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Bioaccumulation of Chromium, Nickle, Lead, Copper
and Zinc in the Skin of Tor putitora as an Indicator of
the Presence of Heavy Metal Load in River Kabul,
Pakistan*

ALl MUHAMMAD YOUSAFZAI AND A.R. SHAKOORI**
School of Biological Sciences, University of thejgh, New Campus, Lahore.

Abstract.- An investigation was undertaken on the bioaccurraradf nickel, lead, copper and zinc in the skin
of freshwater fishTor putitora from River Kabul. Fish samples were collected frRimer Kabul, thrice during the
month of August to February from two polluted si(eand I1) and were compared with the third fistmple collected
from the non-polluted Warsak Dam upstream the padlipart of the River Kabul. The skin of fish frquolluted
water had 12.8%, 67.2%, 28.6%, 25.5% and 8.5% ktor@mium, nickel, lead, copper and zinc at site$pectively
and 30%, 70.6%, 46.2%, 40.8% and 8.52% more chirommickel, lead, copper and zinc, respectivelyitat I$, than
those samples collected from Warsak Dam. The afleretal bioaccumulation in the skin was zinc >dleanickel >
copper > chromium.
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INTRODUCTION industries including 13 leather processing units
(IUCN, 1994). Similarly in the leather processing
city of Kanpur, for example, 175 factories regujarl
Water pollution due to heavy metals is a dump large amount of untreated heavy metals
major environmental problem in South Asia. The _directly into the Ganges.'AgricuIturaI contaminatio
explosion of the population living along the banks iS @lso a threat to the regions potable water suppl
of the rivers and their tributaries, combined vitils ~ Heavy metals like chromium, copper, zinc,
region's rapid industrialization and urbanizatibas ~ nickel, lead etc, are some of the major components
placed a growing stress on the region's waterof mdystrlal waste, wh_lch along vylth other p_rocluct
resources in recent years. Water quality has beeffom industrial operations are discharged into the
affected by a combination of factors including @duatic environment. These substances are toxic to
sewage and industrial wastes, gricultural run-off a @quatic life (EI-Rayis and Ezzat, 1986; Dallinger
salinisation intrusion. Pakistan, India and its & 1987; Duttonet al., 1988; Koeppet al., 1988;
neighbours  industrialized  rapidly  following Bowlby et al., 1988; Ruporellaet al., 1988).
independence in 1947, often in an environmentBioaccumulation of these metals is known to
without significant regulation. Industrial growth adversely affect liver, muscle, kidney and other
quickly outstripped existing infrastructure, ane th tissues of fish, disturb metabolism and hamper
poverty of the regional governments has precludedievelopment and growth of fish (Spehar, 1976;
the development of adequate sewerage containmertnadonet al., 1984; Kadiiskeet al., 1985a,b; Birge
and waste disposal facilities. As a result, manyand Black, 1980.). _
industrial wastes are discharged directly into the ~ Metals have the tendency to accumulate in
environment. River Kabul receives untreatedVvarious organs of the aquatic organisms, especially

effluents from a large number of large andsm fish (Buhleret al, 1977), which in turn may enter

into the human metabolism through consumption

causing serious health hazards (Petelal., 1987;

* Part of Ph.D. thesis of first author, University the Punjab, USEPA 1991) Gbemet al (2001) reported
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combined tannery effluent in the order of*Pb help of professional local fishermen. Gill netst{Pa
Cr** > CU* > Zr*. The metal levels were found to (40x6 ft) with a cork line at the top rope and rheta
be significantly higher in liver followed by thellgi line with the ground rope made locally of nylon
and gut, whereas relatively low accumulation of were used for fishing as fish gear. Four fishermen
these mtals were found in the muscle tissuewith the help of 2 wooden boats usually operated a
Bioaccumulation of metals can only take placeédf th single Patti. Motor driven boats were not used, as
rate of uptake by the organism exceeds the rate athe fish would be disturbed with sound from engine.
elimination (Specie and Hamelink, 1985). Metals Fishing was done 3 times starting from the
are non-biodegradable, and once they enter thenonth of August 2001 to February 2002. Two fish
aguatic environment, bioconcentration may occur insamples at different times were collected from the
fish tissue by means of metabolic and biosorptionhighly polluted belt of the Main River. One fish
processes (Hodson, 1988; Carpene and Vasak, 1989ample was collected from the area of about 3 km in
Wicklund-Glynn, 1991). From an environmental length upstream Nowshera-Mardan Road Bridge to
point of view, bioconcentration is important beaaus Aman Garh industrial zone (Site ). The second fish
metal ions usually occur in low concentration ie th sample was taken about 4 km downstream
aquatic environment and subtle physiological effect Nowshera-Mardan Road Bridge (Site 1I). It
go unnoticed until gross chronic reactions.g( comprised river belt 4 km downstream, where
changes in  population structure, altered Nowshera city sewage and dirty Kalpani canal
reproduction, etc.) become apparent. (bringing sewage from Mardan, Risalpur and other

Although trace metals are essential for adjacent towns) also join River Kabul (Fig. 1). Bot
normal physiological processes, abnormally highthe above samples collected from sites 1 and 2 of
concentrations can be toxic to aquatic organismsRiver Kabul were considered fish samples from
Due to the insidious nature of metal polluted water (test fish sample) and were compared
bioconcentration, it would be too late to apply with the third fish sample collected from almost th
preventive measures to reduce the pollution effectsion polluted Warsak Dam (Site 3) about 60 km
by the time the chronic effects become visible upstream the polluted part of the River Kabul. This
(Kumar and Mathur, 1991). Ensuing mortalities are,was the control fish sample. Five fish were selkcte
in turn, related to secondary physiological from each test fish sample from the polluted pért o
respiratory disturbances, resulting in ion-regulato River Kabul, while the control fish sample from
and acid-base balance disturbances (Goss andarsak Dam comprised of 5 to 6 fish. Both the test
Wood, 1988). The extent of the physiological and control fish samples were compared for various
disturbances will depend on bioconcentration andhematological and biochemical parameters to assess
uptake of the metal, which, in turn, is determihgd the effect of water pollution on the fish healthttwi
the physical and chemical composition of the extrapolation to hazards to human health.
surrounding medium.

The present paper aims at assessing anéstimation of heavy metals
evaluating the bioaccumulation of heavy metal in After morphometric studies a portion of fish
fish dwelling in River Kabul Pakistan. For this skin was dissected out, washed with distilled water
purpose fishes caught from the polluted river beltand shifted to properly marked sterilized polythene
were analyzed and compared to fish samples fronbags which were then stored in freezer (at -20°C)
Warsak Dam water reservoir (comparatively nonfor further analyses. The samples of skin were
polluted) to know the extent of bioaccumulation of thawed, rinsed in distilled water and blotted in

heavy metals in fish skin. blotting paper. Known weights of skin of fish was
shifted to 250 ml volumetric flasks for digestion.
MATERIALS AND METHODS Samples were digested according to methods
described by Van Loon (1980) and Du Preez and
Fish samples Steyn (1992). A slight modification was made in the

Fishing was done during late night with the procedure. Instead of putting 10 ml nitric acid
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concentration of Gf, Zzn**, CU/*, Ni** and PB" in

the tissue sample of each fish. A range of analitic
standards for each metal was prepared from E.
Merck stock solutions. Standard curves were
prepared and the ODs obtained were calibrated
against the standard curves to know the
concentration of metal present.

Statistical analysis

Student's 't' test was applied for comparison
of the data of control with the test samples. Value
of P less than 0.05 were considered significant.

y | RESULTS

Paper & Paper
Board Mills

/ In fish skin all the metals showed an
LF increasing tendency to accumulate (Table |, Fig. 2)
s AT The skin of fish from polluted water had 12.8%
o more chromium in sample 1 and 30% in sample 2,
67.2% more nickel in sample 1 and 70.6% in sample
2, 28.6% more lead in sample 1 and 46.2% in
sample 2, 25.5% more copper in sample 1 and
40.8% in sample 2, and 8.5% more zinc in sample 1
and 8.52% in sample 2, when compared with the
_ _ _ _ respective metal values found in control fish.
Kabu|F'(?r'ez'tgésZasniggezrféte;t'eafﬂdirl: ?;/ ;gfaekr In skin chromium was the lowest, while zinc
Dam (control sample). was thg highly cor_lcer_ltrated metal. The order of
metal bioaccumulation in the skin was zinc > lead >

(55%) and 5 ml perchloric acid (70%) at the time of Nckel > copper > chromium.
digestion, 5 ml nitric acid (55%) and 1 ml percldor

Associated Ghee

Industries

Aman Garh
~/Indystrial Zone

Feroz Sons Labs

o

Nowshera City

acid (70%) were added to each flask for overnight. DISCUSSION
Next day a second dose of 5 ml nitric acid (55%) . o o
and 4 ml perchloric acid (70%) was added to each Anthropogenic activities and mining in the

flask. The flasks were then placed on hot plate angdicining hills could be the possible reasons for
allowed to digest at 200 to 250°C until a transpare increase in metals concentrations in River Kabul.

and clear solution was obtained. Dense white fumed!igh concentration of metals in the skin is well
from the flasks after brown fumes were an documented because this is the primary exposed

indication of completion of the process of digestio Part in the body of the fish. Adsorption of metats
By this method digestion was completed in about oothe skin surface in aquatic medium, followed by
minutes instead of 3 to 4 hours as stated by Varf€ir absorption in the skin tissue by various

Loon (1980). mechanisms favors the high accumulation of metals
Samples after digestion were cooled andinthe skin. _ : :
diluted to 10 ml with distilled water by proper The skin offor putitoraalong with muscle is

rinsing of the digestion flasks. Samples were store fied and consumed for being very tasty, it is éer
in properly washed glass bottles until the metalfore, also compared with the U.S. Recommended

concentration could be determined. Daily Dietary Allowances (RDA) supplied by a 100
Atomic absorption spectrophotometer 9 Serving of fish musc_le (Teerst al., 1984). Fish
(Spectra AA-10) was used to determine the Sample from polluted site | had mean values of 5.30
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Fig. 2. Heavy metal concentrations in skin
of Tor putitora showing % increase (+) or
decrease (-) captured from two polluted sites
(S1 and S2) of River Kabul receiving industrial
effluents.

Abbreviations used: S17Tor putitora
sampled from polluted site 1 of River Kabul
upstream to Nowshera-Mardan Road Bridge;
S2,Tor putitorasampled from polluted site 2 of
River Kabul downstream to Nowshera-Mardan
Road Bridge.

191.6, 67.8 and 162.70 pg/g wet weight for Cr, Ni,
Pb, Cu and Zn, respectively, whereas fish sasnpl
from polluted site 1l had mean values for 6.11.927.
76.02 and 1436.7 ug/g wet weight, Cr, Ni, Pb, Cu
and Zn, respectively. Comparing these values with
the RDA maximum limits in 100 gram of skin for
human consumption, it is clear that level of ak th
metals in the skin offor putitora for exceed the
maximum limits established by the RDA, which are
in terms of pg/100 g 50-200 for Cr, 10 for Ni, 300
for lead, 200-300 for Cu and 2600 far Zn. Therefore
it is clear that the skin of. putitorais not fit for
human consumption and can prove highly toxic.

Fish samples from site Il were larger in size
and length as compared to three from site I. The
lesser amounts of metals in the former could be
attributed to excretion of the metal for longer éim
through mucous of the skin. The accumulation of
the metals therefore decreases with increase tin fis
length. Smaller fish have higher metabolic rates (p
gram of body tissue) and therefore, are able te tak
up metals, via food and water, more rapidly than
larger fish. The higher ventilation rate of smaller
fish might also be another reason for the higher
metal concentrations in their tissues (Patrick and
Loutit, 1978). The skin and the gills are both
characterized by a mucus layer on their outer
surfaces, indicating that they are possible roofes
excretion. This involves the sloughing off of metal
containing mucus from these surfaces (Varanasi and
Markey, 1978). The metal cdncentrations in the
muscle and the skin tissues are very important, as
these are the edible parts of the fish. Lower
concentrations in these tissues can possibly italica
that the skin is an important excretory organ for
these metals (Khaladét al., 1985), presumably by
means of the mucus (Heath, 1987).

When fish are exposed to elevated metal
levels in an aquatic environment, they can absorb
the bioavailable metals directly from the
environment via the skin and gills or through the
ingestion of contaminated water and food. Metals in
the fish body are then transported by the blood
stream, which brings it into contact with the vaso
organs and tissues (Van der Putte and Part, 1982)
Fish can regulate metal concentrations to a certain
extent; whereafter bioaccumulation will occur
(Heath, 1991). Therefore, the ability of eacsuie
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Table I.- Heavy metal concentration (ug/g wet weidth in skin of Tor putitora caught from Warsak Dam (control) and two
sites (site | and site Il) of River Kabul receivingindustrial effluents.

Organ Metals (ug/g) Control (n=6) Site | (n=5) Sitdl (n=5)

Skin crt 4.7+0.21 5.3+0.49 6.11+0.24**
Ni2* 59.2+13.61 99+12.26%** 101+18.82%**
P 149+15.9 191.6+21.2* 217.9+10.93**
Cu* 54+5.12 67.8+1.63* 76.02+8.55*
zn?t 1323.9+156.55 1662.7+141.03* 1436.7+92.19*

aMean+SEM; Student’s "t test, *P<0.05; **P<0.0%*P<0.001.

For statistical significance heavy metals in skimest fish samples has been compared with control.

Abbreviations used Cr, chromium; Ni, nickel; Ptade Cu, copper; Zn, zinc. Control fish sample frdfarsak Dam; Site | polluted
portion of River Kabul upstream Nowshera-Mardan dRbedge; Site 2, downstream to Site | where Nowsltity sewage also joins
the main river.

to either regulate or accumulate metals can béndividuals of the same species (Nugegoda and

directly related to the total amount of metal Rainbow, 1988). The high concentrations of Zn

accumulated in that specific tissue. Furthermorefound inTor putitorafrom River Kabul suggest that

physiological differences and the position of eachtheir threshold level may have exceeded and that

tissue in the fish can also' influence the their regulation mechanism may thus have broken

bioccumulation of a particular metal (Kotze, 1997). down, resulting in the bioaccumulation of Zn. The
In the present study Zn concentration washigh concentration of Zn has been reported by

enormously high in the skin in both the samples andCoetzeeet al. (2002) in the omnivoroularias

was not dependent on the body length. In a previougjariepinus.As Tor putitorais also omnivorous in

study by Sanderst al. (1999) in a fresh water river feeding habits therefore, high levels of Zn in fisé

crab Potamonautes warrerthe Zn varied from 70 are possible.

to 413 pg/g dry mass, thus suggesting that they

contain more Zn than is required for normal CONCLUSIONS

physiological functions. Sadigt al. (1982) found

low Zn concentrations in crabs from a site in the

Arabian Gulf and also found that Zn levels WEr€ ike other South Asian rivers. All the five metals

mdef)etndent 01;_ t;odytsllzle. 'Il'hed ab'“té/ of f'tshh to ttested increased in the skin in both the fish sampl
regulate essential metal 1evels depends on he ralgg compared to control. The metal accumulation in

betwe_en metal uptake and excretion. Ir_1 unpollute_ his tissue was in the order Zn > Pb > Cu > Ni >Cr.
aquatic systems, the rate of excretion is altered i
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