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Figure 5. Distribution of responsibilities for project P99-10-01 Task 3:
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are given in the ECRC Safety Plan.

Endpoint of Study, based on Accomplishments: This study will provide an assessment of
the effects of chromium on the reproductive process, growth, survival, behavior, health
status, and histopathology of chinook salmon. This study will end with the analysis and
interpretation of the data gathered and the submission of a final report to the funding
agency, the U.S. Fish and Wildlife Service. Data from this research will also be

pt lished in peer-reviewed journals.

Schedule of Study and the Outputs Expected:

STUDY SCHEDULE AND "UTPUT®

[TFEM START END
—S—tudy Design and

Organization Apr 98 Sep 98 _

perform tests Nov 98 Dec 98

data analyses Jan 99 Mar 99

Submit draft report Mar 00 Jun 00

Submit final report 90 days after receipt of

' ___comments

Place Where Data will be Stored and Archived: File folders of original data will be
maintained at the ECRC Field Research Station, Jackson, WY and the ECRC, Columbia,
MO according to standai  operating procedures. Files from this study will be

pe anently archived by the ECRC QA/QC Officer as outlined in ECRC SOP B5.147.
Relationship to Cooperator Needs: The data gathered from this study will (1) provide an
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 lo iources and in
evaluating remedial options, including immobilization, treatment, and 10-action
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 manage the Columbia River salmon

population.
Literature Cited: See liter ure cited section of Study 3 below.
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Diluter"). Temperature will be maintained at 5+2 °C by chilling the exposure water
before it enters the diluter and submerging the exposure aquaria in a temperature-
controlled water bath.
To initiate the test, two groups « 50 eggs each will be placed into 177-mL glass
hatching containers and suspended into each of four exposure aquaria.  he aquaria will
be covered with black plastic to shield 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 : :vins will be released into the exposure aquaria. On the median i
swim-up date, the chromium exposure will be discontinued and thé alevins will be |
maintained in the aquaria in chromium-free water until 30 days after the medium
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. Alevin
mortality and deformities will be monitored daily and dead alevins will be removed from
the aquaria and discarded. The development of alevins will be monitored daily to
document the sequence and timing of critical developmental stages including; hatch,
onset of movement, side plough, upright plough, free swimming, and exogenous feeding
following Dill (1977). The tanks will be video taped weekly to develop an accurate count
of these developmental patterns among the test populations. Quantitative measures of the
form and frequency of movemeénts will be made during the alevin/free swimming
transition.
Samples of alevins containing 15 fish each will be taken from each of the four
replicate exposures at 0, 7, 14, and 28 days post median hatch date and analyzed for tissue
res 1es of chromium, DNA strand breakage, and lipid peroxidation (see Task 3
further details of physiology measurements). Two fish from each replicate will be
collected on days 0 and 24 for 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 determine growth.
Exposure water will be monitored once per week for dissolved oxygen, pH,
alkalinity, hardness, and conduclivityi(ECRC SOPs B4.14, B4.15, B4.16, and B4.9).
More frequent monitoring will be performed if conditions dictate. Samples of exposure
w 1 will be taken weekly to monitor total chromium exposure concentrations. One
ht Ired mL samples of exposure water from each treatment will be filtered using a
N ene® 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 and analyzed for
speciation of chromium (SOP P.454). For analysis of chromium in tissue, sam; :s will
be rophilized (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).
Listing of Critical Data: Objective 1: To determine the effects of chromium on
chinook salmon egg survival, egg hatching and alevin survival, growth, and
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permanently archived by the ECRC QA/QC Officer as outlined in ECRC SOP B5.147.

Re tionship to Cooperator Needs: The data gathered from this study will (1) provide an
assessment of injury to chinook salmon exposed to chromium in the Hanford area of the
Cc 1mbia River Basin, (2) will be useful in recovering damages for lost resources and in
evaluating remedial options, including immobilization, treatment, and the no-action
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
St s of Oregon and Washington in efforts to manage the Columbia River salmon
population.

Literature Cited: See “Literature Cited” section of study 3 below.
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C.

S dy 3: Fish Health; Determine degree of fish health impairment of chinook
salmon exposed to chromium.

Principal Investigator(s): Daniel F. Woodward and Aida Farag
$ oci” Ob) 7 (1) Gather data on chromium-induced physiological : onses to
aid in the interpretation of growth and survival responses documented during the
early life-stage test (Study 2 above).

(¢ Interpret the physiological effects of chromium on fish and define parameters
that can be measured on fish samples collected from the Hanford Reach.

" perimental Design or Methodological Approach: Experimental water will simulate
that of the Columbia River surface and pore water in the Hanford Reach which are known
to be associated with the location of spawning redds (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 temperature will match seasonal conditions: December through
March, 5°C; March through July, 10°C (Wiggins et al. 1997). 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

M ch indicate that the temperature of the hyporheic zone minus the river water is only
1°C. Experimental water will be prepared by blending laboratory well water with
deionized water produced by reverse osmosis. Experimental water produced in this way
will eliminate the use of surface water and the potential for fish pathogens to be
introduced to the experiment and influence test results. Experimental water will be

p. luced in 5,600L batches and analyzed to insure quality is within 5% of the
experimental design in terms of hardness, alkalinity, conductivity, and pH. Unless
otherwise indicated, experimental water was used. Photoperiod will be adjusted to
simulate time of year of the exposure.

The range of chromium concentrations tested in the experimental water will be
frc 10to 120 ug/L. This range of concentrations are above and below the chronic
AWQC for chromium; || ug/L (USEPA 1986, State of Washington (173-201A-040)).

Tl concentration range is also representative of concentrations in pore water sampled
fro 1 the intergravel substrates in locations where salmon spawn (Giest 1997, Hope and
Peterson 1996). Specific concentration are stated with each task.

Eyed embryos of chinook salmon will be obtained from the McNenny State Fish
Hi hery, Spearfish, South Dakota. These eggs will be certified disease free prior to any
testing. The disease free status is essential in assuring that toxicity testing is« healthy
test organisms, increases reliability of results, and is a recomm led standard procedure
(ASTM 1993). This source of chinook salmon eggs has been used in past Natural
Resource Damage Assessments (Blackbird Mine Site, Idaho; Marr et al. 1995).

The goals of this experiment are two-fold. First, data gathered from s
experiment will further explain toxicological responses on growth and survival
documented during the early life-stage experiment. Because fry at the end of the early
life-stage experiment are small, it will be difficult to interpret the results in terms of
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individual tissue responses. And, therefore, explain the mechanistic processes involved
during chromium action on fish. Second, this experiment will provide useful information
to interpret effects of chromium on fish in the Hanford Reach. Health parameters used in
the laboratory can also be perfoi  :d on fish collected in the field.

Measurements will be performed to assess physiological impairment caused by
chromium. For example, researchers have documented that chromium causes lipid
peroxidation (Susa et al. 1996). Lipid peroxidation results in damage to polyunsaturated
fa racids located in the cell membrane. This damage can decrease fluidity, increase
leakiness, and inactivate membrane-bound enzymes. An ultimate result may be ce death
and tissue damage (Halliwell and Gutterirdge 1985, Wills 1985). Chromium can form
intermediates that react with DNA (Outridge and Scheuhammer 1993). These reactions
have been associated with DNA damage measured in the form of DNA strand breakage
(Aiyar et al. 1990). Therefore, lipid peroxidation and DNA strand | ikage will be
measured, in addition to histology and tissue metal accumulation, to document
physiological impairment during this study.

Eyed eggs will be maintained in a Heath® incubator at a temperature of [0 + 2°C
an hardness of approximately 150 mg CaCO,/L. Mortalities will be documented and
removed daily. At hatch, the fish will be moved to flow-through culture tanks with a
flow of 4 L/min. The fish will be fed at least a 5% wet weight ration of a commercial
biodiet daily. The daily food ration will be split between two feedings.

The experimental phase will begin during the parr stage of fish by randomly
distributing 35 fish in each of 12 test chambers receiving experimental water with a flow-
through proportional diluter system (Jackson SOP: F.P19). The circular chambers will
have a 20-L capacity with dimensions of 43.2 cm X 35.6 cm and a volume of 20,510
cubic cm. The fish will be allowed to acclimate in the experimental chambers for. least
five days before the start of the experiment. Thus, the experiment will be conducted for a
pe d of 100 days beginning with parr fish. Eyed embryos, larvae, and parr will be
handled so as to  nimize stress in accordance with the ECRC-Columbia An 1l
Welfare Plan and the Region 6 U.S. Fish and Wildlife Service, Fish Health Policy.

Chromium in stock solutions will be delivered to eight test chambers via
automatic pipettes (Micromedic Systems AP, Model #25000FW). Two test
concentrations of 11 and 24 pg/L chromium (referred to from this point as 11 and )
be maintained in each of four replicate chambers. Four chambers without chromir
added will be used as controls. Thus, a total of 12 experimental (four control, four with
11 ug/L Chromium, :  four with ' pg/L) units will be maintained. ach chamber will
receive 8 L/hr for 10 volume additions per day. Experimental units will be checked daily
for mortality and observations on behavior.

At Day 60 and at the termination of the experiment, samples will be collected for
fish health measurements. An external necropsy assessment will be made on all
sacrificed fish (UW SOP P.1} d lengths and weights will be recorded. One whole fish
will be collected from each replicate chamber for measurements of tissue metal
accumulation. DNA strand breakage, lipid peroxidation, histological anomalies, and
tissue metal accumulation will be evaluated in 2 to 4 fish from each replicate. Gill
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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.
Sai les 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
result in one sample from each replicate chamber. Aliquots of these compos:  : will be
measured for DNA strand breakage (Jackson SOP F20.29), lipid peroxidation (Ja: son
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 re  ed to immune
fun ons 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 gathered from
samples of whole, ground tissue and those from specific locations within a tissue. Whole
tisss 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 not be fed for 24 h prior to sampling.

Exposure water wi  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 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 wili be transferred to a pre-cleaned, 125
m] I-Chem® polyethylene bottle, idified 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 gh 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

ityzed by either [CP-M... (SOP C5.212) or graj te furnace atomic absorption

)rectrophot: ry (SOP C5.163).

Listing of Critical Data: Objective 1: Gather data on chro um-induced
physiological responses to aid in the interpretation of growth and survival
responses documented during the early life-stage test (Study 2 above).
Obj tive 2: To compare laboratory-derived chromium-induced effects on he: h
parameters of chinook salmon with health parameters measured on field-collected
salmon from the Hanford Reach of the Columbia river.
Data gathered from these two objectivcswnl include chinook salmon survival, behavior,
lipid peroxidation, DNA strand breakage, histology and tissue metal accum' tion at
chromium concentrations representative of concentrations in locations where salmon

spawn.
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