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Abstract. Levels of lead and zinc in muscle, kidney and liver tissues of Limanda limanda L. collected from
Swansea Bay (South Wales, U.K.) during July 2006 were estimated by dry weight atomic absorption method.
The results showed that L. limanda contained zinc in a descending order: kidney < muscles < liver in males
and females, while lead was accumulated in the following order: muscles < kidney < liver for all age categories
in both genders. Moreover, females accumulated lead and zinc in their muscles, liver and kidney to a level
almost two times higher than those accumulated by males of the same age.
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Introduction

Heavy metals accumulate in different organs of aquatic animals, therefore levels
measured in their tissues can reflect the past exposure. They may exert beneficial or
harmful effects on plant, animal and human life regarding their concentration in the
environment [1-2]

The degree of bioaccumulation varies from metal to metal and differs from one
species to another or organs of the same species [3-4]. Some heavy metals such as zinc,
iron and copper are essential to many organisms at certain concentration. Others,
however, are either non-essential or toxic, but generally all of them are potentially
harmful to most organisms at higher concentrations [5].

At present, different fish tissues are commonly used as indicators of metal
concentration of the marine environment [6-7]. The concentration of heavy metals in the
tissues of fish are determined primarily by the level of pollution of the water and food
and so are indicative of the level of pollution in the environment. The concentrations
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themselves are the result of uptake and discharge processes with characteristic kinetics
for elements and their biological half life, influenced by the age and size of the
individuals [8-10], feeding habits [11-12], species of fish [13-15], and time of collection
[9, 15]. The efficiency of metal uptake from polluted water and food may differ in
relation to ecological needs, metabolism and metal gradients of water, food, sediment
and other factors such as temperature, salinity and interacting agents [16-17]. Moreover,
various tissues accumulate heavy metals to different levels, depending on their
biochemical characteristics [9, 15].

The present study was undertaken to determine the levels of lead and zinc in the
liver, kidney and muscles of Limanda limanda L. collected from Swansea Bay in South
Wales, U.K.

Material and Methods

Specimens of L. limanda. were collected from Swansea Bay during July 2006 (Fig.
1). Samples of muscle tissue were removed from various areas of the body of the fish
together with liver and kidney from at least 21 fish. Three specimens from each tissue or
organ were washed with deionized water and transferred to a clean 5 ml conical flasks
and oven dried at 95°C for 3-4 days to allow them reach a constant dry weight. After
cooling to room temperature, the dry weight of the samples was determined. Tissues or
organs were then digested following the procedure of Krishnamurty et al. [18].
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Fig. 1. Location map of sampling site of L. limanda L. in Swansea Bay (South Wales, U.K.).
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The concentration of the lead and zinc ions in all samples was measured using a
Varian Spectra AA plus flame atomic absorption spectrophotometer. Male and female
fish were divided into four age categories: 2-3, 3-4, 4-5 and 5-6 age classes. The total
length and weight of the fish were recorded. Statistical analysis of the data was carried
out by Duncans Multiple Range Test by using SPSS 10.1 Computer Program (SPSS Inc.,
Chicago, Illinois), and the results were expressed as mean = standard deviation (S.D.).

Observations
The concentration of zinc and lead ions in the muscles, liver and kidney of males
and females of L. limanda are given in Table 1 and Table 2. Mainly zinc showed higher

levels in muscles, liver and kidney compared to lead in both genders.

Table 1. Concentrations of zinc ions (ppm/dry weight) in muscles, liver and kidney of L. limanda

Class Age Gender Muscles Liver Kidney

(cm) (Years) Mean + S.D. Mean +S.D. Mean +S.D.
18-21 2-3 Q 41.76 £ 5.31 63.40 +11.05 31.21+£7.71
21-24 3-4 Q 37.82+12.10 62.51+9.62 29.01 +£7.01
24-27 4-5 ? 39.02 £ 11.62 59.72 +13.20 27.93 +6.82
27-32 5-6 Q 4443 £13.48 98.61 +23.07 35.52+8.80
13-17 2-3 3 26.63+2.18 23.83+£6.90 22.77+6.25
17-21 3-4 4 2591+5.12 31.20+8.10 20.13 +£5.02
21-25 4-5 4 23.14+£3.01 48.73 £ 11.92 21.19 +£4.90
25-28 5-6 3 27.33+4.97 52.39+13.88 24.82+7.01

Table 2. Concentrations of lead ions (ppm/dry weight) in muscles, liver and kidney of L. limanda

Class Age Gender Muscles Liver Kidney

(cm) (Years) Mean + S.D. Mean + S.D. Mean + S.D.
18-21 2-3 Q 12.51£6.10 143 £7.50 12.62 £ 6.12
21-24 3-4 Q 11.90 +5.98 141+7.12 12.11 £6.01
24-27 4-5 Q 11.70 £ 5.80 13.8+6.91 13.02+7.92
27-32 5-6 Q 13.10 £7.73 17.2£9.60 15.83+£9.41
13-17 2-3 3 5.10+2.20 6.32+3.11 5.12+2.03
17-21 3-4 a8 4.71+£2.02 6.17+2.381 5.99 +2.00
21-25 4-5 3 3.69+1.97 5.88 £2.36 6.18+2.71
25-28 5-6 3 5.92+2.81 7.66 + 3.65 6.96 + 3.33

In the four age categories of females, zinc and lead concentrations, in descending
order, were liver, muscles and kidney. No significant difference (P> 0.5) in zinc and lead
concentration per unit dry weight was noticed between fish with a total length of 24-27
cm and younger fish with a total length of 18-21 cm. There was a significant difference
(P< 0.1) in the concentration of zinc and lead in muscles, liver and kidney between 27-
32 cm fish (5-6 age classes) and 18-21 cm fish (2-3 age class) (Figs. 2-7).
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Fig. 2. Concentrations of zinc ions in muscles.
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Fig. 3. Concentrations of lead ions in muscles.
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Fig. 5. Concentrations of lead ions in liver.
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Fig. 6. Concentrations of zinc ions in Kidney.
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Fig. 7. Concentratinsof lead ions in kidney.

In males, there was a significant (P< 0.1) different concentration of zinc and lead in
the livers and kidneys between fish of total length 25-28 cm (5-6 age classes) and 13-17
cm (2-3 age classes) (Figs. 4-7), but no significant difference was noticed regarding
muscles (Figs. 2-3). Also, no significant difference (P> 0.5) in lead concentrations in
muscles, liver and kidneys was observed between the old fish 21-17 cm (3-4 age classes)
and younger fish 13-17 cm (2-3 age classes), but there was a significant difference (P<
0.1) in the concentration of zinc in the liver.
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The highest concentration of zinc and lead occurred in the liver (Figs. 4-5). The
muscles and kidney showed no significant difference (P> 0.1) between males and
females, but there was a significant difference (P< 0.1) in their concentrations in the liver
of both genders.

Discussion

The accumulation of zinc and lead ions in muscles, liver and kidney were
expressed in ppm/dry weight (Tables 1 and 2). The results obtained in the present study
indicated that there was a significant difference (P< 0.1) between the concentration of
zinc and lead in the liver of female individuals with a length between 27-32 cm (5-6 age
classes) and 18-21 cm (2-3 age classes). The results agreed with those reported by
Patrick and Loutit [19]. The highest concentration of zinc (98.61 ppm/dry weight) could
certainly be based on specific metabolism process and coenzyme catalyzed reactions
taking place in liver [20]. It is known that low molecular weight zinc-binding legends
(LMW-ZBL) are a key regulator for intestinal zinc absorption, possibly a carrier
molecule across the intestinal mucosal cells. Some high molecular weight zinc-binding
legends also appear to be involved in regulating intestinal zinc transport [21]. Similar
results were obtained by Ashraf [22] in Epinephelus microdan fish from the Arabian
Gulf. Eisler and Laroche [23] found that large specimens of Fundulus heteroclitus L.
contained less zinc per unit weight than smaller ones. Similarly, in the whiting
Mertangus merlangus L., the levels of zinc decreased with increased length and weight
[24]. On the other hand, Cutshall et al. [25-26] reported that in the hake Merluccius
productus L., a closely related species, the zinc content per unit weight in muscles
increased with increased body weight. The present investigations showed a significant
(P< 0.1) increase in the zinc concentration between 27-32 cm (5-6 age classes) and 24-
27 cm (4-5 age classes), but no significant (P> 0.5) was noticed for lead.

It has been reported that metals other than mercury exhibit age-dependence in
aquatic biota. They show either a decrease in or an unchanged concentration as
organisms age; however, exceptions are known [27]. However, no correlation was
reported between the zinc concentration in the muscles with both body lengths in the
blue fish Pomatomus saltatrix L. [28]. In the present study, no significant (P> 0.5)
difference was noticed between the zinc and lead concentrations and age in the muscle of
L. limanda.

Lead and zinc levels in the kidney of the tested samples range from 12.11 ppm to
15.83 ppm and 27.93 ppm to 35.52 ppm in females respectively and ranged from 5.12
ppm to 6.96 ppm and 20.13 ppm to 24.82 ppm in males respectively. Concentrations of
3.82 ppm and 47.73 ppm have been reported for lead and zinc respectively in the kidney
of E. microclan [22]. Levels of zinc were lower in muscles compared with liver and
kidneys of roach Rutilus rutilus L. [29]. In the present study, the accumulation of lead
and zinc in the tested parts of L. limanda follows the following order: liver > muscles >
kidney.
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The effect of sex on an organism's capability to accumulate trace elements has been
suggested to be mainly to either of two mechanisms: (a) the amount of pollutant lost
during oviposition or reproduction may differ between sexes, therefore, females may be
expected to exhibit smaller residues; (b) male and female individuals of a species differ
in age-length relationships, hence the female may be expected to exhibit lower
concentration of pollutants which is age-dependent for net accumulation [27]. This
conflicts with the results obtained in the present study regarding tissues or organs of L.
limanda.
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