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ABSTRACT

This study was conducted in the River Panjkora, Pakistan, in order to assess the level of heavy metals accumulated in
the liver, kidneys, gills and muscle tissues of three highly consumed fish species by the local community, Garra
gotyla, Cyprinus carpio and Cyprinion watsoni. The heavy metals including manganese (Mn), iron (Fe), chromium
(Cr), zinc (Zn), lead (Pb), cadmium (Cd) and nickel (Ni) were determined in the collected fish specimens through an
atomic absorption spectrophotometer. Level of heavy metals significantly varied depending upon tissues type and fish
species. Cyprinus carpio accumulated highest concentration of heavy metals, followed by Garra gotyla while
Cyprinion watsoni accumulated least concentration of heavy metals. All the three species displayed significant
differences in level of accumulated heavy metals. The order of accumulation in tissues was
gillssmuscles<kidney<liver. Cd and Ni were not detected in all collected specimens while Mn was not detected in the
tissues of Cyprinion watsoni collected from the reference site.
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INTRODUCTION

Different natural sources and anthropogenic
activities lead to heavy metals pollution [1-2].
However, in fluvial environmental setup, it may be
a result of geologic weathering, atmospheric
deposition or discharge of industrial, residential,
municipal and agricultural discharge [3]. Heavy
metals distribution in sediments, adjacent to
settlements, may provide evidence of the impacts of
anthropogenic activities on ecosystems. The
accumulation of heavy metals in sediments plays a
predominant role, and its consequences affect local
communities in general and water quality of the
river specifically, which is home for a number of
edible aquatic organisms. Many invertebrate
organisms use sediments as their food source and
may accumulate toxic metals, a threat to many
healthy species at the top of the food chain,
specifically fish, birds and human beings [4].
Moreover, the repossession of the metals from
contaminated sediments of the rivers or streams
poses a substantial risk to local masses via fish
consumption or through the remobilization of
metals into crops from agricultural lands [5]. The
presence of these metals in higher amount or in over
permissible limits threatens the health of aquatic
animals as well as terrestrial ones including men
[6]. Certain heavy metals such as iron, zinc and
copper are necessary for metabolism in fish,
whereas others, such as lead, cadmium and mercury
play no identified role in the fish biological system
[7]. For maintaining normal metabolism, essential
metals must be present in optimum concentrations
and taken up from sediments, food and ambient
water. However, like the essential ones, the non-
essential metals are also taken up and accumulated
in different tissues of the fish. Previous studies
conducted in both laboratory environments as well
as in the fields revealed heavy metal accumulation
in various concentrations in different fish tissues,
primarily dependent upon exposure period and the
concentrations of the heavy metals in the ambient
water, though other environmental factors
including temperature, hardness, pH and salinity
also play a key role [8]. Accumulation of the heavy
metals in fish is also dependent upon size, sex, life
cycle, feeding behaviour, capture season and
ecological needs of the fish [1-2].

Fish is considered as the best sentries for the
investigation of an environmental health and the
pollution status of the aquatic ecosystems [9].
Heavy metals accumulate in the food chain, and
adversely affect fish. Consequently, it sometimes
leads to mass mortality [10] or alters the
physiology and biochemical aspects of the fish [11].
On account of its economic worth and public health
value, research regarding heavy metal contents in
fish tissues has been carried out in different parts of
the world as well as Pakistan [12-15]. Studies
conducted on river Kabul revealed the presence of
heavy metals in different fish species including Tor
putitora, Ompok bimaculatus,  Aorichthys
seenghala, Cyprinus carpio, Labeo dyocheilus and
Wallago attu in a higher concentration than the
permissible limits [16-18]. Many recent studies
reports the presence of heavy metals in various fish
species from different parts of the country [19-21].
Keeping in view the current scenario of an increase
in heavy metal concentrations in different
freshwater bodies in Pakistan, and the increasing
risks associated with consumption of fish having
higher concentrations of toxic metals, the current
study was carried out to determine concentrations
of different heavy metals in the kidneys, liver, gills
and muscle tissues of three highly consumed fish
species (Garra gotyla, Cyprinus carpio and
Cyprinion watsoni) from the river Panjkora,
Pakistan.

MATERIALS AND METHODS

2.1 Study Area: District Lower Dir is situated at 71°,
31’ to 72°, 14’ east and 34°, 37’ to 35°, 07’ north,
respectively in the Hindukush range (Ullah and
Ahmad, 2015) and is about 2700 feet above sea
level. It is bounded to west by Bajaur Agency
(FATA) and Afghanistan, to east by Swat district,
to south by Malakand district and to north by the
Chitral district [22]. River Panjkora originates from
Kohistan Upper Dir district and flows through the
Lower Dir District, dividing the districts into two
halves, and later on joins river Swat at Sharbati,
Bosag pull, behind District Malakand. River
Panjkora is composed of five main streams in
Upper Dir district, while two streams in Lower Dir
district [Fig. 1].
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Figure 1: Sampling sites within the study area in river Panjkora at Lower Dir district

2.2 Sampling and analysis: Nine specimens of each
species, from two distinct and highly populated
areas (Khall:  Upstream and  Timergara:
Downstream) of the district, and a pollution free as
control site (Konhaye stream: a tributary joining the
Panjkora river at Koto) were collected. The fish
were shifted to the research laboratory after
washing with tap water and dissected plastic knife.
The kidney, muscles, liver and gills samples were
weighed, packed properly and froze at -20°C for
analysis. “The tissue samples were thawed at room
temperature before analysis. Approximately 1 g
(gills, liver, kidney and muscle) was weighed in an

Erlenmeyer flask and digested with 5 ml Perchloric
acid and 15 ml HNO3 on a hot plate until brown
fumes ceased to evolve, then samples were cooled
at room temperature, diluted with 50 ml distilled
water by following [21]”.

2.3 Analysis of fish samples

Samples of gills, kidney, liver and muscle of Garra
gotyla, Cyprinus carpio and Cyprinion watsoni in
triplicates were analysed by following the methods
as described by [1-2]. Heavy metals including
manganese (Mn), iron (Fe), chromium (Cr), zinc
(Zn), copper (Cu), lead (Pb), cadmium (Cd) and
nickel (Ni) were detected by using Atomic
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Absorption  Spectrometer  (Z-2000  Hitachi).
“Sample of fish organs viz. gills, liver, kidney and
muscle were digested, separately with concentrated
nitric acid. 0.5 gm of each sample was taken in a
100 ml tube and 3 ml of concentrated HNO3s was
added. Samples were heated in tubes at 100, 150,
200 and 250°C on a hot plate for 1.0, 1.0, 1.0 and
1.5 hr, respectively. 2 ml of 1IN HNOswas added to
the residue and the solution was evaporated again
on a hot plate, continuing until sample was
completely digested and become colourless. The
sample was cooled and 10 ml of 1N HNO; was
added again. Digested sample was transferred to
500 ml volumetric flask to make the volume by
using the double distilled water. The digested
sample volume was filtered through 0.45 pm
Millipore membrane filter. The filtrate was
analysed for Mn, Fe, Cr, Zn, Cu, Pb, Cd and Ni
according to [1-2]”. The blanks and calibration
standard solution were also analysed in the same
way as for the samples. The instrument calibration
standards were prepared by diluting standard (1000
ppm) supplied by Merck, Germany. A known 1000
mg/l concentration of Pb, Cu, Fe and Cr solution
was prepared from their salts. All reagents used
were of analytical grade purchased from Merck,
Germany.

2.4 Statistical Analysis: Data from the experiment
were expressed as mean + standard error and were
analysed through one-way analysis of variance
(ANOVA) followed by LSD test using Statistix 8.1.
Level of significance was considered significant
statistically at P<0.05. Map of the study area was
prepared using ArcGIS V. 9.3.

RESULTS

Among the studied heavy metals, cadmium and
nickel were under detectable concentrations,
whereas the rest of the metals ranged in different
concentrations, both location and species wise. The
overall comparison revealed the level of heavy
metals was higher at downstream (Timergara)
followed by upstream (Khall), whereas the
minimum least concentrations were observed in
fish specimens collected from Konhaye stream
(reference site). Among the three fish species
highest concentration was recorded in C. carpio
followed by G. gotyla and C. watsoni. The order of
accumulation of heavy metal in tissues was
gillssmuscles<kidney<liver.

In Garra gotyla the order of accumulation of heavy
metals was detected as Mn<Pb=Cu<Cr<Zn<Fe and
Mn<Pb=Cu=Cr<Zn at upstream followed by
downstream and reference site. Ni and Cd were not
detected in any of the collected specimens from all
the three sampling sites (Figure 2). Heavy metals
accumulated in the kidney of G. gotyla in the order
of Mn<Pb=Cu=Cr<Fe<Zn,
Mn<Pb=Cu=Cr<Zn<Fe and Pb=Cu=Cr<Fe<Zn at
upstream, downstream and reference site,
respectively. Mn was not detected in the of G.
gotyla collected from control site (Figure 3). The
order of accumulation of heavy metals in gills was
Mn<Pb=Cr=Cu<Zn<Fe, Mn<Cu=Cr<Pb<Fe<Zn
and Cu=Cr<Fe=Zn at upstream, downstream and
reference site, respectively. However, Pb and Mn
was not detected in the gills of control fish (Figure
4). The order of accumulation in muscle tissues was
Mn=Pb<Cr=Cu<Zn=Fe, Mn=Pb<Cu=Cr<Zn<Fe,
and Cu=Cr<Zn<Fe at upstream, downstream and
reference site, respectively. Mn and Pb were not
detected in muscle samples of G. gotyla from
reference site (Figure 5).
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Figure 3: Concentration (g/g) of heavy metals in G. gotyla kidney
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Figure 4: Concentration (ug/g) of heavy metals in G. gotyla gills
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Figure 5: Concentration (ug/g) of heavy metals in G. gotyla muscle

In Cyprinus carpio Ni and Cd were not detected in
any tissue samples of fish collected from upstream,
downstream and control site. The order of
accumulation of heavy metal in liver of C. carpio
was Mn=Pb=Cu<Cr<Fe<Zn,
Mn=Cu<Cr=Pb<Zn<Fe and
Mn<Pb=Cu=Cr<Fe<Zn at upstream, downstream
and reference site, respectively (Figure 6). The
order of accumulation of heavy metals in the kidney
was Mn=Cu=Cr<Pb<Fe<Zn,
Mn=Cu=Pb=Cr<Zn<Fe and
Mn=Cr<Pb=Cu<Fe<Zn at upstream, downstream

and reference site, respectively (Figure 7). In gills
the order of accumulation of these metals was
Mn<Cr=Pb=Cu<Fe<Zn, Mn<Pb=Cu<Cr<Fe<Zn
and Pb=Cr=Cu<Fe<Zn at upstream, downstream
and reference site, respectively (Figure 8). The
order of heavy metals in muscle tissues of C. carpio
was Mn<Cr=Cu=Pb<Zn<Fe,
Mn=Cu=Pb<Cr<Zn>Fe and Pb=Cu=Cr<Fe<Zn at
upstream, downstream and reference  site,
respectively (Figure 9).
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Figure 8: Concentration (ug/g) of heavy metals in C. carpio gills
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Figure 9: Concentration (jg/g) of heavy metals in C. carpio muscles

Mn was not detected in the samples of Cyprinion
watsoni procured from control site. The order of
accumulation of heavy metals in the liver of C.
watsoni was as Mn<Pb=Cu=Cr<Zn<Fe,
Mn<Cu<Pb=Cr<Zn<Fe and Pb=Cu=Cr<Fe<Zn
collected from upstream, downstream and control
sites, respectively (Figure 10). In kidneys the order
of heavy metals was observed as
Mn<Pb=Cu=Cr<Fe=Zn, Mn<Pb=Cu=Cr<Zn<Fe
and Pb=Cr=Cu<Zn<Fe in fish collected from
upstream, downstream and reference  site,
respectively (Figure 11). The order of accumulation

of heavy metals in gills was as
Mn=Cr<Cu<Pb<Zn<Fe, Mn<Cu=Cr<Pb<Fe<Zn
and Cu=Cr<Pb<Fe<Zn at upstream, downstream
and control sites, respectively (Figure 12). The
order of accumulation of heavy metals in muscle of
C. watsoni, was remained as
Mn=Pb<Cu=Cr<Zn<Fe, Mn=Pb=Cr<Cu<Zn<Fe
and Cu=Cr<Fe<Z at upstream, downstream and
control site. Pb was not detected in the muscle
samples of C. wastoni collected from the control
site (Figure 13).
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Figure 13: Concentration (jg/g) of heavy metals in C. watsoni muscle

DISCUSSION

The fish species selected for the study was due to
their higher consumption rate and consumer
preference in the study area. The heavy metals were
selected due to their availability in the study area
and their potential hazards to both humans and
animals, terrestrial as well as aquatic. The studied
heavy metals detected in the tissues of the selected
fish species were within the suggested permissible
limits [23-25]. The higher concentration of Zn in

specimens collected from both upstream and
downstream might be due to the presence of rocks
and minerals across the district, while increased
concentration of Fe was observed in specimens
collected at downstream might be due to direct
disposal of sewages. A previous study also showed
higher level of heavy metals accumulation in the
tissues of Racoma labiata, Crossocheilus
diplocheilus and Schizothorax esocinus, at
Timergara as compared to upstream areas [1]. The
concentrations of Mn, Pb, Cu, Cr and Zn were
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higher in fishes procured from upstream compared
to the reference site which might be attributed to the
increased direct discharge of city wastes, effluents,
agricultural runoffs and domiciliary chemicals to
the river. It might also be due to the enhanced input
of wastes and effluents from the heavily populated
riverine areas including Rabat, Munjai, Odigram,
Haji Abad, Mian Banda and Balambat situated on
the banks of the river Panjkora. Among these sites
the last two are more important, as these are being
used as dumping site since very long for the
discharge of wastes from vegetable, crockery and
general markets of Timergara, the major city of the
district. The concentration of heavy metals in the
present study is much lower than those conducted
in other parts of the Khyber Pakhtunkhwa province
[16-18]. It might be due to the higher anthropogenic
activities resulting in dumping and input of heavy
industrial effluents and pollutants, domestic
sewages and agricultural run offs into those rivers.
Lower Dir district is not having heavy industries
and sources of municipal effluents. Therefore, the
concentrations of heavy metals were ranging under
permissible limits, thus apparently optimum for
human consumption. The comparison of heavy
metal concentrations is rather a difficultproposition
for different fish species, or even for the same tissue
of different fish species because of their feedings
habits, analysed tissue type, species growth rates,
and variation in their ambient environment
regarding the level and type of the water pollution
[26].

Generally, it is thought that uptake of heavy metals
takes place through consuming food or from
sediment and water. Those fish species that are
burrowing or bottom feeders accumulate heavy
metals from the sediments, however. their
efficiency of metals uptake might differ regarding
their metabolism, ecological needs and the
gradients of contaminants in their food, ambient
water and sediments and other factors including
interacting agents, temperature and salinity. It is
widely accepted that heavy metals accumulation in
substantial higher level might be very toxic to fish
specifically for young and egg stages on account of
their sensitiveness to pollution [12]. Liver, gills,
kidneys and gonads active tissues metabolically and
are the target organs of heavy metal accumulation
in higher level [27].

Among the species C. carpio accumulated highest
concentration of heavy metals, followed by G.
gotyla. The differences in concentration of
accumulated heavy metals might be due to the

variations in ecological needs, metabolism, age,
size, length, swimming behaviours and habitat of
the fish species [19, 28]. The variations might also
be attributed to the capacity of different fish species
of inducing metal binding proteins i.e.,
metallothionein. These proteins are produced in
higher amount in metabolic organs such as liver.
The highest amount of heavy metals was detected
in liver of all the three species, as compare to other
tissues, which might have enhanced the production
of metallothionein in higher amount to detoxify the
accumulate metals in higher concentrations [8].
The present study revealed that the level of heavy
metals in Garra gotyla, Cyprinus carpio and
Cyprinion watsoni were within the suggested
permissible limited suggested by various
International organizations. The river Panjkora can
bear the burden of sewage from the neighbouring
areas, but continuous increase in pollution, usage of
riverine areas as picnic spots, discharge of domestic
wastes and agricultural runoffs might lead to the
deteriorated environmental state of the river in the
future. Consequently, fish consumption from the
river might pose a threat, depending on industrial
and agricultural growth of the district. Further
studies for establishing the relationship between
fish growth and level of metal accumulation in the
river should be carried out occasionally, to know its
effects on the current population dynamics and
development of the fish species.

CONCLUSION

It has been concluded that the heavy metals were
ranged within the permissible limits and there is no
apparent threat in consumption of the fish from the
river. At present the river can bear the burden of the
sewage system but a continuous dumping of the
pollutants might lead to serious problems in the
future. Regular monitoring and implementing strict
environmental laws are recommended for avoiding
deterioration of the environmental state of the river.
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