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Abstract

Channa punctatus, a freshwater fish, was exposed to zinc at three sub-lethal concentrations (10 mg/l, 15 mg/l, and 25 mg/l)
over a period of 15 days. At intervals of 8, 10, and 15 days, the effects of this exposure were examined on the bio-
accumulation of zinc. In fish from all treated groups, a statistically significant rise in zinc concentration was observed. After
switching these fish to regular tap water for an additional two weeks, post-exposure recovery in the fish was seen. Even while
the concentration of zinc remained much greater than controls until the end of the experiment, there was a slow removal of
zinc. At LC50 for 24, 48, 72, and 96 hours no deaths were noted in the control experiments. When the metals' concentration
and duration of exposure rose, the fish mortality went up considerably. Upon exposure of zinc on the fish specimens, the fish
displayed behavioral changes during the lethal toxicity trial, including symptoms of fatigue, erratic swimming, jerky
movements, restlessness, frequent surfacing, spinning, convulsions, and fin extensions.
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Introduction

Untreated municipal trash, the usage of fertilisers and
pesticides, as well as the disposal of industrial wastes that
are both organic and inorganic, are all significantly
increasing environmental contamination. Because of their
toxicity, persistence, tendency to accumulate in animals, and
food chain amplification, heavy metals have been
recognised as potent biological poisons (Kamble and Muley,
2000; Dinodia et al., 2002) I 2. They also harm aquatic life,
especially fish. Zinc is one of the heavy metals that is used
in a variety of ways before ending up in a river or the ocean.
Human operations include mining, purifying zinc, lead, and
cadmium ores, burning coal, and burning garbage release
too much zinc into the environment. Although only modest
amounts of zinc are necessary for healthy growth and
metabolism (Gupta and Sharma, 1994; Srivastava and
Sharma, 1996; Srivastava and Kaushik, 2001; Shukla et al.,
2002) [3 4 5 81 jf the level is higher than what is necessary
for physiologic function, it may become hazardous. This
causes numerous fish organs to become metabolically and
pathologically  altered, which results in overall
enfeeblement, growth retardation, and other effects (Sharma
and Sharma, 1994; Singh and Gaur, 1997) B 7 8 Any
consequence of such pollution would eventually have a
negative impact on the nutritional value of fish and on man
through their ingestion because fish populations are a
crucial part of the food chain.

Heavy metals among other harmful contaminants have a
tendency to bio-magnify in the food chain, which makes
them particularly harsh in their impact. A significant
environmental issue is the global water pollution caused by
heavy metals. The majority of water sources are getting
poisoned as a result of the agricultural and industrial
revolutions (Khare and Singh, 2002). Industrial discharges
comprising heavy metals and other harmful and dangerous
compounds (Gbem et al., 2001; Woodling et al., 2001) [
have a significant negative impact on the health of aquatic
ecosystems. Zinc is a necessary element that serves as a
structural component and has unique qualities that are

necessary for life (Bengari and Patil, 1986) [*}l. Because it
cannot be physiologically eliminated but only undergoes
oxidation in the environment, zinc's toxicity is exacerbated
by its almost infinite persistence The risk posed by zinc is
increased by the fact that it cannot be biologically
eliminated and instead can only be changed from one
oxidation state or organic complex to another, making it
practically indestructible in the environment. Fish may be
toxic to Zn, which disrupts gill tissue, the control of acid-
base and ions, and causes hypoxia (Everall et al., 1989) 1221,
(Hogstrand et al., 1994) 81, Metals' bioaccumulation is a
function of how much an organism consumes how they are
distributed throughout the various tissues, and how much
metal is maintained in each type of tissue. Zinc
accumulation has reached a dangerous level and is now
responsible for pathologies like Alzheimer's disease.
Freshwater species need Zn in particular concentrations to
thrive, but too much buildup is dangerous for both exposed
organisms and people who ingest them directly or regularly.
During the fish mortality test, feeding was stopped 24 hours
earlier. The fish were fed earthworm pieces once daily for
30 minutes prior to the replacement of the test water during
the accumulation studies, but after that time the food was
eliminated.

Material and Method

Channa punctatus a fresh water fish native to Bhopal that is
edible was chosen for the study. The choice of the test
organism needs to take into account a variety of factors.
These include the species' availability, its propensity for
survival in a lab setting, its manageable size for handling
and keeping in a lab setting, prior knowledge of the species,
its biology, which includes its behavior and feeding
patterns, ecology, reproduction, development, and life cycle,
and its widespread distribution throughout the area of
concern, as well as its ecological significance and economic
value. One species likely won't meet every one of these
requirements. Channa punctatus was the test organism
chosen for the investigation.
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Collection and Laboratory Maintenance of Test
Organism

Local residents gathered fingerlings of the freshwater fish.
Large aerated polythene bags filled with water were used to
capture them and transfer them to the lab with the least
amount of disturbance possible. Healthy fish were put in
huge aquariums made of glass. The aquariums were first
drained and cleansed with potassium permanganate solution
(KMnO4 /20ppm). After that, seasoned (chlorine-free) tap
water was added to the container. The fish were given a 15-
day acclimatization period before the experiment began.
Agquarium aerators were used to provide enough aeration.
The temperature, pH, and dissolved oxygen levels were held
steady at 7.25, 0.08, and 7.88, 0.33 mg/L respectively. The
fish are fed commercial fish feed twice daily.

All toxicity trials utilized healthy, alert animals that were
roughly the same size that were randomly chosen from the
holding tanks. For the experiment, fish with a total length of
4-5 cm and a weight of 10-15 g were chosen. Before the
test, the fish were famished for 24 hours. This provided the
intestines enough time to empty completely of all food and
waste.

Toxicants

Zinc sulphate (ZnSO4.7H20), produced by Merk Limited,
was chosen as the toxicant for the investigation. White
powdered zinc sulphate has a molecular weight of 287.54.
In water, both easily dissolve. Prior to the experiment
starting, test solutions were made. The test solutions were
made with a lower magnitude than the stock solutions, and
the stock solutions were prepared in accordance with normal
practice (APHA, 2005) [,

The Experiment

Static renewal bioassay method as mentioned in APHA
(2005) 41 was followed in the experiment. This type of
bioassay conducted as a short-term toxicity test. The 96-
hour test period was used as time interval. The death of the
test organism was the criterion used to evaluate the toxicity
of the heavy metals. Before the experiment, the previously
cleaned aquariums were filled with 40 liters of seasoned
(chlorine-free) tap water and scrubbed with potassium
permanganate (KMnQO4/20). Ten healthy and active Channa
Punctatus specimens were moved into various aquaria after
the acclimatization period was over. To identify the range of
toxicants to be used for the conclusive toxicity test, range
finding tests were conducted before to each toxicity
experiment. A number of varied concentrations were
prepared for the range finding test, and the toxicity of the
compounds was assessed using accepted procedures
(APHA, 2005) . The concentration for the conclusive
toxicity studies was chosen in light of the findings. zinc test
concentrations were 1 mg/L, 2 mg/L, 5 mg/L, 10 mg/L, and
15 mg/L. According to the protocol, the exposure water was
examined for temperature, pH, and dissolved oxygen
(APHA, 2005) 1. Throughout the exposure, the fish were
not fed. Every 24 hours, the water in the aquariums was
changed. For the 96-hour test period, the fishes were
monitored for signs of death, and the observations were
recorded every day. Zinc copy underwent a set of
observations. In 96 hours, tests, the measure that is typically
employed is death. In the test series, the number of living
and dead organisms was counted. The 96-hour LC50 value
was determined using the 96-hour mortality data. From this
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value, it was determined that the sub lethal concentrations
were 1/5th, 1/10th, and 1/15th of the LC50 value.

Statistical Analysis

For the mortality study experiment, percentage mortality
was calculated for zinc concentration. In the statistical
study, the % mortality statistics were employed. Using
SPSS software 16.0, the probit mortality was determined.
Probit values were plotted on probit paper, and the
concentrations of trace metals zinc that kill 50% of test
organisms (LCsg) during 96 hours of exposure, along with
the 95% confidence limit, were calculated in accordance
with Finney (1971) &7,

Results

The fish displayed changed behavior during the lethal
toxicity trial, including symptoms of fatigue, erratic
swimming, jerky movements, restlessness, frequent
surfacing, spinning, convulsions, and fin extensions. The
fish's schooling behavior was also hampered after exposure
to the heavy metals. By using probit analysis, the toxicity of
the heavy metal zinc on Channa punctatus, a freshwater
fish, was evaluated, and the LC50 for 24, 48, 72, and 96
hours was established. No deaths were noted in the control
experiments. When the metals' concentration and duration
of exposure rose, the fish mortality went up considerably.
This experiment was carried out to gather preliminary data
on the toxicity of zinc to freshwater edible fish.

Table I. demonstrates the percentage of death for various
exposure times at various zinc concentrations (1 to 20
mg/L). The majority of fish survive the initial onslaught
during the early period (i.e., the first 24 h) of the toxicant
introduction. Some damages or injuries were evident during
the second renewal (48 h exposure), especially in some fish
that were exposed to the highest concentrations (10 and 15
mg/L). These wounds certainly make the organisms less
resistant to toxins, which cause a considerable amount of
death—up to 50%—in the area with the highest
concentration. Even at lesser concentrations, deaths become
inescapable with progressive exposure after 72 to 96 hours.
Stress and the cumulative effects of zinc poisoning may be
to blame for this.

For the intervals of 24, 48, 72, and 96 hours, the probit-
derived LC50 value for zinc was 19.79, 17.24, 12.36, and
9.47 mg/L 2. The Table Il provides the upper and lower
bounds. It was discovered that longer exposure times
resulted in lower LCso values. Between 24 and 96 hours, the
evaluation of the lower and upper confidence limits showed
a declining tendency, going from 16.99 to 6.99 and 22.47 to
12.77, respectively.

Table 1: Cumulative percentage mortality of Channa punctatus
exposed to Zinc

Conc. (mg/L) | 24 Hours | 48 Hours | 72 Hours | 96 Hours
1 0 0 0 0
5 0 0 0 20
10 0 0 20 30
15 0 20 40 40
20 40 30 70 100
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Table 6: Parameter estimates for the Probit Analysis of 96- hours
exposure to Zinc

95% confidence
. St. . interval
Parameter EstlmateError Z | Sig Lower |Upper
Bound |Bound
Concentration| 3.924 |.790 4.704{ .000 | 2.377 | 5.471
Probit -
Intercept | -2.713 |.719 4778 .000 | -4.431 |-2.995
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Fig 1

Table 2: Table showing the LCso values, upper and lower
confidence limits on exposure to Zinc at different time intervals for
the fish Channa Punctatus

Parameters 24 Hours|48 Hours|72 Hours|96 Hours

LCso (mg/L) 19.796 | 17.246 | 12.369 | 9.478
Upper confidence limit | 22.472 | 19.997 | 15.647 | 12.77
Lower confidence limit| 16.990 | 14.659 | 9.598 6.99

Table 3: Parameter estimates for the Probit Analysis of 24 hours

exposure to

Zinc

959% confidence
. St. . interval
Parameter Estimate| Z | Sig
Error Lower | Upper
Bound | Bound
IDrobi*Concentration 9.238 | 3.012 |5.097|.000| 5.296 |13.180
| Intercept | -11.494| 3.615 |-5.016(.000 | -14.107 | -8.880

a. Probit model: PROBIT (P) = intercept + BX (covariates X are
transformed using the base 10.000 Logarithm

Table 4: Parameter estimates for the Probit Analysis of 48 hours

exposure to

Zinc

95% confidence
. St. . interval
Parameter Estimate Error Z |Sig Lower | Upper
Bound | Bound
Concentration| 7.342 |2.801 [4.524000, 3.814 | 8.867
Probit _
Intercept | -7.021 | 3.258 4.554.000 -11.228 | -6.764

a. Probit model: PROBIT (P) = intercept + BX (covariates X are
transformed using the base 10.000 Logarithm

Table 5: Parameter estimates for the Probit Analysis of 72 hours

exposure to

Zinc

95% confidence
. Std. . interval
Parameter Estimate Error Z |Sig Lower | Upper
Bound | Bound
Concentration| 5.736 | 2.266 [4.745/.000 3.257 | 8.214
Probit _
Intercept | -5.997 | 2.375 4.637'000 -7.372 | -4.623

a. Probit model: PROBIT (P) = intercept + BX (covariates X are
transformed using the base 10.000 Logarithm

a. Probit model: PROBIT (P) = intercept + BX (covariates X are
transformed using the base 10.000 Logarithm

Discussion

Due to the application of trial-and-error approaches using
acute and sub lethal exposures of X zinc, the current inquiry
has attempted to evaluate the environmental risk of man-
made chemicals, primarily focusing on fish. Studies on the
median tolerance limits typically give indications of the
relative toxicity of various chemicals as well as the
sensitivity of different fish species, but they do not represent
the highest concentration of harmful compounds that would
not influence the metabolism of the fish. Since mortality
data would be a practical and practical criterion for
evaluating the organism's reaction to fatal concentrations in
the current study. The findings showed that zinc is more
harmful to Channa punctatus and is more poisonous to the
organism. Zinc's LC50 value was 9.238 mg/L. This result is
consistent with data on toxicity published by Bryan (1971),
Ahsanullah (1976) ¥ and Arnott and Ahsanullah (1979)
1181 An organism's tolerance is frequently determined by the
amount of a fatal component and how long the animal lives.
According to Finney (1971) 71, the connection between the
logarithm of the test toxicant (zinc) water concentrations
and the logarithm of fish mortality appears to be linear for
all treatments (Table 3).

According to published research, normal 96-hour LC50 zinc
concentrations for fish range from 1 to 10 mg/liter in soft
water (Spear, 1981) ('8, The 96-hour LC50 result for zinc on
Channa punctatus in the current investigation, 9.238 mg/L,
falls within this range. The acute toxicity of zinc to common
freshwater fishes in Lithuania was researched by Gintaras
(1999) 191, and the LC50 values for five fish species tested
ranged from 3.79 to 11.37 mg /litre. Hardness and water pH
are the main physicochemical parameters that alter Zn
toxicity (Alabaster and Lloyd, 1980; Spear, 1981; Bradley
and Sprague, 1985) [20. 18 221 According to Holcombe and
Andrew (1978) 21 Spear (1981) 18 and Bradley and
Sprague, 1985; Cusimano et al., 1986) 2> 23l The acute
lethality of dissolved Zn increases as water hardness and pH
decrease. According to Cusimano et al. (1986) 2%, the 96-hr
LC50 values in soft water (25-44 mg/litre as CaCO3) ranged
from 0.066 mg Zn/litre to 0.91 mg Zn /litre (Herbert and
Shurben, 1963) 4. In contrast, they ranged from 3.924
(Holcombe and Andrew, 1978) 24 to 7.21 mg Zn mg/ litre
in hard water (179-350 mg/liter as CaCO3), depending on
the size of the fish and the test conditions. Rachycentron
canadum juvenile and young fish both reported comparable
LC50 values of 0.804 mg/L Zn and 0.815 mg/L Zn,
respectively (Le et al., 2005). Ali et al. also established the
96-hour LC50 values of zinc sulphate (ZnSO4.H20), a
significant harmful industrial contaminant, on Poecilia
reticulata (2009) 126 431, This showed that the LC50 values
obtained in the current study were not exactly comparable to
those from earlier studies because variations in toxicity
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could be caused by, among other things: a) different test
conditions; b) species specificity of the test chemical, such
as, phylogenetic status and immune adaptability; c) the
ability of different species to detoxify the compound; d)
factors of the medium, such as dissolved oxygen,
temperature, hardness, pH, turbidity; and e) age Coins and
Scheier's (1964) and Rita and Nair's (1986) findings, as well
as the lower 96 hour, 72 hour, and 48 hour LC50 values
compared to 24 hour, imply that the fish's resistance
decreases as experiment period is extended (1978).

As a result, in stable environmental conditions, different
size, weight, and age groups of the organism may have
varied toxicity tolerance values. Depending on the period of
exposure and the conditions present in the ambient water,
metal ions and their complexes have a wide range of
toxicity to the organism that can vary from sublethal to
lethal (Goel, 1997) "1, Due to the method of action and
responses of the animals, the LC50 values for a given
toxicant vary depending on the species (King, 1992) [?8],
The size, age (Sanders, 1993) 9 sex (Victoriamma and
Radhakrishnan, 1982) B9 nutrient supply (Arunachalam,
1980; Eisler, 1970; Trivedy and Dubey, 1978) % 3234 and
genetic characteristics of the individual have also been
shown to affect toxicity testing (Newman and Clement,
2008) [, The current study shows that zinc, out of the two
toxicants under consideration, has significantly harmed fish.
This is demonstrated by the fact that a slightly increased
zinc concentration in the medium results in the death of a
significantly higher proportion of fish.

Typically, predictions on impacts at the ecosystem level
cannot be made directly from data on chronic toxicity for a
particular aquatic species. However, they typically provide
closer approximations of such effects than do the findings of
acute toxicity studies. The acute tests should be used for
toxicity ranking of chemicals, whereas the chronic tests can
give a first approximation of the experimental, laboratory
determination of chronic toxicity can be performed using
realistic concentrations, i.e., concentrations that can be
expected to occur in the environment. This is the difference
in usefulness between data from acute and chronic toxicity
testing. Additionally, there are many endpoints in chronic
tests that can be used to detect deleterious effects in addition
to lethality. In order to estimate the mortality of the
xenobiotics to the test specimens, short-term toxicity tests
had been developed. Lethality is quantified in test protocols
for acute (EPA 2002a) B3 and chronic (EPA 2002b) [
water exposures within these two broad categories of
exposure time.

Zinc's lethality has been extensively discussed, and its
synergistic interactions with specific metals have also been
well-documented. Since these heavy metals are rarely/or
never occur in isolation within the environment of influence,
further joint action toxicity testing with metals containing
zinc should be conducted on various sensitive aquatic
creatures to measure departure from its single component
toxicity. According to Lloyd (1992) 71, copper and zinc are
both poisonous to fish, although copper is more toxic than
zinc. The level of toxicity changes depending on whether
the metal is in its ionized form, which is more hazardous, or
whether it is in contact with an organic component.
Additionally, according to a number of authors (Sprague
and Ramsay, 1965; Gordon et al., 1974; Waiwood and
Beamish, 1978; Hansen et al., 2002; Karakog, 1999) [39. 38 40
4. 41 the toxic effects of zinc and copper differ depending
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on the species and age of fish, water temperature, pH,
organic matter in the water, and salinity. According to Bat et
al. (1998), copper is more hazardous than zinc, and this
investigation shows that zinc has a far greater lethal dosage
limit than copper. The 96-hour LC50 value of ZnCI2 for
Chanos chanos was 25 mg/l, according to Herrera et al.
Lebistes reticulatus, a freshwater teleost, was tested by
Khangarot et al. (1981) “4 for toxicity to interactions
involving zinc, nickel, and copper as well as zinc, nickel,
and copper. For each salt, the 48-hour median lethal values
(LC50) were 75 mg/l for Zn2+ and 37 mg/l for other salts.
Their experiment demonstrated that the toxicity was more
than additive in the Zn2+ - Ni2+ mixture when Ni2+ was
present in higher proportions. Rasbora sumatrana and
Poecilia reticulata fish were shown to be more toxic to zinc,
according to a comparison of LC50 values (Gomes et al.,
2009; Shuhaimi-Othman et al., 2010) 16 44, park and Heo
(2009) [?6 431 reported that the 24h-LC50 for Zn in P.
reticulata was 1.17 mg/L, which was less than in the current
study. The findings suggest that strong metallic
combinations might endanger fish more toxicologically than
the corresponding individual metals. Since water quality,
such as water hardness, can affect toxicity (Hodson et al.,
1982; McCahon and Pascoe, 1988) [4- 481 it is likely that the
toxicity reported by other studies differs from that of this
study due to the varied species employed, age, size of the
organism, test methodologies, and test conditions. There are
still significant research that attempt to link LC50 values
derived for duration to effects that are significant to
ecotoxicologists and risk assessors at other durations (Stark,
2005) B9, There are methods for converting the several
acute lethality measures to chronic fatal effects utilizing a
range of estimates (Mayer et al., 1995) [ Recently,
Duboudin et al. (2004) B performed these extrapolations
using  species  distributions.  Despite  years  of
underutilization, these techniques are currently being used
more frequently to tackle pertinent issues (Crane et al.,
2002; Newman, 1995; Newman and Dixon, 1996) [52 53541,

This suggests that the vulnerability of various organisms to
heavy metals varies. Metallothionein (MT) production,
which is thought to play a protective role against the
harmful effects of metals in aquatic species including fish, is
one explanation for these variances to trace metals
(Roesijadi, 1992; Hollis et al., 2001) % 571, In Norway, a
thorough investigation of fish and fisheries in a region with
numerous copper- and zinc-polluted lakes was conducted
(EIFACIFAO, 1977) B9, The sum of the copper and zinc
concentrations in Lake Ringvatnet and Lake Hostovatnet,
where there was a healthy fishery, slightly exceeded the
water quality standards suggested by EIFACIFAO
(Alabaster and Lloyd, 1982) [%: in Lake Bjorra, where
copper and zinc concentrations were significantly higher
than EIFAC standards, all fish had disappeared. This shows
that the sensitivity of various organisms to heavy metals
varies. These discrepancies in trace metals could have a
variety of possible causes. Van Loon and Beamish (1977)
158 found no fish in Ross Lake with high concentrations of
copper and zinc, but they did observe a slight decline in fish
population in Hamell Lake, where, for brief periods of the
year, the sum of the metal concentrations exceeded the 95th
percentile of the water quality criteria established by EIFAC
(1975) B8, while the 50th percentile of the sum of the two
metals was 0.5. On the other hand, fish populations were
thriving in Lake CIiff, where copper and zinc concentrations
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were lower. Such findings provide an indirect endorsement
of the value of short-term laboratory tests, the results of
which were used to establish the relevant water quality
criteria.

It is crucial to carry out research with local organisms that
may be utilized to gather information on metal toxicity,
assess the sensitivity of the organism, and define an
acceptable limit for water that can safeguard aquatic
communities. The need to conduct toxicity testing on more
native fish  species under controlled laboratory
circumstances is corroborated by the data of numerous other
researchers and those of the current study. This would make
it possible to use it for hazard assessment, heavy metal or
other toxicant testing on wastewater, and real water
pollution problems.

References

1. Kamble GB, Muley DV. Effect of acute exposure of
endosulfan and chlorpyriphos on the biochemical
composition of the freshwater fish, Sarotherodon
mossambicus. Indian J. Environ. Sci.,2000:4(1):97-102.

2. Dinodia GS, Gupta RK, Jain KL. Effect of cadmium
toxicity on liver glycogen in some fresh water fishes.
Proc. X1 Natl., Symp. Environ, 2002, 236-238.

3. Gupta AK, Sharma SK. Bioaccumulation of zinc in
Cirrihinus mrigala (Hamilton) fingerlings during short-
term static bioassay. J. Environ. Biol.,1994:15(3):231-
237.

4. Srivastava N, Sharma R. Toxicity of zinc in fish
(Channa punctatus Bloch.) as influenced by
temperature and pH of water. Indian J. Anim.
Nutr.,1996:13(2):87-90.

5. Srivastava N, Kaushik N. Use of fish as bioindicator of
aquatic  pollution. In:  Abstracts presented at
international congress of chemistry and environment,
Indore, India, 2001.

6. Shukla V, Rathi P, Sastry KV. Effect of cadmium
individually and in combination with other metals on
the nutritive value of fresh water fish, Channa
punctatus. J. Environ. Biol.,2002:23(2):105-110.

7. Sharma A, Sharma MS. Toxic effect of zinc smelter
effluent to some developmental stages of fresh water
fish, Cyprinus carpio (Linnaeus). J. Environ.
Biol.,1994:15(3):221-229.

8. Singh M, Gaur KK. Effects of mercury, zinc and
cadmium on the proteinic value and their accumulation
in trunk muscle of Channa punctatus (Bloch.).
Advances Bio0s.,1997:16(11):109-114.

9. Gbem TT, Balogun JK, Lawaland FA, Annune PA.
Trace metal accumulation in Clarias gariepinus
Teugules exposed to sublethal levels of tannery
effluent. Sci. Total Environ,2001:271:1-9.

10. Woodling JD, Brinkman SF, Horn BJ. Nonuniform
accumulation of cadmium and copper in kidney’s of
wild brown trout Salmo trutta populations. Arch.
Environ. Contam. Toxicol.,2001:40:318-385.

11. Bengari KV, Patil HS. Respiration, liver glycogen and
bioaccumulation in Labeo rohita exposed to zinc.
Indian J. Comp. Anim. Physiol.,1986:4:79-84.

12. Everall NC, MacFarlane NAA, Sedgwick RW. The
interactions of water hardness and pH with the acute

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

www.entomologyjournals.com

toxicity of zinc to the brown trout, Salmo trutta L. J.
Fish. Biol.,1989:35:27-36.

Hogstrand C, Wilson RW, Polgar D, Wood CM. Effects
of zinc on the kinetics of branchial calcium uptake in
freshwater rainbow trout during adaptation to
waterborne zinc. J. Exp. Biol.,1994:186:55-73.

APHA. Methods for the examination of water and
waste water. Amer.Pub. HIth. New York, Washington,
2005, 81(15).

Ahsanullah M. Acute toxicity of zinc and cadmium to
seven invertebrate species from Western Port, Victoria.
Aust. J. mar. Freshwat.Res.,1976:27:187-196.

Arnott GH, Ahsanullah M. Acute toxicity of copper,
cadmium and zinc to three species of marine copepods.
Aust. J. mar. Freshwat. Res.,1979:30:63-71.

Finney DJ. Probit analysis. Cambridge University Press
UK,1971:(3):25-26.

Spear PA. Zinc in Aquatic Environment: Chemistry,
Distribution, and Toxocology. National Research
Council of Canada, Environmental Secretariat
publication 17589, Publications NRCC/CNRC, Ottawa,
1981.

Gintaras Sveceviéius. Acute toxicity of zinc to common
freshwater fishes of Lithuania. Acta Zoologica
Lituanica. Hydrobiologia,1999:9(2):114-119.

Alabaster JS, Lloyed R. Water quality criteria for
freshwater fish. EIFAC report (FAO). Butterworth’s,
London and Boston, 1980, 297.

Holcombe GW, Andrew RW. The acute toxicity of zinc
to rainbow and brook trout: comparisons in hard and
soft water. US EPA-600/03-78-094, 1978, 1-16.
Bradley RW, Sprague JB. The influence of PH, water
hardness, and alkalinity on the acute lethality of zinc to
rainbow trout (Salmo gairdneri). Can.J.Fish.Aquat.
Sci.,1985:42:731-736.

Cusimano RF, Brakke DF, Chapman GA. Effects of pH
on the toxicities of cadmium, copper, and zinc to
steelhead trout (Salmo gairdneri). Can.J.Fish.Aquat.
Sci.,1986:43:1497-1503.

Herbert DWM, Shurben DS. The toxicity to fish of
mixtures of poisons |. Salts of ammonia and zinc.
Ann.Appl.Biol.,1963:53:33-41.

Quang Dung Le, Nguyen Manh Cuong, Nguyen Thanh
Huyen, Nguyen Duc Cu. Acute toxicity test to
determine the effects of copper, zinc and cyanide on
cobia (Rachycentron canadum) resources in North
Vietnam. Australasian Journal of
Ecotoxicology,2005:11:163-166.

Park H, Heo GJ. Acute and subacute toxicity of copper
sulfate pentahydrate in the Guppy (Poecilia reticulata).
J. Vet. Med. Sci.,2009:71(3):333-336.

Goel PK. Water pollution causes effects and control.
New age International (P) Ltd. Publishers, New Delhi,
1997.

King SG. Some effects of DDT on the guppy and
brown trout. Spec. Scient Res. U.S. Fish Wild.
Surv.,1992:399:1-22.

Sanders BM. Stress proteins in aquatic organisms: an
environmental perspective. Crit. Rev.
Toxicol.,1993:23:49-52.

Victoriamma DC, Radhakrishnan. Mercury tolerance of
fresh water field crab, Ozinokeiphces senex. Symp.
Physiol. Rep. Anim. Poiluf.,1982:23:49-52.

17



International Journal of Entomology Research

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Arunachalam S. Toxic and sublethal effects of carbaryl
on the freshwater catfish, Mystus viffatus (Bloch).
Arch. Environ. Confam. Toxicol,1980:9:307-316.
Eisler K. Factors affecting pesticide induced toxicity in
estuarine fish. Technical papers of the Bureau of sports
for fish and wildlife. Washington, DC: US Department
of Interior, fish and wildlife service, 1970.

Newman MC. Ecotoxicology: The History and Present
Directions, CRC Press/Lewis Publishers, Boca Raton
FL, 2008, 1197-1198.

Trivedy RC, Dubey PS. Evaluation of toxicity of some
industrial waste to fish by bioassay. Environ.
Pollut.,1978:17:75-80.

EPA. Short-Term Methods for Estimating the Acute
Toxicity of Effluents and Receiving Water to
Freshwater and marine organisms, EPA821/R-02/012,
20023, (5).

EPA. Short-Term Methods for Estimating the Chronic
Toxicity of Effluents and Receiving Water to
Freshwater and marine organisms, EPA821/R-02/013,
2002b, (4).

Lloyd R. Pollution and Freshwater Fish. Fishing News
Books Sci. Pul. Ltd., Londra, 1992, 161.

Gordon KP, Rosemarie CR, Robert VT. Effect of
complication on toxicity of copper to fishes. J. Fisheries
Research Board of Canada,1974:31:462-465.

Sprague JB, Ramsay B. Lethal levels of mixed copper-
zinc solutions for juvenile salmon. Journal Fisheries
Research Board of Canada,1965:22(2):425-431.
Waiwood KG, Beamish FWH. The effect of copper and
pH on the growth of Rainbow trout, Salmo gairdneri. J.
Fish Biology,1978:13:591-598.

Karako¢ M, Kargyn F. The accumulation of metal and
metal mixture in the spleen, brain and muscle tissues of
Tilapia nilotica. Turkish Journal of Zoology,
1999:23:719-724.

Khangarot BS, Durve VS, Rajbanish VK. Toxicity of
interaction zinc-nickel, copper-nickel and zinc-nickel-
copper to a freshwater teleost, Lebistes reticulatus
(Peters).  Acta  Hydrochimica  Hydrobiologica,
1981:9(5):495-503.

Park H, Heo GJ. Acute and subacute toxicity of copper
sulfate pentahydrate in the Guppy (Poecilia reticulata).
J. Vet. Med. Sci.,2009:71(3):333-336.
Shuhaimi-Othman M, Nadzifah Y, Ahmad AK.
Toxicity of Copper and Cadmium to Freshwater Fishes.
World Academy of Science, Engineering and
Technology, 2010, 65.

Hansen JA, Lipton J, Welsh PG, Morris J, Cacela D,
Suedkamp MJ. Relationship between exposure
duration, tissue residues, growth, and mortality in
Rainbow trout (Oncorhynchus mykiss) juveniles sub-
chronically exposed to copper. Aquatic
Toxicology,2002:58(3-4):175-188.

Gomes LC, Chippari-Gomes AR, Oss RN, Fernandes
LFL, Magris R de A. Acute toxicity of copper and
cadmium for piaucu, Leporinus macrocephalus, and
curimatd, Prochilodus vimboides. Acta Scientiarum -
Biological Sciences,2009:31(3):313-315.

Hodson PV, Dixon DG, Spray DJ, Whittle DM,
Sprague JB. Effect of growth rate and size of fish on
rate of intoxication by waterborne lead. Can. J. Fish.
Aquat. Sci.,1982:39:1243-1251.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

www.entomologyjournals.com

McCahon CP Pascoe D. Use of Gamarus pulex (L.) in
safety evaluation test: Culture and selection of a
sensitive life  stage. Ecotoxicol. Environ.
Saf,1988:15:245-252.

Mayer FL, Krause GF, Buckler DR, Ellersieck MR, Lee
G. Predicting chronic lethality of chemicals to fishes
from acute toxicity test data: Concepts and linear
regression  analysis.  Environ.  Toxicol. Chem,
1995:13:671-678.

Stark JD. How closely do acute lethal concentration
estimates predict effects of toxicants on populations?
Int.Environ.Assess. Manag,2005:1:109-113.

Duboudin C, Ciffroy P, Magaud H. Acute-to-chronic
species  sensitivity  distribution  extrapolation,
Environ.Toxicol.Chem.,2004:23:1774-1785.

Crane M, Newman MC, Chapman PF, Fenlon J. Risk

assessment with Time to Event Models, CRC
Press/Lewis Publishers, Boca Raton, FL, 2002.
Newman MC. Quantitative methods in Aquatic

Ecotoxicology, CRC Press/Lewis Publishers, Boca
Raton FL, 1995, 426.

Newman MC, Dixon PH. Ecologically meaningful
estimates of lethal effect on individuals, in
Ecotoxicology: A Hierarchical Treatment,
Newman,M.C and Jagoe C.H.(eds.), CRC Press/Lewis
Publishers, Boca Raton, FL, 1996, 225-253.

Roesijadi G. Metallothioneins in metal regulation and

toxicity in aquatic animals. Aguat.
Toxicol.,1992:22:81-114.
Van Loon J, Cand Beamish RJ. Heavy-metal

contamination by atmospheric fallout of several Flin
Flon area lakes and the relation to fish populations. J.
Fish. Res. Bd. Can.,1977:34:899-906.

Hollis L, Hogstrand C, Wood CM. Tissue specific
cadmium accumulation, metallothionein induction, and
tissue zinc and copper levels during chronic sublethal
cadmium exposure in juvenile rainbow trout. Arch.
Environ. Contam. Toxicol.,2001:41:468-474.

EIFAC  (Europian Inland  Fisheries  Advisory
Commission). Report on fish toxicity testing
procedures. Prepared by European Inland Fisheries.
Technical paper, 1975, 24.

EIFACIFAO. Report on the effects of zinc and copper
pollution on the salmonid fisheries in a river and lake
system in  central Norway. EIFAC  Tech.
Pap.,1977:29:34.

Alabaster JS, Lloyd R. Water Quality Criteria for
Freshwater Fish, Second Edition, Butterworth’s,
London, 1982.

18



