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Appropriate usage of CuS0,4 as a herbicide with no toxicity mainly depends on water calcium hardness. This study
aims to investigate the effect of initial exposure to CaCO; for the reduction of CuS0O, toxicity in Cyprinus carpio
(Linnaeus, 1758). One group of 300 fish (6 = 0.05 g) were placed in a tank containing 200 mg.L™" of CaCOs for 2 weeks
while another group of 300 fish was maintained at normal conditions. All 600 fish were then exposed to CuS0,4 at 0.0,
1.5,and 3.0 mg.L " for 60 days so that the fish weight, length and condition factor decreased significantly at increasing
CuSo, with higher values seen in the fish pre-exposed to calcium (P < 0.01). The highest mortality was observed in 3
mg.L" of copper treatment without calcium exposure. The feed conversion ratio was elevated with an increase
copper concentration. Also, the red and white blood cells, haemoglobin, and haematocrit decreased significantly (P <
0.05) at increasing copper concentration in the group that were pre-exposed to calcium. The amount of copper in
muscle was elevated at increasing copper concentration, but was less in the group pre-exposed to CaCOz Thus, pre-
exposure to CaCOs could reduce copper toxicity, especially at low concentrations of CuSQO..
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Introduction

Copper sulphate (CuS0,) has been widely used as a
herbicide in fish ponds to control phytoplankton and
filamentous algae growth and single-celled pathogens
as well as to restrict some specific diseases (Boyd
1990). Using CuS0O, in preventing the growth of new
phytoplankton can result in copper accumulation
reaching toxic levels. When the copper concentration
exceeds in the environment or continually enters the
pond, it is absorbed by the fish and stored in organs
such as muscle, liver and kidneys. This process can
develop a chronic form of poisoning and, if continued,
clinical signs of this type of poisoning appear (Abdel-
Tawwab et al. 2007). Therefore, bioaccumulation of
heavy metals such as copper in fish can make their
consumption unsafe for humans(Marchetti 2013).

Based on previous reports, the influence of copper in
aquaculture is complicated, depending on the physico-
chemical characteristics of water (Takasusuki et al.

2004). For appropriate usage of CuS0O, with no toxic
effect will depend on water hardness and alkaline
condition (Wurts and Perschbacher 1994). Moreover,
calcium hardness has significant effects on copper
toxicity (Perschbacher and Wurts 1999) such that high
calcium levels in the water as a component of hardness
may reduce the toxic effects of copper. Due to higher
toxicity of CuSQ.in soft water compared to hard water,
precaution should be taken before use of CuSO, in soft
water (Wurts and Perschbacher 1994).The reduction of
copper toxicity in the aquatic environment can be
achieved by adding calcium which will improve the ion
exchange in the gills thus overcoming the destructive
effects of copper (Abdel-Tawwab et al. 2007).
Perschbacher and Wurts (1999) showed that in the
channel catfish, Ictalurus punctatus (Rafinesque, 1818),
the hardness of calcium was more efficient in
decreasing copper intoxication than the hardness of
magnesium. In Prochilodus scrofa (Steindachner, 1881),
10 °C increase of temperature caused higher toxicity of
copper (Carvalho et al. 2004). In the channel catfish,
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CuSQ0, is used more frequently in the fish ponds during
spring while the toxicity of copper sulphate may
increase with increase of temperature. According to
Bat et al. (2000) report, the toxicity of metals was
increased in freshwater invertebrates at a temperature
range of 10 to 30 °C.

Several studies have examined the influence of initial
contact with calcium on the reduction of heavy metal in
fish. Abdel-Tawwab and Mousa (2005) and also Abdel-
Tawwab et al. (2007) illustrated the positive effect of
calcium pre-exposure on copper toxicity in Nile tilapia,
Oreochromis niloticus (Linnaeus, 1758). Moreover, Song
et al. (2013) indicated the effect of calcium pre-
exposure on cadmium toxicity in Synechogobius hasta
(Temminck & Schlegel, 1845) while Chen et al. (2012)
reported calcium effect on the copper accumulation in
several organs of Pelteobagrus fulvidraco (Richardson,
1846). They also demonstrated that calcium pre-
exposure reduced copper toxicity in that species (Chen
et al. 2012). Singhadach et al. (2009) showed that
calcium pre-exposure reduced histopathological
alteration in Nile tilapia, 0. niloticus. In addition, Gill and
Epple (1992) indicated the reduction of cadmium
toxicity in water with high calcium concentration (200
mg.L" CaCO0s;) and with calcium pre-exposure which
prolonged the survival of Fundulus heteroclitus
(Linnaeus, 1766). The present study investigates the
effect of exposing constant dose of CaCOs to different
copper concentrations of water on the growth and
feeding parameters, blood factors and copper
accumulation in common carp.

Materials and Methods
Experimental design

A total of 600 carp fish (6.00 + 0.05 g) were obtained
from the Jahad Daneshgahi's fish farm, transferred to
the Aquaculture Research Center (Chapakrood,
Jooybar, Iran), and maintained in aquaria for 1-week.
Three hundred of them were placed in an aguarium
containing 200 mg.L™" of CaCO3(Merck, Germany) for 2
weeks while the rest of them were kept in normal
conditions for the same period. Afterwards, all fish
were exposed to 0.0, 1.5, and 3.0 mg.L™ of CuSQ, for
60 days (Table 1). As the next step, six treatments
were applied; each consisted of three replicates, and
each replication included 20 fish. The fish were
stocked randomly in 18 aquariums (100 x 40 x 40 cm)
with 140 L of water.

Table 1. Sample treatments exposure (+Ca) or non-exposure
(-Ca) to CaCOs at different concentrations of CuSOs in
common carp Cyprinus carpio for 60 days.

Treatments 11 12 T3 T4 15 6
Ca exposure - - - + + +
CuS0:4(mg.L) 0 1.5 3.0 0 1.5 3.0
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The fish were fed three times a day during the
experiment. The food (Behdaneh, Iran) included 32.23
% crude protein, 5.5 % total fat, 8 % ash and 3 % fibre.
Dead fish were daily removed from each aquarium
and recorded and finally, the growth and feeding
parameters were measured (Abdel-Tawwab et al.
2007).

Water physico-chemical parameters

The physico-chemical parameters of water are shown
in Table 2.

Growth and feeding parameters
Body weight gain(g) = Final weight - Initial weight
Total length gain (mm)= Final length - Initial length

Condition factor (CF, %)=[W.L?]x100
Where, W = Fish weight (g) and L = Fish total length
(cm)

Mortality (%) =(Dead fry/Total fish)x 100

Feed conversion ratio (FCR) = Feed given (g)/Weight
gain(q)

Blood parameters

At the end of the experiment, five fish from each
treatment were anaesthetised by 1 mg.L™" of clove
extract and then, the blood samples were taken from
the caudal peduncle (Farhadi et al. 2014) and stored in
sterile tubes containing EDTA for blood cells
evaluations (Mckenzie and Williams 2014). The red and
white blood cells (RBC and WBC) were counted by
Neubauer haemocytometer (Blaxhall and Daisley 1973)
while Dblood haematocrit levels were measured
through microhaematocrit method (Rehulka 2003).
Blood haemoglobin was also determined by a kit and
spectrophotometer (Unico, USA) at the wave length of
540 nm (Blaxhall and Daisley 1973).

Heavy metal in fish flesh

Three samples were randomly selected from each
replicate and kept in the laboratory at -20 °C for 5
days. To digest frozen flesh, the fish were placed in a
dryer for 48 h until they completely dried. Dried
tissues were separately ground by a meat grinder
(Pars Khazar, MG 1400, Iran) and powdered by electric
mill (Pars Khazar, Iran). A 0.2 g of each powder was
then poured into the test tubes separately. After
adding nitric acid (5 mL), all samples were placed in
ambient temperature for 1 h and were completely
digested on a hot plate at 100 °C for 3 h. After cooling
down, the volume of all samples reached 25 mL by



Table 2. Physico-chemical parameters of water of aquaria stocked by comman carp Cyprinus carpio exposed to different copper

concentrations for 60 days with and without calcium pre-exposure.

Parameters T pH DO Total alkaline Total hardness Ca Mg Cu
(°C) (ppm) condition (mg.L"CaC0s) (mg.L") (mg.L") (mg.L)
(mg.L"CaCOs)
Amount 22 + 7.5+ 1311+ 140.2 + 159 + 144.00 115.20 0.12
1.00 0.30 0.19 0.61 0.18

adding distilled water (Okoye 1991). In order to
estimate the amount of copper, all samples were
filtered by acetate cellulose filter (0.2 p). The
concentrations of heavy metals in all samples were
evaluated by an atomic absorption device (Model ICP-
OES)and were calculated as:

C=(Gsx V)W

where:

C: metal concentration in solid sample (mg.kg™)

Gs: metal concentration in solution from digestion
(ppm)

V: dilution volume (mL)

W: dry weight of sample(g)

Statistical analysis

The data of completely randomised block experiment
were analysed by one-way ANOVA and were compared
by Duncan’s test using SPSS software. A confidence
level of 99 % was determined for the amount of
copper, the growth, feeding, and mortality
parameters. For blood factors, however, the
confidence level was 95 %.

Results

The effect of exposure to CaCO; and
copper sulphate on growth and feeding
parameters

The results showed that increasing copper
concentration reduced the weight and length of fish
with different behaviour in each treatment (P < 0.01).
As can be seen in Table 3, the calcium-exposed fish
had higher value of both length and weight. Also, by
increasing copper in both groups of fish, CF
decreased with a significant fall at 1.5 and 3.0 mg.L " of
copper in the first group (without pre-exposure to
CaC0s) (P < 0.01). Moreover, by increasing copper
concentrations, FCR increased so that less value of
FCR was observed in calcium treated fish significantly
(This was also obvious from comparing T2 and T3 to
T4 and T6, respectively)(P < 0.01). The minimum value
of FCR(2.31 + 0.028) was achieved in T4 while T3 had
the highest value (5.5 + 0.566). Except T1, T4 and T5
treatments which had no mortalities, increasing
copper in other treatments increased the number of
mortalities. This fact led to significant differences
between T2 and T3 and also T5 and T6 treatments (P <
0.01, Table 3). In addition, the number of mortalities in

fish exposed to CaCOz (T5, T6) was less than those
without any calcium exposure (T2, T3).

The effect of exposure to CaCOs and
copper sulphate on haematological
parameters

Decreasing haemoglobin level at increasing copper
concentration resulted in significant differences
between fish with and without exposure to calcium (P
< 0.05, Table 4). Higher haemoglobin amount was
seen in the fish exposed to CaCOs;. Moreover,
decrease in haematocrit amount due to increase
copper concentration showed statistical differences
between fish with (T4, T5, and T6) and without (T1, T2,
and T3) exposure to calcium. Although increasing
copper levels led to haematocrit fall of in both groups,
it was higher in fish exposure to calcium. In addition,
the number of RBCs declined by adding copper in
water, especially in the groups without calcium.
Meanwhile, those fish which were treated with
calcium showed a higher number of RBCs (Table 4).
Also, WBCs decreased by adding copper so that its
maximum value was observed in the fish with calcium
(Table 4).

The effect of exposure to CaCOs and
copper  sulphate on copper
concentration in muscle tissue

The amount of copper in the fish muscle was zero in
Tland T4 treatments and it increased at an increasing
copper concentration in water from 0.00 mg.kg™in
the control group to 0.12 + 0.002 mg.kg™ and 0.11 +
0.00 mg.kg™ in T3 and T6 treatments, respectively.
Furthermore, significant differences were observed
between T2 and T5 in 1.560 mg.L" and T3 and T6 in 3
mg.L" concentration of copper sulphate (P < 0.01)
(Fig. 1).

Discussion

According to the results of the present study, greater
weight, length and condition factor were achieved
when the fish received calcium treatment prior to
high copper concentration exposure. Moreover,
comparing the growth of fish in T4, T5, and T6 to T1,
T2, and T3 demonstrated that because of the
reduction of copper toxicity, increasing calcium
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Table 3. The growth and feeding parameters of common carp Cyprinus carpio fry exposed to different copper concentrations

after 60 days.

Without Ca*? With Ca*?
CuSo:(mg.L7) 0 1.5 3 0 1.5 3
Treatment 11 12 T3 T4 T5 16
Weight gain(g) 9.44 +0.326° 5.67+0.297¢ 1.83 £0.287° 11.55+ 0.267 8.48 £0.248¢ 2.74+0.229°
Length gain(mm) 50.84 +2.492¢ 34.87 +2.066° 18.74 + 3.0322 53.14 £1.882° 44.31+1.660¢ 21.39 £ 1.731°
Condition factor 1.45+0.026¢ 1.29+0.097¢® 1.20+0.0548 1.44 £ 0.044¢ 1.43 £0.037° 1.39 £ 0.031b°
(%)
Mortality (%) 0.00+0.00¢° 4.45 +1.851° 22.22 +1.851° 0.00+0.00¢° 0.00+0.00¢° 1117+ 1.845°
Feed conversion 2.61+0.038° 3.52 +£0.052° 5.5+ 0.566° 2.31+0.028° 2.75+0.049° 4.86+0.232°

ratio

*Values in the rows having similar superscript letters are not statistically different (P> 0.01)

Table 4. Haematological parameters of common carp Cyprinus carpio fry exposed to different copper concentrations after 60

days.

Without Ca*? With Ca*?
CuSo4(mg.L™T) 0 1.5 3 0 [l5; 3
Treatment T T2 T3 T4 11's 76
Hb 5.85+ 5.83+ 5.15 + 9.55+ 8.88 + 8.4+
(g.dL™) 0.153° 0.114° 0.094° 0.661¢ 0.078° 0.285°
HCT 41+ 33.53 + 32.27 + B3 + 40.8 + 36.87 +
(%) 5.043¢ 1.885° 2.4042 6.199¢ 5.894¢ 1.685°
RBC 92915.732 + 25166.115 + 20000 + 140414.52 + 105039.675 + 30650.505 +
(10%.mm™) 1.479 1.43° 1.402 3.56° 2.3b¢ 1.68¢
WBC 6420 + 6020 + 3820 + 7220 + 6020 + 4820 +
(n.mm) 1400P° 600be 4002 200¢ 1000°b° 10002

*Values in the rows having similar superscript letters are not statistically different (P> 0.05).
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Fig. 1. The amount of copper in the muscle tissue of

common carp Cyprinus carpio fry exposed to different
copper concentrations after 60 days.

improved the growth of fish. According to Matsuo et
al. (2004), binding qill surface with calcium and its
permeability along with its competition with binding
gill surface with copper occurred simultaneously. It
should be noted that obtained results in common carp
are in agreement with those of Farhadi et al. (2014)
who reported the reduction of carp’s weight after
increasing copper level in Ca (OH) , treatment. Spry
and Wiener (1991) found a reverse relationship
between copper toxicity and calcium concentration in
water. Moreover, Dutta and Kaviraj (1996) reported
that by exposing C. carpio to 100 mg.L™ of quicklime,
the LC50 of cadmium increased from 165 to 235
mg.L™". Furthermore, Abdel-Tawwab and Mousa (2005)
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illustrated that adding calcium (50-100 mg.L™) could
affect the mitigation of acute copper poisoning in Nile
tilapia, O. niloticus larvae. These consequences might
arise from the fact that environmental pollutants
resulted in a decrease in fish appetite and growth,
which caused the fish body to store less nutrients
leading to growth retardation.

The percentage of fish mortality increased with
increase copper concentration. As can be seen, the
percentage of mortality in T6 was half of T3 which
confirmed the effect of calcium on copper poisoning,
especially at low concentrations of copper sulphate
(1.5 mg.L™). The results indicated the protective role
of calcium carbonate against copper toxicity which
was more significant in low copper concentration
because although the above protocol improved their
growth in 3 mg.L™" of copper sulphate concentration,
it could not improve their survival rate. In addition,
mortality might be due to a significant decrease in the
number of RBCs, mainly in T3 and T6 treatments
which caused respiratory restrictions and anaemia,
especially in weak fish (Thomas and Egee 1998).
Perschbacher and Wurts (1999) reported that in |.
punctatus fry, fish mortality decreased from 90 % in
10 mg.L" of CaCO3to 5 % in 400 mg.L™" of CaCOs. The
reason is that when they experienced 1.25 mq.L™ of
CuSQ0, for 48 h, the hardness of water increased. They
also estimated lower fish mortality by increasing



water hardness caused by calcium than magnesium.
Furthermore, the results of the present study were
similar to Song et al. (2013) whereby in the same
calcium concentration, the survival rate of S. hasta
decreased at increasing cadmium concentration of
water. However, by increasing calcium concentration
of water, the survival rate also increased. In addition,
the toxicity of cadmium in F. heteroclitus was lowered
in water with high calcium concentration (200 mg.L™
CaCO0s) while pre-exposure to calcium prolonged the
survival rate in cadmium- waterborne (Gill and Epple
1992). Also, in common carp, no mortalities were
observed due to the effect of Ca(OH), on copper
toxicity (Farhadi et al. 2014). Carvalho et al. (2004)
reported that by increasing CuSQs, the death rate of
Prochilodus scrofa (Steindachner, 1881) increased. The
worse fact was that by increasing temperature from
20 to 30 °C at pH of 4.5, the death rate increased
because of a thermal change. However, at pH of 8.0,
the death rates at 20 and 30 °C were not different
significantly. Also, Nile tilapia without calcium
treatment suffered greater mortality (Abdel-Tawwab
etal. 2006).

In this study, increase of copper levels resulted in
higher values of FCR with less effect in the fish
exposed to CaCO0s suggesting calcium role in
intoxication. Accordingly, the effect of calcium in low
dosage (1.5 mg.L™") of copper was more sensitive than
its high dosage (3 mg.L"). It could be also
demonstrated that the initial stocking duration (14
days) of fish in the calcic water was not sufficient and
hence, more pre-exposure times were required. Also,
the FCR values in Nile tilapia were boosted with an
increase of copper levels which was more
considerable in fish lacking calcium exposure (Abdel-
Tawwab et al. 2007).

The study of haematological parameters is a suitable
method for assessing the health status of fish,
especially in stressful conditions such as heavy
metals exposure. Different dosages of copper were
examined in this study and confirmed a reductive
effect of copper on RBCs, leading to anaemia and
decrease of haematocrit and haemoglobin. A similar
pattern was noted in the catfish Heteropeneustes
fossilis (Bloch, 1794) which was affected by CuS0, and
resulted in anaemia by increasing RBCs destruction
and preventing RBCs production (James and Sampath
1995).The reduction of RBCs number and haemoglobin
and haematocrit amounts in concentrations of more
than 0.15 mg.L"of copper in Channa punctatus (Bloch,
1793) were reported previously (Singh et al. 2008). The
decrease of the number of RBCs might be due to
either their accumulation in the fish gills or their
death because of exposure to pollutants which
reduced haemoglobin and haematocrit levels
(Kudirat-Adeyemo 2007). Some studies, however,
reported reverse consequences. In P. scrofa, for
instance, copper exposure caused the increase of
RBCs, haematocrit and haemoglobin (Carvalho and
Fernandes 2006) because of the discharge of RBCs

from the reserve storages such as the spleen at the
constant volume of the cells.

Increasing copper concentration reduced
haemoglobin and haematocrit in the fish blood.
Compared to another group of fish, the fish with
calcium treatments had higher haemoglobin levels
confirming the role of CaCOs in copper intoxication. In
addition, decreasing the number of WBCs by
increasing copper, particularly in the group of
samples without calcium treatment, could be a sign of
excessive stress in the fish. It was illustrated that in
non-treated fish with the addition of 0.5 mg.L"' CuSo,
and the fish subjected to calcium, the values of
haematocrit, RBCs, and haemoglobin increased
(Abdel-Tawwab et al. 2008). Yadegar et al. (201)
observed decreasing trends of RBCs, WRBCs,
haematocrit, and haemoglobin in Barbus sharpeyi
(Gunther, 1874) treated with 0.5, 1, 2, 5, and 10 ppm of
CuS0, for 1-week. The values of these blood
parameters in the control group were more than
others. Duplication of WBCs was a normal response
of fish against the invasion of external substances
such as copper which could disturb their normal
physiological functions. The roles of WBCs in
regulating immune activities of organisms have also
been reported by lwama and Nakanishi (1997). Further
researches indicated that despite the existence of
CuS0Os, intensive stress in alkaline pH resulted in
decreasing WBCs (Wurts and Perchbacher 1994).

Due to the considerable role of the fish muscle in
human nutrition and the need for ensuring its health,
the fish muscle was the primary concern of this study.
By increasing copper sulphate concentration, the
amount of copper increased in muscle significantly
such that copper amount in T6 was less than T3.
Calcium kept binding sites highly saturated and
prevented copper from attaching and transferring
from gills to blood. Dutta and Kaviraj (1998) reported
that when fish is exposed to calcium, the uptake of
cadmium from water and its transfer from gill to blood
were reduced. Moreover, Song et al. (2013) reported
that in S. hasta, calcium pre-exposure tends to
decrease the amount of cadmium in intestine and qill
but not in muscle and liver which was not the same as
the result of the present study. Also, Farhadi et al.
(2014) reported that pre-exposure to CaO had no
significant effect on the amount of copper in the
muscles of common carp which was not in agreement
with the results of the present study. The reason for
this difference might be the difference in the time of
calcium pre-exposure.

Conclusion

The present study showed that when common carp
was pre-exposed to calcium carbonate, it could
improve the growth, feeding, and haematological
parameters in the fish. In addition, calcium reduced
the amount of copper in the muscle of the fish.
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According to the percentage of mortality obtained in
this study, it is more appropriate to protect fish in
lower concentrations of copper sulphate (up to 1.5
mg.L™). In addition, if there is a need to treat fish with
an increased concentration of copper sulphate, it is
suggested that the pre-exposure amount of calcium
carbonate or pre-exposure time to calcium carbonate
should be increased.

References

Abdel-Tawwab, M. and M.A.A. Mousa. 2005. Effect of calcium pre-
exposure in acute copper toxicity to juvenile Nile tilapia,
Oreochromis niloticus(L.). Zagazig Veterinary Journal 33:80-87.

Abdel-Tawwab, M., Y.A.E. Khattab, M.H. Ahmad and A.M.E. Shalaby.
2006. Compensatory growth, feed utilization, whole-body
composition and hematological changes in starved juvenile Nile
tilapia, Oreochromis niloticus (L.). Journal of Applied Aquaculture
18:17-36. https://doi.org/10.1300/J028v18n03_02

Abdel-Tawwab, M., A.A. Mamdouh, H. Mohamad and F.M. Saleh. 2007.
The use of calcium pre-exposure as a protective agent against

environmental copper toxicity for juvenile Nile tilapia, Oreochromis
niloticus (L.). Aquaculture 264:236-246.
https://doi.org/10.1016/j.aquaculture.2006.12.020

Bat, L., M. Akbulut, M. Oulha, A. Gundogdu and H.H. Satilmis. 2000.
Effect of temperature on the toxicity of zinc, copper and lead to the

fresh water amphipod Gammarus pulex pulex. Turkish Journal of
Zoology 24:409-415.

Blaxhall, P.C. and K.W. Daisley. 1973. Routine hematological methods
for use with fish blood. Journal of Fish Biology 5:771-782.
https://doi.org/10.1111/].1095-8649.1973.tb04510.x

Boyd, C.E. 1990. Water quality in ponds for aquaculture. Birmingham
Publishing, USA. 482 pp.

Carvalho, C.S. and M.N. Fernandes. 2006. Effect of temperature on

copper toxicity and hematological responses in the neotropical fish
Prochilodus scrofa at low and high pH. Aquaculture 251:109-117.
https://doi.org/10.1016/j.aquaculture.2005.05.018

Carvalho, C.S., H.S.S. Araujo and M.N. Fernandes. 2004. Hepatic
metallothionein in a teleost (Prochilodus scrofa) exposed to copper

at pH 4.5 and pH 8.0. Comparative Biochemistry and Physiology
137:225-235. https://doi.org/10.1016/j.cbpc.2003.11.004

Chen, Q.L., Z. Luo, L. Zheng, X.D. Li, X.Y. Liu, H. Zhao and Y. Gong. 2012.
Protective effects of calcium on copper toxicity in Pelteobagrus

fulvidraco: Copper accumulation, enzymatic activities, histology.
Ecotoxicology and Environmental Safety 76:126-134.
https://doi.org/10.1016/j.ecoenv.2011.10.007

Dutta, T.K. and A. Kaviraj. 1996. Effects of lime acclimation on the

susceptibility of two fresh water teleosts and one oligochaet worm
to metabolic pollutant cadmium. Folia Biologica (Krakow) 44:143-
148.

Farhadi, M., M. Bahrekazemi and M. Yousefian. 2014. Effect of calcium
as a protective factor against environmental copper toxicity in
common carp (Cyprinus carpio) fry. Fisheries Journal of Azadshahr
Azad University 8:7-18.

Gill, T.S. and A. Epple. 1992. Impact of cadmium on the mummichog
Fundulus heteroclitus and the role of calcium in suppressing heavy
metal toxicity. Comparative Biochemistry and Physiology Part C:
Comparative Pharmacology 101:519-523.
https://doi.org/10.1016/0742-8413(92)90080-0

lwama, G. and T. Nakanishi. 1997. The fish immune system: organism,

pathogen, and environment.1st edn. Academic Press, USA. 380 pp.

Asian Fisheries Science 32(2019):111-116

® 16

James, R. and K. Sampath. 1995. Sublethal effects of mixtures of
copper and ammonia on selected biochemical and physiological
parameters in the catfish Heteropneustes fossilis. Bulletin of
Environment  Contamination  and 55:187-194.

https://doi.org/10.1007/BF00203008

Kudirat-Adeyemo, 0. 2007. Haematological profile of Clarias gariepinus

Toxicology

(Burchell, 1822) exposed to lead. Turkish Journal of Fisheries and
Aquatic Sciences 7:163-169.
Mckenzie, SH.B. and L. Williams. 2014. Clinical Laboratory, Hematology.
3 edn. Pearson Clinical Laboratory Science, USA. pp. 253-256.
Marchetti, C. 2013. Role of calcium channels in heavy metal toxicity.
ISRN Toxicology 2013: 9. https://doi.org/10.11565/2013/184360
Matsuo, A.Y.O., R.C. Plyle, A.L. Val and C.M. Wood. 2004. Physiological
action of dissolved organic matter in rainbow trout in the presence

and absence of copper:sodium uptake kinetics and unidirectional
flux rates in hard and software. Aquatic Toxicology 70:63-81.
https://doi.org/10.1016/j.aquatox.2004.07.005

Perschbacher, P. and W. Wurts. 1999. Effect of calcium and magnesium

hardness on acute copper toxicity to juvenile channel catfish,
Ictalurus punctatus. Aquaculture 172:275-280.
https://doi.org/10.1016/S0044-8486(98)00499-2

Okoye, B.C.0. 1991. Heavy metals and organisms in the Lagos Lagoon.

International Journal of Environmental Studies 37:285-292.
https://doi.org/10.1080/00207239108710641
Rehulka, J. 2003. Haematological analysis in rainbow trout

(Oncorhynchus mykiss) affected by viral hemorrhagic septicaemia

(VHS). Diseases of Aquatic 56:185-193.
https://doi.org/10.3354/dac056185

Singh, D., K. Nath, S.P. Trivedi and Y.K. Sharma. 2008. Impact of copper

on haematological profile of freshwater fish, Channa punctatus.

Organisms

Journal of Environmental Biology 29:253-257.

Singhadach, P., W. Jiraungkoorsku, T. Tansatit, P. Kosa and C.
Ariyasrijit. 2009. Calcium pre-exposure reducing histopathological
alteration in Nile tilapia (Oreochromis niloticus) after lead exposure.
Journal of Fisheries and Aquatic Science  4:228-237.
https://doi.org/10.3923/jfas.2009.228.237

Song, Y.F, Z. Luo, Q.L. Chen, X. Liu, C.X. Liu and J.L. Zheng. 2013.
Protective effects of calcium pre-exposure against water

environment cadmium toxicity in Synechogobius hasta. Archives of
Environmental ~ Contamination and  Toxicology  65:105-121.
https://doi.org/10.1007/s00244-013-9883-7

Spry, D.J. and J.G. Wiener. 1991. Metal bioavailability and toxicity to fish
in low-alkaline condition lakes: a critical review. Environmental
Pollution 71:243-304. https://doi.org/10.1016/0269-7491(91)90034-T

Takasusuki, J., M.R.R. Araujo and M.N. Frenandes. 2004. Effect of
water pH on copper toxicity in the neotropical fish, Prochilodus

scrofa (Prochildondidae). Bulletin of Environmental Contamination
and Toxicology 72:1075-1082. https://doi.org/10.1007/s00128-004-
0353-9

Thomas, S. and S. Egee. 1998. Fish red blood cells: Characteristics and

physiological role of the membrane ion transporters. Comparative

Biochemistry and Physiology 119:79-86.
https://doi.org/10.1016/S1095-6433(97)00404-2

Wurts, W.A. and P.W. Perschbacher. 1994. Effect of bicarbonate

alkaline condition and calcium on the acute toxicity of copper to

juvenile catfish (lctalurus punctatus). Aquaculture 125:73-79.
https://doi.org/10.1016/0044-8486(94)90284-4

Yadegar, N., M. Javaheri-Baboli, B. Sattari and A.P. Salaty. 2011. Effects
of copper sulfate and formalin on hematological parameters of

Barbus sharpeyi. Journal of Veterinary Laboratory Research 3:109-
118.


https://doi.org/10.1300/J028v18n03_02
https://doi.org/10.1016/j.aquaculture.2006.12.020
https://doi.org/10.1111/j.1095-8649.1973.tb04510.x
https://doi.org/10.1016/j.aquaculture.2005.05.018
https://doi.org/10.1016/j.cbpc.2003.11.004
https://doi.org/10.1016/j.ecoenv.2011.10.007
https://www.sciencedirect.com/science/article/pii/074284139290080Q#!
https://www.sciencedirect.com/science/article/pii/074284139290080Q#!
https://doi.org/10.1016/0742-8413(92)90080-Q
https://doi.org/10.1007/BF00203008
https://doi.org/10.1155/2013/184360
https://doi.org/10.1016/j.aquatox.2004.07.005
https://doi.org/10.1016/S0044-8486(98)00499-2
https://doi.org/10.1080/00207239108710641
https://doi.org/10.3354/dao056185
https://doi.org/10.3923/jfas.2009.228.237
https://doi.org/10.1007/s00244-013-9883-7
https://doi.org/10.1016/0269-7491(91)90034-T
https://doi.org/10.1007/s00128-004-0353-9
https://doi.org/10.1007/s00128-004-0353-9
https://doi.org/10.1016/S1095-6433(97)00404-2
https://doi.org/10.1016/0044-8486(94)90284-4

