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Heavy metals are metals that have high-density and are non-biodegradable. Among all
pollutants, heavy metal pollution is the most serious. Ompok bimaculatus is a freshwater fish
that belongs to cat family. Objective: To estimate concentration of six heavy metals (Copper,
Ferric, Cadmium, Chromium, Nickel and Lead) in water, sediments and some organs (gills, fins
and muscles) of fish collected from river Ravi. Methods: The accumulation level was recorded
throughatomic absorption spectrophotometer whereas, physiochemical parameters were also
studied through testing water quality. Results: The heavy metal analysisindicated that the level
of Fe was maximum in water and sediments followed by Niand Pb. Other metals, Cuand Cr were
also above permissible standards for drinking water. Further metal concentration was lower in
bank water of river than inthe main stream. The gills have higher metalaccumulationlevel which
is most likely due to direct contact with water followed by fins and muscles. The pattern of
accumulation was Cadmium < Chromium < Nickel < Cupper < Lead < Ferricin fish organs. Higher
concentrations of ALP and ASP than reference value which showed that the metal pollutants
had started damaging the fish organs. Conclusions: In conclusion, the accumulation of all
studied metals was higher in water and sediments than WHO permission standards. Same was
true in the case of studied fish organs. Further, metals also fluctuate the hematological
parameters of 0. bimaculatus.

INTRODUCTION

Ompok bimaculatusis a catfish. Its statusisan endangered
fish species [1]. This fish is present in south Asian
countries. This fish is highly nutritious and delicious,
because its meat is soft and contain high concentration of
lipoprotein [2]. The population of O bimaculatus reduced
dramatically in recent years [3, 4]. The metals which have
high-density and non-biodegradable metallic elements
and have long lasting effect have serious problem. Heavy
metals mixed with water through public sewage,
agricultural waste and industrial waste. These effluents
leached into groundwater or release in riverine water
through runoffs water [5]. Metals accumulated in aquatic
environment and reach to the aquatic biota [6]. The

increased concentration of heavy metals are endangered
for some species and cause their extinction of some
aquatic species[7]. Metals accumulate in different organs
through gills and feeding contents taken up by fish [8].
Heavy metals cause cancer and mutation and also cause
disease [9]. For example, mis-regulation of iron
metabolism leads to neurodegenerative disease [10].
Organs which canbe most commonly affected by over dose
of iron (hemochromatosis) are the liver, heart, and
endocrine glands [11]. Some specific islet beta cells of
pancreas cause diabetes[12]. Nickel targets kidney, lungs,
liver and cause multiple toxic effects after entering the
body. Nickel is also a harmful carcinogenic substance.
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Some other diseases are also caused by nickel including
apoptosis, breast cancer, infertility, lung cancer and
fibrosis [13]. An exposure to high amount of lead in short
time can cause lead poising. The accumulation of lead
effects brain firstly. Symptoms of excess may include
irritability, constipation and memory problems. Excess
accumulation of heavy metals may also lead to infertility
[14]. Wilson's disease caused by accumulation of copper
[15]. Accumulation of copper also cause some liver
disease. Accumulation of cadmium increased blood
glucose level and cause diabetes. Cd had direct cytotoxic
effects on pancreas by decreasing insulin levels [16].
Accumulation of excess chromium causes chromium
toxicity. The symptoms of Chromium Toxicity include ulcer,
renal failure, vomitingand nausea. The aim and objective of
present study was to determine toxicological effect of
heavy metals on sediments, water quality and evaluate the
accumulation in different organs of fresh water fish O.
bimaculatus.

METHODS

Water and sediment samples were obtained at several
locations along the Ravi River(main stream and river bank).
Water samples were taken usingaVan Dorn Bottle Sampler,
while sediment samples were gathered using a steel pipe 3
feet deep. From each location, three 0. bimaculatus
specimens were collected. On the spot, the fixation of
dissolved oxygen (D.0) in water was measured. Standard
procedures were used to measure pH, temperature, total
solids (T.S), and TDS. Water samples were collected in
plastic bottles and acidified with laboratory grade Nitric
acid (HNO3) at pH2. Sediment and fish samples were also
storedinzip lock plastic bags and transported in anicebox.
FAO Technical Paper No. 212 was used to arrange the sub
samples. Fish was partially melted for metal analysis, and
each specimen (fish) was dissected with a stainless steel
blade. Theinvestigationused separated samples of 2-5 g of
kidney, muscles, and gills. At 100 °C, fish samples were
dissolved in pure Nitric acid and per chloric acid for gills 4:1
till the solution was transparent. Deionized distilled water
was used to create the needed solution. To obtain a
sediment sample, 4-5 g of sediment was dried inan oven at
100 °C for 48 hours. The dried sediment samples were
passed through a conventional screen mesh to eliminate
bigger particles. In addition, 1 g of each sediment sample
was transferred to a 100 mL quartz tube and placed on a
heated plate before being digested in HCI (1:3 v/v) and
concentrated HNO3. The quartz tubes had been cooled.
The Atomic Absorption Spectrophotometer was used to
examine the buildup of Cadmium, Copper, Lead,
Chromium, Ferric, and Nickel in samples. The results were
given in mg/L and pg/g. This index is widely used for
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calculation of actual values of heavy metal pollution with
respect to the approved limit for standard discharge of
environmental pollutantinto water[17]. The pollution index
of heavy metal individual was estimated by the following
formula:
Measured concentration of individual heavy metal
Standard permisible concentration of heavy metal

According to Estiarte et al. and Michell et al., the actions of
the ACP and ALP enzymes were observed. This method
used 0.75 ml of pH-5 CH3COONa buffer as the reaction
mixture [18, 19]. Then 0.25 ml of 5 mM p. nitro-phenyl
phosphate was added. This mixture served as the
substrate, and 0.5 cc of enzyme was added once more. The
entire mixture was reduced to 1 mlin volume. the reaction
mixture was incubated at 37°C for 30 minutes. The
substrate mixture for ALP contained 0.5 ml of buffered
glycine with a pH of 7.8, 0.2 ml of 10 mM MgCl2, and 0.25 ml|
of 5 mM p.nitro-phenyl phosphate. Finally, the reaction
mixture was diluted to 1 ml and incubated at 37°C for 30
minutes after adding approximately 0.05 ml of the enzyme.
The activity of both enzymes was monitored using a
Synergy Multi-Mode Microplate Reader. The activity was
calculated using the coloration (measurement of yellow
colour) of p. nitro-phenol. Tukey's pairwise comparison
test was used to compare the average and standard
deviation of three replicates. Heavy metal concentrations
were calculated using the standard curve approach in
Microsoft Excel(V.10).

RESULTS

The current study was planned to record heavy metals
concentration in water, sediments and different organs
(qgills, Muscles, Fins) of fish. Water physicochemical are
listedinTable.

Table 1: Physiochemical parameters of water sampled in raver
Ravi

Sampling season Winter

Temperature(°C) 15.29+0.24
pH 8.47+0.55
Hardness (mg/L) 149.61+10.07
Dissolved Oxygen 3.13+0.44
Alkalinity (mg/L) 399.57+10.64
Biological oxygen demand (mg/L) 2.47+0.37
E.C(uScm-1) 290.75+15.50
Total dissolved solids (mg/L) 232.20+20.60
Turbidity 45.86+2.61

The heavy metals accumulation in water are represented
in Table 2
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Table 2: Heavy metals accuulation in water of river

Metal Main stream Bank WHO
Ni 0.043+0.005 0.036+ 0.001 0.07
Fe 1.567+0.29 1.44+0.24 0.10
Cd 0.41£0.049 0.39+0.019 0.03
Cu 0.151+0.022 0.081+0.002 2
Cr 0.081x0.014 0.075+0.0023 0.05
Pb 0.25+0.03 0.23+0.03 0.01

Concentrations of heavy metals in sediments are
presentedinTable 3.
Table3: Accumulation of heavy metalsinsedimentsof river

Metal Main stream Bank WHO Standard
Ni 182.61+8.58 162.44+10.23 30+1.0
Fe 12195+229.5 9196+266.6 7480+300
Cd 1.98+0. 06 1.76+0.005 0.6
Cu 31.51+1.22 28.48+1.50 31+1.0
Cr 39.4041.14 36.21+2.5 67+1.0
Pb 137.85+ 8.56 117.3148.61 20

According to WHO standard the water having heavy metal
pollution index greater than 1is not suitable for drinking.
The populationindex of nickel, iron, lead and cadmium was
far greater than 1 and chromium has pollution index less
than 1in sediments. Whereas, copper had greater
population index in main stream while less in bank and the
waterwas contaminatedasshowninFigure 1.
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Figure 1: Comparison of pollution index bewteen sediments of
mainstreamand bank water
Pollution Index was greater than 1 for iron, cadmium,
chromium, lead and nickel while, copper have less than 1.
Pollutionindex of water was presentedinFigure 2.
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Figure 2: Comparison of pollution index bewteen water of main
streamandbank water

Bioaccumulation of six heavy metals in gills, fins and
musclesof 0. bimaculatus showninFigure 3 & 4.
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Figure 4: Accumulation of metals(Cr, Pb)infishorgans
The reference value of ACP and ALP were 35.90 and 32.90
respectively. Results of present study indicated that the
value of ACP and ALP were 84.73 and 60.01 respectively
which were much higher than reference value. The higher
values suggest that high pollution level started the damage
infishorgan have beeninitiated asshowninFigure5.
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Figure5: Level of ALPand ACPin fishblood
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DISCUSSION

Heavy metal pollution was researched in terms of buildup
at Marri Pattan on the Ravi River. Metal concentrations
were determined in the water, sediments, and organs of 0.
bimaculatus fish. Estimating waste levels and
accumulation potential in some aquatic organisms is
critical for successful waste management in river water
[20]. Cadmium is mostly obtained from rechargeable
nickel-cadmium batteries. Cadmium secretioninwater has
increased considerably due to two factors. The first is that
cadmium-containing items are not recycled and are
instead discharged into water. The other reason is
cigarette smoking, however nonsmokers are also affected
by diet[21]. My resultis supported byAhmad et al., he found
the almost same results of physiochemical parameters of
water[22]. Two sample locations, namely the main stream
and the bank water, were chosen for this study's quality
characteristics and water analysis of Ravi water. BOD, total
hardness, water temperature, TDS, turbidity, carbon
dioxide, water current, and phosphate were among the
water quality metrics measured. Total alkalinity, chloride,
conductivity, and nitrates are all factors to consider. In
terms of value, all parameters were greater. Four variables,
however, dissolved oxygen and pH, were mild. These
results are interrelated withSanap et al. who described the
similar trend of water quality measurements in India's
Gudwan river [23]. The average water temperature was
below the WHO maximum range of allowed values. The total
stiffness, Dissolved Oxygen and pH were linked to Jindal
and Rumana [24]. Gurumayum et al. Recorded the similar
values of these water parameters [25]. The measured
concentrations of some heavy metals were in following
order: Fe>Cu>Cr>Pb>Ni>Cd. The build-up of Niand Cu was
documented in accordance with the WHO standard (2008
and 2011). A greater nickel content could be harmful to
aquatic life, lowering, for instance, skeletal calcification
and gill diffusion capacity [26]. Ni may be found in
electroplating, ceramics, storage batteries, steel
manufacturing, and glass dyeing and colouring. The Ni
content of river water is increased by all of these sources.
Given that Cu has potential to kill aquatic life, various
mitigating measures are necessary to reduce Cu intake
into water [27]. Higher concentration of Cd were
measured. Alkaline batteries, industrial electroplating, and
disruption of plant metabolic systems were the main
contributors to this high level [29, 30]. The concentration
of Cr metal in the main stream was higher than in the bank
water. Furthermore, it was found to be above WHQO's
allowed levels. Brraich and Jangu recorded that higher Cr
levels may be attributable to Cr emission in wastewater
from various tanneries or other industrial processes [27].
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Jindal and Sharma reported that effluents with high Cr
concentration be treated before discharge into riverine
water [38]. Lead levels were found to be substantially
higherthanthe WHO permitted limitsin main stream water.
Brraich and Jangu (2015) reported that It may have been
caused by effluentsfromanumber of sectors, including the
production of Pb-coated items, refinement, and the paint
industry [27]. With WHO (2011) reference allowable levels,
almost all heavy elements, especially Cr, Pb, and Fe, were
much higher than the safe water maximums. Heavy metal
concentrations in water varied greatly. Heavy metal
concentrations were projected to be higher prior to the
monsoon season. Heavy rainfall generates a considerable
amount of trash in the form of runoff water [28, 30, 31].
Tabinda et al. discovered that there was a substantial
correlationbetweenwaterand the buildup of Cu, Fe, Cr, and
Ni in River Ravi sediments at Bloki Head Works,
demonstrating that these harmful metals resuspend from
the sediments into the water [32]. Same results were
recorded by Ahmad et al. in Labeo calbasu[22]. Due to the
fact that all industrial and municipal trash now directly
enters river water, it is possible to deduce from a
comparison of the two studies that the number of metalsin
the current research was higher than in the past. Fish
organs and tissues acquire more metals at greater levelsin
freshwater ecosystems, which ultimately accumulates in
the human food chain [33]. Playle concluded that fish
physiological equilibrium is negatively impacted by metals
in dissolved form because they are radially available to fish
[34].Fromm(1980)stated that stress that is both acute and
chronic can kill fish or accumulate in many organs [35].
Evaluation of the bioaccumulation patterns of harmful
metalsin diverse fish species, 0. bimaculatus, was another
important goal of the study. The findings indicated that
liver had the highest metal buildup. Heavy metal
accumulation in fins occurred between the gills and the
muscle. In muscles, the buildup was least. Fish that are
carnivores accumulate metals at considerably greater
rates. It could be brought on by eating contaminated
seafood and decomposing organic debris. The greatest
ferric concentration was measured at 97.56+4.20, copper
was 5.87+0. 59 lead 4.05+0.05, chromium 3.11+0.75 and
nickel 2.01x0.06. Only cadmium was a metal whose
concentration in muscles was lower than the benchmark.
Shivakumar et al. accompanied research on edible fish and
his findings showed that muscle tissue accumulated the
following amounts of heavy metals: Fe>Cu>Ni>Pb>Cd
respectively [36]. In this study two enzymes; ALP and ACP
also tested. These two enzymes are employed to identify
the illness. When liver or tumour damage initially begins,
these enzyme concentrations rise. The alkaline
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phosphatase test(ALP)isemployed for the identification of
liverillnessand bone diseases. Liverand bone problemsled
toarisein ALP levelsinthe blood[37]. Ahighlevel of ALPin
thebloodindicatesthe onset of one or moreillness, suchas
a tumour. Acid phosphatase, is a lysosomal enzyme,
present in the cells of the bone, spleen, kidney, liver, gut,
and blood. Organ damage and tumour growth began
somewhere in 0. bimaculatus' body because the
concentration of these two enzymes was higher than
reference levels.Ahmad et al. also reported the higher ALP
and ACPlevels[22].

CONCLUSIONS

It was determined that the levels of Fe and Pb in Pakistan's
riverine system were higher than those of other metals.
Compared to all other organs, the concentration of all
heavy metals was higher in the gills. In all fish organs, the
order of metal accumulation was Fe >Pb >Cu > Ni>Cr>Cd.
Additionally, flowing water had a substantially higher
concentrationof heavy metals thanbank water.
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