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Abstract Laboratory tests were conducted on one-year-
old rainbow trout Oncorhynchus mykiss to evaluate their
ability to detect and avoid hexavalent chromium (Cr6+).
Test fish were given a choice to discriminate between clean
water and Cr®" solutions of six sublethal concentrations
ranging from 0.0015 to 0.3 mg Cr/L in a counter-current
flow, steep gradient chamber. The intensity of avoidance
response reached a significant level at test concentrations
of 0.003 mg Cr/L and higher, and was directly proportional
to the Cr®" concentration logarithm. Avoidance threshold
was estimated through regression analysis and to be
0.0017 mg Cr/L. This result is approximately sixfold lower
than maximum-permitted concentration of 0.01 mg Cr/L
accepted as the Lithuanian water-quality guideline for the
protection of aquatic life.
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Hexavalent chromium (Cr®") is the dominant dissolved
stable Cr species in aquatic ecosystems (Eisler 1986)
usually produced from anthropogenic sources (Irwin et al.
1997). This pollutant is important because it is referred to
selected water quality indicators (SCORECARD 2005) and
is recommended for use as a reference toxicant in standard
toxicity tests (ISO 7346-1:1996a(E); ISO 7346-2:1996b
(E); ISO 7346-3:1996¢c (E); US EPA 2002a; US EPA
2002b) due to its ability to provide reproducible test results
(Dorn et al. 1986).
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Although the toxicity of chromium to aquatic life was
intensively investigated during previous decades and a
considerable amount of experimental data was compiled
and reviewed (US EPA 1985; Eisler 1986; Irwin et al.
1997), studies into its sublethal effects in fish are still
insufficient.

Meanwhile, alterations in fish behavioral responses are
sensitive indicators of sublethal exposure to pollutants
(Scherer 1992; Kane et al. 2005). These are no standard-
ized procedures yet.

Avoidance of polluted water is one of the most eco-
logically significant sublethal responses of fish allowing
them to survive in the altered environment (Sprague and
Drury 1969). Fish avoidance studies are important because
avoidance behavior represents the final integrated response
of fish species to toxicant stress.

In the previous study it was established that rainbow
trout was the most sensitive species to the acute toxic effect
of Cr®" among other four freshwater fishes tested (Svec-
evicius 2006).

The objectives of the present study were (1) to evaluate
the ability of rainbow trout to detect and avoid Cr* solu-
tions and (2) to compare behavioral test results with acute
toxicity results under the same, controlled experimental
conditions.

Materials and Methods

Rainbow trout adults (one-year-old) were obtained from
Zeimena Hatchery (évenéionys District, Lithuania). The
test fish were acclimated to laboratory conditions for
1 week prior to testing. The fish were kept in flow-through
1,000 L holding tanks supplied with aerated deep-well
water (minimum flow rate 1 L per 1 g of their wet body
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mass per day), under natural illumination and were fed
commercial trout feed daily in the morning; the total
amount was no less than 1% of their wet body mass per
day. The day before and during the tests the fish were not
fed. The average total length of test fish was 80 + 0.5 mm
and the total weight was 8.0 = 0.5 g (mean = SEM).

Reagent grade potassium dichromate (K,CryO7)
(«(REAKHIM» Company, Russia) was used as the toxicant.
Stock solution was prepared by dissolving a necessary
amount of potassium dichromate in distilled water, the final
concentration being recalculated according to the amount
of heavy metal ion.

Deep-well water was used for dilution. Average hardness
of the water was approximately 284 mg/l as CaCOs, alka-
linity was 244 mg/l as HCO;3, pH was from 7.9 to 8.1,
temperature was maintained at 10.5-11.5°C, and oxygen
concentration was maintained at the range from 8 to 10 mg/1.

Avoidance tests were carried out by use of a counter-
current flow plastic steep gradient chamber of alternative
preference similar to ones used by Sprague (1964), Giattina
and co-workers (1982), and Woodward and co-workers
(1995) under even laboratory illumination of ~250 lux.
Water entered each end of the chamber at equal flow rates
of 3 L/min and drained at the center (Fig. 1). The chamber
was 127 X 15 x 15 cm in size and water depth was 11 cm.
The baffles with numerous small holes were fixed at
13.5 cm from each end and the chamber was 100 cm long
between these baffles.

Both sides of the chamber were fed by gravity flows
incoming from flow-through head tank of 200-L volume,
which was constantly refilled by aerated dilution water.
Toxicant supply was performed from 1-L volume gradu-
ated plastic bottle (Compat®, SandozNutrition) with a
constant flow rate of 30 mL/min. The control tests with dye
(methylene blue) showed that 10 min after the introduction
of the test solution into one end of the chamber a stable,
steep gradient with a sharp boundary between clean water
and test solution was established.

Each trial used one group of ten fish and consisted of three
periods; an acclimation period, a control period, and a test
period. Each group was placed in a gradient chamber and
acclimated for 1 h. The density of fish in the test area was
similar to that in the holding tanks in order to eliminate

Fig. 1 Diagram of the gradient
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aggressive interactions. After that they swam freely explor-
ing the chamber. The next 10 min was the control period
during which fish position in the chamber was recorded with
a video camera recorder (SONY video Hi8 Model No CCD-
TR713E, Japan) connected to TV set (in total 60 momentary
recordings every 10 s). Immediately after the control period,
a test solution was introduced into one end of the chamber
through toxicant inlet (this procedure did not change any
physico-chemical characteristic of the dilution water). The
fish were allowed to choose between clean water and solution
for 20 min and their position was recorded during the last
10 min of this (test period).

A series of ten trials was conducted for each concen-
tration of the test solutions. Fish were tested only once.
Chromium solutions were added at one end or at the other
of the chamber, in random order to prevent the possibility
of error resulting from one end preference of the test fish.

The nature and intensity of behavioral response were
estimated by the Response index through formula:

Response index = 50 (2 — Nr/Nc),

Nc is equal to the average number of fish in polluted end
during the control period (water is clean), and Nt is equal
to the average number of fish in the same end during the
test period (toxicant is introduced).

The value of index 100 denoted maximal avoidance,
while O signified maximal preference and 50 stood for
indifference. The control tests showed that the test fish
preferred both ends of gradient chamber with the same
probability. The results of these blank tests confirmed that
data were normally distributed and had homogeneous
variance. Therefore, the significance of test fish behavioral
responses was determined by comparing their mean Re-
sponse index value to theoretically neutral response, i.e. to
the value of Response index equal to 50 by use of Student’s
t-test at p < 0.05. The data obtained were analyzed statis-
tically through STATISTICA (Version 6.0) and GraphPad
Instat™ (Version 2.04) softwares.

The amount of oxygen in the chamber as well as tem-
perature and pH were measured routinely with a hand held
multi-meter (WTW Multi 340i/SET, Germany). At the end
of the tests water samples were taken from the gradient

DRAINS TOXICANT INLET

INFLOW

DRAINS

BAFFLE

OUTFLOW

@ Springer



598

Bull Environ Contam Toxicol (2007) 79:596-600

chamber and total amount of chromium was measured with
an atomic absorption spectrophotometer (SHIMADZU
AA-6800, Japan) with the graphite furnace techniques
using proprietary software. Each sample was analyzed for
three times. Mean measured concentrations were within
10% of target.

Results and Discussion

The data obtained are presented in Table 1. At lowest Cr®*
concentration of 0.0015 mg/L test fish demonstrated
complete indifference, while at the next test concentration
of 0.003 mg Cr/L the intensity of avoidance response
reached a significant level and gradually increased within
increase in Cr®" concentration. The test concentration of
0.3 mg Cr/L was avoided by rainbow trout with almost
maximal intensity.

In all cases avoidance response in test fish occurred at low
sublethal levels of Cr®" (Table 1). Furthermore, the intensity
of avoidance response was directly proportional to Cr®*
concentration logarithm (Fig. 2). Therefore, the threshold
avoidance concentration was defined by use of regression
analysis: a method suggested by a number of researchers
(Hoglund 1961; Fava and Tsai 1976; Anestis and Neufeld
1986). The point of concentration scale at which logarithmic
regression intersects Response index scale at the value being
equal to 50 was assumed as avoidance threshold. Estimated
Cr* concentration corresponding to threshold avoidance
concentration and its 95% confidence interval was equal to
0.0017 (0.0008-0.0039) mg Cr/L.

Comparisons of changes in behavioral responses with
classical toxicity test endpoints are needed to evaluate the
sensitivity of behavioral toxicity tests (Atchison et al. 1987).

The ratio between threshold avoidance concentration
and 96-h LC50 of 28.5 mg Cr/L derived from acute tox-
icity tests under the same experimental conditions (Svec-
evi¢ius 2006) amounted 0.00006. Similar results were
obtained previously on the same fish species for other

Table 1 Avoidance response of rainbow trout to test concentrations
of Cr" solutions

Chromium Chromium concentration Response indices
concentration as a part of 96-h LC50 (mean = SEM,
(mg/L) N=10)

0.0015 0.00005 48 £+ 1.8

0.003 0.0001 57 £ 2.7*%

0.015 0.0005 65 + 4.8%

0.03 0.001 77 = 4.7*

0.15 0.005 85 £ 2.5%

0.3 0.01 95 + 1.9%

Asterisks (*) denote values significantly different from 50 (p < 0.05)
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Fig. 2 Diagram of rainbow trout avoidance response to Cr®* test
solutions. X-axis corresponds to Cr®* concentration in mg/L
(logarithmic scale), Y-axis corresponds to Response index, circles
indicate mean index values, vertical lines refers to +SEM, asterisks
denote values significantly different from 50 (p < 0.05)

heavy metals using different type of test apparatus. These
ratios were equal to 0.0015 for copper and to 0.00003 for
zinc, respectively (Svecevicius 1999). Obviously, there is
no correlation between heavy metal toxicity and its
avoidance intensity, and avoidance response is a very
sensitive indicator of presence of these heavy metals at
sublethal levels in water.

Such great differences in the results from behavioral and
mortality categories probably can be explained by their
reliance to the different forms of phenotypic adaptation
(behavioral and physiologo-biochemical or non-behav-
ioral) as described by Flerov (1989). Avoidance response
can be initiated through chemosensory irritation, since it
was established that the fish olfactory system is involved in
the formation of an avoidance response to heavy metals
(Brown et al. 1982; Svecevicius 1991). In the second case a
complex of non-specific defensive physiological and bio-
chemical responses of fish organism is started-up to with-
stand the toxic effect of the given heavy metal.

Perhaps Cr®" avoidance by fish was thoroughly docu-
mented only in one study by Anestis and Neufeld (1986).
The authors reported threshold avoidance concentration in
rainbow trout of 0.028 mg Cr/L (~17-fold higher than such
reported here). The test fish in this study were pre-exposed
to sublethal concentrations of chromium for 7-20 weeks.
After that they demonstrated much higher avoidance
thresholds of chromium than the control fish. Water
chemistry in these studies included hardness of 100 mg/L
as CaCQOs, alkalinity of 50 mg/L as HCOs5, and pH of 7.2,
i.e. quite different from that used here. Moreover, the test
apparatus used included combined steep and shallow gra-
dients characteristics.

It seems quite difficult to explain such great differences
in these two final results but there is no doubt that the
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absence of standardized test procedure can lead to dis-
agreements of such kind. The main lack of mentioned-
above investigation was that the authors did not conduct
acute toxicity tests. The fact that the same fish species in
distinct geographical regions may show different sensitiv-
ity to the same pollutant is also universally recognized.

It should be noted that threshold avoidance concentra-
tion of Cr®* is quite low and corresponds to the background
level of this metal in unpolluted inland waters. This result
is approximately sixfold lower than maximum-permitted
concentration (MPC) of 0.01 mg/L of total chromium in
receiving waters proposed by the European Union and
newly-accepted (in 2002) as Lithuanian water-quality
guideline for the protection of aquatic biota.

Determination of water-quality criteria is based on
conventional standard acute and chronic testing proce-
dures. Unfortunately, fish behavioral toxicity tests have not
been standardized yet although even Atchison and co-
workers (1987) noted that avoidance tests seem sensitive,
rapid, ecologically significant, and they could be easily
standardized.

Fish avoidance response is of very high ecological sig-
nificance because their active retreat from polluted areas
can result in disturbances of their migrations and distri-
bution patterns (Saunders and Sprague 1967). Therefore, a
reduction of their normal area of habitat, as well as their
resources, can occur (Hansen et al. 1999).

It is evident that this newly accepted MPC for chromium
is too high and could be revised based on fish behavioral
response parameters.

For example, Giattina and co-workers (1982) reported
avoidance threshold concentrations of 0.0064 mg/L for
copper and of 0.024 mg/L for nickel in rainbow trout and
these concentrations were very close to ambient water-
quality criteria proposed by US Environmental Protection
Agency of 0.0056 and 0.021 mg/L, respectively. Later
Giattina and Garton (1983) pointed out that whole-organ-
ism behavioral responses should be included in consider-
ations for water quality criteria and environmental impact,
since such responses cannot be predicted from physiolog-
ical and histological studies.

Consequently, fish avoidance response could be a
powerful tool in determining or revising water-quality
guidelines for the protection of aquatic biota.

In every standard test procedure reference substances
must be used because reference toxicant tests indicate
the reliability of the analytical procedure used for veri-
fying toxicant concentrations, and allow one to control
and detect the variability associated with test organisms
and their relative health (Dorn et al. 1986). Since Cr%* at
the present is one of the most widely used reference
toxicants, the data obtained in this study could be useful
in further studies.
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