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ABSTRACT
In the present investigation, acute toxicity of the grey list metal, Zinc was carried out under laboratory 
condition to Cyprinus carpio (Linnaeus, 1758). The 96 h LC50 value of zinc with 95% confidence 
limits to C. carpio was recorded as 15.804 (15.083-16.721)mg/l. None of the unexposed fish 
died during the bioassay. Mortality rate of the exposed fish to the toxicant significantly (p<0.05) 
varied over the control at all concentrations during every 24h time interval. Significant relationship 
(p<0.05) was also observed between mortality rate and exposure times (24, 48, 72 and 96 h) at 
all concentrations of the toxicant except 13.5, 14.5 and 15.0 mg/l. Toxicity factor for the toxicant 
to the organism increased with the time of exposure. The behavioral responses in respect of 
activeness, body balance, swimming and mucous secretion were also changed in the exposed fish. 
The intensity of behavior altered with the increasing doses and progress of time of exposure. The 
opercular movement of the fish increased significantly (p<0.05) over the control with increasing 
concentration but decreased significantly (p<0.05) with the progress of time of exposure at all 
concentrations.

Key words: Cyprinus carpio, Zinc, Acute toxicity, Toxicity factor, Safe level, Behavioral responses, 
Opercular movement.
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INTRODUCTION 
Heavy metal contamination in natural waters has 
become inevitable presently due to intense activity in 
industrial and agricultural sectors on a global scale.[1,2] 

Heavy metals are considered as a serious threat not 
only to aquatic organisms, especially to fishes but also 
to aqua-ecosystem in a whole because of  their long 
biological half-lives, environmental persistence and 
ability to be accumulated by aquatic organism.[3-5] The 
heavy metals bind to sediments initially and then they 
gradually become available to organisms of  aquatic 

ecosystem.[6,7] This phenomenon accelerates the process 
of  biomagnification of  heavy metals from the bottom 
sediments to the successive level of  food chain due to 
their high bioaccumulative potentiality.[8]

Zinc is the second most abundant trace element 
after iron,[9] but it is one of  the most toxic heavy 
metals included in the grey list of  the international  
convention.[10] Because of  its non-biodegradability 
and tendency to accumulate in the animal tissues, 
zinc is considered as the very serious environmental  
threat.[11] It is ubiquitous aquatic pollutant, which has 
also been detected in higher concentration in the aquatic 
environment.[12] Like many other heavy metals, the 
source of  zinc in natural water bodies is from geological 
rock weathering or from anthropogenic activities such 
as industrial and domestic wastes water discharge.[13] It is 
a major effluent from the industries such as soft drink 
flavoring, fur dressing and dyeing, fish processing and 
laundry.[14]
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Zinc can be a potential toxicant in higher concentration 
to the aquatic organisms by interfering with the internal 
dynamics of  the aquatic ecosystem into irreversible and 
inflexible condition leading to serious damage and even 
death of  aqutic animals.[15,16] In polluted environments, 
aquatic organisms are continuously exposed to ambient 
zinc and it enters through body surface, gills and  
food.[17] Chandra (1984)[18] reported that excess zinc 
interacts with free thiol groups on macromolecules and 
also blocks the active sites of  enzymes, co-enzymes 
and membrane receptors like other heavy metals and 
thus causes physiological toxic effects. Very high levels 
of  zinc can disturb the protein metabolism and lipid  
profile.[19,20] It also results in a lower ATP 
production.[21] Dineley et al. (2000)[22] reported that  
increased intracellular free zinc (Zn2+) is toxic to neurons 
and It also induce cell death either through apoptosis or 
by necrosis.[23] Some workers[24,25] also revealed that zinc 
induce neuronal death. 
The present investigation was undertaken to estimate 
the sensitivity of  fresh water fish, Cyprinus carpio on 
the basis of  24, 48, 72 and 96h lethal toxicity and to 
estimate the possible safe concentration of  zinc in 
aquatic environment. During bioassay their behavioral 
changes were also assessed. The study further showed 
the alteration in their opercular movement which 
determined the degree of  toxicity.

MATERIALS AND METHODS 
Fresh water exotic major carp, Cyprinus carpio (mean 
length 72.51±3.23 mm, mean weight 16.50±3.45g) 
belonging to Class Actinopterygii and Family Cyprinidae 
was used in the bioassays as the test organism. The 
fish were collected from the local unpolluted private 
fish farm, treated with 0.1% KMnO4 solution to avoid 
any pathogen infection and allowed to acclimatize 
to the test condition prior to 96h of  the experiment. 
While acclimatization the test organisms were kept 
in the cement tanks of  1000 litre capacity filled with 
unchlorinated, well aerated water (pH 7.50 ± 0.35; 
temperature 26.50 ± 1.32°C) under 12 h each dark and 
light cycle. During this period, food was supplied to the 
fish in the form of  commercial pellets with 40% crude 
protein.
Analytical grade zinc sulphate, ZnSO4, 7H2O (purity 
98%, molecular weight 161.47 g/mol; E. Merck (India) 
Ltd., Mumbai) was used as the test chemical in this study.
Static replacement bioassay test with the healthy, 
disease free fish (irrespective of  sex) was conducted in 
15l glass aquaria containing 10l un-chlorinated water 
following the methods outlined in American Public 

Health Association.[26] The physico-chemical values of  
different parameters of  water used in the experiment 
were as follows: temperature 27.5 ± 0.25°C, pH 7.8 
± 0.35, free CO2 10.8 ± 0.43 mg/l, DO 5.79 ± 0.23 
mg/l, total alkalinity 140 ± 10.71 mg/l as CaCO3, total 
hardness 119 ± 5.17 mg/l as CaCO3. Each bioassay 
was accompanied by four replicates with control. Each 
replicate was provided with ten fish randomly. They 
were not fed for 24h prior to commencement of  the 
experiment.
Rough range finding experiments were conducted 
initially to determine range of  concentrations at which 
the mortality of  fish may occur. The selected test doses 
of  zinc finally used to determine the 24, 48, 72 and 96h 
median lethal (LC50) values were 13.0, 13.5, 14.0, 14.5, 
15.0, 15.5, 16.0, 16.5, 17.0, 17.5 and 18.0 mg/l. During 
the experiment, the dead fish were removed quickly 
from the aquaria to avoid any microbial decomposition 
causing decrease the level of  dissolved oxygen and the 
number of  dead fish was recorded at every 24h interval. 
The 10% of  the test water was replaced by newly 
prepared test water at every 24h interval to maintain a 
fixed concentration. 
Toxicity factors of  the tested organism to zinc at 
different time of  exposure was assessed after Ayoola et 
al. (2011)[27] by multiplying LC50 value at 24h with LC50 
at any other exposure time. 
The safe level estimation for C. carpio was calculated 
by multiplying the 96h LC50 with different application 
factors (AF) based on Edwards and Brown (1966),[28] 

Burdick (1967),[29] Sprague (1971),[30] Committee on 
Water Quality Criteria (CWQC, 1972),[31] International 
Joint Commission (IJC, 1977),[32] European Inland 
Fisheries Advisory Commission (EIFAC, 1983)[33] and 
Canadian Council of  Resources and Environmental 
Ministry (CCREM, 1991)[34] and also on the basis of  
formula developed by Hart et al. (1948).[35]

Mean mortality of  C. carpio after 24, 48, 72 and 96h 
of  bioassay was used to calculate the LC50 values (with 
95% confidence limit) through the statistical software 
Probit program version 1.5.[36] The lethal concentration 
(LC50) was determined in MS Excel by plotting the 
test doses against the fish mortality within 24 hr, 48 
hr, 72hr and 96h after the experiment.[37] The values 
of  percentile mortality of  the fish were subjected 
to analysis of  variance (ANOVA) using R-software  
(2012)[38] succeeded by Duncan’s Multiple Range Test 
(DMRT) to find out the significant difference within 
the mean values at different doses of  Zinc at 24, 48, 72 
and 96h of  exposure. The relation between mortality 
rate with exposure time and doses was evaluated using 
correlation analysis.[36,39]
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The behavioral alterations in respect of  activeness, 
body balance, rate of  swimming and mucus secretion 
in the exposed fish were also recorded systematically by 
naked eye observation during the experiment following 
the method of  Rand (1985).[40] Scoring of  behavioral 
changes was performed independently by two observers 
and the scores were collated, and calculated average was 
quantified and plotted graphically in terms Normal (= 0), 
None (= -3), Strongly decreased (= -2), Mildly decreased 
(= -1), Mildly increased (= +1), Moderately increased 
(= +2) and Strongly increased (= +3).[41] Changes in 
the opercular movements to determine respiratory 
rates of  the fish exposed to different concentrations 
of  the toxicant were also recorded during 96h bioassay 
condition. Opercular movements of  the fish per minute 
for both control and exposed were counted twice a day 
at every 24 h during the bioassay and their mean values 
per concentration were plotted graphically. 

RESULTS
No test organism died during the acclimatization period. 
The acute toxicity values of  zinc (LC1,5,10,15,50,85,90,95,99) with 
95% confidence limit to C. carpio during the exposure 
period of  24, 48, 72 and 96 h are given in Table 1. No 
mortality was also observed in the control group during 
the test. 

Significant relationship (p<0.05) between mortality rate 
of  C. carpio was observed at all concentrations over the 
control during every 24h time interval. The mortality 
rate of  the exposed fish significantly (p<0.05) varied 
over the exposure times (24, 48, 72 and 96h) at all 
doses of  the toxicant except 13.5, 14.5 and 15.0 mg/l 
concentrations of  the toxicant. The relation between 
concentration of  zinc and fish mortality at 24 h was, y 
= 18.11ln(x) - 8.361, R² = 0.767 (Figure 1); it was y = 
24.38ln(x) - 9.713, R² = 0.837 at 48h (Figure 2); at 72 h it 
was y = 27.26ln(x) - 3.382, R² = 0.887 (Figure 3) and at 
96 h was y = 28.00ln(x) + 1.344, R² = 0.918 (Figure 4).
The toxicity factors as calculated from the medial lethal 
toxicity (LC50) values at different time of  exposure are 
tabulated in Table 2. With the progress of  time the 
toxicity factor values for the tested fish species to zinc 
were increased gradually. 
The estimated possible safe level of  zinc for the fish 
as calculated by multiplying their 96h LC50 values with 
different application factors and formula are recorded 
in Table 3. In the present study, the safe level was 
estimated for the toxicant at 0.158 – 6.322 mg/l. 
The behavioral alterations in respect of  activeness, 
body balance, rate of  swimming and mucus secretion 
observed in the test organisms exposed to various lethal 
concentrations of  zinc are graphically plotted in Figure 
5-8. The intensity of  activeness, body balance and rate 

Table 1: Acute lethal concentration (LC1,5,10,15,50,85,90,95,99) values with 95% confidence limits of Zinc to C. carpio at 
24, 48, 72 and 96h (Control group theoretical spontaneous response rate = 0.000).

Lethal Concentration 
parameters

Concentration values with 95% confidence limits (mg/l)
24h 48h 72h 96h

LC1
12.745

(9.737-13.941)
11.126      

(7.457-12.646)
10.739      

 (7.634-12.184)
10.389

(7.338-11.852)

LC5
14.132

(12.035-15.003)
12.684      

 (9.810-13.831)
12.148     

 ( 9.614-13.284)
11.748

(9.192-12.925)

LC10
14.933

(13.401-15.667)
13.602     

 (11.327-14.541)
12.973      (10.857-

13.929)
12.543

(10.356-13.547)

LC15
15.499

(14.338-16.310)
14.259     

 (12.450-15.080)
13.561      (11.772-

14.398)
13.110

(11.214-13.996)

LC50
18.138

(17.174-20.876)
17.404     

 (16.474-19.816)
16.357      (15.629-

17.565)
15.804

(15.083-16.721)

LC85
21.243

 (19.025-29.837)
21.226

(19.204-28.769)
19.729      

(18.146-24.501)
19.052

(17.679-22.922)

LC90
22.269

 (19.642-32.941)
22.030

(19.694-31.075)
20.624      

(18.728-26.610)
19.914

(18.254-24.836)

LC95
23.881

 (20.582-38.160)
23.278

(20.439-34.846)
22.025     

 (19.611-30.091)
21.262

(19.14-27.994)

LC99
27.225      

(22.458-50.320)
25.813

(21.900-43.223)
24.913     

 (21.359-37.934)
24.042

(20.842-35.082)

Slope ± SE 15.179±4.047 11.972±3.228 12.730±3.765 12.768± 2.998

Intercept ±SE 14.104±4.895 9.853±3.872 10.451 ±3.661 10.306±3.557



Dhara, et al.: Sensitivity of Cyprinus carpio to the Metal, Zinc 

Asian Journal of Biological and Life Sciences, Vol 10, Issue 1, Jan-Apr, 2021� 135

of  swimming were found decreased but mucus secretion 
increased in the exposed fish with the increasing doses 
and progress of  time of  exposure (Figure 5-8). 
Significant (p<0.05) time and dose dependent 
relationship in respect of  opercular movement in the 
exposed C. carpio over their control group was observed 
(Figure 9). The opercular movement of  the fish 
increased significantly (p<0.05) over the control with 
increasing concentrations at all exposure time. Similarly, 
it was significantly (p<0.05) increased with progress of  
time at all treatments. 

DISCUSSION 
The present study on the zinc lethality to Cyprinus carpio 
confirms that the metal is a potent toxic to the fish. 
The toxicity of  zinc in the present study to the fish was 
probably due to the deposition of  precipitated toxicant 
on the gill surface resulting in a formation of  insoluble 
metal-mucus layer.[42,43] Such precipitation may cause 
damage of  gill tissues which leads to respiratory failure 
followed by anoxia.[44] Impairment of  gill function may 

also in turn causes disturbances of  acid-base regulation, 
inhibition of  major uptake of  major ions (Na+, Ca2+, 
Mg2+, Cl−), osmoregulatory failure, acidosis and low 
oxygen tensions in arterial blood.[45-48] Furthermore, 
Skidmore (1970)[49] suggest that epithelial damage 
decreased the permeability of  the gills to oxygen. As a 
result exposed fish died due to hypoxia when maximum 
gill ventilation was no longer sufficient to supply the 
oxygen needs of  the fish. Sheline et al. (2000)[50] and 
Strydom et al. (2006)[21] recorded that acute exposure 
of  zinc induced ATP depletion preceded cortical 
neuronal death which may be linked to the present 
study. The sensitivity of  freshwater fish to zinc is very 

Table 2: Toxicity factors for C. carpio exposed to 
Zinc at different time scale (24, 48, 72 and 96h). 

Exposed time (h) Toxicity factor value
24 1.000

48 1.042

72 1.109

96 1.148

Figure 1: Relationship between the concentrations of Zinc 
and mortality of C. carpio during 24h.

Figure 2: Relationship between the concentrations of Zinc 
and mortality of C. carpio during 48h.

Figure 3: Relationship between the concentrations of Zinc 
and mortality of C. carpio during 72h.

Figure 4: Relationship between the concentrations of Zinc 
and mortality of C. carpio during 96h.
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much variable. In the present observation the 96h 
LC50 value of  zinc to C. carpio is 15.804 mg/l. It nearly 
corresponds with the median lethal values of  Clarias 
lazera (12.25 mg/l), Cnesterodon decemmaculatus (12.40 
mg/l), Parophrys vetulus (14.50 mg/l) and Clarias batrachus  
(17.22 mg/l).[51-54] Hedayati et al. (2013)[55] recorded 
96h LC50 value of  zinc to C. carpio as 41.10 mg/l 
while it was 42.0 mg/l to the fertilized eggs of  the 
species.[56] Such variation in the median lethal toxicity  
among the different studies may be due to the variations 

in kinetic variables that may play a role in explaining 
these differences. Salanki and v-Balogh (1985, 1989)[57,58] 

suggested that the variety in the degree of  toxicity is 
related to kind of  species, its sensitivity and physiological 
responses to zinc and their uptake and depuration rate. 
Moreover, species variation, their age, sex, weight and 
size differences, physical state of  the treated organisms, 
presence or absence of  enzyme system that can degrade 
the pollutant may also influence on the acute toxicity 
values for a particular metal to the same or different 

Figure 5: Changes in activeness in fishes exposed to different 
concentration of zinc.

Figure 6: Changes in body balance in fishes exposed to  
different concentration of zinc.

Figure 7: Changes in rate of swimming in fishes exposed to 
different concentration of zinc

Figure 8: Changes in mucus secretion in fishes exposed to 
different concentration of zinc.

Table 3: Estimate of safe levels of Zinc to Cyprinus carpio at 96h of exposure time.

Name of the test organism 96h LC50 
value (mg/l) Method Application factor 

(AF) Safe level (mg/l)

Cyprinus carpio 15.804

Hart et al. (1948)* - 0.481

Edwards and Brown (1966) 0.4 6.322

Burdick (1967), Sprague (1971) 
and EIFAC (1983) 0.1 1.580

CWQC (1972) 0.01 0.158

IJC (1977) 5% of 96h LC50 0.790

CCREM (1991) 0.05 0.790

(*C = 48h LC50 X 0.03/S2, where C is the presumable harmless concentration and S = 24h LC50/48h LC50)
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organisms.[59-64] Many workers like Weatherley et al. 
(1980)[65] and Wood (2001)[66] also stated that zinc toxicity 
to aquatic organisms is affected by various limnological 
parameters like pH, temperature, dissolved oxygen, total 
alkalinity and hardness.[59,65-69]

In the present investigation lethality of  zinc to C. 
carpio was dose and duration dependent. There was 
a negative relationship between the mortality time 
and concentration level; when the concentration level 
increased, the mortality time decreased. This result 
collaborates with the findings of  Rao and Patnaik  
(1997)[70] on Mystus vittatus, Svecevièius (1999)[71] on 
rainbow trout (Oncorhynchus mykiss), three-spined 
stickleback (Gasterosteus aculeatus), roach (Rutilus rutilus), 
perch (Perca fluviatilis) and dace (Leuciscus leuciscus), 
Gündoğdu (2008)[72] on Onchorhyncus mykiss, Shwetha 
and Hosetti (2009)[73] on Cirrhinus mrigala, Hedayati et al. 
(2013)[74] on Cyprinus carpio. 
Tolerance is an important mechanism of  the 
organism to react upon their surrounding adverse  
environment.[74] In the present study, the degree of  
tolerance of  C. carpio to zinc determined by the toxicity 
factor (TF) at different time of  exposure (Table 2) 
gradually increases with the progress of  time probably 
in accordance with the degree of  decreased uptake, 
increased excretion or redistribution of  the metal to less 
sensitive target sites.[74]

The estimated possible safe level for zinc based on the 
application factor (AF) recorded in the present study 
(Table 3) showed large variation (0.158-6.322 mg/l) and 
thus made controversy over its acceptability.[75,76] So it 
is difficult to interpret laboratory data to the field as 
acceptable concentration as “safe” for the toxicant.[77,78]

Several behavioral changes in C. carpio to zinc toxicity 
recorded in the present study were probably an early 
indication of  their avoidance reaction from the test 

Figure 9: Mean opercular movement (no. /minute) of C. carpio 
exposed to Zinc.

chemical.[79] Internal disturbances of  the body functions 
such as inhibition of  enzyme functions, impairment in 
neural transmission, and nervous impairment due to 
blockage of  nervous transmission between the nervous 
system and various effecter sites, and disturbances in 
metabolic pathways may be attributed to these behavioral 
changes in fish.[40] Annune et al. (1994)[80] reported that 
sub-acute dose of  zinc can cause behavioral changes 
in Clarias lazera and Oreochromis niloticus, which included 
lose of  balance, agitated swimming, air gulping and 
death. Similarly, zinc toxicity results erratic opercular 
movement and swimming pattern, copious mucous 
secretion in Channa punctatus.[81] The behavioral changes 
like vertical and downward swimming patterns and 
sudden movements, capsizing in water, loss of  balance 
and finally motionless condition were observed by Gül 
et al. (2009)[82] in guppy, Poecilia reticulata exposed to 
zinc. Again, Joshi (2011) recorded erratic and darting 
movements with imbalanced swimming activity 
followed by hyper and hypo opercula activity, loss of  
equilibrium, and mucus secretion all over the body in 
Clarias batrachus exposed to zinc. Some of  these behaviors 
were consistent with the findings as seen in the present 
study in C. carpio. Similarly, the treated fish exhibited 
gradually decreasing swimming rate with the increasing 
dose of  zinc over time exposure. Loss of  balance during 
swimming in exposed fish as observed during the 
study might be due to some neurological impairment 
in central nervous system as evident by inhibition of  
acetyl cholinesterase by zinc.[83,84] Activeness gradually 
decreased in the exposed fish in the present study was 
probably due to the effects of  zinc on central nervous 
system.[50,85] Excess mucus secretion in the fish exposed 
to zinc may was probably to prevent the metal ions from 
entering the body as the coagulated mucus all over the 
body might be acting as a protective ion trap by the –SH 
groups present in the mucus.[86]

Opercula movements are directly associated with 
respiratory process and exposure to the toxicant 
adversely effects on it.[87] Zinc produced respiratory 
distress in C. carpio in the present study as reflected by 
the increased opercula movements. The overall increase 
in opercula beats as observed in present study was 
probably to compensate hypoxia caused by degeneration 
of  gill filament, pynotic nuclei of  epithelial cells and 
hypertrophy of  gill.[88,89] Zinc causes gill epithelial 
damage or gill necrosis resulting in a decrease in the 
oxygen consumption because of  ionregulatory and 
acid-base balance disturbances.[46,90] This was reflected 
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through the increased opercula movement in C. carpio 
exposed to lethal concentrations of  zinc. 

CONCLUSION
This experimental work reveals that Zinc is a potent 
toxicant and may cause mortality in C. carpio even at 
short period of  exposure. The acute toxicity value of  
zinc to C. carpio may be used for avoiding its toxic effects 
and for determining the safe dose of  the toxicant prior 
to release to the aquatic environment. Further, alteration 
in fish behavior and changes pattern in their opercula 
movement can also be used as an indicator of  acute 
changes in the in aquatic environment. 

ACKNOWLEDGEMENT
The authors are thankful to the Department of  Zoology, 
University of  Burdwan for allowing them to carry out 
the research work and one of  them (Dr. Kishore Dhara) 
also to the Department of  Fisheries, Aquaculture, 
Aquatic Resources and Fishing Harbours, Government 
of  West Bengal for permitting him to undergo research 
work.

CONFLICT OF INTEREST
The author declares that there is no conflict of  interest.

ABBREVIATIONS
pH: power of  hydrogen ions; LC50: lethal concentration 
50; Mg: Magnesium; Na: Sodium; WQI: water quality 
index.

REFERENCES
1.	 Jordao CP, Pereira MG, Bellato CR, Pereira JL, Matos AT. Assessment of 

water systems for contaminants from domestic and industrial sewage. 
Environ Monitor. Assess. 2002;79(1)75-100. PMID:  12381024. https://doi.
org/10.1023/a:1020085813555

2.	 Kalaivani M, Kennadi P, Kannan K. Heavy metal mercuric chloride induced 
biochemical changes in the freshwater catfish Mystus vittatus. Indian J 
Environ and Ecoplan. 2008;15(1-2):210-2.

3.	 Abdel-Khalek AA, Kadry M, Hamid A, Marie MA. Ecotoxicological impacts 
of zinc metal in comparison to its nanoparticles in Nile tilapia: Oreochromis 
niloticus. The Journal of Basic and Applied Zoology. 2015;72:113-25. https://
doi.org/10.1016/j.jobaz.2015.08.003

4.	 Vena KB, Radhakrishnan CK. Heavy metal induced biochemical effects in 
an estuarine teleost. Indian J Mar Sci. 1997;26:74-8. http://nopr.niscair.res.in/
handle/123456789/36150 

5.	 Sharma M, Jain KL. Heavy metal pollution in surface water bodies and its 
impact on fishes. In: Proceedings of the Nat. Workshop on Rational Uses of 
Water Resourcec for Aqua: Hisar. 2004;203-7.

6.	 Claesson P. Undersökningav metal lsituationeni Kolbäcksånstillflödeni 
Fagersta. Uppsala universitet. Ekotoxikologiska avdelningen Nr. 2000;74.

7.	 Öhlander J. Sediment toxicity in River Kolbäcksån– toxicity tests with 
Chironomusriparius and Gammaruspulex Master´s Thesis. Swedish 
University of Agricultural Sciences, Uppsala, Sweden; 2003.

8.	 Dhara K, Saha S, Panigrahi AK, Saha NC. Sensitivity of the freshwater 
tropical oligochaete, Branchiura sowerbyi (Beddard, 1892) to the grey list 
metal, Zinc. International Journal of Life Sciences. 2020;8(1):93-101. http://
www.ijlsci.in/abstract-8-1-10 

9.	 Authman MMN, Zaki MS, Khallaf EA, Abbas HH. Use of fish as bio-indicator 
of the effects of heavy metals pollution. Journal of Aquaculture Research and 
Development. 2015;6(4):328.  https://doi.org/10.4172/2155-9546.1000328 

10.	 Taylor D, Maddock BG, Mance G. The acute toxicity of nine grey list metals 
(Arsenic, Boron, Chromium, Copper, Lead, Nickel, Tin, Vanadium and 
Zinc) to two marine fish species: Dab (Limandalimanda) and grey mullet 
(Chelonlabrosus). Aqat Toxicol. 1985;7(3):135-44. WOS:A1985AVW5600001 

11.	 Soegianto A, Babang I, Hamami. Bioaccumulation of Heavy metals in Aquatic 
animals collected from Coastal Waters of Gresik, Indonesia. Asian J Water 
Environ Pollut. 2008;6(2):95-100.

12.	 Lobo H, Mendez-Fernandez L, Martinez-Madrid M, Daam MA, Espindola 
ELG. Acute toxicity of zinc and arsenic to the warm water aquatic oligochaete 
Branchiurasowerbyi as compared to its coldwater counterpart Tubifex tubifex 
(Annelida, Clitellata). J Soils Sediments. 2016;16(2):2766-74.  https://doi.
org/10.1007/s11368-016-1497.z

13.	 Weatherley AH, Lake PS, Rogers SC. Zinc pollution and the ecology of the 
freshwater environment. Zinc in the environment. Part I: Ecological Cycling. 
John Wiley, New York, USA. 1980;337-417.

14.	 DWAF. South African water quality guidelines, Aquat. Ecosyst.: Aquaculture, 
Department of Water Affairs and Forestry. 1996;7:159.

15.	 Lucky TD, Venugopal B. Physiological and chemical basis for metal toxicity. 
Metal toxicity in Mammals. 1977;1:1-238.

16.	 Zhang L, Wang W. Effects of zinc pre-exposure on Cd and Zn bioaccumulation 
and metallothionein levels in two species of marine fish. Aquatic Toxicology. 
2005;73(4):353-69. https://doi.org/10.1016/j.aquatox.2005.04.001

17.	 Srivastava N, Tyagi A. Bioaccumulation of zinc in the gills and intestine of 
freshwater fish, Channapunctatus, after chronic exposure to zinc. J Environ 
and Sociobiol. 2006;3(1):41-4.

18.	 Chandra RK. Excessive zinc impairs immune response. J Am Med Assoc. 
1984;252(11):1443-6.

19.	 Hopper PL, Visconti L, Garry PJ, Johnson GE. Zinc lowers high density 
lipoprotein-cholesterol levels. J Am Med Assoc. 1980;244(17):1960-1.

20.	 ATSDR (Agency for Toxic Substances and Disease Registry). Toxicological 
profile for zinc. Agency for Toxic Substances and Disease Registry, US Public 
Health Service, Atlanta. 1994.

21.	 Strydom C, Robinson C, Pretorius E, Whitcut JM, Marx J, Bornman MS. The 
effect of selected metals on the central metabolic pathways in biology: A 
review. Water Sa. 2006;32(4):543-54. 10.4314/wsa.v32i4.5155 

22.	 Dinkley KE, Scanlon JM, Kress GJ, Stout AK, Reynolds IJ. Astrocytes are 
more resistant than neurons to the cytotoxic effects of increased Zn2+. 
Neurobiol Dis. 2000;7(4):310-20.

23.	 Lobner D, Canzoniero LM, Manzerra P, Gottron F, Ying H, Kaudson M, et al. 
Zinc induced neuronal death in cortical neurons. Cell Mol Biol. 2000;46(4):797-
806. PMID: 10875441

24.	 Shelin CT, Behrens MM, Choi DW. Zinc induced cortical neuronal death: 
contribution of energy failure attributable to loss of NAD(+) and inhibition of 
glycolysis. J Neurosci. 2000;20(9):3139-46. 

25.	 Pong K, Rong Y, Doctrow SR, Baudry M. Attenuation of zinc induced 
intracellular dysfunction and neurotoxicity by a synthetic superoxide 
dismutase/ catalase mietic, in cultured cortical neurons. Brain Res. 
2002;950(1-2):218-30. PMID:  12231247. https://doi.org/10.1016/s0006-
8993(02)03040-8 

26.	 APHA, AWWA, WPCA. Standard methods for the examination of water and 
wastewater. 22nd edn. Am Publ Hlth Assoc, Washington, USA. 2012.

27.	 Ayoola SO, Kuton MP, Idowu AA, Adelekun AB. Acute toxicity of Nile tilapia 
(Oreochromis niloticus) juveniles exposed to aqueous and ethanolic extracts 
0of Ipomoea aquatic leaf. Nature and Science. 2011;9(3):91-9.

28.	 Edwards RW, Brown VM. Pollution and fisheries. In Institute of Sewage 
Purification, Annual Conference. 1966;1:49-55.

29.	 Burdick GE. Use of bioassays in determining levels of toxic wastes harmful 
to aquatic organisms. American Fisheries Society Symposium. 1967;4:3-12.

30.	  Sprague JB. Measurement of pollutant toxicity to fish. 1. Bioassay methods 
for acute toxicity. Water Res. 1971;3(11):793-821.



Dhara, et al.: Sensitivity of Cyprinus carpio to the Metal, Zinc 

Asian Journal of Biological and Life Sciences, Vol 10, Issue 1, Jan-Apr, 2021� 139

31.	 Committee on Water Quality Criteria (CWQC). A Report of the Committee 
on Water Quality. Ecological Research Series, EPA-R3-73-003, US 
Environmental Protection Agency Report, CWQC; Cincinnati, OH, USA.1972.

32.	 IJC. New and Revised Great Lakes Water Quality Objectives. Great Lake 
Basin, Windsor, Ottawa, Canada. 1977;1.

33.	 EIFAC. European Inland Fisheries Advisory Commission. Revised Report on 
fish toxicity testing procedures. EIFAC Technical Paper. No. 24 Revision 1. 
1983.

34.	 CCREM. Canadian Water Quality Guidelines; Canadian Council of Resources 
and Environmental Ministry, Inland Waters Directorate, Environment Canada: 
Ottawa, ON, Canada.1971.

35.	 Hart WB, Weston RF, Dermann JG. An apparatus for oxygenating test 
solution which fish are used as test animals for evaluating toxicity. Trans Am 
Fish Soc. 1948;75:288.

36.	 USEPA. Probit program version 1.5. Ecological Monitoring Research Division, 
Environmental Monitoring Systems Laboratory, US Environmental Protection 
Agency, Cincinnati, Ohio 45168. 1999. https://www.epa.gov/nerleerd/stat2.
htm 

37.	 Finney DJ. Probit analysis. Cambridge University Press, London.1971.
38.	 R Development Core Team. R: A language and environment for statistical 

computing. Vienna, Austria: R Foundation for Statistical Computing. 2012. 
ISBN 3-900051-07-0. Available from: http://www.Rproject.org/

39.	 Gomez KA, Gomez AA. Statistical procedures for agricultural research. 2nd 
edn, John Wiley and Sons, New York, USA.1984.

40.	 Rand GM. Behavior. Fundamentals of Aquatic Toxicology Methods and 
Applications. Hemisphere Publishing Corporation. Washington.1985.

41.	 Dhara K, Saha NC, Maiti AK. Studies on acute and chronic toxicity of 
cadmium to freshwater snail Lymnaea acuminata (Lamarck) with special 
reference to behavioral and haematological changes. Environ Sci Pollut Res. 
2017;24(35):27326-33. PMID: 28971261. 10.1007/s11356-017-0349-8

42.	 Katz DP. Critical review of literature on toxicity of industrial wastes and 
their components to fish. Sewage and Industrial Wastes. 1953;25:241-7. 
PMID: 14635224. 10.1002/jnr.10794

43.	 DWAF. South African water quality guidelines, 2nd ed., Agriculture use: 
Aquaculture, Department of Water Affairs and Forestry. 1996;2(46):75. 183.

44.	 Llyod TB. Zinc compounds. In: Kirk-Othmer Encyclopedia of chemical 
Technology, 3rd ed, John Wiley and Sons, New York. 1984;851-63.

45.	 Spear PA. Zinc in Aquatic Environment: Chemistry, Distribution, and 
Toxicology. National Research Council of Canada, Environmental Secretariat 
Publication 17589, Publications NRCC/CNRC, Ottawa1. 1981;7589:145. 

46.	 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(1):55-73.

47.	 Bhamre PR, Thorat SP, Desai AE, Deoray BM. Evaluation of Acute Toxicity 
of Mercury, Cadmium and Zinc to a Freshwater Mussel Lamellidens 
consobrinus. Our Nature. 2010;8(1):180-4.

48.	 Brix KV, DeForest DK, Adams WJ. The sensitivity of aquatic insects to divalent 
metals: A comparative analysis of laboratory and field data. Sci Total Environ. 
2011;409:4187-97. PMID: 21820156. 10.1016/j.scitotenv.2011.06.061

49.	 Skidmore J F. Respiration and osmoregulation in rainbow trout with gills 
damaged by zinc sulphate. Journal of Experimental Biology. 1970;52(2):481-
94. https://jeb.biologists.org/content/52/2/481 

50.	 Shelin CT, Behrens MM, Choi DW. Zinc induced cortical neuronal death: 
Contribution of energy failure attributable to loss of NAD(+) and inhibition of 
glycolysis. J Neurosci. 2000;20(9):3139-46. 

51.	 Shenkar JM, Cherr GN. Toxicity of zinc and bleached kraft mill effluent to 
larval English sole (Parophrys vetulus) and topsmelt (Atherinops affinis). 
Arch Environ Contam Toxicol. 1990;19(5):680-5. https://doi.org/10.1007/
BF01183984 

52.	 Annune PA, Olademeji AA, Ebele SO. Acute toxicity of zinc to the fingerlings of 
Clarias lazera Cuvier and Valenciennes and Oreochromis niloticus Trewawas. 
J Aquat Sci. 1992;6:19-22.

53.	 Gómez S, Villar C, Bonetto C. Zinc toxicity in the fish Cnesterodon 
decemmaculatus in the Parana River and Rio de la Plata Estuary. Environ 
Poll. 1998;99(2):159-65.

54.	 Joshi PS. Impact of zinc sulphate on behavioural responses in the freshwater 
fish Clarias batrachus (Linn.). Online International Interdisciplinary Research 
Journal. 2011;1(2):76-82.

55.	 Hedayati A, Jahanbakhshi A, Shaluei F, Kolbadinezhad SM. Acute toxicity test 
of mercuric chloride (HgCl2), lead chloride (PbCl2) and zinc sulphate (ZnSO4) 
in common carp (Cyprinus carpio). J Clinical Toxicology. 2013;3(1):1000156.

56.	 Wani GP. Toxicity of heavy metals to embryonic stages of Cyprinus carpio 
communis Linn. Poll Res. 1986;5(2):47-51.   

57.	 Salanki JV. Balogh K. Uptake and release of mercury and cadmium In various 
organs of mussels (Anodonta cygnea L.) In: Heavy metals in water, organisms 
Akademia Kiado Budapest Symposia. Biologica, Hungarica. 1985;29:325-42.

58.	 Salanki J, Balogh VK. Physiological background for using freshwater mussels 
in monitoring copper and lead pollution. Hydrobiologia. 1989;188-9, 445-54.

59.	 Hilmy AM, Hamid ANA, Ghazaly KS. Toxic effects of both zinc and copper 
on size and sex of Portunus pelagicus (Crustacea; Decapoda). Bull. Inst 
Oceanogr Fish. 1985;11:207-15.

60.	 Gaikwad SA. Effects of mixture and three individual heavy metals on 
susceptibility of three fresh water fishes. Poll Res. 1989;8(1):33-5.

61.	 Klassen CD. Principles of toxicology. In: Pharmacological Basis of 
Therapeutics; 8th ed. McGraw-Hill, Berlin. 1991;49-61.

62.	 Sharma A, Sharma MS. Acute toxicity of zinc to certain developmental stages 
of Cirrhinus mrigala (Hamilton). J Environ Biol. 1995;16(2):157-62.

63.	 Laoma SN, Rainbow PS. Metal contamination in aquatic Environment: 
Science and Lateral Management, Cambridge University Press., New York, 
USA. 2008.

64.	 Piyatiratitivorakula P, Boonchamoib P. Comparative toxicity of mercury and 
cadmium to the juvenile freshwater snail, Filopaludina martensi. Science Asia. 
2008;34:367-70.  https://doi.org/10.2306/scienceasia1513-1874.2008.34.367 

65.	 Weatherley AH, Gill HS, Rogers SC. Growth dynamics of mosaic muscle 
fibres in fingerling rainbow trout (Salmo gairdneri) in relation to somatic 
growth rate. Canadian Journal of Zoology. 1980;58(9):1535-41. https://doi.
org/10.1139/z80-212

66.	 Wood CM. Toxic responses of the gill. Target Organ Toxicity in Marine 
and Freshwater Teleosts, Organs. Taylor and Francis, London, New York. 
2001;1:1-89. https://www.taylorfrancis.com/chapters/toxic-responses-gill-
chris-wood/e/10.1201/9781315109244-1 

67.	 Alabaster JS, Lloyd R. Water Quality Criteria for Freshwater Fish. London: 
Butterworth. 1982;361.

68.	 Everall NC, Macfarlane NAA, Sedgwi RW. The effects of water hardness 
upon the uptake, accumulation and excretion of zinc in the brown trout, Salmo 
trutta L. J Fish Biol. 1989:35(6):881-92.

69.	 Eisler R. Zinc Hazards to Fish, Wildlife, and Invertebrates: A Synoptic Review. 
U.S. Fish and Wildlife Service, Biological Report 10. 1993.

70.	 Rao LM, Patnaik RM. Acute toxicity of Zn, Pb and Cd in the freshwater catfish 
Mystus vittatus (Bloch). Indian J Fish. 1997;44(4):405-8.

71.	 Svecevièius G. Acute toxicity of zinc to common freshwater fishes of Lithuania. 
Acta Zoologica Lituanica. Hydrobiologia. 1999;9(2):114-8.

72.	 Gündoğdu A. Acute toxicity of zinc and copper for rainbow trout 
(Onchorhyncus mykiss). Journal of Fishery Sciences. 2008;2(5):711-21. 
https://doi.org/10.3153/jfscom.2008039

73.	 Shwetha A, Hosetti BB. Acute Effects of zinc cyanide on the behaviour and 
oxygen consumption of the Indian Major Carp Cirrhinus mrigala (Hamilton). 
World Journal of Zoology. 2009;4(3):238-46.

74.	 Enuneku AA, Ezemonye LI. Acute toxicity of cadmium and lead to adult toad 
Bufo maculates. Asian Journal of Biological and Life Science. 2012;1(3):238-
41. https://www.ajbls.com/article/2012/1/3/238-241 

75.	 Buikem JR, Vander-Lehner AI, Cairns JR. Biological monitoring: Part IV 
Toxicology Testing. Environmental Molecular Mutagen. 1982;33:239.

76.	 Pandey S, Kumar R, Sharma S, Nagpure NS, Srivastava SK, Verma 
MS. Acute toxicity bioassays of mercuric chloride and malathion on air-
breathing fish Channa punctata (Bloch). Ecotoxicology and Environmental 
Safety. 2005;61(1):114-20. PMID: 15814317. https://doi.org/10.1016/j.
ecoenv.2004.08.004 

77.	 Mount DI, Stephan CE. A method for stabilizing acceptable toxicant limits 
for fish: malathion and the butoxyethanol ester of 2,4-D. Trans American 
Fisheries Society. 1967;96(2):185-93.

78.	 Naga AE, Moselhy KM, Mohamadein LI. Effects of cadmium and copper 
on the digestive enzymes of the impet (Patella sp, Mollusca, Gastropoda). 
Egyptian Academy of Society and Environmental Development. 2001;2:29.

79.	 Tiwari M, Nagpure NS, Saksena DN, Kumar R, Singh SP, Kushwaha B, et 
al. Evaluation of acute toxicity levels and ethological responses under heavy 



Dhara, et al.: Sensitivity of Cyprinus carpio to the Metal, Zinc 

140� Asian Journal of Biological and Life Sciences, Vol 10, Issue 1, Jan-Apr, 2021

metal cadmium exposure in freshwater teleost, Channa punctata (Bloch). 
International Journal of Aquatic Science. 2011;2:36-47. http://www.journal-
aquaticscience.com/article_73585.html 

80.	 Annune PA, Yaniwura TT, Ebele SO, Olademeji AA. Effects of sublethal 
concentrations of zinc on haematological parameters of freshwater fishes, 
Clarias gariepinus (Burchell) and Oreochromis niloticus (Trewawas). J Aquat 
Sci. 1994;9:1-6.

81.	 Sen G, Behara MK, Patel PN. Toxicity of zinc to the fish Channa punctatus 
(Bloch) with behavioural, morphological and skeletal abnormalities. Environ 
and Ecol. 1991;9(4):1023-7.

82.	 Gül A, Yilmaz M, Isilak Z. Acute Toxicity of Zinc Sulphate (ZnSO4, H2O) to 
Guppies (Poecilia reticulata P., 1859). G.U. Journal of Science. 2009;22(2):59-
65.

83.	 Nemcsók J, Nemĕth A, Buzás ZS, Boross L. Effects of copper, zinc and 
paraquat on acetylcholinestaerase activity in carp (Cyprinus carpio L.). Aquat 
Toxicol. 1984;5(1):23-31. https://doi.org/10.1016/0166-445X(84)90029-8

84.	 Suresh A, Shivaramakrishna B, Victoriamma PC, Radhakrishnaiah K. 
Comparative study on the inhibition of acetylcholinesterase activity in 
the freshwater fish, Cyprinus carpio by mercury and zinc. Biochem Int. 
1992;26(2):367-75. 

85.	 Cho IH, Im JY, Kim D, Kim KS, Lee JK, Han PL. Protective effects of 
extracellular glutathione against Zn2+ induced cell death in vitro and in vivo. J 
Neurosci. 2003;74(5):736-43.

86.	 Jayakumar P, Paul VI. Patterns of cadmium accumulation in selected tissues 
of the catfish Clarias batrachus (Linn.) exposed to sublethal concentration of 
cadmium chloride. Vet Arhiv. 2006;76(2):167-77.

87.	 Soni R, Verma SK. Acute toxicity and behavioural responses in Clarias 
batrachus (Linnaeus) exposed to herbicide pretilachlor. Heliyon. 
2019;4:e01090.  https://doi.org/10.1016/j.heliyon.2018.e01090 

88.	 Sharma A, Sharma MS. Histopathology of zinc to developing Lebistes 
reticulates (Peters) and Cyprinus carpio (Linnaeus). Poll Res. 1991;10(3):183-
8. 

89.	 Banerjee TK, Chandra S. Estimation of zinc chloride contamination by 
histopathological analysis of the respiratory organs of the air breathing 
‘murrel’ Channa striata (Bloch, 1797) (Channiformes, Pisces). Vet Arhiv. 
2005;75(3):253-63.

90.	 Sornaraj R, Baskaran P, Thanalakshmi S. Effects of heavy metals on some 
physiological responses of air breathing fish Channa punctatus (Bloch). 
Environ Ecol. 1995;13(1):202-7. 

Cite this article: Dhara K, Saha S, Saha NC. Sensitivity of Common Carp, Cyprinus carpio (Linnaeus, 1758) to the Grey List 
Metal, Zinc under Laboratory Condition. Asian J Biol Life Sci. 2021;10(1):132-40.


