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plough, free swimming, and exogenous feeding following Dill (1977).

Samples of alevins containing 15 fish each will be taken from each of the four replicate
exposures at median hatch, approximately at the midpoint between hatch and swim-up, swim-up,
and termination (30 days post median swim-up). Samples will be frozen with liquid nitrogen,
stored at -90°C and held for possible later analysis of chromium tissue residues or assessment of
physiological impairment (DNA, lipid peroxidation). Three fish from each replicate will be
collected at swim-up and termination, preserved in 10% neutral buffered formalin, and held for
possible histological analyses. At the end of the exposure (30 days post median-hatch) all
surviving alevins in each treatment will be measured for total length and weighed to determme
growth. Fish will not be fed for 24 h prior to sampling.

TASKH ~ "~~~ "TORY AVO™ "~°7 TESTS:

The goal of this task is to begin to assess the potential for chromium to influence fish
distribution and habitat availability in the Hanford Reach of the Columbia River. The first step
in this assessment is to determine whether chinook salmon parr exhibit an avoidance response to
chromium under controlled laboratory conditions. Laboratory tests measure the response of
salmon presented with a choice between a control condition and chromium-contaminated water;
a potentially adverse stimulus. Precisely controlled conditions are necessary to ascribe the
observed behavioral response to the presented stimulus. Water quality that closely simulates the
ambient river conditions will be used to control variables such as hardness and pH that are
known to affect the speciation, complexation, biological availability and toxicity of metals, such
as chromium. Although test conditions will attempt to simulate many of the conditions
experienced by fish in the field, the focus of laboratory tests will be to control the nature of the
stimulus (agueous chromium) and the conditions under which it is presented to the organism.

ANALYSIS OF WATER AND TISSUE (ALL TA“¥“):

To assess stability of Cr species (e.g., total Cr vs. Cr (VI) expo  : concentrations), a 96-
hour flow-through test will be conducted prior to conducting the definitive on-site }  1ford
toxicity test. The procedures for pretest will be identical to those used to conduct the definitive
on-site test except that test duration will be shorter (96-h) and the exposure water will be
sampled more frequently for analysis of total Cr and Cr (VI). The diluter system will be
calibrated before beginning the pretest. The calibration is performed to ensure that appropriate

nounts of the groundwater are deliv to the chemi ™ mixing chambers of the diluter and that
the diluter delivers thea o, 1ite vo 's of exposure water to each treatment. During the
pretest eyed eggs of a surrogate salmonid species will be exposed to groundwater dilutions
containing 11, 24, 54, 120 and 266 ng/L of Cr and a control treatment of Columbia River water.
Four replicates of each Cr treatment w  be tested.

During the definitive on-site test chromium exposure concentrations will be determined
with the same methods used for analysis of chromium during the pretest. For analysis of total
chromium, one hundred mL samples will be collected weekly from each treatment and filtered
using a Nalgene® 300 filter holder. Each filtered sam] : will be transferred to a pre-cleaned,
125 ml I-Chem® polyethylene bottle, acidified to 1% HNO,, and analyzed with P 1S (See
ECRC SOP C5.212). At each time samples are collected for total chromium analysis, one
additional sample will be collected from the low, middle, and high chromium treatments,



extracted, and analyzed for speciation of chromium (SOP P.454).

For analysis of chromium in tissue, samples will be lyophilized (SOP C5.36 ), acid
digested with microwave heating (SOP C5.94), and analyzed by either ICP-MS (SOP C5.212) or
graphite furnace atomic absorption spectrophotometry (SOP C5.163).

5.1.2. Overview

The Hanford Nuclear Reservation in south central Washington is a 900 square kilometer
area claimed by the federal government in 1943 as a site for the production of plutonium (Geist
1995). The location was ideal because it was remote, sparsely populated, and most importantly,
had a readily available supply of cold water from the Columbia River. Because of national
security concerns, public access and river development projects were restricted until )71
(Dauble and Watson, 1997). Extensive dam building and development occurred throughout the
Columbia River Basin from 1943 to 1971 and led to severely reduced populations of chinook
salmon (Ocorhynchus tshawystcha). The 90 km section within the Hanford Reservation was not
developed, and today, the Hanford Reach remains a free flowing stretch of the Columbia River
and is the only remaining area where significant mainstem spawning occurs in the Columbia
River (Dauble and Watson 1990). The Hanford Reach of the Columbia River is regr  ted by
upstream dams, but is the last unimpounded stretch of the mainstem Col'  »ia River.

Large quantities of Columbia River water were used to cool nuclear reactors and cooling
water was treated with sodium dichromate to prevent corrosion and mineral collection within the
pipes (Peterson et al. 1996). During operations, cooling water with  sociated radionuclides and
chromium were discharged directly to the river and also entered ground water through leakage of
pipes and seepage from retention areas. Today, groundwater at the Hanford site continues to be
contaminated with chemical and radiological constituents (Geist et al. 1994). ' : hydraulic head
of the ground water aquifers in the 100 Area (National Priority List Site) are higher in elevation
than that of the Columbia River and results in discharge from the aquifer into the Columbia
River through the river bottom, shoreline springs and seeps. The ground water is hydraulically
connected to the river with peak aquifer discharges occurring during low river flows (fall and
winter) and minimum aqui  discharges occurring during high river flows (spring and summer)
(Geist et al. 1994).

The use of the Hanford Reach for fall chinook spawning and rearing has dramatically
increased since 1960 (Becker 1985, Dauble and Watson 1990). The 10 year average adult
escapement increased from 7,660 (1964-1973) to 54,661 (1983-1992). This inc is

onounced when compared with the rest of the mid and upper Columbia River v chinook
runs have declined during the same time period. Spawning occurs in close proximity to the 100
Area where contaminated ground water is entering the River. Adult chinook spawn in variable
water depths, water velocities, and substrate types (Swan et al. 1988). Spawning in the Hanford
Reach begins in mid-October, peaks in mid-November, and ends in late November (Dauble and
Watson 1997). Egg and fry development within the redds take place from mid-October to May
during low river flows that result in peak aquifer discharges. Based on the mid-November peak
redd abundance and ambient temperatures, eggs would become eyed in early Decen 'r, hatch in
late December, and alevins would emerge from the redds in late February. Upon emergence, fry
move out of the main river channel into shallow, slow moving, near shore and backwater habitat
(Dauble and Watson 1990, Dauble et al. 1989). Juveniles remain in the Hanford Reach from






6.0. Project Organization and Responsibilities

The Project’s organization and responsibilities are summarized in Figure 1 The
qualifications of personnel to perform research and/or administrative and management activities
associated with the Project are summarized in Appendix B in the form of curriculum vitae.
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Figure 1. Distribution of overall responsibilities for project P00-21-01
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6.1. Program Management

Dan Woodward of the CERC Field Research Station at Jackson, Wyoming will serve as
Coordinator for the Project and will report to the CERC Ecology Branch Chief and the Project
Officer for the U.S. Fish and Wildlife Service (Figure 1). Quality Assurance and Quality
Control (QA/QC) functions for the Project will be the responsibility of Paul R. Heine , the CERC
QA Officer. The QA Officer or his designee will conduct all QA/QC inspections and audits and
will report to the Ecology Branch Chief. Gregory Patton, Pacific Northwest National
Laboratories and Aaron DeLonay, CERC will serve as co-principal investigators for the on-site
early life stage test under task I. Aaron DeLonay will report to CERC Ecology Bran:  Chief,
Edward Little and Gregory Patton will report to Dennis Dauble, the project coordinator for
Pacific Northwest National Laboratories. Dennis Dauble will report to Dan Audet. Aaron
DeLonay and Laverne Cleveland will serve as co-principal investigators for the laboratory
avoidance study under Task 2 of the Project and will report to the CERC Ecology Branch Chief
Edward Little. William Brumbaugh will serve as Co-principal Investigator for Cr chemi
analyses and will report to the respective co-principal investigator for task 2 studies (Figure2).

6.2. Quality Assurance Responsibility

Paul Heine will be responsible for conducting laboratory checks, identifying and
controlling non-conformance, and initiating corrective actions whenever QA/QC limits are
exceeded.

6.3. Laboratory Responsibilities

Under Task 1 of the Project Gregory Patton will be responsible for conducting the on-site
early life-stage toxicity test and collecting the data on egg survival and hatch, and the growth and
survival of alevins. Chemical analyses of chromium during the on-site test will be performed by
Pacific Northwest National Laboratories (Figure 1). Under Task 2 of the Project, the laboratory
avoidance tests will be performed by Aaron DelLonay and Laverne Cleveland. Bill Brumbaugh
will be responsible for chemical analyses for each test under Task 2 (Figure 1).

..0. Quality Assurance Objectives for Measurement Data
7.1. Precision, Accuracy, and Test Acceptability
7.1.1. Task I- on-site early life stage toxicity test ; Task 2 - Laboratory avoidance
tests.
Precision describes the degree to which data generated from replicated treatments differ.
Aca  y thediff ice between measured data values andtl  truedata va s ecisior |
accuracy will be determined for tests under each Task by replicating treatments a minimum of
four times. Treatment replication allows the estimation of standard deviation and coefficient of
variation (CV) which are used as indicators of precision and accuracy. The acceptability of
toxicity tests conducted under Task 1, and Task 2 will be assessed by their precision and
responses observed for control treatments used in all tests.
7.1.2. Chemical Analyses
Precision and accuracy for chemical analyses performed for tests under Task | and Task 2
will be assessed by use of replicate analyses, certified reference materials, matrix spikes,
procedural blanks, and control samples. Water (and tissue) samples will be analyzed for
chromium according to CERC SOPs C5.212, P.454, C5.36, C5.' and C5.163.

13












Written QA reports will be initiated at the request of the Project Coordinator or Project
Officer or as a result of a QA audit. The QA officer will be responsible for all QA reports. The
reports will include information such as a description of discrepancies or problems, descriptions
of variances from QA objectives, implications of the variances, discrepancies, or problems,
required corrective actions, and a schedule for meeting corrective actions.
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ENVIRONMENTAL AND CONTAMINANTS F  :ARCH
CENTER RESEARCH STUDY PLAN 418

Study Plan Title: The Potential for Chromium to Adversely Affect Chinook Salmon
(Oncorhynchus tshawystcha) under Exposure Conditions Simulating the Hanford Reach of the
Columbia River, Washington, USA.

BRD SIS Project Number:

Date Prepared: 08/17/98

~ Date Revised: 09/09/99

BRD Center: Columbia Environmental Research Center
Facility Contact: Wilbur L. Mauck

Project Contact: Daniel Woodward

Date Initiated: 1998

I. Rational and Justification: Extensived  building and development occurred throughout the
Columbia River Basin from 1943 to 1971 and led to severely reduced populations of chinook
salmon (Ocorhynchus tshawystcha). An area that did not experience development is a 90 km
section within the Hanford Nuclear Reservation which was claimed by the federal government in
1943 as a site for the production of plutonium. Currently, the Hanford Reach remains a free
flowing stretch of the Columbia River and is the only remaining area where s° ificant mainstem
chinook salmon spawning occurs in the Columbia River (Dauble and Watson 1990). _ e
Hanford Reach of the Columbia River is regulated by upstream dams, but is the last
unimpounded stretch of the Columbia River. The use of the Hanford Reach for fall chinook
spawning and rearing has dramatically increased since 1960 (Becker 1985, Dauble and Watson
1990). The 10 year average adult escapement increased from 27,660 (1964-1973) to 54,661
(1983-1 ). This inc 1se is pronounced when comp with the  tof the mid d upper
~vlumbia River where ¢ 100k runs have declined dut he same time peric

Plutonium production within the Hanford Reservation required the use of large quantities
of Columbia River water to cool nuclear reactors. The cooling water was treated wi  sodium
dichromate to prevent corrosion and mineral collection within cooling system pipes (Peterson et
al. 1996). During operations, cooling water with associated radionuclides and chromium were
discharged directly to the Columbia River and also entered ground water through leakage of
pipes and seepage from retention areas. Currently, groundwater at the Hanford site continues to
be contaminated with chemical and radiological constituents (Geist et al. 1994).

The Hanford Reach of the Columbia River is critically important as spawning habitat for
the chinook salmon and it is essential to determine if current water quality standards protect
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AWQC for chromium, 11 ug/L (USEPA 1986, State of Washington (173-201 A-040)).

This concentration range is also representative of concentrations in pore water sampled
from the intergravel substrates in locations where salmon spawn (Giest 1997, Hope and
Peterson 1996).

Gametes wi  be obtained from reproductively mature  inook salmon from the
McNenny State Fish Hatchery, Spearfish, South Dakota. The salmon from which the
gametes are obtained will be certified disease free prior to any testing. The disease free
status is essential in assuring that toxicity testing is on healthy test organisms, increases
reliability of results, and is a recommended standard procedure (ASTM 1993). This
source of chinook salmon has been used in past Natural Resource Damage Assessments
(Blackbird Mine Site, Idaho; Marr et al. 1995).

Gametes will be taken from chinook salmon brood stock between October and
November of 1998. This is the normal time for gametogenesis in fall adult chinook
salmon and the stock will be checked weekly for ovum and sperm formation. We will
use a pooled source of eggs and sperm from a minimum of three females and iree males
to perform three tests: 1) toxicity of chromium to the ovum, the ovum survival test; 2)
toxicity of chromium to sperm, the sperm survival test; and 3) toxicity of chromium to
fertilization, the fertilization test.

A physiological saline (PS) solution will be used in the ovum and fertilization
test; and a physiological saline solution with sperm extender (PS/SE) will be used in the
sperm test (Billard and Roubaud 1985). The physiological saline solution wi consist of
a standard 1% NaCl solution buffered to pH 9.0; the PS/SE will be the same solution with
KCl added (30 mM) to prevent the spermatozoa from becoming motile. Ova and sperm
can survive for several hours in these solutions. In all three tests, there will be six
treatment concentrations of chromium: 0, 5, 11, 24, 54, and 120 ug/L. The six chromium
treatments will be incorporated into the PS or the PS/SE so that when diluted with the
appropriate amount of sperm or ovum the desired concentration of chromium is achieved.
Each treatment will be replicated four times for a total of 24 treatments.

Ovum survival test. Ova will be divided into 24 treatment lots of 150-200 eggs,
each and mixed with 10 m! of PS containing the appropriate chromium concentration.
After 15 min, the liquid will  removed from each treatment and replaced w. I
fresh uncontaminated PS solution followed by insemination with 1ml of intact sperm.
This will 15 min ovum exposure.

S=~-r ~---i~'+~-< Sperm will be diluted with PS/SE containing the appropriate
chromium concentration { 1ml sperm:10ml PS/SE) to obtain 24 treatment lots. e
sperm, PS/SE, and chromium will be mixed, and left standing for 15 min. Sperm will be
separated from the PS/SE exposure treatments by centrifuging for 10 min at 1800g,
followed by replacement of 10ml fresh uncontaminated PS/SE. The exposed sperm will
be used to inseminate 24 lots of about 30-200 ova, each previously diluted in 10ml of
PS. This will be a 15 min sperm exposure.

Fertilization *~~* Ova (150-200), sperm (1ml), and 10m! of PS containing the
appropriate chromium concentrations will be mixed together to achieve the 24 treatment
lots. This will be a 65 min exposure of egg and sperm during fertilization and water
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hardening. In all three tests, ova and sperm will be mixed for 5 min followed vy rinsing
and water hardening in Hanford experimental water according to standard procedures
(Piper et al. 1982). Water hardening will last for one hour and is the process by which
water is absorbed into the eggs and fills the perivitelline space between the shell and
yoke. The eggs become turgid during this process and additional water exchange is
minimal during further development. In the fertilization test, exposure to chromium will
continue through water hardening. After water hardening, eggs will be rinsed and
transferred into incubators. Eggs from all three tests will be incubated in McNenny
hatchery water (temperature, 11°C; hardness, 360 mg/L as CaCO,; alkalinity, 210 mg/L;
and pH, 7.6) for 10 days. The eggs will be cleared in 10% acetic acid solution for 2 min
and percent fertilization will be determined. The embryo of fertilized eggs will turn an
opaque white and become visible through the translucent chorion. At 10 days the embryo
will have a definite optic lobe developed with an elongated somite and will be easily
distinguished from an unfertilized germinal disk.

Exposure water will be monitored once per week for dissolved oxygen, pH,
alkalinity, hardness, and conductivity (ECRC SOPs1 14, B4.15, B4.16, and B4.9).
More frequent monitoring will be performed if conditions dictate. Samples of exposure
water will be taken weekly to monitor total chromium exposure concentrations. One
hundred mL samples of exposure water from each treatment will be filtered using a
Nalgene® 300 filter holder. Each filtered sample will be transferred to a pre-cleaned, 125
ml I-Chem® polyethylene bottle, acidified to 1% HNO,, and analyzed with ICP-MS (See
ECRC SOP C5.212). At each time of total chromium sampling, one additional sample
will be extracted from the low, middle, and high chromium exposures an¢ 1alyzed for
speciation of chromium (SOP P.454). For analysis of chromium in tissue, samples will
be lyophilized (SOP C5.36 ), acid digested with microwave heating (SOP C5.94), and
analyzed by either ICP-MS (SOP C5.212) or graphite furnace atomic absorption
spectrophotometry (SOP C5.163).

Jata: Objective: To determine the toxicity of chromium to chinook
saimon ovum, sperm, and the fertilization process. .
ita gathered from this objective will include chinook salmon ova survival, sperm
survival, and percent fi  lization at chromium concentrations representative of
concentrations in pore water sampled from the intergravel substrates in locations where

Percent data for lizati  ovasurvival, and s survival will
be arc sine transtormed and analyzed with Analysis of Variance (ANOVA) followed by
Tukey means comparisons test. Statistical significance will be assigned at P < 0.05.
Acceptance or rejection of test results will be determined from statistical a2 yses and
peer review of the methods, data, and results.

Ac  tan "ejection Criteria for Results: Acceptance or rejection criteria for test
results are outlined in ECRC Standard Operating Procedures and standardized methods
for specific studies. Appropriate Standard Operating Procedures and standardized
methods used for these tests are cited in ECRC Protocol P99-10-01 (Attachment I).
Special Safety Requirements: Safety requirements for all research activities at the ECRC
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11.

12.

maintained at the ECRC Field Research Station, Jackson, WY and the ECRC, Columbia,
MO according to standard operating procedures. Files from this study will be
permanently archived by the ECRC QA/QC Officer as outlined in ECRC SOP BS5.147.
Relationship to Cooperator Needs: The data gathered from this study will (1) provide :
assessment of injury to chinook salmon exposed to chromium in the Hanford area of the
Columbia River Basin, (2) will be useful in recovering damages for lost resources and in
evaluating remedial options, including immobilization, treatment, and the no tion
alternative; and (3) will be usefi to Trustees, inc  'ing the U.S. Fish and Wildlife
Service, Hanford Natural Resource Trustees, the U.S. Department of the Interior, and the
States of Oregon and Washii .on in efforts to manage the Columbia River saimon
population.

Literature Cited: See “Literature Cited” section of study 3 below.
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lamellae, liver (free of the gall bladder), kidney, and intestine will be removed
immediately from the 10 individual fish. Samples for histology will be collected from 2
fish from each replicated chamber and fixed in 10% neutral buffered formalin. It should
be noted that spleen and skin samples will also be collected for histological examinations.
Samples for DNA strand breakage, lipid peroxidation, and tissue metals will be collected
from four fish from each replicate, frozen with liquid nitrogen, and stored at -90°C. Ata
later date, these samples will be ground with liquid nitrogen and composited by tissue to
result in one sample from each replicate chamber. Aliquots of these composites will be
measured for DNA strand breakage (Jackson SOP F20.29), lipid peroxidation (Jackson
SOP F20.25), and tissue metals.

Samples will be collected from the remaining two fish for additional
measurements of DNA strand breakage. For example, both the anterior and posterior
portions of the kidney will be sampled to distinguish between effects related to immune
functions of the kidney (i.e. anterior section) to effects on the excretory processes (i.e.
posterior portion). This information can be used to explain the mechanisms of observed
toxicity. These data are also necessary to make comparisons between data ga :red from
samples of whole, ground tissue and those from specific locations within a tissue. Whole
tissue samples would be less labor intensive to collect in field situations. However, it
must be documented that this method is sufficiently sensitive to correspond with other
toxicological effects. Fish will notbe 1 for 24 h prior to sampling.

Exposure water will be monitored once per week for dissolved oxygen, pH,
alkalinity, hardness, and conductivity (ECRC SOPs B4.14, B4.15, B4.16, and B4.9).
More frequent monitoring will be performed if conditions dictate. Samples ofe osure
water will be taken weekly to monitor total chromium exposure concentrations. une
hundred mL samples of exposure water from each treatment will be filtered using a
Nalgene® 300 filter holder. Each filtered sample will be transferred to a pre-cleaned, 125
ml I-Chem® polyethylene bott  acidified to 1% HNO,, and analyzed with ICP-MS (.
ECRC SOP C5.212). At each time of total chromium sampling, one additional sample
will be extracted from the low, middle, and high chromium exposures and analyzed for
speciation of chromium (SOP P.454). For analysis of chromium in tissue, samples will
be lyophilized (SOP C5.36 ), acid digested with microwave heating (SOP C5.94), and
analyzed by either ICP-MS (SOP C5.212) or graphite furnace atomic absorption
spectrophot.  itry (SOP C5.163).

* :-+:=~ of Critical Data: Objective 1: Gather data on chromium-induced
physiological responses to aid in the interpretation of growth and survi

responses documented during the early life-stage test (Study 2 above).

Objective 2: To compare laboratory-derived chromium-induced effects on health
parameters of chinook salmon with health parameters measured on field-colle d
salmon from the Hanford Reach of the Columbia river.

Data gathered from these two objectives will include chinook salmon survi , behavior,
lipid peroxidation, DNA strand breakage, histology and tissue metal accumulation at
chromium concentrations representative of concentrations in locations where salmon
spawn.
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AMENDMENT I TO CERC RESEARCH STUDY PLAN 418

CERC Research Study Plan 418 is amended to include an additional project as described
below.

Study Plan Title: The Potential for Chromium-contaminated Groundwater from the anford 100
Area to Adversely Affect Chinook Salmon (Oncorhynchus tshawystcha) in the Hanford Reach of
the Columbia River, Washington, USA: On-site Toxicity Test and Laboratory Avoidance Tests.

USGS SIS Project Number: 418

Date Amendment Prepared: 09/09/99

Date Revised: 12/20/99

USGS Center: Columbia Environmental Research Center
Facility Contact: Wilbur L. Mauck

Project Contact: Daniel Woodward

Date Initiated: 1999

I. Rational and Justification: Extensive dam building and development occurred throu out the
Columbia River Basin from 1943 to 1971 and led to severely reduced populations of chinook
salmon (Ocorhynchus tshawystcha). An area that did not experience development is section
within the Hanford Nuclear Reservation which was claimed by the federal govern  nt in 1943

a site for the production of plutonium. Currently, the Hanford Reach remains a free flowing
stretch of the Columbia River and is the only remaining area where significant mainstem chinook
salmon spawning occurs in the Columbia River (Dauble and Watson 1990). The Hanford Reach
of the Columbia River is regulated by upstream dams, but is the last unimpounded stretch of the
Columbia River. The use of the Hanford Reach for fall chinook spawning and rearing has

drar 1 lyincr  :d since 1960 (Becker 1985, iwuble and Watson 1990). * e ‘a e
adult escapement increased from 27,660 (1964-1973) to 54,661 (1983-1992). This increase is
pronounced when compared with the rest of the mid and upper Columbia River where  nook
runs have * lined during the same time period.

Plutonium production within the Hanford Reservation required the use of large quantities
of Columbia River water to cool nuclear reactors. The cooling water was i ed with sodium
dichromate to prevent corrosion and mineral collection within cooling system pipes (Peterson et
al. 1996). During operations, cooling water with associated radionuclides and chromium were
discharged directly to the Columbia River and also entered ground water through leakage of
pipes and seepage from retention areas. Currently, groundwater at the Hanford site continues to
be contaminated with chemical and radiological constituents (Geist et al. 1994).
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exposure water before it enters the diluter and submerging the exposure aquaria in a
temperature-controlled water bath.

To initiate the test, two groups of 50 eggs each will be placed into I'  mL glass hatching
containers and suspended into each of four exposure aquaria. The aquaria will be covered
with black plastic to shi | the eggs from light during incubation, and gentle aeration will
be used to provide continuous circulation of the exposure water. On the median hatch
date, the alevins will be released into the exposure aquaria. On the median swim-up date,
the chromium exposure will be discontinued and the alevins will be maintained in the
aquaria in chromium-free water until 30 days after the median swim-up date.

During the exposure, egg mortality and hatching will be monitored and recorded daily.

Dead eggs will be removed from the hatching containers and discarded. A in mortality
and deformities will be monitored daily and dead alevins will be removed from the
aquaria and discarded. Visual observations will be conducted daily to monitor the
development of alevins. The sequence and timing of critical developmental stages
including; hatch, onset of movement, side plough, upright plough, free swimming, and
exogenous feeding will be documented following Dill (1977).

The following samples will collected during the experiment for measurements of fish
health. This assessment of physiological impairment will be performed if funds become
available. Samples of alevins containing 15 fish each will be taken from each of the four
replicate exposures at median hatch, approximately at the midpoint between hatch and
swim-up, swim-up, and termination (30 days median hatch date). Samples wi be frozen
with liquid nitrogen, and stored at -90°C for later measurements of DNA strand breakage,
lipid peroxidation, and tissue chromium measurements. Three fish from each replicate
will be collected at swim-up and termination, preserved in 10% neutral buffered formalin,
and held for histological analyses. The number of samples collected for fish health are
listed in Table 1. Poor hatching success or high mortality may require intermediate
sampling dates to be eliminated or the number of samples to be reduced. Chz esin
sampling frequency or number will be made in consultation with project coordinators. At
the end of the exposure (30 days post median-hatch) an external necropsy assessment will
de  all: ving alevii  and lengths | weights will = recorded. Fish will
be fed for 24 h| to sampling.
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complexation, biological availability and toxicity of metals, such as chrc um. Although
test conditions will attempt to simulate many of the conditions experienced by fish in the
field, the focus of laboratory tests will be to control the nature of the stimulus (aqueous
chromium) and the conditions under which it is resented to the organism.

Two avoidance experiments will be conducted. The first will determine the avoidance
response of chinook salmon to chromium concentrations ranging from 0 to 120 xg/L in
reconstituted, experimental water (80 mg/L hardness as CaCO,, 10 + 2° C). Selected
concentrations were based on the chronic EPA ambient water quality criteria for
chromium ' | xg/L), concentrations that are expected to elicit an avoidance response
based on a survey of the literature, and the range of concentrations expected in the
Hanford Reach of the Columbia River.

The second series of avoidance tests is designed to examine whether the water quality
characteristics associated with a groundwater source will alter the response of chinook
salmon to chromium. Chromium is associated with seeps and areas of upwelling,
contaminated groundwater that exist along the river's edge, and in the river bed. We
quality characteristics associated with upwelling groundwater may alter the avoidance
response by either changing the perception or toxicity of the stimulus (chromium), or by
presenting water quality conditions (hardness, alkalinity, pH, etc.) which may be
preferred over the control condition. The second experiment will evaluate the response of
chinook salmon to a simulated groundwater (200 mg/L hardness as CaCO,) with and
without the addition of aqueous chromium. The test combinations for each experiment
are illustrated in Table 2.

Juvenile chinook salmon (0.25 to 2.0 grams) will be acclimated to, and maintained in
experimental water (80 mg/L hardness) at the test temperature (1C ~ °C) for a minimum
of two weeks prior to the start of avoidance experiments. Fish will not be fed 24 hours
prior to testing. Avoidance tests will be conducted using a counter-current apparatus in
accordance with CERC SOP B5.232. A Control (experimental water without chromium)
and a test solution (experimental water with chromium) flow in from opposite ends of the
apparatus, and exit from six drains at the center. This apparatus produces a steep, central
gradient betv  n the control and t  ment. Prior to the start of the experin 1ts the
a__ wratus will be calib ed and the steepness of the gradient verified using fluorescein
dye.

Individual fish will be placed into each of three avoidance apparatus. After sufficient
acclimation (indicated by exploratory behavior) the test will begin. Acclimation tin  are
species and life-stage dependant and usually range from 20 to 40 minutes. test period
will be 40 minutes in duration. The behavioral response to the gradient will be recorded
on video tape and analyzed in ten minute intervals as the proportion of time spent in the
test solution versus the time spent in the control solution. A series of trials will be
conducted using three apparatus, each presenting test organisms with the control and one
of the test conditions. This series of treatment combinations will be replicated a
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minimum of eight times. The test condition delivered to each test aj aratus, and the end
of the apparatus receiving the test condition will be randomized and aiternated between
trials. The control combination is a test in which experimental water without
contaminants flows into both ends of the apparatus.

Tests will be discarded if there is a disturbance to the avoidance apparatus; inconsistent
water chemistry, temperature, or quality; or disease, aggression, or abnormal behavior.
Tests will also be discarded if test organisms do not cross the gradient mini 1m of
three time during the test period. The apparatus will be enclosed in a structure to shield
against external movement or sound. Water quality characteristics (f  alkal ty,
hardness, and conductivity) of the reconstituted Columbia River water and Hanford
groundwater will be sampled daily.

Table 2. Experimental matrix of treatment combinatione <ed for Task [I ~vnidance tactq

Experiment I

Control Condition

Test Conditions

Experimental Water ' + Oug/L Cr

Experimental Water + Oug/L. Cr
Experimental Water + 11 ug/L Cr
Experimental Water + 27 ug/L Cr
Experimental Water + 54 ng/L Cr
Experimental Water + 120 ug/L Cr

Experiment If

Control Conditon

Test Conditons

Experimental Water + Oug/L Cr

Simulated Groundwater > + 0 ug/L. Cr
Simulated Groundwater + 11ug/L Cr
Simulated Groundwater + 27 ng/L Cr
S alated ug/L Cr
Simulated Groundwater + 120 ng/LL Cr

indwe +

TExperimental Water (80 mg/L hardness as CaCQO,)
2Simulated Groundwater (200 mg/L hardness as CaCO,)

ANALYSIS OF WATER (ALL TASKS):

Prior to conducting the definitive on-site Hanford toxicity test (Task I), a 96-hour flow-
through test will be conducted to assess stability of chromium species (e.g., total Cr vs.
Cr (VI) exposure concentrations). The procedures for pretest will be identical to those
used to conduct the definitive on-site test except that test duration will be shorter (96-h)
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and the exposure water will be sampled more frequently for analysis of total Cr and Cr
(VD). The diluter system will be calibrated before beginning the pretest. The calibrat
is performed to ensure that appropriate amounts of the groundwater are delivered to the
chemical mixing chambers of the diluter and that the diluter delivers the appropriate
volumes of exposure water to each treatment. During the pretest eyed eggs of a surrogate
salmonid species will be exposed to groundwater dilutions containing 11, 24, 54, 120,
and 266 ug/L of Cr and a control treatment of Columbia River water. Fourr icates of
each Cr treatment will be tested.

To initiate the pretest, on day minus 2 the waterbath and exposure chambers will be filled
to begin temperature regulation and the groundwater dilutions will be mixed and metered
to each treatment. The diluter system will be allowed to equilibrate for 48 hours. On day
0 of the pretest two groups of 50 eyed eggs will be placed into 177-mL glass atching
containers and randomly suspended into each of four replicate exposure chambers per
treatment (400 eggs per treatment). The exposure chambers will be covered with black
plastic to shield the eggs from light during the exposure and gentle aeration will be used
to provide continuous circulation of the exposure water. The sampling regime for the
pretest is shown in Table 3.

Table 3. Aqueous chromium sampling regime for Task I onsite ELS pretest.

Chromium concentration (xg/L) and number of samples

Days of ——r
Exposure 0.00 11 24 54 120 266 Total
1 ] total 2 total 2total 2 total 2 total 2 total 11
2 Cr (V] 2 Cr (V]) 2Cr (V) 6
3 1 total 2 total 2total 2 total 2 total 2 total 11
2 Cr (V] 2 Cr (V] 2Cr(Vl) 6
4 1 total 2 total 2 total 2 total 2 total 2 total 11
2Cr (V] 2 Cr (VD 2Cr (V) 6
. otal 3 12 6 12 6 12 51

One hundred mL samples of exposure water from each treatment will be filtered us ;a
Nalgene® 300 filter holder and a 0.4 um polycarbonate membrane. Each filtered sample
will be transferred to a pre-cleaned, 125 ml I-Chem® polyethylene bottle then
immediately put on ice and shipped ' overnight carrier (or hand delivered) to the
analytical laboratory. Upon receipt, the analytical laboratory will immediately conduct
ion-exchange separation of the Cr(VI) species. The treated sample containing only the
Cr(VI) species will then be acidified to 1% HNO3 for analysis by ICP-MS. Speciation
control checks will include one Cr(VI) spike, one CR(III) spike and one blank for each
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alternative; and (3) will be useful to Trustees, including the U.S. Fish and Wildlife
Service, Hanford Natural Resource Trustees, the U.S. Department of the Interior, and the
States of Oregon and Washington in efforts to mana  the Columbia River salmon
population.
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Employer/Affiliation: Pacific Northwest National Laboratory, Richland, Washington
1973-present

Date Prepared: September 14, 1999

Name: Dennis D. Dauble : Date:

Bomn: Walla Walla, Washington, September 28, 1950

EDUCATION: Oregon State University B.S. Fisheries 1972
Washington State University M.S. Biology 1978
Oregon State University PhD Fisheries 1988

EXPERIENCE:

T-ghrice! Grou~ Menar~- Feology Gr-), 1996-Present

Staft Scientist, Aquatic kcology Group, 1994-1996

Senior Research Scier " = ~1ivironment:™ ~ Tzpa’ © "988-1994

Research Scie~**~t, Environmental Sciences Department, 1Y/3-1988
Research Technician 1973-1978

PUBLICATIONS:
Dr. Dauble has authored or co-authored over 40 peer-reviewed articles in scientific ji
symposia, >60 technical reports, and a book chapter.
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Employer/Affiliation Battelle Pacific Northwest National Laboratory
Date Prepared 9/14/99

Name: Gregory W. Patton Signature: Date:

Born: Beckley, West Virginia August 25, 1963

EDUCATION:
Institution ™ Date
University of South Carolina Ph.D. Cnemustry 1989
Fairmont State College B.S. Chemisty 1985
TRAINING:
Course Length Sponsor
Date
EXPERIENCE:

Position Title (current), Employer, Location, and Dates.

April 1994 - present: Senior Research Scientist, Environmental Technologies Division, Battelle
Pacific Northwest National Laboratory, Richland, WA.

July 1998 - present: Adjunct Lecturer, Washington State University - TriCities, Envi imental
Science and Regional Planning Program, Richland, WA.

Position Title (next most recent) Jloyer, Locatic and Da .

December 1989 — April 1994: Research Scientist, Earth & Environmental Sciences Center,
Battelle Pacific Northwest Laboratory, Richland, WA.

PUBLICATIONS:

Dr. Patton is the author/coauthor of 8 journal articles, 1 book chapter, and over 20 Pacific
Northwest National Laboratory reports. Selected jour ~ articles:

1998. Strontium-90 in Alfalfa (Medicago sativa) Around the Hanford Site in Southeastern
Washington State: An Evaluation of Surveillance Data, J. Environ. Radioactivity, 39, 87-105.

1997. Public Participation in Radiological Surveillance, Health Physics, 73, 700-705.

1997. Ambient Air Sampling for Tritium - Determination of Breakthrough Volumes and
Collection Efficiencies for Silica Gel Adsorbent, Health Physics, 72, 397-407.
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Columbia Environmental Research Center

Name: Aaron J. DeLonay
Signature Date

Bom: Wausau, WI June 5, 1965
EDUCATION:
Institution Degree Date
University of Wisconsin-Stevens Point B.S., Water Resources 1987

Aquatic Biology
University of Missouri-Columbia M.S,, Fisheries & Wildlife 1991
TRAINING:

Course Length Sponsor T™ "2

Standard First Aid 4 hours American Red Cross /1991
Adult CPR 4 hours American Red Cross /1992
Driver Safety Training 8 hours Columbia Safety Council /1992
Natural Resource Damage
Assessment 3 days U.S. . ,75/1994
Endangered Species Training 8 hours U.S. FWS/1996
Boater Safety Training 3 days U.S. DOI (MSCy 1996
EXPERIENCE:

~-~'ogist, Population Ecology, Midwest S¢  ice Center, Columbia, MO, 1993 to present.

Ecologist, Behavioral Toxicology Section, National Fisheries Contaminant Research Center,
U.S. Fish & Wildlife Service, Columbia, MO, . 10 to 1993.

University of Missc , Columbia, MO, 1988 to 1990.

Research “ " ‘e, University of Wisconsin-Stevens Point, Stevens Point, WI, September to
December 1987.

Fisheries Intern, Northern Highland Fisheries Research Area, Wisconsin Department of Natural
Resources, Woodruff, WI, May to August 1987.

Teaching Assistant, UW-Stevens Point Treehaven Field Station, Tomahawk, WI, May to August
1986.
PUBLICATIONS: Author or co-author of 12 publications.
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Name: William G. Brumbaugh L
Signature Date

~ )~ Painesville, Ohio  January 28, 1956

iataN el A"I"I’I'\N

Institution Degree Date
University of Missouri - Columbia B.S., Chemistry 1978
University of Missouri - Columbia M.S., Analytical Chemistry 1983
University of Missouri - Columbia PhD, Analytical Chemistry 1997
TRADMN™
Course Hours Sponsor Date
Statistics 6 NFCRC 5/80
Writing Position Descriptions 6 OPM 6/81
Trace Analysis 3 cred. UMC/NFCRC  9/81
Environmental Chemistry 3 cred. UMC/NFCRC  9/83
~7 ) Training 3 OPM 3/84
Advanced G hite Furnace AA 16 Perkin-Elmer =~ 7/84
Technical Writing 24 Shipley 3/89
Multiculturism 6 OPM 6/91
Total Quality Management 16 OPM 5/92
Environmental Chemical Analysis 3 cred. UMC/MSC 9/94

ecular Ch ) 3¢ L UMC/MSC 1/95
Mass Spectrometry Topics 3 cred. UMC/MSC 9/95
Organic Spectroscopy Topics 3 cred. UMC/MSC 1/96
EXPER] ICE:

Leader " g~~~ “hemistry Methods Development, Midwest Science Center, Columbia, Mo,
1990 to present.

P~~~arch Chr—*st, Midwest Science Center (formerly the National Fisheries Contaminant
Research Center), Columbia, MO, 1984 to 1990.
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", Midwest Science Center (fomerly the National Fisheries Contaminant Research
Center), Columbia, MO, 1978 to 1984.

Graduate Teaching Assistant, UMC, Quantitative Analysis Lab, 1981.

PUBLICATIONS:

Author or co-author of 24 publications in the field of environmental analytical chemistry
including:

1. Brumbaugh, W.G.; Kane, D.A. 1985. Variability of aluminum
concentrations in organs and whole bodies of smallmouth bass (micropterus
dolomieui) Environmental Science And Technology 19(9): 828-831.

2. Brumbaugh, W.G.; Koirtyohann, S.R. 1988. Effects of surface
on the atomization of lead by graphite furnace atomic absorption. Analytical
Chemistry 60(10): 1051-1055. (M.S.Thesis, UMC 1983)

3. Brumbaugh, W.G.; Walther, M.J. 1989. Determi.  ion of
arsenic and selenium in whole fish by continuous-flow hydride generation atomic
absorption spectrophotometry. Journal of the Association of Official Analytical
Chemists 72(3): 484-486.

4.  Brumbaugh, W.G.; Walther, M.J. 1991. Improved selenium
recovery from tissue with m« " fied sample decomposition. Journal of t.
Association of Official Analytical Chemists 74(3):570.

5.  Brumbaugh, W.G.; Ingersoll, C.G.; Kemble, N.E.; May,
T.W.; Zajicek, J.L. 1994. Chemical characterization of sediments and pore water
f ntl upp C «ForkRi andMilltown ervoir, N 1a. Environr
Toxicology And Chemistry 13(12):1971-83.

6.  Brumbaugh, W.G.; Arms, J.A. 1996. Quality control considerations for the

determination of acid-volatile sulfide and simultaneously extracted metals in
sediments. Environmental Toxicology And Chemistry 15:282-285.
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Name: Paul R. Heine

Signature
Born: St. Louis, MO  May 16, 1949

EDUCATION:

Institution De

Date

University of Missouri, Columbia, MO B.S., Agriculture

T AININ
- Length

Training on AAII System 32 hours
Radiation Safety Training 1 hour
Statistics 1 hour
Defensive Driving Course 8 hours
#1 Basic rst Aid Course 8 hours
#2 Basic First Aid Course 8 hours
Radiation Safety Training 1 hour
Defensive Driving Course 8 hours
Radiation Safety Training 1 hour
Radiation Safety Training 1 hour
Radiation Safety Training 1 hour
How tc : ate Authority and

Ensure It's Done Right 8 hours
Defensive Driving Course 8 hours
Radiation Safety Training 1 hour
Effective Writing 1€ ours
Radiation Safety Training 1 hour
Radiation Safety Training 1 hour
Defensive Driving Course 8 hours
Hazardous Materials Incident

Response Operations 40 hours
Departmental Safety Seminar 40 hours
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Sponsor

.~chnicon Inc.
UMC
CNFRL

Colum. Saf. Counc.

Columbia Chapter
Columbia Chapter
UMC

Colum. Saf. Counc.
UMC

UMC

UMC

Career Track
Safety Council
UMC

Shipley Assoc.
UMC

UMC

Safety Council

EPA, NUS
FWS

Date

1976

79
80
5/80
6/81
4/82
4/82
84
12/84
85
86
87

10/87
12/87
88
3/89
89
90
12/90

3/91
4/91
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Autoclave Training 1 hour AMSCO 12/91
Fire Extinguisher Use 1 hour Nat. Fire Prot. Assoc 12/91
Radiation Safety Training 1 hour UMC 92
Departmental Safety Seminar 40 hours FWS 5/92
Hazardous Communication Test FWS 2/93
Radiation Safety Training 1 hour FWS 8/93
Departmental Safety Seminar 40 hours FWS 4/94
HAZMAT Update 8 hours UMC 5/94
U.S. Coast Guard ™ >ating USCG 6/94
Radiation Safety Training 1 hour UMC 8/94
Safe Use of Radioisotopes 20 hours UMC 2/95
Hazardous Waste Management 24 hours UMC 3/95
Dept. of Interior Conf. 40 hours NBS 4/95
OSHA Course #600 40 hours NBS 4/95
EPA Health & Safety 8 hour EPA 7/95
Radiation Safety Training 1 hour UMC 8/95
OSHA Course #600A 40 hours NBS 9/95
US Dept. Of Interior Boat Operator 40 hours MSC 6/96
Radiation Sa y Training 1 hour UMC 8/96
Basic First Aid, CPR, Blood Bourne 8 hours Am. Red Cross 10/96
Laboratory Safety 1 hour MSC 3/97
EXPERIENCE:

' g ~ ~ National Fisheries Contarr ant Research Center, Columbia,] D, February
19¥/ to present.

mi-t-—--t¥ -t --atory Technic' -~ (Fisheries), Columbia National Fisheries Research Laboratory,
Columbia, MU, 1978 to 1987.

: . » University 1 ). Medical ~ nter,I artment of Pathol¢
Chemistry, Columbia, MO., November 1973 to June 1978.

Seasonal Naturalist, MO. State Park Board, Bennett Springs State Park, Nature Interpretive
Center, Lebanon, MO, May 1973 to September 1973.

Seaso, ' Naturalist, MO, State Park Board, Bennett Springs State Park, Nature Interpretive
Center, Lebanon, MO, May 1972 to September 1972.
PUT'™ "CATIONS:

Co-author on two publications - SETAC Poster Session 5/18/91.
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RESUME Danie] F. Woodward

NAME: Daniel FE Woodward

Signature Date
BORN: Rolla, Missouri April 19, 1944

EDUCATIO™

Institution Degr Date

University of Missouri B.A., Zoology 1968
University of Missouri M.S., Fisheries 1970
TRAINING:

- Vagg- Sponsor Date

introduction to Supervision 4u hr OPM 1975

Basic Management Functions 40 hr OPM 1976

Introduction to Statistics 40 hr CSuU 1977

EEO Training 3hr Wm. Walker 1984

Data Analysis, SAS for Micros 16 hrs CSuU 1986

EXPE™"NCT

November 1973 - present. Fisheries Biologist (Research), Project Leader, U.S. Geiological
Survey, ( RC Field Research Station, Jackson, Wyoming. Dire  research program to

de mine the biological effects of aquatic contaminants on cold water fish and aquatic
invertebrates of the intermountain area. Responsibility includes all administrative functio:
preparation of annual work plans, assigning funds and manpower, preparing an o ating budget,
and publishing results of the research.

March 1972 - November 1973. Fisheries Biologist (Research) at the U.S. Geological Survey,
BRD - Midwest Science Center, Columbia, Missouri. Assistant Leader, Acute Toxicity Section.

January 1970 - January 1972. U.S. Army.

June 1969 - January 1970. Fisheries Biologist, U.S. Geological Survey, BRD-MSC  iburon
Field Research Station, California.

June 1968 - June 1969. Biological Aid, USGS, BRD, Midwest Science Center, Coli  oia, MO.
June 1965 - June 1966. U.S. Forest Service, Missoula, Montana

PUBLICATIONS: Principal author on 23 and Co-author on 9 additional scientific publications.
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Columbia Environmental Research Center

Name: Jesse W. Arms

Signature
Bomn: Independence, MO

Date
March 13, 1956

EDUCATION:

Institi¢*~7 Degree Date
Central Missouri State University - Warrensburg, MO B.S., Biology 1978
TRAINING:

Course Length Sponsor D
Technical Writing 5 hours cred. CM.S.U. 31
Organic Chemistry 10 hours cred. Columbia College 1985
Hazard Materials Shipping 2 days UM.C. 1996
EXPERIENCE:

™ "y ©-f---- T--Uhjcian, Midwest Science Center (a.k.a. Natl. Fisheries Contaminant

Kesearch Center), Columbia, MO, 1986 to present

A ' tical Technician, ABC Laboratories,
Columbia, MO, 1984 to 1986.

Laboratory Technician, Golden! it Foods,
Concordia-Sweet Springs, MO, 1981 to 1984.

F* * 'man, Federal Crop Insurance, U_)A,
Higginsville, MO, 1980 to 1982.

PUBLICATIONS:

Author or Co-author of 1 1blications.
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Columbia Environmental Research Center

Name: Thomas W. May

Signature

Born: Memphis, Tennessee September 5, 1947

EDUCATION
Institution

University of Alabama
George Washington Univ.

TR NI~
Course

Defensive Driving
CPR/First Aid

Atomic Absorption Training
Technicon Industries
Statistical Analysis

Analysis of Variance

Trace Analysis

Technical Writing
Supervision &

Group Performance

Role of Supervisors in EEO
Writing Job Descriptions
EEO Training

Multiculturism

Radiation Safety Training
Ethics Regulations

Patent Procedures and Regulations
EEO Training, Managing Differences
Affirmative Action

T™QM 1

TQM Tech and Tools
HIV/AIDs Training
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Deg---

Date

B.S., Chemistry
M.S., Biological Sciences

Hours
40
12

24
40
36
36
60
24

40
24
16

ORPW—owWw

7°

16

63

Sponsor

NSC, CSC
Red Cross

Perkin-Elmer
Technicon
UMC

UMC

UMC
Shipley

OPM
OPM
OPM
Walker

Ross and Company

UMC Reactor
T.J. Sullivan
Don Ralston
GSA

FWS

OPM

City Health Dept.

1969
1975

)
p]
=
o

|

1977-
1990
1991-
1992
271
6/717
9/79
5/80
8/81
21179

4/79
2/80
2/82
3/84
6/91
1991
19
1992
1992
3
3/93
3/94
2/95



EXPERIENCE:

Research Chemist, Midwest Science Center, Columbta, MO, 1976 to present.

Laboratory Manager, Dewberry, =alon, and Davis, Fairfax, VA, 1975 to 1976.

Graduate Teaching Assistant, George Washington University, Washington, D.C., 1972 to 1975.

Physici =~ ° — ° " " n,FBICr :Laboratory, Washington, D.C., 1970 to 1\ . 2.

PU™" "ATIONS:

Author or co-author of 24 publications.
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Columbia Environmental Research Center

Name: Laverne Cleveland

Signature ' Date
Bomn: Boyce, LA July 25, 1951
Education:
Institution Degree |
Grambling State University, Grambling, LA B.A. Biol. 1974
University of Wisconsin, Stevens Point, WI M.S. Natural Res. 1982
Experience:

Fisheries Biologist, USGS, BRD, Midwest Science Center, Columbia, MO, October 1996 to present.

Fisheries Biolo * °, National Biological Survey, Midwest Science Center, Columbia, MO, October
| 1993 to 1996.

Fisheries Biologist, U.S. Fish and Wil fe Service, National Fisheries Contaminant Research
Center, Columbia, MO, 1978 to October 1993.

Se!~~*=d Publications:
Cleveland, L., Mayer, FL., Buckler, D.R., and Branson, D.R. 1982. Toxicity of three preparations
of pentachlorophenol to fathead wws -Ac  »  ivestudy. Environmental Toxicology and

Chemistry 1:205-212.

Cleveland, L. and Hamilton, S.J. 1983. Toxicity of the organophosphorus defoliant DEF to rainbow
trout, Salmo gairdneri and channel catfish, "~*-'urus —-*-tus. Aquatic Toxicology. 4:3411-355.

Cleveland, L., Mayer, FL., Buckler, D , and Palawski, D.U. 1986. Toxicity of five alkyl-aryl
phosphate ester chemicals to four species of freshwater fish. Environmental Toxi I and
Chemistry 5:273-282.

Hamilton, S.J., Cleveland, L., Smith, L., Lebo, J., and Mayer, FEL. 1986. Toxicity of = e
pentachlorophenol and chlorinated phenoxyphenol impurities to fathead minnows. Environmental
Toxicology and Chemistry 5:543-552.
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Cleveland, L., Little, E.E., Hamilton, S.J., Buckler, D.R., and Hunn, J.B. 1986. Interactive toxicity
of aluminum and acidity to early fe stages of brook trout. Transactions of the American Fisheries
Society 115(4):610-620.

Mehrle, PM., Ir, Cleveland, L., and Buckler, D.R. 1987. Chronic toxicity of an  rganic
contaminant mixture to striped bass in fresh and saline waters. Air, Water and Soil Pollution
(Special Issue) 35 (1-2).

Cleveland, L., E.E. Little, and R.H. Wiedmeyer. 1988. Chronic no-observed-effect concentrations
of aluminum for brook trout exposed in low calcium dilute acidic water. In: Environmental
Chemistry and Toxicology of Aluminum, ed. T.E. Lewis. Lewis Publishers, Inc., Chelsea, MI.

Cleveland, L., D.R. Buckler, and W.G. Brumbaugh. Residue dynamics and effects of aluminum on
growth and mortality of brook trout. 1991. Environmental Toxicology Chemistry. 10:243-248.

Cleveland, L., E.E. Little, C.G. Ingersoll, R.H. Wiedmeyer, and J.B. Hunn. 1991. Sensitivity of
brook trout to low pH, low calcium, and elevated aluminum concentrations during laboratory pulse
exposures. Aquatic Toxicology. 19:303-318.

Nelson, M.K,, PF. Landrum, G.A. Burton, Jr., S.J. Klaine, E.A. Crecelius, T.D. Byl, D.C. Gossiaux,
V.N. Tsymbal, L. Cleveland, C.G. Ingersol, and G. Sasson-Brickson. 1993. Toxicity of
contaminated sediments in dilution series with control sediments. Chemosphere. ~7:1789-1812.

Cleveland, L., E.E. Little, D.R. Buckler, and R.H. Wiedmeyer. 1994. Toxicity and bioaccumulation

of waterborne and dietary selen’”  in bluegill (Lepomis " :rochirus). Aquatic Toxicolc . 27:265-
280.

Buckler, D.R,, L. Cleveland, E.E. Little, and W. Brumbaugh. 1995. Survival, sublethal responses,
and tissue residues of Atlantic salmon exposed to acidic pH and aluminum. Aquatic Toxicology.
31:203-206.

Cleveland, L., E.E. Little, 1.D. Petty, B.T. Johnson, J.A. Lebo, C.E. Orazio, J. Dio :, and A.
Crockett. 1995. Toxicological and chemical screening of Antarctica sediments: Use of whole

sediment toxicity tests, Microtox, Mutatox, and semipermeable membrane devices (SPMDs).
Marine Pollution Bulletin. 34:194-202.
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Edward E. Little, Biologist (Research)

Signature Date
EDUCATION:
1966-1970 Hiram College, Hiram, OH, B.A.
Psychology and Biology
1970-1974 SUNY/Stony Brook, NY Ph.D.
Biology

PROFESSIONAL EXPERIENCE:

1978 - 1996,Leader, Behavioral Toxicology Section, National Fisheries Contaminani esearch
Center, Columbia, MO

1996 - Chief: Ecology Branch, Environmental and Contaminants Research Center

PROFESSIONAL MEMBERSHIPS/RECOGNITION

1998 - Associate Professor (Research), Department of Biological Sciences University of
Missouri, Columbia, MO

1998 - Exceptional Service Award American Society of Testing and Materials.

1996- American Society of Limnology and Oceanography

1996- Society of Photobiology

1993 - Adjunct Professor, Institute of Wildlife and Environmental Toxicology. Clemson
University. Pendleton, SC.

1991 - Chairman: Subcommittee E47.12: Behavioral Toxicology. American Society of Testing
and Materials.

1986 - Society of Environmental Toxicology and Chemistry

PUBLICATIONS:

Environmental Toxicology and Risk Assessment. 1998. Volume 7 Edited by Edward E. Little,
Aaron J. DeLonay and Bruce M. Greenberg. ASTM STP 1265. American Society for Testing
and Materials, Philadelphia.

Little, E.E. and A.J. DeLonay. 1996 Measures of fish behavior as indicators of sublethal
toxicosis during standard toxicity tests. In: Environmental Toxicology and Risk 3sessment: Vol
4, ASTM STP 1262. Thomas W. LaPoint, Fred T. Price, and Edward E. Little, Eds.  nerican
Society for Testing and Materials, Philadelphia. pp. 216-234.

Little, E.E. and D.E. Fabacher. 1996. Exposure of Freshwater fish to simulated solar UVB
radiation:Chapter 8. In G.K. Ostrander, editor, Techniques in Aquatic Toxicology, Lewis
Publishers, Boco Raton. pp 141-158.

Zaga, A., E.E. Little, C.F. Rabeni, M.R. Ellersieck. In Press. Photoenhanced toxicity of a
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carbamate insecticide to early lifestage amphibians. Environmental Toxicology and Chemi
Hurtubise, R.D., J.E. Havel, and .E. Little. In press. The Effects of ultravic liation on
Freshwater invertebrates: Experiments with a solar ¢ ilator. Limonology and Oceanography.
Fabacher, D.L.and E.E. Little. 1996. Skin component may protect fishes from sunburn and
fungal infections resulting from exposures to ultraviolet b radiation. In;Modulators of Fish
Immune Responses. Eds. ].S. Stolen, C.J. Bayne, C.J. Secombes, J.T. Zelikoff, L.E. Twerdoc,
D.P. Anderson, SOS Publications, Fair Haven, N.J. 1:241-250.

Hu 1bise, R.D., E.E. Little and J.E. Havel. In press. Methods for assessing the impacts of UV-
B Radiation on Aquatic Invertebrates. In: Environmental Toxicology and Risk ssessment: Vol
4, ASTM STP 1265. American Society for Testing and Materials, Philadelphia.

Blazer, V.S., D.L. Fabacher, E.E. Little, M.S. Ewing, and K.M Kocan. 1997. Effects of

Ultraviolet-B radiation on Fish: Histologic comparison of a UVB-tolerant and a L 3-sensitive
species. Aquatic Animal Health, 9:132-143.
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19.0. Appendix C. P00-21-01 (Hanford); The Potential for Chromium-contai ~ ated
Groundwater from the Hanford 100 Area to Adversely Affect Chinook Salmon
(Oncorhynchus tshawystcha) in the Hanford Reach of the Columbia River, Washington,
USA: On-site Toxicity Test and Laboratory Avoidance Tests.
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Date Prepared: 8 September 1999
Date Revised: 20 December 1999

Study: P00-21-01; (Hanford);” :Potential for Chromium-contaminated Groundwater from the
Hanford 100 Area to Adversely Affect Chinook Salmon (Oncorhynchus tshawystcha) in the
Hanford Reach of the Columbia River, Washington, USA: On-site Toxicity Test and Laboratory
Avoidance Tests.

This protocol is based on Good Laboratory Practice Standards outlined in the Federal Register
(160.120; 40 CFR Part 160, 7/1/85 subpart G - "Protocol for conduct of a study.”) This study
will comply with all U.S. Geological Survey, Environmental and Contaminants Research Center
(U¢  S/CERC) guidelines for humane treatment of test organisms during culture and
experimentation (CERC SOP B5.154, B5.160).

This study protocol is designed to determine the toxicological significance of chrc  ium
contamination in the Hanford Reach of the Columbia River. Deviations from this protocol which
do not require approval from the Program Chief, Project Manager, Quality Assurance Officer, or
the Animal Control and Use Chairman will be recorded in the laboratory notebook. If there is a
question on the need for approval, the decision will be made through consultation with principal
investigator, supervisor, and the parties above.

A detailed Quality Assurance Project Plan will be prepared for this project and submitted for
NRTC review and approval.
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1. Title and purpose of study:

Title of Study: P00-21-01; (Hanford), ...e Potential for Chromium-contaminated
Groundwater from the Hanford 100 Area to Adversely Affect Chinook Salmon (Oncorhynchus
tshawystcha) in the Hanford Reach of the Columbia River, Washington, USA: On-site Toxicity
Test and Laboratory Avoidance Tests.

The Hanford Nuclear Reservation in south central Washington is a 900 square
kilometer area claimed by the federal government in 1943 as a site for the production of
plutonium (Figure 1)(Geist 1995). The location was ideal because it was remote, sparsely
populated, and most importantly, had a readily available supply of cold water from the Columbia
River. Because of national security concerns, public access and river development projects were
restricted until 1971 (Dauble and Watson 1997). Extensive dam building and development
occurred throughout the Columbia River Basin from 1943 to 1971 and led to severely reduced
populations of chinook salmon (Oncorhynchus tshawystcha). The 90 km section within the
Hanford Reservation was not developed and today, the Hanford Reach remains a free flowing
stretch of the Columbia River and is the only remaining area where significant mainstem
spawning occurs in the Columbia River (Dauble and Watson 1990). The Hanford Reach of the
Columbia River is regulated by upstream dams, but is the last unimpounded stretch of the
mainstem Columbia River.

Large quantities of Columbia River water were used to cool nuclear reactors and
cooling water was treated with sodium dichromate to prevent corrosion and mineral collection
within the pipes (Peterson et al. 1996). During operations, cooling water with associated
radionuclides and chromium were discharged directly to the river and also entered ground water
through leakage of pipes and seepage from retention areas. Today, groundwater at the Handford
site continues to be contaminated with chemical and radiological constituents (Geistet. 1994).
The hydraulic heads of the ground water aquifers in the 100 Area (National Priority List Site) are
higher in elevation than that of the Columbia River resulting in discharge from the aquifers into
the Col' ia River through the river bottom, and shoreline springs and seeps (Figure 1). The
ground water is hydraulically connected to the river with peak aquifer discharges occurring
during low river flows (fall and winter) and minimum aquifer discharges occurring during high
river flows (spring and summer) (Geist et al. 1994).

The use of the Hanford Reach for fall chinook salmon spawning and rearing has

at lyir e since 1960 ter 1 1 wbleand Wi mn 1990). The 10y a
adult escapement increased from 27,660 (1964-1973) to 54,661 (1983-1992). This increase 1s
~ onounced when compared with the rest of the mid and upper Colun ia River where chino
salmon runs have declined during the same time period. Spawning occurs in close proximity to
the 100 Area where contaminated ground water is entering the river. Adult chinook salmon
spawn in variable water depths, water velocities, and substrate types (Swan et al. 1988).
Spawning in the Hanford Reach begins in mid-October, peaks in mid-November, and ends in late
November (Dauble and Watson 1997). Egg and fry development within the re: ; takes place
from mid-October to May during low river flows that result in peak aquifer discharges. Based on
the mid-No  nber peak abundance of redds and ambient temperatures, eggs would become eyed
in early December, hatch in late December, and alevins would emerge from the redds in late
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Figure 1. Map of Hanford Reach of the Columbia River. Crosshatched river areas indicate
salmon spawning sites.

b s e et
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February. Upon emergence, fry move out of the main river channel into shallow, slow moving,
near shore and backwater habitat (Dauble and Watson 1990, Dauble et al. 1989). Juveniles
remain in the Hanford Reach from February to mid-July feeding on macroinvertebrates (Becker
1973). Outmigrating begins in May and is usually completed by July at 5-7 months of age, 60-
70mm in length, and 3-4 gm in weight (Olson and Foster 1956).

Chromium is a contaminant of major concern and it is associated with groundwater
and seeps in the 100 Area. The concentrations of chromium in the groundwater upwellings
(Hope and Peterson 1996) exceed the chronic ambient water quality criteria (AWQC, 11 ng/L)
for the protection of aquatic life, established by the U.S. Environmental Protection Agency
(USEPA 1986) and the water quality standard for chronic exposure (10 n.g/L) established by the
State of Washington (WAC-173-201A-040). While some data exist on the effects of hexavelent
chromium on salmon (Olson and Foster 1956, Buhl and Hamilton 1991), previous studies did not
investigate the direct effects on fertilization, effects on alevin exposure only, recovery of exposed
alevins, physiological impairment, or behavioral avoidance. Identification of effects and the
range of concentrations at which those effects may be manifest is necessary to evaluate the
potential for chromium discharge to cause injury to salmon populations in the Columbia River.
The Department of Energy currently has activities underway to pump and treat chromium at the
Hanford facility, and reduce the amounts of hexavalent chromium released into t anford
Reach. However, the critical nature of the Hanford Reach as spawning habitat fc : chinook
salmon makes it essential to determine if current water quality standards protect - »ok salmon
(Geist 1997). In particular, additional information is needed to determine if the current star irds
protect early life-stage survival and development.

The early life-stages of chinook salmon are most likely to come in constant contact
with elevated chromium and these stages have been shown to be the most sensitive to
contaminants (McKim 1977). Chromium may hamper fertilization success by directly acting on
the fertilized egg to cause death of the embryo (Billard and Roubaud 1985), or chromium may
react with the sperm and egg individually to impede fertilization. If fertilization is successful,
chromium may affect the survival of early lifestages (Olson and Foster 1956, Benoit 1976).
While it has been documented that elevated concentrations of chromium reduce survival (Buhl
1991), and to a lesser extent, growth (Olson and Foster 1956, Benoit 1976), information has not
be gather * on the relevance of recovery periods on these toxicological effects. In the Hanford
Reach, chromium that moves from the ground water upwellings becomes diluted extensively.

a  fry to eme :from the redds, they may no lon; be exposed to ele

ions of chromium. The effects of chromium exposure to alevins, as monitored by
post-exposure recovery of fry during later development, will mimic the exposure situation
present in the Hanford Reach.

Chinook salmon will be present in the Hanford Reach for 5-7 months, and it is
important to understand health effects as related to chromium exposure. It is unclear what the
exposure concentration might be through contaminated surface water or diet, but long-term
health effects from continuous exposure is not well understood in either early life or parr stages
(Geist et al. 1994). An understanding of the physiological responses (pathology) associated with
chromium exposure can be used to supplement fish population or water and sediment
monitoring. Evaluations based on the residue concentrations and physiological condition (e.g.
increased lipid peroxidation) of fish integrate the actual exposure to pollutants (dose) and effects
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of these exposures on fish survival and growth (Farag et al. 1994, Farag et al. 1995). Further
associations of tissue chromium accumulation, oxidative stress, and growth reduction would add
more weight to a determination of fish health impairment. This weight of evidence approach
uses all of the information gathered to determine the health status of a fish population.

During 1999 we investigated the effects of chromium on salmon exposed during early
development and parr stages. The effects of chromium on survival, growth, and parr health were
evaluated under controlled conditions in laboratory toxicity tests. Columbia River on-site
toxicity tests will be conducted during the year 2000 to more fully characterize the effects of
chromium on salmon stocks from the Hanford reach. Also, during 2000 laboratory avoidance
tests will be conducted. The goal of these tests will be to determine whether chinook salmon parr
exhibit an avoidance response under laboratory conditions to chromium concentrations present in
the Hanford Reach of the Columbia River. Fish may avoid concentrations of contaminants well
below those levels which may cause mortality or reductions in growth (Little et al. 1985).
Avoidance of elevated concentrations of environmental contaminants can alter the disti ution of
fish in the field and affect habitat use, intra-specific competition, growth and mortality
(Woodward et al. 1995, DeLonay et al. 1996, Lipton et al. 1996, Hansen et al. 1999). Chromium
avoidance thresholds reported in the literature for other species are within the range of
concentrations expected to occur in the Hanford Reach of the Columbia River. Anestis and
Neufield (1986) reported an avoidance threshold of 28 ng/L. for rainbow trout (Onchorhyn s
gairdneri) exposed to aqueous chromium. An avoidance threshold level of 73 ng/L chromium
has been reported for golden shiners (Notemigonus crysoleucas) (Hartwell et al. 1¢ ).
Documentation of laboratory avoidance may indicate the potential for chromium ¢ amination
to adversely impact habitat quality and availability for early life-stage chinook salmon in the
Hanford Reach of the Columbia River.

The objectives of the year ~ 100 studies will be accomplished in two tasks:

Task L (On-site Early Life-stage Toxicity Test); Det ne the effects of chromijum-
contaminated groundwater on the hatching success, survival and growth of
Columbia River chinook salmon.

Task [I. (Laboratory Avoidance Tests); Determine the avoidance response of chinook salmon
parre _ edtoagq is chr it « _ et ive' conditions in the
Hanford Reach of “olumbia River.

2. Identification of the test and control substance:

In the on-site toxicity test, the test substance will be chromium-contaminated
groundwater. Groundwater will be diluted with Columbia River water from the Hanfo Reach
to obtain the desired chromium exposure concentrations. The control substance in the on-site
test will be Columbia River water from the Hanford Reach. Contaminants other than chromium
may be present in groundwater and river v 2r at trace concentrations.

In laboratory avoidance tests, the test substance will be chromium as sodium
dichromate prepared from a regent grade stock. The stock will be dissolved in deionized water
and metered into the experimental water. Control substance will be the experimental water
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without chromium added.

3. Name and address of sponsor and name and address of testing facility:

The sponsor of this study will be the U.S. Fish and Wildlife Service, Upper Columbia
River Basin Field Office as part of an interagency agreement (IA) with the U.S. Department of
Energy, Richland Operations Office (RL). Work under this IA is being directed by RL and the
Hanford Natural Resource Trustee Council, including participation by the U.S. Department of the
Interior, U.S. Department of Commerce, U.S. Department of E gy, the Yakima Nation,
Confederated Tribes of the Umatilla Indian Reservation, Nez Perce Tribe, and the States of
Oregon and Washington. Task I of this study will be performed on-site (Hanford, y the Pacific
Northwest National Laboratory, Richland, Washington. Task II of this study will be performed
at the testing facility at the U.S. Geological Survey (USGS), Columbia Environmental Research
Center (CERC), Columbia, Missouri.

4. Proposed starting and completion dates:

PROJECT SCHEDULE
ITEM START ENIT)
Study Design and
Organization Aug 1999 O-t 1000
TASK I: On-site Early
Life-stage Toxicity Test
perform tests Oct 1999 Mar 2000
data analyses Apr 2000 Jul 2000
submit draft report Sept 2000 Oct 2000
submit final report Oct 2000
TASKII:Labo ~ y
Avoidance Tests
perform test Feb 2000 Apr 2000
data analyses May 2000 Aug 2000
submit draft report Oct 2000 Nov 2000
Aot Fimnl cacmnet n,—,.,: Zmo

5. Justification for selecti  of test system:

Procedures described in ASTM Guide E 1241-92, "Standard Guide for Conducting wrly
Life-Stage Toxicity Tests with Fishes" (ASTM, 1993), applicable CERC Standard Operating
Procedures (SOPs), and references cited in this Protocol will be used to conduct the test.

6. Species number, body weight, sex, source:
See Sectic 8, Experimental design.

7. Procedure for identification of test system:
The test system was selected based on review of the available literature on the Hanford
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Reach of the Columbia River and as a result of consultations with personnel from the Hanford
Natural Resource Trustee Council.

8. Experimental design:

GENERAL. During the on-site toxicity test (Task I) chinook salmon will be exposed to a
series of dilutions of chromium-contaminated groundwater from 100 Area (Hanford). Columbia
River water from the Hanford Reach w  be used to prepare the dilutions. The groundwater
source-well will be selected to minimize t  potential toxicity due to associated contaminants,
other than chromium, that may be present in the _ oundwater. Concentrations of chromium in
the well wat  should be sufficient so that mixing with Columbia River water does not result in
unreasonable deviations from ambient water quality conditions in the river, or unacceptable
variation in water quality variables among treatments. Experimental water quality variables
should be measured with sufficient regularity (a minimum of once weekly) to document the
range of conditions in the Columbia River.

Experimental water used in laboratory avoidance tests (Task II) will be rec: tituted to
simulate conditions in the Hanford Reach of the Columbia River (Hope and Peterson 1996, Geist
1997). Experimental water will be adjusted to a hardness of 80 mg/L as CaCO,; pH, alkalinity,
and conductivity will be in a range consistent with Columbia River conditions. Experimental
water will be prepared by blending laboratory well water (pH 7.0, hardness 283 mg/L as CaCO,)
with deionized water produced by reverse osmosis. Experimental water will be blended in 5,600
L batches and analyzed to insure quality is within 5% of the experimental design in terms of
hardness, alkalinity, conductivity, and pH. A simulated groundwater will be reconstituted in the
same manner, adjusting hardness to 200 mg/L as CaCO,.

Experimental water temperatures for both tasks will approximate seasonal conditions:
December through March, 5°C; March through July, 10°C (Wiggins et al. 1997). Water
temperatures gradually increase from late winter through summer. Geist (1997) documented that
the hyporheic zone (where river water and ground water mix) is generally warmer than the river
water. However, data from samples collected between November and March indicate that the
temperature of the hyporheic zone minus the river water is only 1°C. Photoperiod will be
adjusted to simulate time of year of the exposure.

The chromium concentrations tested in Task I will range from 0 to 266 ng/L.. Chromium
concentrations tested in Task II will range from O to 120 ng/L.. This range of concentrations are
atora e the chronic AWQC for romium, 11 g USEPA 1986). This concentration: gze
is also representative of concentrations in pore water sampled from the intergravel substrates in
locations where salmon spawn (Giest 1997, Hope and Peterson 1996). Specific concentrations
are stated with each task.

Eyed embryos of chinook salmon for the on-site toxicity test will be obtained from Priest
Rapids, Washington. Eggs are collected from wild-caught salmon and no disease-free brood
stock are maintained in culture. Eggs will be transported to the on-site testing facility and
acclimated to exposure conditions before beginning the exposures. The on-site test will begin
with eyed embryos and continue through 30 days swim-up.

Eyed embryos for the avoidance test will be obtained from the McNenny S € Fish
Hatchery, Spearfish, South Dakota. ~ ese eggs will be certifi  disease free prior to shipment
from the hatchery. The disease free status assures that toxicity testing is conducted onl  Ithy
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response of chinook salmon to chromium concentrations ranging from 0 to 120 ug/L in
reconstituted, experimental water (80 mg/L hardness as CaCO,, 10 +2° C). Selected
concentrations were based on the chronic EPA ambient water quality criteria for chromium (11
ugf/L), concentrations that are expected to elicit an avoidance response based on a survey of the
literature, and the range of concentrations expected in the Hanford Reach of the Columbia River.

The second series of avoidance tests is designed to examine whether the water quality
characteristics associated with a groundwater source will alter the response of chinook salmon to
chromium. Chromium is associated with seeps and areas of upwelling, contaminated
groundwater that exist along the river's edge, and in the river bed. Water quality characteristics
associated with upwelling groundwater may alter the avoidance response by either changing the
perception or toxicity of the stimulus (chromium), or by presenting water quality conditions
(hardness, alkalinity, pH, etc.) which may be preferred over the control condition. The second
experiment will evaluate the response of chinook salmon to a simulated groundwater (200 mg/L
hardness as CaCO,) with and without the addition of aqueous chromium. The test combinations
for each experiment are illustrated in Table 2.

Juvenile chinook salmon (0.25 to 2.0 grams) will be acclimated to, and maintained in
experimental water (80 mg/L hardness) at the test temperature (10 + 2 °C) for a minimum of two
weeks prior to the start of avoidance experiments. . .sh will not be fed 24 hours prior to testing.
Avoidance tests will be conducted usii  a counter-current apparatus in accordance with CERC
SOP B5.232. A Control (experimental water without chromium) and a test solution
(experimental water with chromium) flow in from opposite ends of the apparatus, and exit from
six drains at the center. This apparatus produces a steep, central gradient between the control and
test treatment. Prior to the start of : experiments the apparatus will be calibrated and the
steepness of the gradient verified using fluorescein dye.

Individual fish will be placed into each of three avoidance apparatus.  fter sufficient
acclimation (indicated by exploratory behavior) the test will begin. Acclimation tii ; are
species and life-stage dependant and usually range from 20 to 40 minutes. The test riod will be
40 nutes in duration. The behavioral response to the gradient will be recorded on video tape
and analyzed in ten minute intervals as the proportion of time spent in the test solution versus the
time spent in the control solution. A series of trials will be conducted using three apparatus, each
pre iting test organisms with the control and one of the test conditions. This series of treatment
combinations will be replicated a minimum of eight times. The test condition delivered to each
test apparatus, and the end of the apparatus receiving the test condition will be randomr ™ d a
alternated between trials. The control combination is a test in which experimental water without
contaminants flows into both ends of the apparatus.

Tests will be discarded if there is a disturbance to the avoidance apparatus; inconsistent
water chemistry, temperature, or quality; or disease, aggression, or abnormal behavior.  :sts will
also be discarded if test organisms do not cross the gradient a minimum of three time during the
test period. The apparatus will be enclosed in a structure to shield against external movement or
sound. Water quality characteristics (pH, alkalinity, hardness, and conductivity) of the
reconstituted Columbia River water and Hanford groundwater will be sampled daily.
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column (pre-rinsed with 20 mL ultra-pure water) at a flow rate of | mL/min. T first 10 n
volume will be discarded, and the second 10 mL will be collecte in a polypropylene centrifuge
tube for the analysis of Cr+6. The collected eluant will be acidified with 0.1 mL of sub-bo :d
nitric ac  and analyses will be conducted as described above for total Cr.

During the definitive on-site test chromium exposure concentrations will be de  min
with the same methods used for analysis of chromium during the pretest.  1e minimum
san ling regime is shown in Table 4. The frequency or number of samples my be increased
based on results of the pretest. For analysis of tc ~ chromium, a single, one hun ed L sample
will be collected weekly from one replicate within each treatment, and filtered using a Nalgene®
300 filter holder and a(  wm polycarbonate membrane. Each filtered sample will be transferred
to a pre-cleaned, 125 ml I-Chem® polyethylene bottle, acidified to 1 HNO,, and analyzed with
ICP-MS (See CERC SOP (C5.212). At each time samples are collected for total chromium
analysis, one additional sample will be collected from the low, middle, and high chromium
treatments, chemically treated, and analyzed for hexavalent chromium (SOP P.454(a)).
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Table 4. Minimnm aqueous chromium sampling regime for Task I onsite ELS experiment.

Chromium concentration (xg/L) and number of samples

0.00 11 24 54 120 266 Total
Weekly 1 total 1 total 1 total I total I total 1 total 6
1 Cr (VD) 1Cr (V] 1Cr (VD) 3
Total 1 2 1 2 1 2

Aqueous samples for the determination of chromium concentrations will be taken at least
daily during the Task II avoidance testing. Samples will be filtered and analyzed for total
chromium using the methods described for Task I. Speciation of samples will not! :onducted
because of the short residence time and duration of the exposure.

9. Diet, solvents:

Fish will be fed a minimum daily ration of 5% of their body weight of a commercial trout
diet. No solvents other than Columbia River water and Hanford groundwater will be used in the
on-site toxicity test. In the avoidance studies chromium in the salt form will be dissolved in
deionized water.

10. Route of administration:
Fish will be exposed through an aqueous solution.

11. Dosage level of control substances:

The control aqueous solution during the on-site test will be Columbia ver water from
the Hanford Reach. The control aqueous solution for the a  dance tests will be the reconstituted
experimental water with no chromium added.

12. Method for measure degree of absorption of test substances by test system:
Metal adsorption to plastic or glass exposure containers is not anticipated and will not be
st 1d dy.

13. Type and frequency of tests, analysis, measurements:
See Section 8, Experimental design, this protocol.

14. Records:

File folders from this study will be stored at the USGS, Columbia Environmental
Research Center, Columbia, Missouri. Handwritten material will be stored according to CERC
SOP B5.147 and chain of custody procedures will be followed (CERC SOP QA 5.1). Some of
the data (e.g., Task I) will be stored at the Pacific Northwest National Laboratory, Ri  land,
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B5.165
B5.167
1.168
B5.232
C5.94

C5.163

C5.212
P241
P.454(a)
QA4.0
QAS.1

C 5.20

Acclimation of Fish to Resear Waters

Reverse Osmosis Units - Quality Control Procedures for Sanitizing and Filter Changes
Replacing Exchange Beds for D.I. Water

Method for Measuring Avoidance/att :tance Behavior in Fish

Sample Decomposition of Biological Tissue or Sediment for Elemental Analysis Using
Microwave Acid Digestion

Determination of Chromium in Water, Tissue or S ment Samples By Zeeman
Furnace Atomic Ab  ption Spectroscopy

Environmental Sample Analysis Using the Elan 6000 ICP-MS

Environmental Sample Analysis ing the ELAN 6000 ICP-MS

Analysis for Hexavalent Chromium in Water Samples

Employee Training Records (In-house)

Chain of Custody

Tamper Indicating Security . s for Sample Containers
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20.0. Appendix D. Examples of Selected CERC Standard Operating Procedures
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CERC SOP: B4.1 Page [ of 2 1ages

Date Prepared: 09. 5/87
Date vised: 09/03/97

1 users other than CERC staff, this document is for re  ence only. This is not a citable
document.

INSTRUMENT DESIGN, M/ :INANCE, AND CAl 3RATION - GENERAL

1. All equipment used for the generation, measurement, or assessment of data will be of
appropriate design @  of adequate capacity to fulfill the operations of the protoc:
and be located to facilitate operation, inspection and maintenance.

2. Equipment involved in the generation and measurement of data shall be teste
calibrated, standardized, inspected, cleaned and maintained after each use and/or on a
routine basis.

3. A written standard operating procedure outlining methods, materials, and schedules
used in the routine inspection, cleaning, maintenance, testing and calibration will
accompany the equipment. Manuals from the manufacturer can be used with proper
identification of their location and any changes in the manuals noted.

4, Equipment SOP's shall specify the action to be  :en in the event of a malfunction.

5. Equipment SOP's will designate by title or function personnel who are respons le for
its operation.

6. A log shall be maintained near the instrument during the length of the study giving a
history of its maintenance, inspection, testing, and calibration. Routine or narrative
operation shall be n and any corrections of malfunctions will be explained and the

oft roccur logged in.

92



CERC SOP B4.1

Prepared by:

Approved by:

Page 2 of 2 Pages

Paul Heine Dz
General Biologist

Jim l‘alrctﬁa Date
Ecologist, Community Ecology

Ed Little Date
Branch Chief, Ecology

Linda Sappington Date
Quality Assurance Officer
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CERC SOP: B4.16 Page 1 of 2 Pages
Date Prepared: 6/19/87
Date Revised:09/19/97
For users other than CERC staff, this document is for reference only. This is not a citable cu nt.
ALKALINITY: JRET. METHOD
General.

The alkalinity of an aqueous sar ¢ is a measur.  ent of its capacity to neutralize acid. The
alkalinity of a sample is the measurement of the sum total of titratable bases present. Insur e
waters, carbonates, bicarbonates, and hydroxyl groups prir  ily contribute to alkal ity. To a
lesser extent, boron, phosphates, silicates, and other ions may contribute to alkalinity.

The measurement of alkalinity is based on the incremental addition of acid to a solution unti’
arbitrary inflection point in the titration curve is reached. The in :ction point of a titration curve
is the point at which the shape of curve changes from concave to convex or vice versa. Two
inflection points 2 commonly associated with the :asurement of alkalinity; 8.3 (phenol-
phthalein alkalinity) and 4.5. This document describes the method for determining the alkalinity
of a sample to pH 4.5 with a burette.

Required juipment.

A.  One calibrated pH meter

B. Calibrated burette (graduated 0.1 )

C.  Magnetic stirrer and stir bar

Required Solutions.

A.  0.02 N sulfuric acid

Procedure for Determining Alkalinity.

A. Calibrate pH meter with 4 and 7 pH buffers (see CERC SOP B4.56).

B. Fill burette to zero mark with 0.02 N sulfuric acid.

C. Add 100 ml of sar e to clean beaker.
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CERC SOP: B4.16 Page 2 of 2 Pages

D.  Place magnetic stir bar in sample and gently stir sample with magnetic stir |

E. Placec. brated pH probe in stirred sample and wait for stable reading. CI C. F 16

Add 0.02 N sulfuric acid to sample from burette slowly until pH 5.8 is reached.
G. Add 0.1-ml increments of acid to sample until pH 5.0 is reached.

Add 0.02 N sulfuric acid dropwise until pH 4.5 is reached.
L Record total volume of 0.02 N sulfuric acid added to sample to reach pH 4

J. Calculate total alkalinity as ppm CaCO, by m tiplying the volume of 0.02 su 1ric acid
required to reach a pH of 4.5 times 10.

K. Recordcalc ated alkalinity value for sample

L. Remove and rinse electrode with RO water.
M. See CERC SOP B4.56 for pH meter and electrode maintenance and storage.
Prepared by:
rave Whites Date
Biological Lab Technician
Approvec y:
Christopher Ingersoll Date
Branch Chief, Toxicology
Linda Sappm-_ )
Quality Assurance Officer
eference:

SOP B4.56 *“Combination pH Electrode, Ross Sure-] »w Model 81-72 Preparation,
Maintenance and Storage”
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NFCRC SOP: BS.1

Prepared by:

Approved by:

Page 2 of 4 Pages

Eugene Greer
Fishery Biologist

Paul M. Mehrle
Chief Biologist

James W. Hogan
Quality Assurance Officer
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NFCRC SOP: BS.1 Page 3« 1 Pages

Attachment A
Hatching of Brine Shrimp Eggs
1. Put prox. 3000 mils. of H,O in a clear glass, one gallon bottle.

2. Put 20 mls. of brine shrimp eggs and 80 mls. of plain salt (no iodine) into a beaker and pour into the
H,0.

3. SHAKE WELL!

4, Place bottle in a water bath at 30°F and using a airstone, moderately bubble air into the H,O for 48
hrs.

5. After 48 hrs. pour the H,O + brine shrimp into a separatory funnel that has had the top 3/4 taped or
covered to keep out light.

6. Let the separatt  funnel set until the brine shrimp have settled to the bottom (10 min.).  1en draw
f the brine shrimp into a beaker and feed. (The dark colored dead brine shrimp eggs at the bottom
should be discarded).
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Attachment C

Prophylactic and Therapeutic Treatments
for Freshwater Fish used at NFCR

mg/l
Disease Chemical Concentration
External KMnO4 2-4
bacteria
Monogenetic Formalin 150-250
trematodes, .
fungi, and Potassium permanganate 2-6
external
protozoa Sodium chloride 15000-30000

2000-4000

Ey
upon arrival Betadine 100
Parasitic Trichlorfon 0.25 Al

copepods (Masoten®)

Ap cation

60 min

30-60 min
30-60 min

5-10 min dip

10 min
















































CERC SOP: B5.39 Page 2 of 3 Pages
B. . .ltered samples are collected in the same manner as described  ove for non-filt d
samples. Following collection of the appropriate volumes, samples are transferred to

the sample reservoir of a filtration apparatus and filtered under vacuum across an

appropriate filter. The filtered sample is then decanted into an appropriate container
and preserved.

C. Residue Analysis Transmitt Sheets (Attacl ent A) are filled out com| :tely for: h
set of samples.

Prepared by:

Laverne Cleveland Date
Research Fishery Biologist

Approved by:

Ed Little Date
Branch Chief, Population Ecology

Linda Sappington Date
Quality Assurance Officer
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containing the date, a unique sample id ification number, test day, species, exposure
concentration, weight of pooled imple, and the collector’s initials are aff d to the
sample containers. Residue Analysis Transmittal Sheets or Chain of Custody forms
(Attachment A) are filled out completely for all samples. The samples are then
preserved and stored until

analysis accordii to procedures described in the :st Protocol or attachments to the Test
Protocol.

Prepared by:

Laverne Cleveland Date
Research Fishery Biologist

Approved by:

Ed Little Date
Branch Chief, Population Ecology

Linda Sappington Date
Quality Assurance Officer
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#111107; 142mm diameter, Co rstock #112107 or 112207.

N: rene polysulfone filter holder; Cole-Parmer N-06730-50.

Geotech filtration unit, available from Geotech Environmental Equipment, Inc.; 1441 West 46th
Ave., Unit #17, Denver, Colorado 80211 1-800-833-7958.

Whirl-Pak sampling bags; available from Cole-P  er Instrument
Company, 7425 North Oak Park Avenue, Niles, IL 60714. 1-800-323-4340.

Pol hylene bags of all shapes and sizes. from Associatec  1g Company, 400 West Boden
Street, Milwaukee, Wisconsin 53207-71:  1-800-926-6100.

Pre - cleaned sample containers,(200 series, polyethylene; 300 series, glass) available from
Chem, 2 Boi len Circle, Suite B, New Castle, DE 19720-2064 (302) 322-3808

Cloth tag labels of varying sizes, available from GSA Supply
Baker Ultrex ~ Nitric or Hydrochloric Acid. Available from VWR Scientific.

Sealed ampules of reagent grade HNO, and HC] are available from Eagle Picher, 0B.J.
Tunnell Blvd., Miami, OK 74354-3300 1-800-331-7425.

Prepared by: -
Thomas W. May
Resear Chemist

Approved by: -
Ted Schwartz
Chief Chemist

Approved by:

Linda Sappington
Quality Control Officer
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Date prepared: 10/06/87
Date revised: 06/30/97
For users other than MSC staff. This document is for reference only. Thisisnotacit ¢ document.

PROCEDURE FOR ACID CLEANING PROPORTIONALT = © ERS

GENERAL:

Organisms used in toxicity tests must be disease-free to limit the number of stress
factors i rosed on them during a toxicity test to only the toxicant(s) being tested.
To prevent disease and residual chemical transmittal from one test t¢ 10ther
conducted in the same diluter, a rigorous cleaning procedure must be accomplished
on the various components of a diluter between tests. This SOP describes the
procedure for acid cleanit  luters between toxicity tests at the Yankton Field
Research Station.

APPARATUS:
1. Scouring d.
2. Long-handled brush.
3. One liter beaker.

F_\GENT:
1. Fish Pesticide Research 1iboratory acid cleaning solution: a cor ination of
HCI (38.2%) 1a detergent, commercially prepared.

PROCEDURE:
1. Atthe comp ion of a diluter toxicity test, remove all remaining organisms
present in the diluter aquaria and discard into the zero-discharge lago: . Tum

OFF the water supply to :diluter. Also, disconnect the »wers ply,
interval

timer, cycle alarm timer, Micromedic(s), water circulators, and water chillers,
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2.

present.

Wearing the proper safety attire, e.g., rubber gloves, rubber boots, lab coat, and
goggles, remove the aquaria plexiglass cover lids and clean with soap and soft
water, rinse with deionized water, and allow to air dry. Remove the
glass/stainless steel dividers and clean with cleaning acid, rinse well with
deionized water and allow to air dry.

Remove the waterbath standpipe and drain the waterbath unti] npty. Re >ve
the aquaria standpipes and allow the aquaria to drain until empty. Place all
standpipes into a cleaning acid bath.

Carefully place an appropriately-sized rubber stopper into the open end of the
delivery line to each aquaria which delivers test water from the flow-splitting
boxes (SOP 5.2) to the test system. Using the one liter beaker, fill the
flow-splitting boxes on the diluter back with cleaning acid. This acid will drain
into the delivery lines. Let acid set in the delivery lines while cleaning the
aquaria (step 5).

Scrub the sides of each aquaria with a scouring pad and cleaning acid to remove
any residual material. After cleaning all aquaria, scrub the flow-splitting boxes
with a brush. Then remove the rubber stoppers from the deli lines and
allow the acid to drain into the aquaria.

Rinse the flow-splitting boxes and delivery lines thoroughly with soft or
deionized water until all traces of soap are removed.

Place an appropriately-sized rubber stopper in aquaria drain and the delivery
lines. (NOTE: Rubber stoppers are again inserted in the delivery lines to
prevent any backsplash of soapy water into the cleaned lines.) Fil. ich aquana
with soft water and a w to overflow into the waterbath until all traces of soap
are removed.

After all aquaria have been rinsed thoroughly and drained, vacuum dry with the
shop vacuum.
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9.

10.

1.

Prepared by:

Approved by:

SOP F5.2

Diluter”

Remove the aquaria standpipes from the cleaning acid b , and brush wi  the
scrub brush to remove any residual material. Rinse all standpipes several times
with deionized water and allow to air dry.

Carefully remove all components of the diluter back (glass boxes, Y-shaped
venturi tubes, delivery lines) and place into the cleaning acid bath. Using the
long-handled brush, swab the inside of each glass box with cleaning acid. Then
clean with the scouring pad to remove any residual materials, rinse several
times with deionized water, and allow tc  rdry. Clean all glass tubing with a
brush, rinse well with deionized water, and allow to air dry also.

Reinstall all diluter parts, including glass boxes, Y-shaped venturi tubes, and
delivery lines on the diluter back, and all test aquaria parts suck : standpipes,
dividers, and cover lids. Replace latex tubing used to connect Y-shaped venturi
tubes with delivery lines and vacuumr  mifold. The diluter is now ready for
reuse. If any glass components of the diluter back such as water cells, chemical
cells, mixing box, or flow-splitting cells were broken during the cleaning
procedure, consult SOP 5.2 concerning the proper construction and
recalibration of components.

! ':n  Hamilton Date

Leader, Ecotoxicology Research Station

Christopher Ingersoll Date
Branch Chief, Toxicology

i_.inci-a Sappington Date
Quality Assurance Officer

“Construction, _ peration, Cali  tion, a Maintenance of the Proportional
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cal. as
7.007"
--Operator then enters the actual pH value of the buffer by pressing the proper numeric
keys. (For example if the actual value of the buffer is pH 6.97, the operator enters 6.97).
The meter then displays "buffer I =7.06 cal. as 6.977"
--The operator presses "yes" key. The meter will then display  pH electrode in buffer
2"
--The operator places the electrode in buffer number 2 and presses the "yes" key. The
meter then displays "buffer 2= 4.04 cal. as 4.017"
--The operator enters the actual pH value of the second buffer and presses "yes" key. The
meter will then display "Slope 99.5% yes to continue” (Slope must be between 92 and
104%).
--The operator then presses "yes." The meter will display the pH value of the sample.
After the meter is calibrated, electrodes can continuously be placed from sam;] :to
sample and the pH value can be read directly form the display board for each sample.
Probes should be rinsed with distilled water and excess moisture blotted off between
each buffer and each sample that is measured.

6. Name of 0] itor, date, time, a1 the buffers used are entered in alog b : that is kept
by the pH meter after each calibration.

7. PH meter is calibrated a minimum of once each day.

C.pHRea ngs
1. The pH of exposure tanks are checked da 'in each indiv 1al tank dui 3 the
treatment period by taking approximately 200 ml samples in a beaker from the tank. The
pH and temperature probes : placed directly into the sample and the reading is taken

from the meter display board.

2. R lts of the pH readii : then recorded by the operator or  sp form attached
to the diluter. The tolerance of the pH reading is held within + 0.2 of e ired pH.

D. Automatic Temperature Compensating  obe (ATC)

1. The ATC enables the operator of the EA 940 to samples and buffers at any
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temperature without correcting for the difference in temperature. The ATC is laced in
the sample along with the pH probe and automatically makes correction for temperature

Prepared by:
Daniel F. Woodward Date
Fishery Biologist
Approved by:
Ed Little Date
Branch Chief, Ecology
-I:;lda Sappington T Date
Quality Assurance Officer
REFERENCES:

SOP F20.E10 “Operation, Calibration, and Maintenance of the Orion Mod: A 940
Ionanaly: ”
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