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Determination of LCso of Copper Sulphate for a
freshwater Carp, Labeo rohita
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Abstract-Aquatic pollution is considered as a major issue due to its detrimental effects on both aquatic and terrestrial organisms including
human beings. Several industries are directly discharging the pollutants such as heavy metals into the water bodies without any prior
treatments especially in developing countries. Heavy metal such as copper cause toxicity and adverse impact on fish health. The aim of
present study was to determine of behavior and 96 hour lethal concentration (LCso) value of copper sulphate for the freshwater fish, Labeo
rohita (rohu). The fingerlings of L. ohita with average total length + standard deviation (SD), 13.843 £ 1.162 cm; average weight = SD,
24.38 £ 4.516 g were taken in six groups having 10 individual in each. Fish specimens were exposed to copper sulphate as 0, 1, 2, 3,4, 5
and 6 mg/L for 96 hours after acclimatization. Mortality and behavior of fish was recorded. The irregularity in swimming, loss of balance
and excessive body secretions was seen in copper sulphate exposed fish individuals. The lethal concentration value of copper sulphate for
the fish, L. rohita was estimated as 1.60 mg/l. The current results provide acceptance limit of maximum quantity of copper for L. rohita.

The pretreatment of industrial effluents was recommended before discharge.

Index Terms: Toxicity, copper sulphate, Heavy metal, Fish, Labeo rohita,

l. INTRODUCTION

eavy metals are persistent and continuous

environmental contaminants that can produce a variety

of dysfunctions in target tissues of exposed animals [1].
Heavy metals are well-known for their carcinogenic and other
toxicological consequences [2]. The phrase "heavy metal” refers
to metalloids that can cause toxicity in human beings, animals,
and the entire environment [3]. The cadmium, copper, lead,
nickel, chromium, zinc, arsenic and mercury are primary heavy
metals. Some critical metals (iron, zinc, copper, and so on) are
required in biological systems, but their excessive usage is
harmful [4]. While lead, mercury, cadmium, and other non-
essential metals even at trace levels are hazardous to biological
systems [5]. In short, most of the heavy metals are hazardous to
life and environment. Metallic components enter into the body
of animal or human and are accumulate in different body organs
mostly in skin, hair, brain, lungs, adrenal gland, liver and
kidneys. The interactions of heavy metals with enzymes,
hormones and proteins impair the regular activities of enzymes
and hormones in a variety of ways. They can create stable
compounds with proteins, hormones and enzymes [6].
Environmental contamination has been one of the most
catastrophic crises confronting human life in recent decades.
This involves contamination of the land, air, and water.
However, due of the inter play of numerous contaminants that
occur in the aquatic environment [7]. The assessment of
pollution in aquatic ecosystem is not easy as compared to the
land and air [8]. Pollution caused by organic and inorganic
pollutants and heavy metals has harmed both farmed and wild
fish. Fish are rich source of proteins and one of major
component of food web; humans depend upon fish directly and
indirectly for protein [9]. The accumulated metals in tissues of
body organs made them an ecological marker for pollution [10],
[11], [12], [13].
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Fish is a good source of protein and utilized world widely as a
healthy food [14]. The forming of common carps are promoted
in all over Asia including Pakistan and most areas of Europe
[15], due to their economic importance. The industrial or
agricultural effluents have sever heavy metals and increase the
level of pollutants in rivers, lakes and oceans which have toxic
effect on fish health [16]. The development in the field of
industrial and agriculture discharged the industrial effluent
without any treatment in the water bodies is a major cause of
aquatic pollution in Pakistan that are harmful for fish health [7].
Heavy metals are discharged into the water system through
anthropogenic behavior of human that beyond the permissible
limits [17]. The insistence of heavy metals in water bodies can
have long-term effects on biogeochemical cycling, which can
have a major influence on fish development [18]. Organic
pollutants induce bacterial and viral growth and have an impact
on the fish population [16]. Heavy metal toxicity in fish is
multifaceted, manifesting as multiple alterations in the
physiological and chemical processes of their bodily systems
[19]. Fish may absorb substantial levels of heavy metals from
contaminated water [20] and are thought to be a good indication
of pollution caused by heavy metals in aquatic ecosystems [21],
[22], [23].

Copper, considered as essential trace metal for life and it is
found in natural waters, sediments, air and soil [24], [25].
However, it would become toxic to organisms as the
concentration of Cu crossed the permissible limit in an aquatic
ecosystem, it increased free radicals production in the body [26],
teratogenicity [27] and chromosomal aberrations [28].
Moreover, copper become a stressor agent at higher
concentration that can impair the biological functions and cause
some pathological changes in tissues [29]. Histopathological
alterations in animal tissue, particularly fish tissue, are strong
predictors of past exposure to aquatic environmental stresses.
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Furthermore, because it permits the recognition of particular
organelles, cells and organs infected in vivo, histopathological
study showed the outcome of detrimental biochemical and
physiological alterations in an exposed individual. Copper' has a
fatal impact either directly or indirectly on aquatic species. The
gills of a fish respond directly to the water pollution and to be
impacted by copper firstly, because copper has the potential to
control the circulatory and neural systems of fish, it may have
an effect on them once it accumulates in the gills. The
accumulated copper may have an effect on the circulatory and
nervous system of the fish due to the ability to control the in and
out transportation of salt (NaCl). In addition, copper can affect
the reproduction in many fish species by decrease the
production of sperm and egg e.g. fathead minnows [30]. The
metabolism of glucose and cellular composition of fish was
affected by copper [29].

The different level the bio-accumulation of copper different
body organs showed diverse histopathological alterations in
fish. The gills of a fish are the first organ that accumulates
heavy metals at a higher level as compared to the concentration
deemed toxic through assimilation along the gill surface and gut
tract wall [31]. Heavy metals accumulated in the gills were
affected the respiration and osmoregulation processes were
disturbed due to the accumulation of metals in gill tissue that
cause damage to gill cells [32], [33]. Copper also has
histopathological impact on liver tissue; the liver is one of the
most vital linked with the detoxification and biotransformation
process [34].

The lethal concentration of metals may fluctuate from fish
species to species and its toxic impact also varied from organ to
organ [35]. The long term consumption or use of contaminated
fish with toxic metals shows several adverse effects [36], [37],
[38]. As Labeo rohita have higher demand of consumers in
Punjab, Pakistan, the present study was aimed to find out the
tolerance limits of Labeo rohita against the toxicity of copper to
propose measures about their sustainable protection.

1. MATERIALS AND METHODS

A. Fish samples and acclimation conditions

The healthy individuals of Labeo rohita with average total
length + standard deviation (SD), 13.843 + 1.162 cm; average
wet body weight + (SD), 24.38 + 4.516 g were purchased from
local Fish Seed Hatchery, Lahore and transported to the Fish
Biology laboratory, Institute of Zoology, University of the
Punjab Lahore.

Prior to the experimentation, the specimens were acclimated in a
laboratory conditions after stocking in glass aquaria containing
tap water for 14 days to minimize stress in fish specimen.
Water quality parameters viz., temperature 20+1 C, dissolved
oxygen 7.3 mg/l and pH 7.8 were recorded .using APHA [39].
Fish were fed twice a day for the period of acclimatization under
constant photoperiod of 12D:12L in the laboratory.
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B. Test chemical and stock solution

The copper sulphate CuSO4.5H20 (Sigma Aldrich) was used in
this study to determine the lethal concentration (LCso) of
copper. Stock solution of CuSO4.5H,O was prepared in
deionized water and maintained the essential concentration in
experimental aquaria.

C. Experimental design

The fish specimens were grouped in to six groups (1, 11, 11, 1V,
V and VI) having 10 individuals in each group. Groups Il to V |
were exposed to CuSO4.5H0, as 1 mgL?, 2 mgL?, 3 mgL?, 4
mgL*and 5 mgL~, respectively for 96 hours, while group | was
free of copper as a control. No food was provided during the
experiment under constant temperature which was maintained at
30 °C. The water of each group was changed by maintaining the
desired concentration of copper salt. The physico-chemical
parameters of water were monitored throughout the
experimental period after 12 h intervals following APHA [39].

D. Determination of 96 h-LCso of Copper Sulphate

The fish mortality was noted at 12, 24, 48, 72 and 96 hours and
the LCsp was estimated employing Probit analysis [40]. The fish
behavior also monitored at 12, 24, 48, 72 and 96 [41].

1. RESULTS AND DISCUSSION

In current study, fish exposed to copper sulphate for 96 hours
demonstrated aberrant behavior such as irregular swimming and
loss of balance during the first hour. Fish congregated at the
surface and struggled to breathe. They were drowsy, and mucus
material was released throughout the body. The copper sulphate
exposed fish specimens appeared on water surface more
frequently than the control fish. The control group showed no
discernible behavioral changes (Table 1). The fishes' behavioral
response to copper sulphate revealed that they were worried and
restless. Copper sensitivity is determined by the movement of
fishes in water body, homeostatic regulation of its intake,
excretion and storage [42], the regulation of membrane
permeability, and the ratio of permeable membrane to body size
[43]. Boisen et al. [44] reported that marine fish were usually
showed less sensitivity to water borne copper exposure than
fresh water fish. Similar changes in different fish species were
observed with exposure to other metals. Yakoob et al. [45]
reported the behavioral changes in Chromium exposed Catla
catla, Labeo rohita and Cirhinus mrigala. The observations of
Mishra and Mohanty [46] also support our results as they
reported the changes in behavior of fish exposed to hexavalent
chromium.

The mortality with response to toxic impact of copper,
expressed in acute toxicity bioassays of copper sulphate for 96
hours of L. rohita was noted. In the group Il (2 mg/L) during the
96 hours acute exposure, 7 fish died. While in all other groups,
I, 11, 1V, V and VI groups (1, 3, 4 and 5 mg/L respectively), all
fish had died. There is no mortality were observed in the control
group (Table 2). The might be associated with damage of
respiratory epithelium. It is main cause of mortality as oxygen
culminates in the development of a mucus layer over the gills of
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fish. Boeck and Opdecam [47] noted decrease in oxygen
contents of the water during the acute exposure of waterborne
Cu for Cyprinus carpio. The limits of fish to tolerate the specific
heavy metals directly interlinked with various feature i.e. pH,
alkalinity, temperature and total hardness as a species specific
ability of survival under various concentration of metallic
toxicity [48].

Table 1: Impact of the Copper sulphate on the behavior of
Labeo rohita

Group
Parameters ; . )
II III Inh 1 VI

loss of balance -  + + +H
Hyperactivity — o+ o+ 4 4t
rate of

immi + +  + A
swimming
Convulzion -+ + o+
Secretions - + o+
Q‘W i + R R
activity

(+) mild, (++) moderate, {+++) strong, (—) None.

Table 2: Effects of different concentration of Cuso4.5H20 on
Mortality rate at different time period (12 — 96h).

Mortalsty a¢
Groups -‘;::l?::- -\;‘»’-:l R : ::: 'T‘ '::; \[M:zllry Probit
Conc.  exposed 12 oy ighe TIhr O6hr Gk Bah (%) ol
Mg1) 10 Cu br
( ) 0 | )
u I ( K 10 Il ( 1K
i (
v 3 10 5 0 10 10 1 10 0 100
H a 10 1o 10 10 1 0 0]
Vi S i 6 9 10 10 10 10 0 100

During this study, the 96-hours LCso of copper sulphate for the
L. rohita was recorded to be 1.60 mg/L (Fig. 1). The regression
line expressed the relation between the Probit kill of fish L.
rohita (mortality percentage) and log concentration of copper
sulphate.(Fig. 1). Similarly, the median lethal concentration
(LCs0/96hrs) by using Finney's Probit analysis for Labeo rohita
(embryonic and larval, Swim-up fry, advance fry, and
fingerling) was estimated and reported 0.37, 0.75, 1.07, and 1.34
ppm respectively. These findings support the present result. The
sensitivity of fish was varied for species and metals and its
concentration. Earlier researchers reported as LCso value of
copper sulphate for Labeo rohita were 0.56 mg/l and 3.15 mg/I
[50], [51], 96 hours LCso of Lead Nitrate 378 mg/l was found
for Clarias batrachus and 2.624 mg/l was estimated for
Cyprinus carpio [52], [53], [54]. There are variations in the
value of LCso of same heavy metal was observed. Das and
Banerjee [55] described that heavy metal have showed heavy
toxic effects to some fish less toxic for another species and
similarly the fish species showed the high sensitivity towards
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toxicity of one metal and less sensitivity against the toxicity of
equally toxic heavy metal at the same concentration [56].

Fish are comparatively very responsive to the alterations in their
adjoining surroundings. Fish health is a good indicator for a
specific aquatic ecosystem to estimate the pollution. Early toxic
effects of pollution such as significant changes in fish behavior
or external appearance may be evident on cellular or tissue
level.

Figure 1. The regression line between the log concentration of
copper sulphatea and probit kill of Labeo rohita.

The freshwaters plays a vital role in the production of fishes,
prawns and crabs. But the sources of freshwater are
ecologically worsening due to the untreated industrial
discharges [57]. The entry of industrial effluents in the water
bodies was harmful to fishes. The decline of fishes has been
recorded in riverine systems due to receiving various pollutants.
Abnormal physicochemical features of industrial discharge are
accountable for death of fishes [58].

Iv. CONCLUSION

In the aquatic ecosystem, some organisms were sensitive to high
concentrations of heavy metals which cause harmful effects on
them. It is helpful to find out the acceptable level of a toxicant
in an ecosystem. The current study reported the 96-hours LCso
of copper sulphate (1.60 mg/L) for the L. rohita. An acute
toxicity assessment can provide information about the state of
an aquatic ecosystem and eventually assist in the formulation of
policy recommendations for its preservation. It aids in the
assessment of the harm that contaminants do to the environment
and the development of water quality standards to save aquatic
life.
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