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history of the test organisms, competing motivational variables, and the alteration of the
perception of chromium by salmon due to the water quality changes accompanying simulated
groundwater. However, one potential cation of these findings is that salmon may not be
capable of discriminating between con ated and uncontaminated habitat when chromium
is presented in undiluted groundwater. Under this scenario life-st. s of salmon utilizing this
habitat may not be ab o behaviorally mitigate their exposure. Information on the extent of
contamination, discharge rates, dilution, and life st: : present must all be eva™ ted in order
to assess the potential for effects in the fie

The avoidance-preference response is the primary response of organisms to an
environmental contaminant. Avoidance of environmental contaminants is an adapted
behavior that often reduces exposure to contaminants through behavior that may limit contact
with, or residence in, unfavorable or contaminated habitat. Significant behavioral avoidance
of contaminated areas may result in the subs itial )ss of important habitat. On the other
hand, failure to avoid contaminated areas or preference for contaminat¢ areas may result in
increased exposure to hazardous substances :ading to physiological impairme or death.
Chinook salmon are capable of detecting and avoiding concentrations of chromium that may
be expected to occur in the Hanford Reach. However, this avoidance response to chromium
can be altered by other biological and enviror :ntal factors (such as hardness or turbidity).
Concentrations avoided by chinook salmon are similar to concentrations shown in laboratory
studies to result in tissue accumulation in early life stage salmon (Patton et al. 2000) and are
within the range of concentrations known to  ;ult in physic »gical  jairment in salmon
parr (Farag et al. 2000).
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potential impacts of chromium exposure on fertilization, early life-stage effects and
physiological impairment (Farag et. al 2000, Patton et. al 2000).

The goal of the experiments described in this report was to determine whether
chinook salmon exhibit an avoidance response under laboratory cc litions  chromium
concentrations present in the Hanforc each of the Columbia River. Fish may avoid
concentrations of contaminants well below 10se levels that may cause mortality or
reductions in growth (Little et al. 1985). Avoi ince of elevated concentrations of
environmental contaminants can alter the distribution 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 Neufeld (1986) reported an avoidance
threshold of 28 pg/L for raii ow trout (Onchor nchus mykiss) exposed to aqueous
chromium. An avoidance threshold level of 73 ng/L chromium has been reported for golden
shiners (Notemigonus crysoleucas) (Hartwell et al. 1989). Documentation of laboratory
avoidance may indicate the potential for chromium contamination to adversely impact habitat
quality and availability for early life-stage ch ook salmon in the Hanford Reach of the
Columbia River.

The Hanford Natural Resource Trustee Council in conjunction with the U.S. Fish and
Wildlife Service and : U.S. Geological Survey designed this study to assess the behavioral
avoidance-preference response of chinook salmon to chromium under exposure conditions
that may exist in the Hanford Reach of the Cc mbia River. To achieve this objective two
experiments were conducted.

Experiment I. Determine the avoidance response of chinook sa  on to aqueous chromium
concentrations under conditions representative of the Hanford Reach of the
Columbia River (80 mg/L hardness as CaCO3).

tII. Det« ine the avoidance response of chinook salmon to aqueous chromium
concentrations in simulated Hanford groundwater (200 mg/L hardness as
CaCO;).
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and analyzed with ICP-MS. All chromium was assumed to be in the hexavalent state due to
the short duration of the exposure. Therefore, speciation of samples was not determined.

STATISTISTICAL IM"“RPRETATION OF1 S _TS:
Statistical analyses were performed using SAS system software, version 8.0 (SAS

Institute Inc., Cary, North Carolina). Analyses of Variance followec / ukey means
comparisons were performed on all data that met the assumptions of homogeneity and
normality. The number of replicates for each experiment was eight. Statistical significance
was assigned at P < 0.05.
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Figure 3. Illustration of an experimental chamber used in Experiments I and I1. The
chamber consists of a Plexiglas cylinder (11 cm diameter x 92 cm) with six centrally located
drain holes. Openings are cut in the surface of the cylir r to allow the addition and removal
of fish into the chamber and to allow the placement of screens at each end. Water (indicated
by arrows) enters both ends of the chamber simultaneously and drains equally from six
centrally located holes. The drains are adjustable to maintain the appropriate water level and
contaminant gradient.
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Figure 7. Mean (+ standard error) of the total amount time spent in the treatment side of the
test chamber during the observation period in E>  :rimer 1. The observ  on period was
1200 sec in duration. For all treatments N=8. The control conditionv  Hanford
experimental water without chromium. The treatment condition was Hanford experimental
water with or without chromium. Treatments noted w  an asterisk are significantly
different from the control condition (P< 0.05).
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Figure 9. Me (& standard error) residence time pergr ~~ ntcro¢ g o the treatment
side (trip time) during the observation period in Expe | 1. The servation period was
1200 sec in duration. For all treatments N=8. The control condition was lanford
experimental water without chromium. The treatment condition was Hanford experimental
water with or without chromium. Treatments noted with an asterisk are significantly
different from the control condition (P< 0.05).
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Table 3. Mean concentrations of measured total ¢ ymium in water sampled from the

chromium-treated side of the experimental chamber during Experiment II. Chinook salmon
parr were presented with a choice between a control condition (Hanford experimental water
without chromium) and a test condition (Hanford simulated groundwater water with one of

six concentrations of chrc  ium).

Mean
Nomi M d R
omn-]a] N easure Standard ange
Chromium Total ..
) Deviation
(ug/L) Chromium
(ng/L)
0 8 0.67 0.45 <0.29-1.6
11 8 114 0.87 10.3-12.6
27 8 26.7 0.85 248-274
54 8 53.6 1.4 514-553
120 8 117.2 3.0 113-123
266 8 256.1 39 251 -261
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Table 5. Mean weights and lengths of chinook salmor arr tested during Experiment II.
Standard Errors of the Means (SEM) are in parentheses. Lengths and weights were
statistically similar among all treatments.

Nominal N Weight  Leng

Chromium (2) (cm)
(ng/L)
0 8 1.311 5.52

(0.065)  (0.08)

11 8 1.277 5.48
(0.088) (0.12)

27 8 1.242 5.43
(0.076) (0.10)

54 8 1.335 5.52
(0.089)  (0.10)

120 8 1.400 5.64
(0.081) (0.09)

266 8 1.356 5.55
(0.052) (0.06)
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Table 7. Behavioral response of chinook salmon parr for Experiment 11 as measured by the
total time spent in the contaminated portion 1e experimental chamber, percent of the total
test period spent in the contaminated side, the mean residence time of each excursion into the
contaminated side, and the mean number of times the test fish crossed the gradient from the
control to the treatment side. The duration of the test period was 1200 sec. Standard Errors
of the Mean (SEM) are in parenthesis.

Nominal N Timespent Percent of Mean Mean
Chromium in time spent residence number
(ng/L) contaminant in time in of
(sec) contaminant contaminant gradient
(sec) crossings
0 8 612.7 51.1 15.9 43.8
(57.6) (4.8) (2.8) (2.6)
11 8 757.7 63.1 25.1 43.9
(44.9) (3.7) (3.0) (3.7)
27 8 645.3 53.8 18.4 40.5
(86.0) (7.2) (3.6) (6.1)
54 8 726.8 60.6 25.4 43.1
(717.5) (6.5) (3.8) 4.7
120 8 563.1 46.9 15.6 42.0
(37.3) (3.1 (1.8) 4.9)
266 8 509.3 42.4 16.8 39.8
(56.3) 4.7 (3.3) 4.4

2 indicates that the treatment was significantly different from the control condition (f’ <0.05).
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Table 8. Comparison of behavioral responses to chromium (VI) determined in the present study with results reported in previous studies.

Behavioral Reported
Study Species sst Conditions Culture conditions a effective
response .
concentration
Present study
i <
Experiment | chinook salmon Har'dx}e§s 80 mg/L Se eas test No response <27 pg/L
(Oncorhynchus tshawytscha) ¢ alinity 72 mg/L conditions .
pH 8.1 Avoidance 2 54 ug/L
Experiment I Hardness 200 mg/L Hardness 80 mg/L
chinook salmon Alkalinity 178 mg/LL  Alkalinity 72 mg/LL.  No response 0 —266 pg/L
pH 8.3 pH 8.1
Previous studies
Anestis and Neufeld 1986 rainbow trout Hardness 100 mg/L Same as test
. Alkalinity 50 mg/L conditions Avoidance > 28 ug/L
(Oncorhynchus mykiss)
pH 7.2
Hartwell et al. 1987 olden shiner Hardness 72 mg/L Same as test
g . Alkalinity 42 mg/L conditions Avoidance >73 pg/L
(Notemigonus crysoleucas) pH 7.5
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