA NA
Frequency of detection 0/18) ©/18) (/9 ©/10) ©0/18),
Acenaphthene
Concentration range pglkg [ 713 c c 3800 c < c ;
Concentration range (lipid norm )  pg/g ipd NA 017 NA NA 167 NA NA NA
Frequency of detection (1/33) 0/ 34) aruy /10 ©/18)

@)
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RECONNAISSANCE SURVEYS, 1991 AND 1993 °

‘ TABLE 5-30 SEMI-VOLATILE ORGANICS DETECTED IN !|lE SPECIES COLLECTED FOR THE LOWER COLUMBIA RIVER

(Page 2 of 3)
Crayfish Largescale Sucker Carp Peamouthb White Sturgeon b
1991 1993 1991 1993 1991 1993 1991 1991
liCompound Units N=18 N=15 N=18 N=1% N=9 N=2 N=10 N=18
T
I;’Iuor €ne
Concentranion range ne'kg c 53 c ¢ c c ¢ c
Concentration range (pid norm ) pg/g lipid NA 035 NA NA NA NA NA NA
Frequency of detection (1/33) /39 ©7/11) ©710) (0/18)
I*anhlhalene
Concentration range pelkg [ 95-570 c 66-130 220 c c c
Concentration range (ipid norm.)  pg/g hipid NA 05-48 NA 01-03 55 NA NA NA
Frequency of detection (7133) (5734) (1/11) /103 0/ 18)
rene
Concentration range ne/kg c c c [ 5200 c [ c
Concentration range (bpid norm )  pg/g hpid NA NA NA NA 229 NA NA NA
Frequency of detection ©/33) ©/34) ar/1n ©/10) (0/718)
2-Methylnaphthalene
Concentration range ng/kg c 77-200 140 88-230 101 - 230 c c S
Concentration range (upd norm ) pg/g hpid NA 03-25 609 01-06 44-58 NA NA NA
Frequency of detection (107 33 6/34) @71 ©/10) ©718)
IDibenzofuran
Concentration range nelkg d 36 d c d c d d
Concentration range (ipid norm )} pg/g hpd NA 04 NA NA NA NA
Frequency of detection (L /15) 0/16) 072
1,4-Dichlorobenzene
Concentration range nelkg c c c c 1800 c c ¢
Concentration range (ipid norm )  ug/g hipid NA NA NA NA 79 NA NA NA
Frequency of detection ©/33) (0/34) (/11 0/ 10) 0/18)
1,2,4-Trichlorobenzene
Concentration range ne'kg c c c c 3100 c [4 c
Concentration range (hpid norm )  pg/g lipid NA NA NA NA 137 NA NA NA
Frequency of detection ©7/33) ©/34) arsin (0 /10) ©7/18)
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RECONNAISSANCE SURVEYS, 1991 AND 1993 *

TABLE 5-30 SEMI-VOLATILE ORGANICS DETECTED IN FIVE SPECIES COLLECTED FOR THE LOWER COLUMBIA RIVER

(Pz_age 3 of 3)
Crayfish Largescale Sucker Carp Peamouth b White Sturgeon®
1991 1993 1991 1593 1931 1993 1991 1991
kmmund Units N=18 N=15 N=18 N=16 N=9 N=2 N=10 N=18
“Dl-n-bmyl phthalate
Concentration range ug’kg 110 240 c 430 130 - 160 c c 110 - 190
Concentration range (ipid norm.)  ug/g hipid 10 30 NA 126 46-49 NA NA 20-38
Frequency of detection 21/33) (1/34) @2/11) ©0/10) (5/18)
||Benzyl butyl phthalate
Concentration range pg/kg ¢ c [ c c c c 990
Concentration range (Iipid norm )  pg/g lipd NA NA NA NA NA NA NA 12
Frequency of detection (0/33) (0/34) ©/1n (0/10) (1/18)
{iBis(2-ethylhexyl) phthalate
Concentration range pe’kg 110 - 3100 c 370- 1100 400 - 760 | 450 - 1500 c £80 - 770 190 - 1500
Concenmtration range (hppd norm ) pg/g pid | 53 - 203 NA 17 -36 48-115 81-44 NA 26-95 10 - 813
v Frequency of detection (13713) (10/34) @&/11) 9/710) (10/18)
R
Isophorone
Concentration range ne/kg 110 - 430 ¢ c c c c [ [
Concentration range (hpid norm.) pg/ghpd | 67-220 NA NA NA NA NA NA NA
Frequency of detection (7/33) 0734 ©/11 ©/10) ©/18)

3 Concentrations are reported on a wet weight basis
b Samples were not collected for the 1993 study.
¢ Compound was not detected in any sample
d Compound was not analyzed.
NA: Not Applicable
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As these compounds were detected infrequently, detailed comparisons of tissue concentrations among
species and between the two surveys are not possible Therefore, the 1991 and 1993 reconnaissance
survey data are discussed below by compound groups (e g., phenols) Where possible, differences in
contaminant levels among the species sampled and between the two surveys will be discussed Data from
the two national studies used for comparison are also limuted (Table 5-28). EPA-NSCRF measured a
limited number of semi-volatile orgamic compounds 1n aguatic species, primarily chlorinated benzenes

Of the twelve semu-volatle organic compounds measured 1n the EPA-NSCRF, three were analyzed in the

reconnaissance surveys, and none of these three was detected (Table 5-28)

STORET data on the concentration of semu-volatile compounds in biota sampled in the lower and muddle
reaches of the Columbia and 1n lower river tributaries were also relatively limited (Table 5-28) The
concentrations of several of the semi-volatile compounds detected 1n the reconnaissance surveys were not
reported or were below laboratory detection himts. Exceptions included the detection of naphthalene in
1 of 15 samples and 1sophorone in 6 of 15 samples coilected from the lower Columbia, the detection of
bis(2-ethylhexyl)phthalate in single samples collected from the Lewis, Kalama, and Cowlitz Rivers and
in 7 of 9 samples collected from the Willamette River, and the detection of 1,2,4-trichlorobenzene in 1
of 13 samples coilected from the Witlamette (Table 5-28).

Reference levels for tissue concentrations of semu-volatile organic compounds were available for four
compounds measured in the 1993 survey: hexachlorobutadiene, hexachlorobenzene, pentachloraphenoi,

and 1,2,4-tnchlorobenzene (Table 2-8). These compounds were not detected 1n any sample.

5.3.3.1 Phenolic Compounds. Phenol was the only phenolic compound detected 1n 1993 samples
(Table 5-30). Concentrations ranged from 100 to 690 ug/kg (10.8 to 69 0 ug/g lipid) and were detected
in crayfish samples collected between RM 29 and RM 88 (Table 5-30). Four phenolic compounds
(phenol, 2-chlorophenol, 4-chloro-3-methylphenol, and 4-nitrophenol) were detected 1n one carp sample
collected 1n the 1991 survey from the Portland/Vancouver area near the mouth of the Willamette
(RM 101). The concentration of phenol {5,000 ug/kg (220 pg/g liprd)} measured in thus carp sample was
higher than those measured 1n the crayfish samples coilected from backwater areas in 1993 (Table 5-30).
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Crayfish and largescale sucker samples were collected from Carrolls Channel and Camas Slough for both
reconnaissance surveys However, no phenolic compounds were detected in tissue samples from these

locations 1n either survey

5.3.3.2 Halogenated Ethers. Five halogenated ether compounds were analyzed in tissue samples for

both surveys None of these compounds was detected.

5.3.3.3 Nitroaromatics. Only one mtroaromatic was detected 2,4-dinitrotoluene was detected 1n a carp
sample collected in 1991 from RM 101, near the mouth of the Willamette River (Table 5-30)

5.3.3.4 Polynuclear Aromatic Hydrocarbons. Five PAHs (acenaphthene, fluorene, naphthalene,
2-methylnaphthalene, and dibenzofuran), with concentrations ranging from 3 6 to 57 0 ug/kg (0 4 to
4.8 ug/g lipid), were detected in the 1993 survey (Table 5-30). Four PAHs (acenaphthene, naphthalene,
2-methylnaphthalene, and pyrene), with concentrations ranging from 101 to 5,200 ug/kg (4.4 to 229 ug/g
lipid), were detected in the 1991 survey (Table 5-30) All of the PAHs detected 1n 1991 were in carp
samples, whereas no PAHs were detected in carp in 1993. The majonity of the PAHs detected in 1993
were 1n crayfish samples. The detection limits achieved for PAHs in the 1993 survey were much lower
than 1n 1991. 9.3 to 10 pg/kg compared to 100 to 400 ug/kg in 1991. No PAHs were detected at the
sites sampled in both surveys.

5.3.3.5 Chlorinated Naphthalene and Chlorinated Benzenes. One chlonnated naphthaiene compound
and eight chlorinated benzene compounds were analyzed for the reconnaissance surveys (Table 5-30)
The only detection was 1n one 1991 carp sample, which had detectable levels of 1,4-dichlorobenzene
(1,800 ug/kg, 79 ug/g lipid) and 1,2,4-trichlorobenzene (3,100 ug/kg; 137 pg/g ipid) Thus sample was
collected from RM 101, near the mouth of the Willamette River.

1,2,4-tnchlorobenzene, hexachlorobenzene, and hexachlorobutadiene were detected in EPA-NSCRF
(U.S. EPA 1992d). Hexachlorobenzene and hexachlorobutadiene were detected in less than 50% of the
samples collected nationally, making the median concentrations of these compounds lower than the
reported laboratory detection limuts for their analysis These two compounds were not detected the recon-
naissance surveys. The concentration of 1,2,4-trichlorobenzene (3,100 ug/kg) measured in a 1991 carp
sample from RM 101 is 12 times higher than the maximum EPA-NSCREF value of 264.8 ug/kg and over
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22,000 times higher than the EPA-NSCRF median concentration of this compound calculated from fish
samples from 362 sites

Reference levels are not available for these compounds, except for a 1,300 ug/kg reference level for
1,2,4-trichlorobenzene, for the protection of piscivorous wildlife. The concentration of this compound

in the 1991 carp sampie from RM 101 exceeded this reference level

5.3.3.6 Benzidines. One benzidine compound, 3,3’-dichiorobenzidine, was analyzed in biota samples
collected for both surveys This compound was not detected 1n any sample (Table 5-30).

5.3.3.7 Phthalate Esters. Six phthalate esters were analyzed in biota samples collected for the two
surveys. Two of these compounds, di-n-butyl phthalate and bis(2-ethylhexyl)phthalate, were detected 1n
the three species collected for both surveys (Table 5-30). The highest concentration of di-n-butyl
phthalate (430 ug/kg) was measured 1n a 1993 sucker sample from Svensen Island. Bis(2-ethylhexyl)-
phthalate was detected relatively frequently in tissue samples at concentrations ranging from 110 to
3,100 ug/kg (Table 5-30). The highest concentrations of bis(2-ethylhexyl)phthalate were measured in the
1991 survey, with the highest in a crayfish sample RM 92 5

5.3.4 Pesticides and PCBs

Twenty-six pesticides and six PCB Arochlor muxtures were analyzed in crayfish, largescaie sucker, and
carp sampies for the 1993 survey Twenty-mne pesticides and seven PCB Arochlor mixtures were
analyzed 1n crayfish, largescaie sucker, carp, peamouth, and white sturgeon samples for the 1991 survey.
DDT compounds (p,p’-DDT, p,p’-DDE, and p,p’-DDD) and PCB Arochlor mixtures were detected 1n
both surveys. A number of additional pesticides were detected in the 1991 survey, including the o,p’-
forms of DDT, DDD, and DDE, plus endrin, endosulfan II, endosulfan sulfate, methoxychlor, endrin
aldehyde, parathion, methyl parathion, and murex. All concentrations are reported on a wet-weight basis.

Findings were lipid-normalized, analysis indicated only one statistically significant linear relationship

between tissue concentration of these compounds and percent lipid (crayfish p,p’-DDE content,
P=0.0193). Lipid-normalized concentrations {(ug/g lipid) are also summarized below.
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The general pattern among species for p,p’-DDE concentration 1s shown 1n Figure 5-39 Concentrations
tended to be highest 1n peamouth and lowest 1n crayfish, but did not appear to be directly related to hpid
content Although lipid content may correlate with tissue burden of p,p’-DDE, other factors such as
feeding habits (whole-sediment, detritus, or selective bottomn feeding), and metabolism (uptake and

excretion efficiencies) may also control the accumulation of this pesticide by different aquatic organisms.

Although a relanvely large number of pesticides and PCBs were detected, individual compounds were
detected infrequently in each species, precluding rigorous statistical comparisons among the species

sampled and between sampling years. Where possible, such differences are discussed below

Both of the national include results of analyses for a number of pesticides and PCBs that were also
analyzed in the reconnaissance surveys (Table 5-28). EPA-NSCRF measured aipha and gamma-BHC
(lindane), gamma-chlordane, p,p’-DDE, dieldrn, dicofol, endrin, methoxychlor, mirex, and totai PCBs.
USFWS-NCBP measured the.same pesticides (except dicofol and methoxychlor), plus p,p’-DDD and
p.p’-DDT, and the PCB Arochlors 1254 and 1260 Data were also reported in STORET for all pesticides
and PCBs detected in the reconnaissance surveys (Table 5-28).

Reference levels were available for tissue concentrations of the followmng compounds 1somers of BHC
(lindane), aldnn, chiordane, dieldnn, endrin, heptachlor, heptachlor epoxide, DDT compounds and
metabolites, and total PCBs (Table 2-8). These reference levels are from the New York State guidelines

for the protection of fish-eating wiildlife and are discussed below where appropriate

5.3.4.1 Pesticides. Twenty-two pesticides were detected 1n the 1991 survey (3 0 to 91 ug/kg), compared
to three pesticides detected 1n 1993 (2.4 to 180 ug/kg) (Table 5-31).

The pesticides p,p’-DDD, p,p’-DDE, and p,p’-DDT were detected in 50% of the 1991 samples and 67 %
of the 1993 samples (Table 5-31). Of the two 1somers of DDT (o,p’-DDT and p,p’-DDT), p,p’-DDT
1s more toxic to both target and nontarget orgamsms (Murty 1986). No concentrations of 0,p’-DDT or
its degradation products were detected in 1993, but in 1991, o,p’-DDD and o,p’-DDE were detected in
42% of the sucker sampies and 22 % of the carp samples. p,p’-DDE was detected in a higher proportion
of samples and at higher concentrations than the DDT and DDD isomers. A relatively higher detection
frequency of p,p’-DDE was also noted by Schmitt et al. (1990) in USFWS-NCBP.
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RECONNAISSANCE SURVEYS, 1991 AND 1993

(Page 1 of 4)

TABLE 5-31. PESTICIDES DETECTED IN FIVE SPECIES COLLECTED FOR THE LOWER COLUMBIA RIVER

Crayfish Largescale Sucker Carp Peamouth | White Sturgeon'
1991 1993 1991 1593 1991 1933 1991 1991

[[Compound Units N=18 N=15 N=17 N=16 N=9 N=2 N=10 N=18
Alpha-BHC

Concentration range nglkg c c 3.0-37 [ c [ c c

Concentration range (ipid norm.)  pg/g lipd NA NA 0.12-013 NA NA NA NA NA

Frequency of detection ©/33) (2/33) ©/11) 0/ 10) ©/18)
Beta-BHC

Concentration range pnglkg 41-56 c 41 c c [ 13 - 150 c

Concentration range (ipid norm.)  ug/g lipid 018-036 NA 0.17 NA NA NA 031-218 NA

Frequency of detection 2/33) (1/33) ©/1 2/10) (0/18)
Gamma-BHC (Lindane)

Concentration range pp/kg c c 31-77 c 15 c 14 c

Concentration range (hpid norm.)  pg/g hipid NA NA 010-032 NA 006 NA 024 NA

Frequency of detection ©’33) (3/33) (s (1/10) ©/18)
[|Heptachlor

Concentration range pglkg 45 c c c c c c c

Concentration range (ipid norm ) pg/g hpid 020 NA NA NA NA NA NA NA

Frequency of detection (1/33) 0/33) /1) 0/10) {0/ 18)
Aldrin

Concentration range ng'kg c c 30-5.6 c 96 c 37-42 c

Concentration range (hpid norm )  ug/g hipid NA NA 011-0.80 NA 0 42 NA 006-061 NA

Frequency of detection ©/33) (3/33) (s1) 3/10) (0/18)
[Endesulfan 1

Concentration range pglkg [ c 33 c [ [ 45 -85 49

Concentration range (hpid norm )  pg/g hpd NA NA 009 NA NA NA 037-105 007

Frequency of detection (0/33) (1733 ©/1n (3710) (1/18)
[Dieldrin

Concentration range pnplkg 66 c 45 c 36-56 c 32-135 30-12

Concentration range (hpid norm ) pg/g hpid 047 NA 0.15 NA 0.09-011 NA 040-051 004-028

Frequency of detection (1/33) (1133) @2/11 2/10) (5/18)

O O Cr
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RECONNAISSANCE SURVEYS, 1991 AND 1993 °

TABLE 5-31 PESTICIDES DETECTED IN FIVE SP!'ES COLLECTED FOR THE LOWER COLUMBIA RIVER

| N

(Page 2 of 4)
Crayfish Largescale Sucker Carp Peamouth® | White Sturgeon §
1991 1993 1991 1993 1991 1993 1991 1991
Compound Units N=18 N=15 N=17 N=16 N=9 N=2 N=10 N=18
fp.p"-o0D
Concenlration range pe/kg 96-99 c 56-26 94-47 35-23 20 - 21 38-72 65-11
Concentration range (hpid norm )  pg/g hpd 06]1-065 NA 021-103 02-22 007-039 030-070| 061-089 015-047
Frequency of detection (2/1133) (32/33) 11 (3710 (3/18)
p.p'-DDE
Concentration range ng/kg 33-17 24-14 26 37 - 180 18-91 63 - 100 82 - 480 39-5]
Concentration range (ipid norm ) pug/g bipd 022-240 02-09 097 08-129 | 032-267 1.1-33 141-950 028-256
Frequency of detection 30/ 33) (171133) [CEEY] 1110 (157 18)
p.p'-DDT
Concentration range nefkg 30 c 39-16 63-56 35-11 37-39 ¢ 3i-16
Concentration range (hpid norm ) pug/g hipid 017 NA 012-054 01-19 012-077 01 NA 005-089
w Frequency of detection (1/33) (28 /33) (7711) ©/10) (8/18)
&
lo,p-DDD
Concentration range pglkg c ¢ 18 - 29 c 33 c 49 54-91
Concentration range (hpid norm )} pug/g hpid NA NA 078-107 NA 015 NA 040 010-030
Frequency of detection {0/ 33) (67/33) (1/11) (1/10) 2718)
L),p—DDE
Concentration range ng/kg c c 10 - 42 c 11-17 c 47 14
Concentration range (lpid norm )  pg/g hpd NA NA 044 -180 NA 018-039 NA 039 033
Frequency of detection ©733) 9/733) @31 (1/10) (/718)
o,p-DDT
Concentration range nelkg 30 ¢ ¢ c 69 c c 30
Concentranon range (hpid norm ) pg/g hipid 029 NA NA NA 024 NA NA 070
Frequency of detection (1/33) 0/ 33) ars1in ©/10) (1718}
ndrin
Concentration range ug/kg c c 67-12 c 39 c c 32-51
Concentraton range (hpid norm ) pg/g ipd NA NA 028-054 NA 012 NA NA 003-0006
Frequency of detection (0/33) 2/33) as1) 0/10) (2/18)




TABLE 5-31 PESTICIDES DETECTED IN FIVE SPECIES COLLECTED FOR THE LOWER COLUMBIA RIVER
RECONNAISSANCE SURVEYS, 1991 AND 19937
(Page 3 of 4)
Crayfish Largescele Sucker Carp Peamouth® | White Sturgeon®
1991 1993 1991 1993 1991 1993 1991 1991
MCompound Units N=18 N=135 N=17 N=16 N=9 N=2 N=10 N=18
|[;Ddﬂ$l.l|fall iE
Concentration range ng/kg 76 c c c c c c <
Concentration range (ipid norm )  pg/g lipid 036 NA NA NA NA NA NA NA
Frequency of detection (1/33) 0/33) ©/1D ©/10) ©/18)
PEndosulfnn sulfate
Concentration range uglks c c 5 c c ¢ c 55
Concentration range (ipid norm.)  pg/g lipud NA NA 0.15 NA NA NA NA 006
Frequency of detection (0/33) (1733) ©/11) 0/ 10) (1/18)
[Methoxychlor
Concentration range ug/kg 32-4 [ 65 c c c [ 50 - 180
o Concentration range (lipid norm.)  pg/g ipd 204-262 NA 2.21 NA NA NA NA 070-420
i—. Frequency of detection 2/33) (1/33) /11 0710 (3/718)
L=
[[Endrin aldehyde
Concentration range pglkg c ¢ 42 c c c 40 70-84
Concentration range (upid norm )  pg/g hpud NA NA 014 NA NA NA 058 008-009
Frequency of detection (0/33) (1733) ©/11) 11/10) (2718)
hion
Concentration range uglkg ¢ d 75-15 d c d 26 ¢
Concentration range (hpid norm )  pg/g lipid NA NA 021-1.09 NA NA NA 0.21 NA
Frequency of detection 0/18) 3/17 /9 (1710) 0/18)
IMethyl parathion
Concentration range na'kg 10-38 c c c c c c 10-22
Concentration range (hpid norm ) pg/g hpd 064-288 NA NA NA NA NA NA 022-0%
Frequency of detection (3/33) ©/34)° ©/11) 0/10) (3/18)
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(Page 4 of 4)

TABLE 5-31 PESTICIDES DETECTED IN FIVE,cms COLLECTED FOR THE LOWER COLUMBIA RIVER .
RECONNAISSANCE SURVEYS, 1991 AND 1993°

Craylish Largescale Sucker Carp Peamouth b | White Sturgeonb
1991 1993 1991 1993 1991 1993 1991 1991
lICompound Units N=18 N=1I5 N=17 N=16 N=9 N=2 N=10 N=18
!Mirex
Concentration range ng/kg c d c d 88 d c ¢
Concentration range (Iipyd norm ) pe/g hpd NA NA NA NA 015 NA NA NA
Frequency of detection 0/ 18) 0717 (179 ©/10) (07 18)

# Concentrations are reported on 2 wet weight basis.
® Samples were not collected for the 1993 smudy.

€ Compound was not detected 1n any sample

d Compound was not analyzed.

NA Not Applicable

° Eighteen largescale sucker samples were analyzed for methyl parathion in 1991
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Crayfish and sucker samples were collected from Carrolls Channel and Camas Slough for both surveys

Concentrations of DDT and tts metabolites 1n crayfish and sucker were relatively similar between the two
surveys at both locations. Higher detection limuts 1n 1991 contributes to the vanatton 1 p,p’-DDE

p.p'-DDD was not measured 1n crayfish from Carrolls Channel or Camas Slough in either survey. The
concentrations of p,p’-DDD detected in sucker from Carrolls Channel was 13 and 19 ug/kg (0 95 and
11 pg/g iprd) m 1991 and 1993, respectively. In 1991, the concentration of p,p’-DDD detected 1n
sucker from Camas Slough was 8.5 ug/kg (0 37 ug/g lipid); 1n 1993 the concentration of this compound
ranged from 21 to 31 ug/kg (09 to 2.2 ug/g hipid) in the three field replicate samples from Camas
Slough.

Concentrations of p,p’-DDE 1n crayfish from Carrolls Channel were 11 and 2.8 ug/kg (0 63 and 0 3 ug/g
lipid) for the 1991 and 1993 surveys, respectively. The concentration of p,p’-DDE n sucker sampled
m 1991 was below the laboratory detection himut of 45 ug/kg; in 1993 a concentration of 92 ug/kg was
measured. The 1991 concentration of p,p’-DDE 1n crayfish from Camas Slough was below the detection
limit of 3 ug/kg; 1n 1993, concentrations ranged from 10 to 13 ug/kg in the three field replicate samples.
The 1991 concentration of p,p’-DDE 1n suckers from Camas Slough was below the detection limut of
50 ug/kg; in 1993 the concentrations ranged from 78 to 180 ug/kg.

Concentrations of p,p’-DDT measured in crayfish from Carrolls Channel were 3 0 ug/kg and below the
detection limnt of 5 ug/kg for the 1991 and 1993 surveys, respectively For suckers, the concentrations
were 5.8 and 6.3 ug/kg (0.42 and 0 4 xg/g lipid) for 1991 and 1993, respectively. p,p’-DDT was not
detected in crayfish sampled from Camas Slough 1n etther survey The 1991 concentration of p,p’-DDT
in sucker from Camas Slough was 3 9 ug/kg (0.17 ug/g lipid); 1n 1993 the concentrations ranged from
75t027 ug/kg (03101 9 ug/g himd). Two additional pesticides were detected in a 1991 sample sucker
sample from Camas Slough: endosulfan sulfate (3.5 ug/kg) and o,p’-DDD (18 ug/kg).

Median concentrations of p,p’-DDE for the 1993 survey were 5.0, 95.5, and 81.5 ug/kg for crayfish,
sucker, and carp, respectively. The median concentrations for sucker and carp exceeded the median
concentration of p,p’-DDE in EPA-NSCRF, which was 58.2 ug/kg (Table 5-28). However, the geo-
metric mean concentration of the 1991 and 1993 reconnaissance survey, 18 ug/kg, was much lower than
the geometric mean concentration from USFWS-NCBP (190 ug/kg) and the median concentration
(23 ug/kg) was lower than the EPA-NSCRF median of 58 ug/kg (Table 5-28). The geometric mean
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concentration of DDT measured in the reconnaissance surveys was generally lower than the geometric
mean of the STORET data

The relative proportions of DDT, DDE, and DDD 1n the reconnaissance surveys are consistent with
proportions n vanous other studies In fish samples collected from the Po River (Italy), p,p’-DDE
was the major constituent of DDT and its metabolites (Murty 1986) DDE was also the most frequently
detected component of DDT in fish collected from the Smoky Hill River (Kansas), Lake Paijinne
(Finiand) (Murty 1986), and the lower Mississipp1 River (Leiker et al. 1991). For both reconnaissance
surveys, DDE was the most frequently detected DDT component, followed by DDD and DDT
(Table 5-31).

The State of New York 1s currently using fish flesh critenia, onginally proposed by Newell et al. (1987),
as guidelines for the protection of piscivorous wildlife. Reference levels have been proposed for the three
pesticides p,p’-DDD, p,p’-DDE, and p,p’-DDT (Table 2-8) Of these three pesticides, p,p’-DDE was
the only compound detected at concentrations exceeding the New York State guideline of 200 ug/kg.
These exceedances were noted i three 1991 peamouth samples.

5.3.4.2 PCBs. Three Arochlor muxtures were detected 1n 1993 samples. Arochlor 1232, Arochlor
1254, and Arochlor 1260 (Table 5-32) Three Arochlors were detected in 1991 samples- Arochior 1242,
Arochior 1254, and Arochlor 1260 (Table 5-32) Arochlors were not detected in any crayfish sampie.
Relatuvely higher concentrations of PCBs. ranging from 55 to 520 pg/kg (1.0 to 10.3 pg/g lipid), were
measured 1 1991 samples (Table 5-32) Concentrations 1n 1993 sampies ranged from 26 to 170 ug/kg
(0 5 w0 5.7 ug/g lipd), with the exception of 2,700 ug/kg of Arochlor 1254 detected 1n a sucker sample
from Scappoose Bay Total PCB concentrations in fish sampies ranged from 55 to 520 ug/kg (1 0 t0
10 3 ng/g lipid) mn 1991 and 26 to 2,700 ug/kg (0.5 to 56.3 ug/g lipid) 1n 1993.

Arochlor compounds detected in sucker were refatively similar between 1991 and 1993 at the two stations
sampled 1n both years. Concentrations of Arochlor 1254 detected 1n samples of sucker from Carrolls
Channel were 130 and 55 pg/kg (9.5 and 3 1 ug/g Lipid) for the 1991 and 1993 surveys, respectively;
at Camas Slough, the concentrations were 55 ug/kg (2 4 pg/g lipid) in 1991 and ranged from 26 to
170 ug/kg (2.6 to 5.7 ug/g lipid) in the three replicate samples collected in 1993. Concentrations of
Arochlor 1260 detected in samples from Carrolls Channel ranged from below detection (50 pg/kg)
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RECONNAISSANCE SURVEYS, 1991 AND 1993"

TABLE 5-32 PCBs DETECTED IN FIVE SPECIES COLLECTED FOR THE LOWER COLUMBIA RIVER

Crayfish Largescale Sucker Carp Peamouth P | White Sturgeon®)
1991 1593 1591 1993 1991 1993 1991 1991

[Compound Units N=18 N=15 N=18 N=16 N=9 N=2 N=10 N=18
Aroclor - 1016 ©

Conceniration range ug/kg d d d d d d d d

Concentration range (ipid norm )  ug/g hpd NA NA NA NA NA NA NA NA

Frequency of detection ©/33) (0/34) ©/11) {0/10) (07/18)
[Arcclor - 1221

Concentration range nelkg d d d d d d d d

Concentration range (lpid norm )  ug/g hpid NA NA NA NA NA NA NA NA

Frequency of detection 0/33) 0/34) ©/11) ©710) O/ 18)
lAroctor - 1232

Concentration range ng/kg d d d d d 30 d d

Concentration range (lipid norm )  xg/g lipid NA NA NA NA NA 0S5 NA NA

Frequency of detection ©0/33) 0/34) (L/711) /710 0718)
Arcclor - 1242 ¢

Concentration range ne'kg d d d d d d 78-99 d

Concentration range (lipid norm.) pg/g lipid NA NA NA NA NA NA 08-32 NA|

Frequency of detection ©0/33) /34 o’ 2710) /18
Aroclor - 1248

Concentration range pplkg d d d d d d d d

Concentration range (hpid norm ) pg/g lipid NA NA NA NA NA NA NA NA

Frequency of detection 0/33) (0/34) ©/11) ©/10) 0/18)
lAraclor - 1254

Concentration range ng/kg d d 55-380 26 - 2700 60 - 270 36 - 65 d 57 - 500

Concentration range (lipid norm )  pg/g hipid NA NA 22-106 0.5-563 15-96 1.1-12 NA 11-117

Frequency of detection (0/133) (33/39) (7/11) ©/10) @/ [8)
lArcclor - 1260 !

Concentration range peikg d d 130 31 - 56 62- 110 30 80 - 520 d

Concentration range (lipd norm.)  pg/g lipid NA NA 35 06-40 10-2.8 05 20-103 NA

Frequency of detection 0733) (10/34) /1) (10/10) ©/18)

a Concentrations are reported on a wet weight basis.
b Samples were not collected for the 1993 study.
¢ Analyses conducted m 1993 could not distinguish between Arocior 1242 and Aroclor 1016

d Com| was not detected 1n any sample
NA plicable
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1991 and 31 ug/kg (1 7 ug/kg Lipid) 1n 1993, at Camas Slough, concentrations were below detection (50
pg/kg) in 1991 and ranged from 37 to 56 ug/kg (1 2-4 O ug/kg lipid) in the three field replicate samples
analyzed n 1993.

The geometric mean concentrations of Arochlors 1254 and 1260 reported by USFWS-NCBP for fish
collected 1n 1984 were 210 and 150 ng/kg, respectively (Table 5-28) The geometric mean concentrations
of Arochlor 1254 (44 pg/kg) and Arochlor 1260 (36 ug/kg) i the reconnaissance surveys were
approximately five tmes lower than the geometric mean of data obtamned from the national study
(Table 5-28)

EPA-NSCRF, which measured total PCB concentrations 1n fish tissues collected throughout the Umted
States, obtained a median concentration of 208 ug/kg and a maxumum concentration of 1,242 ug/kg
(detected in a white sucker sampie collected from the Hudson River, New York) (U S. EPA 1992d). The
results obtained from the reconnaissance surveys are comparable to the U.S. EPA study (median= 130
ug/kg), except for the 1993 sucker sample from Scappoose Bay with a concentration of Arochlor 1254
of 2,700 ug/kg (Table 5-28).

The State of New York 1s currently using fish flesh cniteria, oniginally proposed by Newell et al (1987),
as guidelines for the protection of piscivorous wildlife Reference levels have not been proposed for
individual Arochlor mixtures but levels have been proposed for total PCBs (the summanion of all Arochlor
compounds detected) The current gmdeline for total PCBs, 110 ug/kg, was exceeded at 18 stations n
1991 and 5 stanions in 1993. Exceedances occurred mn samples collected throughout the study area and
the frequency of exceedance was highest in the largescale sucker sampies.

5.3.5 Dioxins and Furans

Seven dioxin and ten furan congeners were analyzed 1n crayfish, sucker, and carp samples for both
reconnaissance surveys. These congeners were also analyzed in peamouth and white sturgeon samples
collected in the 1991 survey. All concentrations are reported on a wet-weight basis.

Dioxins and furans were generally detected at higher concentrations and with greater frequency 1n 1991
samples. For example, concentrations of the most toxic congener (2,3,7,8-TCDD) in 1991 suckers
ranged from 0 49 to 1.56 ng/kg (0 019-0 055 ng/g liprd), compared to 07 to 09 ng/kg (0.01 to
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0 07 ng/g lipid) in 1993 (Table 5-33). Concentrations of 2,3,7,8-TCDF were also generally higher in
1991 (Table 5-33). The highest concentrations of 2,3,7,8-TCDD and 2,3,7,8-TCDF were measured in
peamouth sampled in 1991 [4 41 and 58.8 ng/kg, respectively, at Station D24 (RM 85.5) in St. Helens].
However, concentrations of two furan congeners, 1,2,3,7,8-PeCDF and 1,2,3,7,8,9-HxCDF, were con-
siderably higher in 1993 sucker samples (Table 5-33).

The six dioxin congeners other than 2,3,7,8-TCDD were detected 1n 56 % of the crayfish samples 1n 1991
compared to 5% 1 1993 The ten furan congeners were detected in 56% of the crayfish sampies 1n 1991
compared to 11% in 1993 Dioxin and furan detections were widely distributed throughout the study
area, with greater frequency 1n sucker samples. Individual congeners were detected in all sucker samples
in 1991 and 40% of the samples in 1993 The pattern of detection of individual congeners in crayfish,
largescale sucker, and carp vaned between the two surveys, except for OCDD and 2,3,7,8-TCDF, which

had relatively similar frequency and concentration patterns in the two surveys.

Toxicity equivalency concentranons (TEcs) were calculated for survey results to provide an overall
measure of dioxins and furans. In the 1993 survey, carp had the highest median TEC, 1 74 ng/kg,
followed by sucker with 1 71 ng/kg, and crayfish with 0.82 ng/kg. These results are similar to the
corresponding TECs obtained from the 1991 survey data, although the 1991 TECs were somewhat higher.
The highest median TEC 1n 1991 was for peamouth (2 7 ng/kg)

The concentrations of dioxins and furans in crayfish and sucker samples from the two stations sampied
in both surveys was generally lower in 1993, except for a few furan congeners. Onme-half the detection
limut was used as the value for compounds reported as below detection) The TEC for crayfish from
Carrolls Channel was 1.3 ng/kg 1 1991 and 0 49 ng/kg in 1993. In crayfish from Camas Slough the
TEC was 1 6 ng/kg in 1991 and ranged from 0.53 to 1.6 ng/kg in the three 1993 field replicate samples.
The TEC in sucker collected from Carrolls Channel was 1.5 ng/kg m 1991 and 0.92 ng/kg mn 1993. In
sucker from Camas Slough the TEC was 2.0 ng/kg 1n 1991 and rangedhfrom 1.0 to 2.5 ng/kg 1n the three
1993 field replicate samples.

Evaluation of dioxin and furan data indicated only one statistically significant relationship between tissue
furan concentration and percent lipid (crayfish 2,3,7,8-TCDF content, P=0.0057). Lipid-normalized
concentrations (ng/g liptd) are also summarized below
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RECONNAISSANCE SURV‘E:;()S. 1991 AND 1993°

TABLE 5-33 DIOXINS AND FURANS DETECTED IN F’.SPECIES COLLECTED FOR THE LOWER COLUMBIA RIVER .

(Page 1 o
Crayfish Largescale Sucker Carp Peamouth ® White Sturgeon®
1991 1993 1991 1993 1991 1993 1991 1991
|[Compound Units N=12 N=15 N=12 N=16 N=35 N=2 N=7 N=§
[proxis

2,3,7,8-TCDD

Concentration range ng/kg 027-08 07-10 | 049-1356 07-09 128-21 c 144 -4 41 1 66

Concentration range (hpid norm ) ng/g hpid J0018-0041 003-010 |G 019-0055 001-007 J0025-0 085 NA 0024 - 0 087 0017

Frequency of detection (15/27 (14 / 28) $/7) a/7 (1/8)
1,2,3,7,8-PeCDD

Congcentration range ng/kg 048 c 040-11 05 084-189 c 031-204 ¢

Concentration range (Iypd norm ) ng/g hpid 0036 NA 0013 - 0030 005 0024 - 0 061 NA 0 005 - 0 040 NA

Frequency of detection (1727 (13/728) $/7D 7!/7 ©0/8)
1,2,3,4,7,8-HxCDD

Concentratton range ng/kg 0.15-0.39 c 013-053 03-05 026-145 013 011-087 c

Concentration range (hpid norm )  ng/g lipid |0 006 - 0 030 NA 0005-0015 001-013 (0006 -0041 0.02 0002-0017 NA

Frequency of detecion (3727 (15/28) G/ 7 [N} (0/8)
1,2,3,6,7,8-HxCDD

Concentration range ng/kg 031-089 c 033-142 05-06 073-482 06 031-:16 c

Concentration range (hpid norm ) ng/g hipid 10012 - 0 068 NA 0008-0.039 001-0.02 |0028-0078 001 0007 -0024 NA

Frequency of detection (5121 (14 7 28) 6/7 @:n (0/8)
1,2,3,7,8,9-HxCDD

Concentration range ng/kg 015-076 c 011-092 c 012-050 [ 012-029 ¢

Concentraion range (ipid norm )  ng/g hpid |0 014 - 0 058 NA 0005 - 0.025 NA 0004 - 0 008 NA 0002 - 0 009 NA

Frequency of detect:on a2y (12/28) “/'n 6/7 0/8)
1,2,3,4,6,7,8-HpCDD

Concentration range ng/kg 042-521 [ 104-436 04-38 159-981 12-38 024-281 035-050

Concentration range (lpid norm ) ng/g lipid |0 027 - 0 308 NA 0045-0125 001-013 [0064-0328 004-006 | 0003-0076 0005 -0028

Frequency of detection gi/2n (28 / 28) /7 /7 (2/8)

DD

Concentration range ng/kg 162-791 67-237 |079-213 15-369 | 271-306 39-75 362-181 025-36l

Concentration range (liptd norm ) ng/g ipd [0072-3066 08-40 |0021-100 006-109 [0109-1055 013 0048 -0 358 0004 - 1 388

Frequency of detection (14120 (28 / 28) an armn (11/8)




RECONNAISSANCE SURVEYS, 1991 AND 1993°

(Page 2 of 3)

TABLE 5-33 DIOXINS AND FURANS DETECTED IN FIVE SPECIES COLLECTED FOR THE LOWER COLUMBIA RIVER

Crayfish Largescale Sucker Carp Peamouthb White Sturgeon
1991 1993 1991 1993 1591 1993 1991 1991
{Compound Units N=12 N=15 N=12 N=16 N=5 N=2 N=7 N=8
‘F—URANS
2,3,7,8-TCDF
Concentration range ng/kg 4.10-124 063-262| 246-11.4 16-6.5 437-122 36-39 222-588 154-228
Concentration range (ipid norm.) ng/g hpid |0.215-0579 005-020 [0.150-0.368 004-0.34 |0070-0507 006-013 | 0377-1 343 0077-2914
Frequency of detection 271/27) (27 /28) (1/7 /7 (8/8)
1,2,3,7,8-PeCDF
Concentration range ng/kg 0.11-102 c 014-049 03-99 021-076 23-39 024-086 0on
Concentration range (lipid norm.)  ng/g lipid |0.006 - 0 052 NA 0.004-0014 002-022 ]0.006-0014 004-0.13 | 0004 -0.017 0 008
Frequency of detection 8727 (24 /28) arn an (L/8)
2,3,4,7,8-PeCDF
Concentration range ng/kg 0.20-305 c 031-121 10-1.8 046-137 02 055-2.46 049
w Concentration range (ipid norm ) ng/g pd {0.011 - 0 127 NA 0012-0033 017-018 |0014 -0 047 001 0009-0049 0 005
E Frequency of detectuon (12720 (14728) w6/ ain (1/8)
1,2,3,4,7,8-HxCDF
Concentration range ng/kg 0.21-0136 [ 008 -0.45 [ 012-066 c 012-056 c
Concentration range (lipid norm )}  ng/g ipid j0.011 - 0028 NA 0002 -0.013 NA 0093 -0018 NA 0002 -0011 NA
Frequency of detection 4/20 (12/28) (6 XN SI!D /8
1,2,3,6,7,8-HxCDF
Concentration range nglkg 018-032 c 0 09 - 0.36 52 009-057 [ 005-044 c
Concentration range (lipid norm ) ng/g lipd |0.010 - 0 025 NA 0004 -0011 0t1 0002 -0 014 NA 0 601 - 0.009 NA
Frequency of detecion “/2n (13/28) S/D 5/'7 ©/8)
iIL,2,3,7,8,9-HxCDF
Concentration range ng/kg 013-023 c 0.09-060 08-45 005 23-25 c <
Concentration range (ipid norm ) ng/g ipd |0 010 -0 018 NA 0004-0.017 002-0.20 0 003 004-008 NA NA
Frequency of detection 2/2n (27/28) @3/n [N} (0/8)
2,3,4,6,7,8-HxCDF
Concentration range ng/kg 0.21-17.26 ¢ 040-277 03-52 026-57 07-10 023-0.32 c
Concentration range (ipid norm )  ng/g pid |0.012 - 0 281 NA 0018-0083 001-0.11 |0006-0 121 002 0004 -0013 NA
Frequency of detection (1/20 (25/128) a:/n 517 ©/8)
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RECONNAISSANCE SURVEYS, 1991 AND 19932
(Page 3 of 3)

TABLE 5-33 DIOXINS AND FURANS DETECTED IN FIVE SPECIES COLLECTED FOR THE LOWER COLUMBIA RIVER

Shi-¢

Crayfish Largescale Sucker Carp Peamouth ® White Sturgeon b
1991 1993 1991 1993 1991 1993 1991 1991
[Compound Units N=12 N=15 N=12 N=16 N=5 N=2 N=17 N=8
l 1,2,3,4,6,7,8-HpCDF
Concentration range ng/kg 027-070 52 023-179 04-55 018-131 [ 016-074 c
Concentration range (hpid norm.) ng/g lipid 0.012 - 0 054 04 0008-0.055 001-040 0004 -0 045 NA 0003 -0 018 NA
Frequency of detection 8727 (16 / 28) GI 6! 0/8)
1,2,3,4,7,8,9-HpCDF
Concentration range ng/kg 019 c 006-043 c 012 [ 004-018 c
Concentration range (hpid norm )}  ng/g lipid 0015 NA 0003 - 0 012 NA 0 003 NA 0001 - 0 007 NA
Frequency of detection a/2n (12/28) a/mn @' 0/8)
DF
Concentration range ng/kg 042-124 c 030-106 03-27 084-245 c 031-203 c
Concentration range (ipid norm )}  ng/g hpid {0 023 - 0 048 NA 0013-0284 001-020 |0014-0084 NA 0006 - 0 042 NA
Frequency of detection (6/27) (18 / 28) @3B/7 G/ 7 0/8)
ITEC
Concentration range ng/kg 1i-38 03-32 £5-38 09-31 29-52 14-21 42-133 18-56

b Samples were not collected for the 1993 study
¢ Compound was not detected 1n any sample
NA- Not Apphicable

® Concentrations are reported on a wet weight wet basis.




The general pattern among species of 2,3,7,8-TCDF concentrations 1s shown in Figure 5-40 Relatvely
high concentrations were measured 1n crayfish, carp, and sucker, and lower concentrations were measured
in peamouth, the concentrations did not appear to be directly related to lipid content Although hipid
content may correlate weakly with the tissue burden of 2,3,7,8-TCDF, other factors such as feeding
habits (whole-sediment, detritus, or selective bottom feeding), and metabolism (uptake and excretion
efficiencies) may also control the accumulation of this compound by different aquatic orgausms. To
illustrate how these factors mught vary by species and congener, percent lipid vs whole-body tissue
burdens of 2,3,7,8-TCDD and OCDD are presented in Figures 5-41 and 542 The concentration of
2,3,7,8-TCDD is higher in peamouth than in the other species, while the concentration of OCDD 1s

relatively sumilar across species, except for the high concentration 1n one crayfish sample

The median concentration of 2,3,7,8-TCDD in EPA-NSCRF 1s 1.38 ng/kg, which 1s higher than the
reconnaissance survey median of 0.70 ng/kg (Table 5-28). However, the reconnaissance survey median
concentration of 2,3,7,8-TCDF (4.81 ng/kg) 1s higher than the EPA-NSCRF median of 2.97 ng/kg. The
available data in STORET (primarily from EPA-NSCRF) generally reported higher concentrations of
dioxins and furans in the lower and middle reaches of the Columbia and Willamette rivers than were
measured 1n the reconnaissance surveys. The higher concentrations reported for the lower Columbia may
be due to the proximty of EPA-NSCRF sampling stations to known sources of dioxins and furans (e.g ,

municipal wastewater treatment plants and puip and paper muils)

The State of New York 1s currently using fish flesh criteria, onginally proposed by Neweil et al (1987),
as guidelines for the protection of piscivorous wildlife. Reference levels have not been proposed for
individual dioxin congeners {(except 2,3,7,8-TCDD), but a level has been proposed for TECs The
current guideiine for dioxin TEC, 3 0 ng/kg, was exceeded at 11 stations in 1991 reconnaissance survey
and 2 stations in 1993. The relationship between tissue lipid content and TEC is shown 1n Figure 543

Exceedances occurred in samples coilected throughout the study area. Several species exceeded the
reference value at Longview (RM 63) and at the Lake Vancouver flushing channel (RM 98).

5.3.6 Butyltin Compounds

Butyitin compounds comprise a small subset of organotin compounds. These compounds enter the aquatic
environment through use as active biocides contamned in antifouling paints. Butyltins, particularly
tributyltin, exhibit sufficient toxicity and potential for bioaccumulation to be of interest when evaluating
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accurnulation levels in aquatic biota (Fent and Hunn 1991) Trnbutyltin (TBT) is more toxic to aquatic
biota than 1ts degradation products, monobutyltin and dibutyltin ~ All three of these compounds were

analyzed in crayfish, largescale sucker, and carp samples in 1993 Butyltins were not measured 1n 1991

Butyltins were detected most frequently 1n sucker samples and were not detected in crayfish (Table 4-25)

Monobutyltin was not detected 1n any sample , TBT was detected in 75% and 50% of the sucker and carp
samples, respectively Dibutyltin was detected at concentrations ranging from 2.0 to 4 0 g Sn/kg in
sucker and carp samples TBT concentrations ranged from 8 to 68 ug Sn/kg, the samples with the five
highest concentrations were from Elochoman Slough (RM 36), Cathlamet Bay (RM 21), Youngs Bay
(RM 14), Lewis & Clark NWR (RM 29), and Scappoose Bay (RM 88) Marinas near Youngs Bay,
Elochoman Slough, and Scappoose Bay are possible sources of butyltin compounds Shipping and boat

traffic 1n these areas are also possible sources.

No relevant data was obtained from USFWS-NCBP, EPA-NSCRF, or STORET. so no comparisons with

these sources are possible.

Several studies have measured butyltin compounds in marnne species (Langston et al. 1990, Lee 1991,
Moore et ai 1991; Page and Widdow 1991, and Uhler et al. 1993), however, httle information is
available for concentrations 1n freshwater fish species Fent and Hunn (1991) measured butyitin concen-
trations 1n a cyprinid fish species (Leuciscus cephalus) from Lake Murten, Switzeriand The concentra-
tions of monobutyltin, dibutyltin, and TBT measured in the muscte tissue of this fish were 3 ug/kg,
20 ug/kg, and 170 ug/kg, respectively. This pattern of decreasing concentration of TBT degradation

products was also observed for the reconnaissance survey data.

No reference levels for butyltin concentrations in aquatic biota have been established 1n either the United
States or Canada.

5.3.7 Radionuclides

Eight long-lived radionuclides were analyzed in tissue samples for the 1993 survey. Radionuchides were
not measured 1n the 1991 survey Plutonium 239/240 (Pu-239/240), plutonium 238 (Pu-238), and cesium
137 (Cs-137) were the only radionuchdes detected. No radionuctides were detected in crayfish samples.
Pu-239/240 was detected in 81% of the sucker samples and both carp samples at concentrations ranging
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from 0001 to 0003 pCy/g Pu-238 was detected 1n one sucker sample from Youngs Bay at a
concentration of 0 011 pCi/g  Cs-137 was detected 1n two sucker samples from Burke Slough and Camas
Slough at 0 016 and 0 020 pCi/g, respectively

Neither USFWS-NCBP, EPA-NSCRF, nor STORET analyzed fish tissue sampties for radionuclides, so

comparisons with survey data are not possible.

No reference levels for radionuchide concentrations n aquatic biota have been established in either the
Umnited States or Canada.

5.3.8 Summary of Crayfish and Fish Tissue Quality

The following metals and organic compounds were frequently detected in whole-body composite samples
of crayfish or fish' barium, cadmwum, chromium, copper, lead, mercury, zinc, p,p’-DDD, p,p’-DDE,
p.p’-DDT, Arochlor 1254, dioxmns and furans, and tributyltin. Relatively few organic compounds
(including butyltins) were detected in crayfish samples, but metals were detected more frequently and in

higher concentrations in crayfish.

Reference levels for tissue concentrations of these contaminants are not well developed. No guidelines
were available for metals (excluding selenium), the majonty of semi-volatile organcs, individual PCB
congeners, butyltins, or radionuciides. Of the compounds detected in tissue sampies for which guidelines
were available, exceedances (primanly for dioxin, total PCBs, and p,p’-DDE) occurred at 18 of 28
stations sampled for whole fish and at 1 of 8 locations sampled for sturgeon filets 1n 1991, and at 7 of
15 stations sampied for whole fish in 1993 (Figure 5-44)

A limited number of statistically sigmificant relatonships were found between the conventional vanables
(average weight, average length, and percent lipid content) and the levels of contaminants in tissue
samples. Aithough probable relationships exist between specific conventional variables and tissue burdens
of metals and organic contaminants should be considered in the design of future aquatic biota sampling
efforts, other variables such as feeding habits and contaminant metabolism also affect tissue burdens, and
should be considered. The most important factors controlling contaminant accumulation in aquatic biota
of the lower Columbia River should be identified to unprove the ability to predict the effect of changes

in contamsnant inputs to the river as a result of current or future resource management activities.
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Comparison of the lower Columbia River reconnaissance survey data with concentrations measured tn
aquatic biota sampled throughout the United States (EPA-NSCRF and USFWS-NCBP) indicate that the
median and geometric mean levels of contaminants measured 1n the reconnaissance surveys are generally
lower than corresponding levels measured nationwide However, the highest tissue concentrations of two
compounds (1,2,4-trichlorobenzene and Arochlor 1254) measured 1n the reconnaissance surveys exceeded
the highest concentrations of these compounds measured in any sample collected nationwide 1n the

national studies

The tissue concentrations of contarinants reported in STORET for the lower and middle reaches of the
Columbia and lower river tributaries were generally comparable to the resuits of the reconnaissance
surveys. However, the concentrations of dioxins and furans reported in STORET for the lower and
muddle reaches of the Columbia werée generaily higher than the concentrations measured in the recon-
naissance surveys. The dioxin and furan data available in STORET for these regions of the Columbia
Ruver basin are primarily from EPA-NSCRF Therefore, these higher concentrations may be due to the
proxumty of EPA-NSCRF sampling stations to known sources of dioxin and furan compounds.

5.4 RELATIONSHIPS AMONG MEDIA

Currently, there is some debate on the relative importance of various routes of contaminant uptake by
aquatic organisms (e g., Van Hattum et al. 1991, Miller et al. 1992; Laws 1993) These routes include
direct uptake of dissolved constituents from the water coiumn, uptake of dissolved constituents via expo-
sure to contamnated sediment pore waters, and uptake via ingestion of contaminated sediment or food!

For example, an increase 1n tissue contarmnant level with increasing trophic level ("food cham bio-
magnification”) has been attributed to consumption of contamuinated prey, with increasing accumulation
of contarmnants at higher food chain levels. However, some studies have indicated that the increase of
contaminants 1n the tissues of some carmivorous organisms may be due more to simple chemical
equilibrium between dissolved contarmnant concentrations 1n water and the fatty tissues of the organism

(e.g., Hamelink et al. 1971). Dufferences in contaminant concentrations among various orgamsms would

1 The accumulation of dissolved contaminants via diffusion across tissue surfaces 1s termed
bioconcentraton, and the accumuiation of contamznants via mgestion of food (including sediment) is termed
biocaccumulation.
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then be due to difference 1n fat (lipid) content, age, and metabolic activity. Food-chain transfer, how-

ever, 1s still considered an important uptake route for fish-eating birds and mammals

This debate 1s relevant for several reasons. An understanding of the relative importance of various
contaminant accumulation pathways allows for the development of scientifically sound water and sediment
quality criteria that can provide effective protection for aquatic organisms and the health of fish-eating
humans and wildiife (¢ g , Parkerton et al 1993) The relative importance of sediment and water
contammunant exposure pathways is also important for deterrmning the appropriate medium for routne
monutoring and for establishing cleanup priorities A greater understanding of contamunant accumulation
pathways wil! also aid 1n developing relevant models to predict future tissue contanunant levels based on
projected changes 1n the amounts of contamunants released to the environment and long-term degradation

of previously released persistent chemcals.

Generaily, routine momtoring programs or reconnaissance surveys sample sediments and/or water instead
of aquatic biota. Water and sediment can be collected more easily and inexpensively; besides the physical
difficuities of catching live organisms, methodology 1s made more complex by the necessity of choosing
appropriate sampling methods (compositing vs. analysis of individual organisms), target species (commer-
cial species vs. bottom fish), and target tissues (liver vs. whole-body analysis). Sediment sampiing is
often preferred over water sampling because of the relative difficulty of detecting low-level concentrations
of trace elements and organic contaminants 1n water samples. Sediments are also generally considered
to integrate contaminant inputs over longer periods of time (e.g., months to years) requinng less intensive
and frequent sampling to determune ambient contamnant concentrations. Water-borne contaminant levels
tend to vary over shorter temporal periods of hours to months. Recent modeling studies have indicated
that, at least for some relatively hydrophobic chemicals, sediment transfer may be the most important
route of accumulation (e.g., Thomann et al. 1992; Gobas 1993). However, for the metals copper and
zinc, water concentrations have been shown to be the best predictors of fish tissue concentrations in one
study (Miiler et al. 1992).

The lower Columbia River reconnaissance surveys sampled the water column, sediments, and biota for
trace metals, organic contaminants, and selected long-lived radionuclides. However, the sampiing for
water column concentrations of trace metais and organic contaminants was relatively limited and no water
column sampies were collected for radionuclide analysis. Water column sampling for organic contam-
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mants was limuted to five sampling locations and one two-month period. Sampling for trace metals was
more extensive, but stll limuted to two short periods (August-September 1991 and June-July 1993)
Furthermore, water concentrations of contaminants were generally below laboratory detection limuts,
especially for semi-volatile orgamc compounds, pesticides, and PCBs in 1991 Trace metal levels were
also generally below detection limuts, only aluminum, barum, and iron were detected at all stations, with

lead and zinc also being detected relatively frequently

Trace metals and organic contaminants were detected more frequently in the sediment and tissue samples
n the reconnaissance surveys. Some constituents were detected frequently 1n sediments, but not 1n tissue
samples (e.g., PAHs, radionuclides); and some constituents were detected frequently n tissue samples,
but not in sediments (e g , PCBs) Although a complicated bioaccumulation modeling effort 1s beyond
the scope of a reconnaissance survey data summary report, 1t would be interesting to explore the possi-
bility that relatively simple linear relationships exist between concentrations of sediment trace metal and
organic contarmninants and tissue concentrations of these contarmnants. Although relationships are likely
to exist between concentrations of contaminants in the water column and 1n tissues, water data from the
reconnaissance surveys are not considered suitable for this use because of the infrequent detection of rmost

constituents 1n the water column and the narrow time-band of sampling.

5.4.1 Trace Metals

Simple relanonships between metal concentrations 1n sediments and concentrations m deposit/detritus
feeding anumals have been weakly sigmficant, at best (Luoma 1989). A number of chemucal and physical
factors can influence the transfer and accumulation of metals from the sediments to the tissues of aguatic
organusms, complicating this relatonship. Biological and biochemucal factors also influence the amount
of trace metals accumulated, and the specific tissues where accurnulation occurs. These factors are
outlined below

The bicavailability of sediment trace metals appears to be related to-sediment physical and chemmcal
vanables (herein referred to as sediment geochemustry), although methods for explaining or predicting
the effect of sediment geochemistry on metal broavailability are not well understood (Luoma 1989).
Geochemical factors known to influence trace metal bioavailability include sediment particle surface area,
grain size, chemical partitioming between sohid and dissolved phases in sediment pore waters, and
sediment orgamic matter content (Luoma 1989). Chemical partitioning between solid and dissolved phases
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1s 1n turn affected by such chemucal factors such as pore-water pH, oxidation-reduction potential (related
to bacterial activity mn the sediment), and the occurrence of metal oxides, hydroxides, and other

precipitates

Biological factors that appear to influence trace metal accumulanion include body weight, age, metabolic
rate, iipad content, and trophic feeding level The orgamsms metabolic and trace metal processing and
transport pathways also determine in which tissues (e g., fat, liver, or bone) certain trace metals may

concentrate

Luoma (1989) has outlined three types of situations 1n which sigmficant correlations wouid be expected

between sediment and tissue trace metal content.

o Comparisons made across geochemically similar environments.
D Species that feed selectively, limiting exposure to one predominant form of the metal
o Large gradients in sediment metal concentrations, with species that do “not respond

dramatically to changes 1n bioavailable metal.

One approach that has been used to account for geochemucal variation i1s chemically extracting and
quantifying the bioavailable metal fraction in the sediments. This approach has shown some success, but
the extraction 1s likely no more than an operational defimition and may not accurately reflect the quanuty
of bioavailable metal present (Luoma 1989). Normalization of trace metal concentrattons 1o weak-acid
extractable iron, which is presumably an estimate of iron-oxide sediment coatings that bind sediment trace
metals, has aiso been shown to result in improved correlations with aquatic biota tissue concentrations,
at least for a few metals (Luoma 1989).

To explore the possibility that relatively simple linear relationships exist between levels of trace metals
in sediment and tissue samples in the reconnaissance surveys, correlation coefficients were determined
between sediment and tissue trace metal concentrations. All available trace metal data from the two
reconnaissance surveys were pooled for regression analysis. Only trace metals that were detected
relatively frequently in both sediments and tissues were considered for analysis, excluding antimony,
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arseruc, selemium, and silver due to their infrequent detection 1n sediments and/or biota Linear regres-
sions were performed (using sediment trace metal content as the independent variable) for correlation
coefficients greater than 0 30  Statistical stgruficance was determuned at the 5% level (a=0 05)
(Table 5-34)

To explore the possibility that most of the geochemucal variability could be explained by vanation n grain
size or sediment surface area, correlations between sediment trace metal concentrations normalhized to
sediment alumunum content [a surrogate varable for sediment grain size or surface area (Horowitz 1991)]
to tissue trace metal concentration were also performed. Correlations were also deterrmined using hipid-
normalized tissue trace metal concentrations, but the correlation coefficients for these relationships were
generally low and statistically insigmuficant (P> 0.05), with the exception of largescale sucker lipid-
normalized tissue mercury concentrations (Table 5-34) Very large differences in measured crayfish
banum content between 1991 and 1993 were noted which cannot be explained by the vanation i the
measured sediment bariumn content, so these data were treated separately. Biota samples in 1991 were
not analyzed for chromium, and therefore only the 1993 tissue data for thuis trace metal were used.

In general, most correlation coefficients between crayfish tissue and sediment trace metals concentrations
were weakly negative or positive, and statistically insignificant (Table 5-34). In the case of crayfish trace
metal tissue concentrations, stanistically significant negauve refationships were found for buik sediment
concentrations and whole-body tissue concentrations (Table 5-34 and Figure 5-45). There 1s no known
causal relationship to explain these negative corretations The presence of copper-containing hemocyamn
in crayfish could affect the relationshup between sediment and tissue copper levels (Rambow 1988, Van
Hattum et al 1991). The only statstically sigmficant positive linear relationship between sediment and
crayfish tissue trace metal concentrations was for lead (Table 5-34 and Figure 5-45).

In general, most correlations between sucker tissue and sediment trace metals concentrations were weakly
negative or positive, and statistically insigmificant (Table 5-34) However, several statisticaily significant
positive relationships were found between sucker tissue trace metal concentrations and sediment trace

metal concentrations normalized to aluminum [i.e., barium, mercury (to lipid-normalized tissue concen-
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TABLE 5-34. CORRELATIONS AND LINEAR REGRESSION RELATIONSHIPS

BETWEEN SEDIMENT AND BIOTA METALS CONCENTRATIONS

LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS, 1991 AND 1993

INote Regresstons were performed only for relationships showmg a correlation coefficient greater than 0 30

A. Sediment total recoverable metals concentrations vs. crayfish tissue metal concentrations

Bulk sediment metals Number of | correlation Sediment metals corrclation

concentration samples coefficient r-square P-value normalized to Al coefficient r-square P-value
Ba (1991) 18 02715 -- - Ba/Al (1991) 0.1705 -- --
Ba (1993) 13 -0 1539 -- -- Ba/Al (1993) -0.2373 -- -
Cd 30 £.4915 0.2416 0.0057 [Cd/Al -0 1074 -- -
Cr (1993) 13 02855 - - Cr/Al (1993) -0.2255 -- --
Cu 31 -0.6774 0.4589 0.00003 |CwAl -0.3918 0.1535 0.0290
Pb X} 0.5534 0.3062 0.0060 |Pb/Al -02343 -- --
Hg (lipid normalized) 17 01759 - -- Hg/Al 0 0545 -- --

1 13 -0.5207 02711 0.0660 |NvAI 0.5113 0.2614 00720
Zn 31 02021 - - Zn/Al -0.2249 - -
|B. Sediment total recoverable metals concentrations vs. largescale sucker tissue metal concentrations

Bulk sediment metals Numberof | correlation Sediment metals correlation
concentration semples coefficient r-square P-value normalized to Al coefficient r-square P-value
Ba 31 -0.2753 - - Ba/Al 0.5542 0.3071 0.0012

d 31 0.1990 - - Cd/Al 0.2887 -- --
Cr (1993) 13 -0 1876 -- Cr/Al (1993) 0.0261 - --
Cu 3 -0 2096 - - CwAl 0.1274 -- --
Pb 19 02257 - - Pb/Al 03331 01110 01624
Hg (lipid normalized) 17 02543 - -- Hg/Ad 0.5916 0.3500 0.0118
Ni 8 -0.9061 0.9211 0.0012 |Ni/Al 6.7899 0.6239 0.0160
Zn 29 01045 - - Zn/Al 0.5122 0.2623 0.0031

Note: Statistically significant linear regression relationships (P<0.05) shown in bold type.
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tration), nickel, and zinc] A statistically significant negative relationship was found between sucker

tissue and bulk sediment concentrauons of nickel (Table 5-34 and Figure 5-46)

What 1s perhaps surprising 1s that so many relatively strong and statistically significant relationships were
found between sediment and biota metals concentrations By contrast, a multiple linear regression model
of sediment and biota tissue concentrations for cadmuum, copper, lead, and zinc could explain only 37%
of the variance 1n benthic invertebrate metal levels measured 1n various aquatic habitats 1n the Netherlands
(Van Hattum et al. 1991) The extent to which these sigmficant regression relationships are spurious 1s
not known; further field sampling and more detailed statistical analyses are required to test these sumple
relationships. However, the higher number of sigmficant positive relationships for sucker tissue trace
metal and aluminum-normalized sedunent trace metal concentrations suggests that relatively simple
geochemucal variables could be used to monitor and predict the effects of trace metal contaminants 1n
lower Columbia seduments on sucker tissue metal contamination. Future studies that include sampling
of sediments and biota for trace metals should attempt to expand and elaborate on these analyses In
addition, the collection of additional fish species with different life history patterns should be considered
for future studies. '

5.4.2 Organic Compounds

The bicavailability of sediment-bound organic contarmnants to aquatic biota, particularly persistent hydro-
phobic compounds, appears to be related to the partitioning of the contarmnant between the paruculate
organic carbon n the sediment and the sedument pore water (e.g., Landrum and Robbins 1990; D1 Toro
et al 1991; Farrington 1991, Jaffé 1991) Other factors appear to modify tius relationship inciuding the
concentration of dissolved and colloidal orgamic matter in the sediment pore water (e.g., Socha and
Carpenter 1987) and the character of the sediment orgamc carbon (e.g., Lake et al. 1990).

Organic compounds, particularly persistent lipophilic compounds, tend to bioconcentrate and bicaccumu-
late in biota tissues (Esser 1986; Connell 1988; Farrington 1991; Jaffé 1991). Vanables affecting this
accumuiation include hipid content; age of the orgamsm; feeding habits; exposure level; chemical bio-
availability; dissolved, colloidal, and particulate organic carbon content of water and sediment; uptake
and elumnation rates; and the migration pattern of the orgamism (e.g., Branson et al. 1985; Adams 1987,
Barron 1990, Farrington 1991; Gobas 1993; Sijm et al, 1993).
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Selected Largescale Sucker~Sediment Metals Relationships
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To explore the possibility that relatively sumple linear relationships exist between levels of orgamc
contaminants in sediment and tissue samples i the reconnaissance surveys, correlation coefficients were
determuned between sediment and tissue organic contamninant concentrations  All available orgaruc con-
tarninant data from the two reconnaissance surveys were pooled for regression analysis. Only contami-
nants detected relatively frequently in both sediments and biota were considered for analysis, lumiting
analyses to a few PAHs, pesticides, and dioxin and furan compounds Tributyltin was detected frequently
only 1n sucker samples, so correlations of sediment tributyltin with tissue burdens were conducted only
for this organusm Linear regressions were performed (using sediment organic contamnant concentration
as the independent vanable) for correlation coefficients greater than 0 30. Statistical significance was
determned at the 5% level (a=0 05) (Tables 5-35 and 5-36)

To explore the possibility that most of the geochemucal vanability could be explamned by vanation in
sediment organuc carbon content, correfations between sediment contarmnant concentrations normalized
to sediment orgamc carbon content were also determuned. Correlations were also performed using lipid-
normalized tissue contaminant concentrations. Analyses i 1991 did not include tributyltin, so
correlations for TBT were based on 1993 data.

All correlation coefficients between crayfish tissue and sediment organic contaminant concentrations were
weakly negative or positive and statistically insigmificant, except for a positive correlation between sedi-
ment and ipid-normalized concentrations of 1,2,3,4,6,7,8-HpCDD (Table 5-35)

Most correlation coefficients between sucker tissue and sediment organic compoun concentrations were
weakly negative or positive, and statisucally insignificant (Table 5-36) Statistically sigmficant negative
relationstups were found berween sediment and lipid-normalized tissue concentrations of p,p’-DDD and
1,2,3,4,7,8-HxCDF (Table 5-36; Figures 547 and 5-48). Statistically sigmficant positive relationships
were found between sucker tissue and sediment concentrations of 2-methylnaphthalene, naphthalene, and
four dioxin and furan congeners (Table 5-36; Figures 547 and 5-48). No significant relationships were
found for TBT. Statistically significant refationships were found for all combinations of normalized and
non-normalized tissue and sediment contaminant concentrations, although the strongest relationshups for
dioxin and furan concentrations were generaily found between organic carbon-normalized sediment and
whole body tissue (Table 5-36)
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TABLE 5-35 CORRELATIONS AND LINEAR REGRESSION RELATIONSHIPS BETWEEN
SEDIMENT AND CRAYTFISH TISSUE ORGANIC CONTAMINANT CONCENTRATIONS
. LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS, 1991 AND 1993
Note Regressions were performed only for relationships showing a correlation coefficient greater than 0 30
Bulk sediment concentration Sedument concentranon TOC-normatized
Number of | correlation cotrelation
samples coefficient r-square P-value coefficient r-square P-value
PAHSs
-Methyinaphthalene 1
bulk t15sue concentration 0 1547 - - -0 1591 - -
lipid-normalized 04552 02072 0 1561 02484 - -
Naphthalene 4
bulk tissue concentration 2723 - - -0 4236 01794 03361
hypd-normahzed -0 0014 - - -0 1574 - -
esticides
,p'-DDE 7
bulk tissue concentration -0 1167 - - <0.1047 - -
lipid-normalized 01814 - - 01430 - -
Dioxins and Furans
2.3,7,8-TCDD 1}
bulk tissue concentration -0 3633 01320 0 2692 0759 - -
liprd-normalized) 01175 - - -0.3119 0.0973 0.3479
1,2,3.4,6,7,8-HpCDD tt
bulk tissue concentration 05172 02675 ¢ 1000 0 5066 0 2567 0 1084
. lipid-normalized 0.7270 0.5285 0.0099 06789 0 4609 00197
HOCDD 14
bulk tissue concentration 01702 - - 01733 - -
Iip1d-normalized 00921 - - 0 0468 - -
2.3,7,8-TCDF 12
bulk tissue concentration -0 0915 - - 0.3250 0 1056 0 3004
hpid-normahized 0.3803 0 1444 02201 04276 01328 01629
2,3,4,7,8-PeCDF 11
buik tissue concentration 0 0466 - - 0.5865 0.3440 0 0549
lipid-normatized 0 1967 - - 05777 0.3338 00597
2,3,4,6,7,8-HxCDF 11
bulk tissue concentration -0.1869 - - -0 2562 - -
lymd-normalized -0.159 - - -0 3063 0.093% 0.35M
[Note. Statistically significant linear regressions (P<0 05) n bold type.
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ORGANIC CONTAMINANT CONCENTRATIONS

(Page 1 of 3)

TABLE 5-36. CORRELATIONS AND LINEAR REGRESSION RELATIONSHIPS BETWEEN
BETWEEN SEDIMENT AND LARGESCALE SUCKER TISSUE

LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS, 1991 AND 1993

INote Regressions were performed only for relationships showing a correlation coefficient greater than 0 30

Bulk sediment concentration

Sediment TOC-normalized concentration

Numbersof | correlation correlation
samples coefficient r-square P-value coefficient r-square P-value
[P AHs
2-Methylnapthalene 4
Bulk tissue concentration 1 easm 02090 0.5198 09113 0 8305 00521
hipid-normalized 02ns -- -- 0.9738 0.9482 0.0090
|INaphthatene 4
Bulk tissue concentration 0.9340 0.8723 0.0344 0.7783 06057 0.1779
lipid-normalized 05716 03267 0.3972 0.9210 0.8483 0.0442
[Pesticides
llp.p-DDD 7
Bulk tissue concentration 0177 -- -- 06531 0 4265 0.1021
lipid-normalized| -0.8241 0.6791 0.0174 -0 6030 03637 01419
,p-DDE 4
Bulk tissue concentration -02592 - - -0.3283 0.1078 0.6568
lipid-normalized 05538 03067 0.4163 02027 - -~
Butyltins
Tributyltin 9
Butk tissue concentration -00184 -~ - -0 1637 - -~
lipid-normalhized -0 0436 - -- -01718 - -~
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TABLE 5-36 CORRELATIONS AND R REGRESSION RELATIONSHIPS BETWEEN il

BETWEEN SEDIMENT LARGESCALE SUCKER TISSUE
ORGANIC CONTAMINANT CONCENTRATIONS
LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS, 1991 AND 1993
(Page 2 of 3)
INote Regressions were performed only for relationships showing a correlation coefficient greater than 0 30
Bulk sediment concentration Sediment TOC-normalized concentration
Numbers of | cotrelation correlation
samples coefficient r-square P-value coefficient r-square P-value
IDioxins and Furans
2,3,7,8-TCDD I
Bulk tissue concentration -0 1086 - - 00678 - -
lipid-normalized -0 1951 - - -0 0722 -- -
1,2,3,7,8-PeCDD 9
Bulk tissue concentration 00477 -- - 00351 - --
liptd-normalized -0 1551 -- -- 01775 -- --
1,2,3,4,7,8-HxCDD 1
Bulk tissue concentration 0.7909 0.6256 0.0031 0.8124 0.6600 0.0019
lipid-normalized 6.6140 0.3769 0.0418 0.6069 0.3683 0.0450
1,2,3,6,7,8-HxCDD 12
Bulk tissue concentration T 0.1567 -- - 03700 01369 02340
lipid-normalized -0 0449 - -- 02128 - -
1,2,3,7,8,9-HxCDD 12
Bulk tissue concentration 0.6407 0.4105 0.0230 0.7991 0.6386 0.0015
lipid-normalized 04032 01626 01910 0.5651 03193 00532
1,2,3,4,6,7,8-HpCDD 12
Bulk tissue concentration 04144 01717 0.1778 0.5232 0.2738 0 0782%
hiprd-normalized 0.2930 - -- 04322 01868 01579
H{OCDD 17
Bulk tissue concentration 0.7263 0.5275 0.0009 0.7477 0.5590 0.0005
lipid-normahzed 0.6280 0.3944 0.0065 0.6326 0.4002 0.0060
2,3,7,8-TCDF 12
Bulk tissue concentration -0 4983 02483 0.0965 -0 0835 - -
hpid-normalized -0 3933 01547 0.2032 0.0527 - -
1,2,3,7,8-PeCDF 11
Bulk tissue concentration 0.0444 -- - 01576 - -
lipid-normalized -0 2293 .- -- -0 0120 - --
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TABLE 5-36. CORRELATIONS AND LINEAR REGRESSION RELATIONSHIPS BETWEEN
BETWEEN SEDIMENT AND LARGESCALE SUCKER TISSUE
ORGANIC CONTAMINANT CONCENTRATIONS
LOWER COLUMBIA RIVER RECONNAISSANCE SURVEYS, 1991 AND 1993
(Page 3 of 3)
INote Regressions were performed only jor relationshyps showing a correlation coefficient greater than 0 30
Bulk sediment concentration Sediment TOC-normalized concentration
Numbersof | correlation correlation
samples coefficient T-square P-value coefficient | r-square P-value
|Dioxins and Furans (cont’)
2,3,4,7,8-PeCDF 1
Bulk tissue concentration 0.1430 - - 0.1468 -- --
lipid-normalized -0.1632 -- - 0.0519 -- --
1,2,3,4,7,8-HxCDF 12
Bulk tissue concentration -0.3066 - -- -0 0212 -- --
lipid-normalized -0.5981 03577 0.0378 -02639 - -
1,2,3,6,7,8-HxCDF 12
Bulk tissue concentration 00805 -- - 04126 0.1703 0.1798
lipid-normalized -0.3128 00978 03201 00071 - --
2.3,4,6,7,8-HxCDF 12
Bulk tissue concentration -0.0136 -- - 0.6792 0.4613 0.0138
lipid-normalized -0 1876 - - 04716 02224 01189
1,2,3,7,8,9-HxCDF 8
Bulk tissue concentration -0.5637 0.3178 0.1385 -02702 - -
lipid-normalized -0.5844 03415 01211 -0 2801 - -
1,2,3,4,6,7,8-HpCDF 12
Bulk tissue concentration -0.1069 -- - 00456 - -
lipid-normalized -0 2301 - - -0 1432 - --
1,2,3.4,7,8,9-HpCDF 1]
Bulk tissue concentration 0.1309 - - 0.0277 - -
lipid-normalized 0.0031 -- - -0 2087 - --
IOCDF 12
Bulk tissue concentration 00789 -- - 02317 - -
lipid-normalized 0 0740 - - 02076 -- --

O IINote: Statistically significant (P<0 05) linear regression~=lationships shown in bold type O
—/
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The extent to which the significant regression relationships are spurious 1s not known, further field
sampling and more detailed statistical analyses are required to test these sumple relationships However,
the relatively hugher number of significant positive relationships for sucker orgamic contaminant and
orgamic carbon-normalized sediment contamunant concentrations suggests that relatively simple geo-
chemucal variables could be used to momtor and predict the effects of organic contamunants 1n lower
Columbia sediments on sucker ussue contammunation Future studies that include sampling of sediments

and biota for orgamc contaminants should attempt to expand and elaborate on these analyses

5.4.3 Summary
If the general relationships revealed above are considered valid, future investigations of the lower

Columbia Ruver should focus on sediment variables such as grain size distribution and organic carbon
content Although only a limited number of relationships appeared to be explained by lipid-normali-
zation, 1t should be noted that, at least qualitatively, organic contaminants sampled in the reconnaissance
surveys were more frequently detected 1n sucker, peamouth, and carp, which had relatively higher lipid
content than crayfish. The extent to which these differences are due to other vanables inciuding feeding
habits, mugration patterns, or metabolic levels should also be addressed in future studies.

The importance of sampling both sediments and biota 1n a reconnaissance level survey can be emphasized
by the fact that while PCBs were detected at only 3 of 69 stations sampled for sediment in the two
surveys, they were detected in all fish samples in both surveys The reference level indicating the
potential for adverse effects on fish-eating wildlife for total PCBs (110 ug/kg wet weight) was exceeded
in assue sarnples cotlected from 9 of 10 stations sampled for peamouth, 5 of 11 stations sampled for carp,
and 22 of 32 stations sampled for sucker These findings are consistent with those of Anthony et al.
(1993) who suggested that relatively low reproducuve success of bald eagles in the Columbia River
estuary was linked to accumulation of DDT and PCB compounds, and possibly dioxin, via consumption
of contamnated prey species. Clearly, no indication of the broad distribution of PCBs and levels of
potential concern would have been noted if the reconnaissance level study had focused on sediment

sampling only.
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6.0 CONCLUSIONS

The 1991 and 1993 lower Columbia Ruver reconnaissance surveys were designed to provide a preliminary
assessment of water quality in the 146 mile stretch of river between the Bonneville Dam and the Pacific
Ocean The results of the two surveys were compared to determine whether backwater areas with fine-
gramed sedimemts sampled 1n 1993 were generally more contaminated than the mainstem locations
sampled 1n 1991 A summary of the results and conclusions drawn based on each of the primary

objectives of the backwater reconnaissance survey are outlined below

n Extend the water quality database of the 1991 reconnaissance survey to additional fresh-
water and estuarine backwater areas with fine-gramned sediments

Water column, sediment, and aquatic biota samples were collected for the 1993 backwater survey from
fifteen stations with relatively fine-gramned sediments. Water samples were analyzed for field-measured
and conventional parameters (e.g , dissolved oxygen and particulate organic carbon), nutrients and
chlorophyll a, metais, and indicator bactena. Surficial sediment composites and whole-body composite
samples of crayfish, largescale sucker, and carp were analyzed for conventional parameters, metals (and
cyamde 1n seduments), sem-volanie orgamc compounds, pesticides and PCBs, dioxins and furans, butyitin
compounds, and selected long-lived radionuclides. Sediment toxicity tests were also performed on

composite sediment samples.
In general, sediment concentrations of toxic pollutants in the fine-gramed backwater seduments were
relattvely sunilar to the concentrations in the more coarse-grained sediments of the orginal reconnaissance

survey.

. Expand the list of analytes to include additional contammants of concern based on resuits

of the 1991 reconnaissance survey.
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Water column sample analyses for dissolved (1e, filtered) metals were added to provide data for
comparison with Washmgtdn’s dissolved metals standards Dissolved concentrations of cadmuum, copper,
lead, nickel, and zinc did not exceed the Washington standards for the dissolved concentrations of these
metals. Water column sampling for the indicator bacterium Escherichia colt was also added. Concen-
trations of this ndicator did not exceed the EPA-recommended criterion of 126 orgamisms per 100 mL
at any station sampled 1 1993

Thirteen additional parameters (chromuum,-three butyltin compounds, and eight long-lived radionuclides)
were analyzed in tissue sampiles collected for the backwater survey Chrommuum, 2 of the 3 butyltin
compounds (di- and tributyltin), and 3 of the 8 long-lived radionuchdes were detected in tissue samples

However, no reference values were available for evaluating the potential adverse effects of the measured

tissue concentrations on aquatic organisms or wildhife

o Measure and evaluate the toxicity of Columbia River sediments using established bioassay

protocols, as a tool for assessing/interpreting the results of sediment chemistry analyses

Sediment toxicity was assessed using two tests, the solid-phase Mrcrotox- toxicity test and the 10-day
amphipod (Hyalella azteca) toxicity test. Results were muxed. the Hyalella test showed no sediment
samples to be toxic, while the Microtox_ text initially identified five stations as toxic compared to the
established reference station (in a stretch of the niver judged to be "clean"). Further statistical testing did
not show these elevated toxicities to be sigmficant, nor were their measured levels of specific contam-
inants high enough to singie them out as being potentially more toxic overall Except for one station

located 1n the estuary (Youngs Bay), sediment toxicities did not exceed reference values

a Confirm the results of the 1991 reconnaissance survey for a limited number of fine-
grained sediment/backwater locations to confirm results of the 1991 reconnaissance

survey.

In order to make comparisons, three areas were used as sampling stations for both surveys: Youngs Bay,
Carrolls Channel, and Camas Slough. Sediment and tissue samples from these three sites were compared,
but not water column data. The highly transient nature of river water precludes meaningful comparisons
of the relatively limited water column data collected.
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In general, the sediments sampled at these three stations contained sumilar concentrations of contarminants
n the two surveys when differences in sediment grain size, organic carbon content, and laboratory
detection limuts between the two studies are considered. One exception two dioxin congeners measured
considerable lower 1n the 1993 backwater survey (1,2,3,4,6,7,8-HpCDD and OCDD).

Crayfish and largescale sucker were collected from Carrolls Channel and Camas Slough for both surveys
In general, tissue burdens of contaminants were sumlar, considenng differences in laboratory detection
lumits between surveys However, two furan congeners (1,2,3,7,8-PeCDF and 1,2,3,7,8,9-HxCDF)
measured higher n largescale sucker samples 1n 1993, on both bulk tissue and ipid-normalized bases

L Evaluate the potential for adverse effects to aquatic biota and wildhife using screeming

level concentrations adopted for the measured levels of water, sediment, and tissue

contaminants.
Water Column Quality—EPA criteria and Washington and Oregon state water quality standards

were used as screemung levels to assess potential adverse effects from contarmnants in water samples The
parameters measured which exceeded screemng levels include chlarophyll a, dissolved oxygen, dissolved
oxygen percent saturation, pH, temperature, fecal coliform bacteria, and some metals (aluminum, copper,

iron, lead, mercury, and silver).

Temperature and pH standards were only exceeded at backwater survey stations. This 1s probably due
to warmer summer temperatures, higher primary productivaty, and the more limited water exchange 1n
backwater areas. Exceeding Washington’s 20° C water temperature standard has already been recogmzed
as a chronic problem in the lower Columbia. The degree to which these exceedances are due to poilutant
discharges and/or human-induced changes 1n river flow has not been determined.

Water quality standards for dissoived oxygen were also exceeded in 1991 at a number of locations. The
most serious exceedances were below Skamokawa, WA sampled in 1991 in Burke Slough (RM 81) n
1993. Higher pH concentrations in 1993 generally comncided with relatively high dissolved oxygen
concentrations. This indicates that the high pH was probable due to high summer pnmary productivity
of algae and aquatic plants, which has been noted in historical studies of the mainstem of the lower nver
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Although there are currently no reference levels to assess the environmental stgmficance of the nutrient
levels measured 1n the backwater survey, the concentrations of phosphorus and mitrogen approached levels
that, given enough light and calm water can cause nuisance algal blooms 1n lakes (Hileman et al. 1975;
Welch 1980) These blooms can adversely effect aquatic life by depleting oxygen and affect the aesthetic
quality of the water for human uses Chlorophyll a concentrattions measured in backwater areas in 1993
also exceeded Oregon’s action level of 15 ug/L at 5 of the 15 locations (see Figure 5-1). It 1s possible
that the relatively high concentrations of algae present are not nuisance blue-green forms; additional
sampling (including algal species 1dentification and enumeration) could be conducted to assess the
potential impairment of these backwater areas of the river. The degree to which nutrient levels have been

elevated due to pollutant inputs has not been determined.

Relatively limited sampling for indicator bacteria was conducted for the backwater survey, precluding
adequate comparison to previous reconnaissance studies performed by Tetra Tech in 1991 and the
Washington Department of Ecology 1n 1992 Future studies of bactenia should focus on the season 1n
which recreational use of the niver is greatest, and include sampling for both enterococcus and E. coli,
indicator bacteria that have been recommended by EPA and are currently being considered for

mcorporation into state water quality regulations in Oregon.

The metals that frequently exceeded chronic water quality cnitena or standards, and therefore present a
potential for chromc toxicity to aquatic orgamsms tnclude aluminum, iron, copper, and lead However,
water column concentrations of alummum and i1ron are likely distributed primanly mn muneral and
particulate forms that are not readily avaiiable to aquatic biota: dissoived concentrations for both of these
metais were low, consistently below available criteria and standards. The fact that the dissolved concen-
trations of copper and lead were also generally below the detection limts, and below Washington’s
dissolved metals standards for copper and lead, further indicates that these metals may not pose a chronic
problem for aquatic biota The degree to which metals levels have been elevated due to pollutant inputs
has not been determined.

Additional water column sampling of metals should focus on aluminum, iron, copper, and lead, and
include an assessment of the potentially toxic forms and concentrations of these metals. Further analyses
of mercury and silver are also warranted, but will require more sensitive (and probably more costly)
analytic methode to achieve the low detection limuts necessary for these metals.
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Sediment Quality--Fewer criteria, standards, or guidelnes are available to evaluate sediment
quality However, freshwater sediment criteria and standards are in the development process or have
been adopted by resource agencies (¢ g , New York State Department of Environmental Conservation and
Ontario Minustry of the Environment) Long and Morgan (1990) have developed screening concentrations
for the National Oceamic and Atmosphenic Admumstration (NOAA) as part of the Nanonal Status and
Trends Program The states of Washington and Oregon do not presently have draft or final freshwater
sediument criteria, although the Washington Department of Ecology (WDOE) 1s in the process of devel-
oping freshwater sediment critenia for the protection of benthic orgamisms and human health. Therefore,
the lowest effects-based concentrations availabie from the sources 1dentified above were used as reference
values to 1dentify potential problem areas and chemicals based on the reconnaissance survey sediment
data.

Sediment analytes for the backwater survey that exceeded reference levels include arsemic, cadmum,
chrormum, copper, iron, mercury, nickel, silver, and zinc, cyamde, p,p’-DDD, and p,p’-DDT (see
Figure 5-38).

Except for metais, contamunants detected in lower Columbia River seduments did not appear to be more
concentrated in the relatively finer-grained sediments that were collected from backwaters. The use of
metal normalization techmques to account for the general association of trace metals with the fine
sediment revealed potential human-caused elevation of several metals 1n both fine backwater sediments
{(e.g., arsenic) and tn relauvely coarse-gramned maimnstem seduments (e g , copper) Although a
relationship with sediment organic carbon content was found for at least a few PAHs, the highest PAH
concentrations did not occur in backwater areas with higher sediment TOC content, the high concen-
trations of PAHs occurred instead 1n the viciuty of urban and mndustrial sources of these compounds
Sedument pesticides were detected relatively infrequently throughout the study area in both surveys at
relatively low concentrations, probably from diffuse agricultural sources located in upper and lower river
tnbutary basins as well as locai nearshore sources. PCBs were also detected infrequently; the highest
sediment PCB concentration was measured near urban and industrial sources of these compounds near
Longview

The highest concentrations of droxins and furans occurred below bleach kraft pulp and paper mills that
are known sources of these compounds. Although butyltin compounds were detected relatively frequent-
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ly, the potential environmental sigmficance of the sediment concentrations measured cannot be determuned
and may warrant further study The selected long-lived radionuclides analyzed for the 1993 survey were
generally detected infrequently Although the potential environmental sigmificance of the levels detected
cannot be assessed, the maximum concentrations measured are generally lower than or simular to concen-

trations measured above Hanford—the largest potential direct source of these radionuclides in the river

basin.

Biota Tissue Quality—-Even more limited critena, standards, or guidelines are available to assess
tissue burdens of contaminants for potential adverse effects. The guidelines used 1n this study primanly
address chiorinated organic compounds (chlorinated semi-volatile compounds, pesticides, PCBs, and
dioxin) and were developed by Newell et al. (1987) for the Niagara River Biota Contaminant Project.
These guidelines are for the protection of fish-eating wildlife. Selenium guidelines for the dietary toxicity
threshold for fish and wiidlife, and the heaith and reproductive success of freshwater and anadromous fish
suggested by Lemly (1993) were also adopted for use in evaluating survey data.

Compared to fish, crayfish samples contained relatively few organic compounds, but more trace metal,
and at hugher concentrations. The compounds that were frequently detected in tissue samples included
barium, cadmium, chromium, copper, lead, mercury, zinc, p,p’-DDD, p,p’-DDE, p,p’-DDT, Arochior
1254, dioxins and furans, and tributyltin.

Dioxmn and total PCBs exceeded reference levels occurred at 7 of the 15 stations sampled (see Fig-
ure 5-44), Adverse effects on fish-eating wildlife are possible based on the concentrations detected
Dioxin and furan reference levels were exceeded 1n a crayfish sample from Elochoman Slough and a
largescale sucker sampie from Youngs Bay Reference levels for total PCBs were exceeded 1n largescale
sucker samples from five stations: Youngs Bay, Cathlamet Bay, Scappoose Bay, and Camas Slough.

The reconnaissance survey results were generally similar to concentrations of these compounds measured
in national studies conducted by the U.S. Environmental Protection Agency and the U.S. Fish and Wild-
life Service. It is difficult to assess the potential adverse effects of the measured levels of most of the
contaminants detected 1n tissue samples due to the very linuted criteria or guidelines currently available

for these substances.
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