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 Abstract.- An investigation was undertaken on the bioaccumulation of nickel, lead, copper and zinc in the skin 
of freshwater fish, Tor putitora from River Kabul. Fish samples were collected from River Kabul, thrice during the 
month of August to February from two polluted sites (I and II) and were compared with the third fish sample collected 
from the non-polluted Warsak Dam upstream the polluted part of the River Kabul. The skin of fish from polluted 
water had 12.8%, 67.2%, 28.6%, 25.5% and 8.5% more chromium, nickel, lead, copper and zinc at site I, respectively 
and 30%, 70.6%, 46.2%, 40.8% and 8.52% more chromium, nickel, lead, copper and zinc, respectively at site II, than 
those samples collected from Warsak Dam. The order of metal bioaccumulation in the skin was zinc > lead > nickel > 
copper > chromium. 
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INTRODUCTION 

 

 Water pollution due to heavy metals is a 
major environmental problem in South Asia. The 
explosion of the population living along the banks 
of the rivers and their tributaries, combined with this 
region's rapid industrialization and urbanization, has 
placed a growing stress on the region's water 
resources in recent years. Water quality has been 
affected by a combination of factors including 
sewage and industrial wastes, gricultural run-off and 
salinisation intrusion. Pakistan, India and its 
neighbours industrialized rapidly following 
independence in 1947, often in an environment 
without significant regulation. Industrial growth 
quickly outstripped existing infrastructure, and the 
poverty of the regional governments has precluded 
the development of adequate sewerage containment 
and waste disposal facilities. As a result, many 
industrial wastes are discharged directly into the 
environment. River Kabul receives untreated 
effluents  from  a  large  number  of  large and small  
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industries including 13 leather processing units 
(IUCN, 1994). Similarly in the leather processing 
city of Kanpur, for example, 175 factories regularly 
dump large amount of untreated heavy metals 
directly into the Ganges. Agricultural contamination 
is also a threat to the regions potable water supply. 
 Heavy metals like chromium, copper, zinc, 
nickel, lead etc, are some of the major components 
of industrial waste, which along with other products 
from industrial operations are discharged into the 
aquatic environment. These substances are toxic to 
aquatic life (EI-Rayis and Ezzat, 1986; Dallinger et 
al., 1987; Dutton et al., 1988; Koepp et al., 1988; 
Bowlby et al., 1988; Ruporella et al., 1988). 
Bioaccumulation of these metals is known to 
adversely affect liver, muscle, kidney and other 
tissues of fish, disturb metabolism and hamper 
development and growth of fish (Spehar, 1976; 
Anadon et al., 1984; Kadiiska et al., 1985a,b; Birge 
and Black, 1980.). 
 Metals have the tendency to accumulate in 
various organs of the aquatic organisms, especially 
fish (Buhler et al., 1977), which in turn may enter 
into the human metabolism through consumption 
causing serious health hazards (Puel et al., 1987; 
USEPA, 1991). Gbem et al. (2001) reported 
accumulation of heavy metals in tissues of a 
freshwater fish, Clarias gariepinus exposed to 
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combined tannery effluent in the order of Pb2+ > 
Cr2+ > Cu2+ > Zn2+. The metal levels were found to 
be significantly higher in liver followed by the gill 
and gut, whereas relatively low accumulation of 
these mtals were found in the muscle tissue. 
Bioaccumulation of metals can only take place if the 
rate of uptake by the organism exceeds the rate of 
elimination (Specie and Hamelink, 1985). Metals 
are non-biodegradable, and once they enter the 
aquatic environment, bioconcentration may occur in 
fish tissue by means of metabolic and biosorption 
processes (Hodson, 1988; Carpene and Vasak, 1989; 
Wicklund-Glynn, 1991). From an environmental 
point of view, bioconcentration is important because 
metal ions usually occur in low concentration in the 
aquatic environment and subtle physiological effects 
go unnoticed until gross chronic reactions (e.g. 
changes in population structure, altered 
reproduction, etc.) become apparent. 
 Although trace metals are essential for 
normal physiological processes, abnormally high 
concentrations can be toxic to aquatic organisms. 
Due to the insidious nature of metal 
bioconcentration, it would be too late to apply 
preventive measures to reduce the pollution effects 
by the time the chronic effects become visible 
(Kumar and Mathur, 1991). Ensuing mortalities are, 
in turn, related to secondary physiological 
respiratory disturbances, resulting in ion-regulatory 
and acid-base balance disturbances (Goss and 
Wood, 1988). The extent of the physiological 
disturbances will depend on bioconcentration and 
uptake of the metal, which, in turn, is determined by 
the physical and chemical composition of the 
surrounding medium. 
 The present paper aims at assessing and 
evaluating the bioaccumulation of heavy metal in 
fish dwelling in River Kabul Pakistan. For this 
purpose fishes caught from the polluted river belt 
were analyzed and compared to fish samples from 
Warsak Dam water reservoir (comparatively non 
polluted) to know the extent of bioaccumulation of 
heavy metals in fish skin. 
 

MATERIALS AND METHODS 
 
Fish samples 
 Fishing was done during late night with the 

help of professional local fishermen. Gill nets (Patti) 
(40x6 ft) with a cork line at the top rope and metal 
line with the ground rope made locally of nylon 
were used for fishing as fish gear. Four fishermen 
with the help of 2 wooden boats usually operated a 
single Patti. Motor driven boats were not used, as 
the fish would be disturbed with sound from engine. 
 Fishing was done 3 times starting from the 
month of August 2001 to February 2002. Two fish 
samples at different times were collected from the 
highly polluted belt of the Main River. One fish 
sample was collected from the area of about 3 km in 
length  upstream Nowshera-Mardan Road Bridge to 
Aman Garh industrial zone (Site I). The second fish 
sample was taken about 4 km downstream 
Nowshera-Mardan Road Bridge (Site II). It 
comprised river belt 4 km downstream, where 
Nowshera city sewage and dirty Kalpani canal 
(bringing sewage from Mardan, Risalpur and other 
adjacent towns) also join River Kabul (Fig. 1). Both 
the above samples collected from sites 1 and 2 of 
River Kabul were considered fish samples from 
polluted water (test fish sample) and were compared 
with the third fish sample collected from almost the 
non polluted Warsak Dam (Site 3) about 60 km 
upstream the polluted part of the River Kabul. This 
was the control fish sample. Five fish were selected 
from each test fish sample from the polluted part of 
River Kabul, while the control fish sample from 
Warsak Dam comprised of 5 to 6 fish. Both the test 
and control fish samples were compared for various 
hematological and biochemical parameters to assess 
the effect of water pollution on the fish health with 
extrapolation to hazards to human health. 
 
Estimation of heavy metals 
 After morphometric studies a portion of fish 
skin was dissected out, washed with distilled water, 
and shifted to properly marked sterilized polythene 
bags which were then stored in freezer (at -20°C) 
for further analyses. The samples of skin were 
thawed, rinsed in distilled water and blotted in 
blotting paper. Known weights of skin of fish was 
shifted to 250 ml volumetric flasks for digestion. 
Samples were digested according to methods 
described by Van Loon (1980) and Du Preez and 
Steyn (1992). A slight modification was made in the 
procedure. Instead of putting  10  ml nitric acid  
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 Fig. 1. Fish samples sites I and II at River 
Kabul (treated sample) and site III in Warsak 
Dam (control sample). 

 
(55%) and 5 ml perchloric acid (70%) at the time of 
digestion, 5 ml nitric acid (55%) and 1 ml perchloric 
acid (70%) were added to each flask for overnight. 
Next day a second dose of 5 ml nitric acid (55%) 
and 4 ml perchloric acid (70%) was added to each 
flask. The flasks were then placed on hot plate and 
allowed to digest at 200 to 250°C until a transparent 
and clear solution was obtained. Dense white fumes 
from the flasks after brown fumes were an 
indication of completion of the process of digestion. 
By this method digestion was completed in about 20 
minutes instead of 3 to 4 hours as stated by Van 
Loon (1980). 
 Samples after digestion were cooled and 
diluted to 10 ml with distilled water by proper 
rinsing of the digestion flasks. Samples were stored 
in properly washed glass bottles until the metal 
concentration could be determined. 
 Atomic absorption spectrophotometer 
(Spectra AA-10) was used to determine the 

concentration of Cr3+, Zn2+, Cu2+, Ni2+ and Pb2+ in 
the tissue sample of each fish. A range of analytical 
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. Values 
of P less than 0.05 were considered significant. 
 

RESULTS 
 
 In fish skin all the metals showed an 
increasing tendency to accumulate (Table I, Fig. 2). 
The skin of fish from polluted water had 12.8% 
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. 
 In skin chromium was the lowest, while zinc 
was the highly concentrated metal. The order of 
metal bioaccumulation in the skin was zinc > lead > 
nickel > copper > chromium. 
 

DISCUSSION 
 
 Anthropogenic activities and mining in the 
adjoining hills could be the possible reasons for 
increase in metals concentrations in River Kabul. 
High concentration of metals in the skin is well 
documented because this is the primary exposed 
part in the body of the fish. Adsorption of metals on 
the skin surface in aquatic medium, followed by 
their absorption in the skin tissue by various 
mechanisms favors the high accumulation of metals 
in the skin. 
 The skin of Tor putitora along with muscle is 
fried and consumed for being very tasty, it is there-
fore,  also  compared  with the U.S.   Recommended 
Daily Dietary Allowances (RDA) supplied by a 100 
g serving of fish muscle (Teeny et al., 1984). Fish 
sample from polluted site I 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: S1, Tor putitora 
sampled from polluted site 1 of River Kabul 
upstream to Nowshera-Mardan Road Bridge; 
S2, Tor putitora sampled from polluted site 2 of 
River Kabul downstream to Nowshera-Mardan 
Road Bridge. 

191.6, 67.8 and 162.70 µg/g wet weight for Cr, Ni, 
Pb,  Cu  and  Zn,  respectively, whereas fish samples 
from polluted site II had mean values for 6.11, 27.9, 
76.02 and 1436.7 µg/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 all the 
metals in the skin of Tor putitora for exceed the 
maximum limits established by the RDA, which are 
in terms of µg/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 T. putitora is not fit for 
human consumption and can prove highly toxic. 
 Fish samples from site II 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 time 
through mucous of the skin. The accumulation of 
the metals therefore decreases with increase in fish 
length. Smaller fish have higher metabolic rates (per 
gram of body tissue) and therefore, are able to take 
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 routes of 
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 indicate 
that the skin is an important excretory organ for 
these metals (Khalaf et 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 various  
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 each tissue  
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Table I.- Heavy metal concentration (µg/g wet weight) in skin of Tor putitora caught from Warsak Dam (control) and two 
sites (site I and site II) of River Kabul receiving industrial effluents. 

 
Organ Metals (µg/g) Control (n=6) Site I (n=5) Site II (n=5) 
     
Skin Cr3+ 4.7±0.21 5.3±0.49 6.11±0.24** 
 Ni2+ 59.2±13.61 99±12.26*** 101±18.82*** 
 Pb2+ 149±15.9 191.6±21.2* 217.9±10.93** 
 Cu2+ 54±5.12 67.8±1.63* 76.02±8.55* 
 Zn2+ 1323.9±156.55 1662.7±141.03* 1436.7±92.19* 
     
aMean±SEM; Student’s `t’ test, *P<0.05; **P<0.01; ***P<0.001. 
For statistical significance heavy metals in skin of test fish samples has been compared with control. 
Abbreviations used Cr, chromium; Ni, nickel; Pb, lead; Cu, copper; Zn, zinc. Control fish sample from Warsak Dam; Site I polluted 
portion of River Kabul upstream Nowshera-Mardan Road bridge; Site 2, downstream to Site I where Nowshera city sewage also joins 
the main river. 
 
to either regulate or accumulate metals can be 
directly related to the total amount of metal 
accumulated in that specific tissue. Furthermore, 
physiological differences and the position of each 
tissue in the fish can also' influence the 
bioccumulation of a particular metal (Kotze, 1997). 
 In the present study Zn concentration was 
enormously high in the skin in both the samples and 
was not dependent on the body length. In a previous 
study by Sanders et al. (1999) in a fresh water river 
crab Potamonautes warreni the Zn varied from 70 
to 413 µg/g dry mass, thus suggesting that they 
contain more Zn than is required for normal 
physiological functions. Sadiq et al. (1982) found 
low Zn concentrations in crabs from a site in the 
Arabian Gulf and also found that Zn levels were 
independent of body size. The ability of fish to 
regulate essential metal levels depends on the rate 
between metal uptake and excretion. In unpolluted 
aquatic systems, the rate of excretion is altered in 
such a way as to balance the rate of uptake, but 
when the systems become contaminated with 
metals, organisms may not be able to raise excretion 
rates sufficiently to remove all metals in the body. 
When this breakdown in metal regulation occurs, 
net accumulation begins and metal levels in the 
organisms begin to increase. The point of Zn 
regulation breakdown in a fish is thus determined by 
both the Zn uptake rate inherent to that fish and the 
maximum rate of Zn excretion achievable under any 
particular set of physico-chemical conditions 
(Nugegoda and Rainbow, 1989). This threshold 
level varies both between species and between 

individuals of the same species (Nugegoda and 
Rainbow, 1988). The high concentrations of Zn 
found in Tor putitora from River Kabul suggest that 
their threshold level may have exceeded and that 
their regulation mechanism may thus have broken 
down, resulting in the bioaccumulation of Zn. The 
high concentration of Zn has been reported by 
Coetzee et al. (2002) in the omnivorous Clarias 
gariepinus. As Tor putitora is also omnivorous in 
feeding habits therefore, high levels of Zn in the fish 
are possible. 
 

CONCLUSIONS 
 

 From the results it is concluded that River 
Kabul ecosystem is contaminated with heavy metals 
like other South Asian rivers. All the five metals 
tested increased in the skin in both the fish samples 
as compared to control. The metal accumulation in 
this tissue was in the order Zn > Pb > Cu > Ni >Cr. 
 

REFERENCES 
 
ANADON, A., MARIA, J.M. AND ORTIZ, J., 1984. 

Accumulation of Zn, Pb,  Fe, Cu and Cr by rainbow 
trout. J. Bombay nat. Hist. Soc., 79: 225-230. 

BIRGE, W.S. AND BLACK, J.A., 1980. Aquatic toxicology of 
nickel. In: Nickel in the environment (ed. J.O.Nriagu). 
John Wiley and Sons Inc., USA., pp.349-366. 

BOWLBY, J.N., GUNN, J.M. AND LIIMATAINEN, V.A., 
1988. Metals in stocked lake trout Salvelinus 
namaycush in lakes near Sudbury, Canada. Water, Air, 
Soil Pollut., 39 : 217-230. 

BUHLER, D.R., STOKES, R.M. AND CALDWELL, R.S., 
1977. Tissue accumulation and enzymatic effects of 
hexavalent chromium in rainbow trout (Salmo 



A.M. YOUSAFZAI AND A.R. SHAKOORI 346 

gairdneri). J. Fish. Res. Bd. Canada., 34: 918-924.  

CARPENE, E. AND VAŠÁK, M., 1989. Hepatic 
metallothioneins from goldfish (Carassius auratus). 
Comp. Biochem. Physiol., 92B: 463-468. 

COETZEE, L., DU PREEZ, H.H. AND VAN VUREN, J.H.J., 
2002. Metal concentrations in Clarias gariepinus and 
Labeo umbratus from the Olifants and Klein Olifants 
River, Mpumalanga, South Africa: Zinc, copper, 
manganese, lead, chromium, nickel, aluminium and 
iron. Water SA, 28: 221-226. 

DALLINGER, R., PROSI, F., SEGNER, H. AND BACK, H., 
1987. Contaminated food and uptake of heavy metals 
by fish: A review and a proposal for further research. 
Ecologia (Berl.), 73: 91-98.  

DU PREEZ, H.H. AND STEYN, G.J., 1992. A preliminary 
investigation of the concentration selected metals in the 
tissues and organs of the tiger fish  (hydrocynus 
vittatus) from the Oilfants River, Kruger National Park, 
South Africa. Water SA., 18:131-136. 

DUTTON, M.D., MAJEWSKI, H.S. AND KLAVERKAMP, 
J.F., 1988. Biochemical stress indicators in fish from 
lakes near a metal smelter. Int. Assoc. Great Lakes Res. 
Conf., 31: A-14.  

EL-RAYIS, O.A.M. AND EZZAT, A.A., 1986. 
Bioaccumulation of some heavy metals in coastal 
marine animals in the vicinity of Alexandria. J. 
Bioassay. FAO Fish Rep., 334: 57-66.  

GBEM, T.T., BALOGUN, J.K., LAWAL, F.A. AND 
ANNUNE, P.A., 2001. Trace metal accumulation in 
Clarias gariepinus (Teugels) exposed to sub-lethal 
levels of tannery effluent. Science Total Environ., 271: 
1-9. 

GOSS, G.G. AND WOOD, C.M., 1988. The effects of acid and 
acid/aluminium exposure in circulating plasma cortisol 
levels and other blood parameters in the rainbow trout, 
Salmo gairdneri. J. Fish Biol., 32 : 207-214. 

HEATH, A.G., 1987. Water pollution and fish physiology. CRC 
press, Florida, USA. Effects of environmental pollutants 
on early fish development. Rev. Aquat. Sci., 1: 45-73. 

HEATH, A.G., 1991. Water pollution and fish physiology. 
Lewis Publishers, Boca Ranton, Florida, USA., pp. 359.  

HODSON, P.V., 1988. The effect of metal metabolism on 
uptake, disposition and toxicity in fish. Aquat. Toxicol., 
11: 3-18. 

IUCN (INTERNATIONAL UNION FOR CONSERVATION 
OF NATURE), 1994. Pollution and the Kabul River, An 
analysis and action plan. Environmental Planning and 
Development Department, NWFP,   Pakistan. 

KADIISKA, M., STOYTCHER, T. AND SERBINOVA, E., 
1985a. Effect of some heavy metal salts on hepatic 
monooxygenases after subchronic exposure. Arch. 
Toxicol. Suppl., 8: 313-315.  

KADIISKA, M., STOYTCHEV, T. AND SERBINOVA, E., 
1985b. Mechanism of enzyme inducing action of some 
heavy metal salts. Arch. Toxicol., 56: 167-169. 

KHALAF, A.N., AL-JAFERY, A., KHALID, B.Y., ELIAS, 
S.S. AND ISHAQ, M.W., 1985. The patterns of 
accumulation of some heavy metals in Barbus grypus 
from a polluted river. JBSR., 16: 51-74. 

KOEPP, S., SANTORO, E. AND DINARDO, G., 1988. Heavy 
metals in finfish and selected macro invertebrates of the 
lower Hudson River estuary. In: Fisheries research in 
the Hudson River (ed. C. L Smith), 11: 273-286.  

KOTZE, P.F., 1997. Aspects of water quality, metal 
contamination of sediment and fish in the Olifants 
River, Mpumalanga. M.Sc. thesis, Rand African 
University, South Africa.  

KUMAR, A., AND MATHUR, R.P., 1991. Bioaccumulation 
kinetics and organ distribution of lead in a fresh water 
teleost, Colisa fasciatus. Environ. Technol., 12: 731-
735. 

NUGEGODA, D. AND RAINBOW, P.S., 1988. Zinc uptake 
and regulation by the sublittoral prawn Pandalus 
montagui (Crustacea: Decapoda). Est. Coast.  Shelf Sci.,  
26: 619-632. 

NUGEGODA, D. AND RAINBOW, P.S., 1989. Zind uptake 
rate and regulation breakdown in the decapod 
crustancean Palaemon elegans Rathke. Ophelia, 30: 
199-212. 

PATRICK, F.M. AND LOULIT, M.W., 1978. Passage of 
metals to freshwater fish from their foods. Water Res., 
12: 395-398.  

PUEL, D., ZSUERGER, N. AND BREITTMAYER, J. P., 
1987. Statistical assesment of a sampling pattern for 
evaluation of changes in mercury and zinc 
concentrations in Patella coerulea. Bull. environ. 
Contam. Toxicol., 38: 700-706.  

RUPORELLA, S.G., VERMA, Y., PANDYA, C.B., 
SATHAWARA, N.G., SHAB, G.M., PARIKH, D.J. 
AND CHATTERJEE, B.B., 1988. Trace metal contents 
in water and the fish Sarotherodon mossambica of Lake 
Kankaria. Environ. Ecol., 5: 294-296.  

SADIQ, M., ZAIDI, T.H., AMIR, U.H. AND MIAN, A.A., 
1982. Heavy metal concentrations in shrimp, crab, and 
sediment obtained from AD-Dammam sewage outfall 
area. Bull. environ. Contam. Toxicol., 29: 313-319. 

SANDERS, M.J., DU PREEZ, H.H. AND VAN VUREN, 
J.H.J., 1999. Monitoring cadmium and zinc 
contamination in freshwater systems with the use of the 
freshwater river crab, Potamonautes warreni. Water 
SA., 25:91-98. 

SPECIE, A. AND HAMELINK, J.L., 1985. Bioaccumulation. 
In:  Fundamentals of aquatic toxicology: Methods and 
applications (eds. G.M. Rand and S.R. Petrocilli), 
Hemisphere Publishing Corporation, New York, USA., 
pp. 124-163. 

SPEHAR, R.L., 1976. Cadmium and zinc toxicity to flag fish, 
Jordanella floridae. J. Fish. Res. Bd. Canada., 33: 
1939-1945. 

TEENY, F.M., GAUGHLITZ, E.J. Jr., HALL, A.S. AND 



HEAVY METAL LOAD IN RIVER KABUL 347 

HOULE, C.R., 1984. Mineral composition of the edible 
muscle tissue of seven species of fish from the 
Northeast Pacific. J. Agric. Food Chem., 32: 852-855. 

USEPA, 1991. Methods for the determination of metals in 
environmental samples, EPA-600/491-010. U.S. 
Environmental Protection Agency, Cincinnati, OH.  

VAN DER PUTTE, I. AND PÄRT, P., 1982. Oxygen and 
chromium transfer in perfused gills of rainbow trout 
(Salmo gairdneri) exposed to hexavalent chromium at 
two different pH levels. Aquat. Toxicol., 2: 31-45.  

VAN LOON, J.C., 1980. Analytical atomic absorption 
spectroscopy. Selected methods. Academic press, New 

York, USA.pp.337. 

VARANASI, U. AND MARKEY, D., 1978. Uptake and release 
of lead and cadmium in skin and mucus of coho slamon 
(Onchorhynchus kisutch). Comp. Biochem. Physiol., 
60C: 187-191.  

WICKLUND-GLYNN, A., 1991. Cadmium and zinc kinetics in 
fish; Studies on water-borne Cd109 and Zn65 turnover 
and intracellular distribution in Minnows, Phoxinus 
phoxinus. Pharmacol. Toxicol., 69: 485-491. 

 
(Received 7 July 2006, revised 20 October 2006) 

 


