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ABSTRACT

The occurrence of heavy metals was determined in the biological material of cattle
slaughtered on agricultural farms in the fallout region of a metallurgical plant. In 1998, tissues
and organs (n=42) from 21 cattle (muscle, liver) were analysed for the presence of Cd, Pb, Ni,
Zn, Cu and Fe on an atomic absorption spectrophotometer (Unicam Solar 939, UK). The
highest mean levels of heavy metals were recorded in the liver Pb 1.072; Cd 0.456; Zn 79.946;
Cu 84.091; Fe 146.822; Ni 0.231 mg/kg, respectively. The highest mean levels in the muscle
were Pb 0.671; Cd 0.126; Zn 81.180; Cu 6.312; Fe 51.800; Ni 0.350 mg/kg, respectively. From
the results obtained concerning heavy metals in the area of observation, we can conclude that
lead and cadmium are of particular ecological importance. We consider it necessary to implement
ecological measures in the area of observation with respect to human consumption of beef.

Key words: heavy metals, cattle, environmental pollution

* Contact address:

B. Korénekova, DVM., PhD. Research Institute of Veterinary Medicine, University of Veterinary Medicine,
Komenského 73, 041 81, Kosice, Slovak Republic, Phone: +421 55 63 318 52; Fax: +421 55 63 318 53; E-mail:
korenekova@vuvm.sk

ISSN 0372-5480
Printed in Croatia 259



B. Korénekova et al.: Concentration of some heavy metals in cattle reared in the vicinity of
a metallurgic industry

Introduction

Metallurgical plants are involved in the general pollution of the
environment by heavy metals. The largest steel producer (3,343,900 ton/
year) in the Slovak Republic is located in the surrounding area of Kosice.
Principal production programmes are steel plate products and other metal
plates (IMRIS and KLENOVCANOVA, 1998). The farm animals (sheep and
cattle) reared freely on pasture are the indicators of environmental pollution
(GALLO et al., 1996). By respiration of polluted air (TATARUCH, 1995) and
intake of contaminated feed (HRONEC, 1996), heavy metal bioaccumulates
increasingly in organs and tissues of animals (TAHVONEN, 1996). Toxicity
depends on animal species, and dose and length of their action upon the
organism (MLYNARCIKOVA etal., 1994). A higher occurrence of reproductive
tract disorders (55.67%) is found in farms exposed to a metallurgical plant
(MARACEK et al., 1998) and are connected with functions of other organs,
particularly liver (KOTTFEROVA, 1996).

The aim of the present study was to observe transfer of heavy metals
into tissues and organs of cattle reared and kept in the area exposed to a
metallurgical plant.

Materials and methods

Operational conditions. In 1998, 42 samples (muscle, liver) of 21
cattle were taken from the vicinity of metallurgical plant (ESIW-East
Slovakia Iron Works), and limited in order to detect the content of heavy
metal. Cows with a mean age of 3 to 5 years came from Haniska, Cestice,
Perin farms polluted by East Slovakia Iron Works (ESIW). Haniska farm
lies 2 km northeast, Cestice 5.5 km southwest, and Perin 6 km south, of
ESIW. The prevailing wind direction in that region is southwest. The samples
of cattle tissue were immediately frozen and stored at -20 °C until analysed.
Analysis consisted of digestion (5 ml HNO, and 1 ml HCl per 1g of sample)
in a microwave oven (MILESTONE) and determination of heavy metal by
the method of KOCOUREK (1992). Analysing reference materials (MBH
ANAL Ltd., England) tested the reproducibility of the method. Samples
were analysed for the presence of Cd, Pb, Ni, Cu, Zn and Fe using an
atomic absorption spectrophotometer (AAS), UNICAM SOLAR 939,
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U.K., with a graphite furnace with background correction. The flame
condition and graphite furnace were optimised for maximum absorbency
and linear response while aspirating known standards. The standards were
prepared from the individual 1000 mg/kg standard (Merck, Germany); 100
ml of five combined standards were prepared in 0.1 N HNO,. The lamp
current used was 75%. The signal type was transient for Cd, Pb, Ni, and
continuous for Cu, Fe, and Zn. Measurement time was 3s. The recovery
methods were 96-98% and reproducibility was better than 1.0%. All metal
concentrations are expressed on a wet mass basis.

Statistical analysis. The statistical evaluation of the results has been
done using the Microsoft Excel 7.0 program. Data are presented as mean,
median, maximum and standard deviation (s.d.).

Results

Muscle and liver samples of 21 cattle from an area polluted by a
metallurgical plant were analysed for the presence of Cd, Pb, Ni, Zn, Cu
and Fe (Table 1). The results obtained were compared with the maximum
permissible hygiene limits according to the Codex Alimentorum, Slovak
Republic No. 981/1996 for Cd, Pb, Ni, Cu, Zn in muscle (0.1; 0.4; 0.5; 5.0;
60 mg/kg) and liver (0.5; 1.0; 2.0; 80.0; 80.0 mg/kg) of cattle. Since maximum
permissible hygiene limits for the Fe levels in cow muscles and liver has
still not been approved in the Slovak Republic, the results of the analyses in
the individual localities were compared with one another.

Cadmium. The limit values for muscle (0.1 mg/kg) were exceeded
only in 1 sample from Perin. In this farm, the highest mean concentration
of Cd (0.331 mg/kg) was observed in muscle samples. It is interesting to
note very similar mean levels in muscle tissues in Haniska (0.024 mg/kg)
and Cestice (0.023 mg/kg) farms. However, the situation was less favourable
in the area of Cestice in assessing Cd concentration in cattle liver. This
was evident from mean results (0,456 mg/kg) in this locality.

Lead. The values exceeding limit Pb in muscle were recorded in Cestice
(0.416 mg/kg) and Haniska (0.671 mg/kg). Maximum Pb values were
recorded in the sample of liver in the farm at Haniska (2.324 mg/kg). The
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maximum values were exceeded in 13 samples of muscle and 4 samples of
liver.

Table 1. Concentrations of Cd, Pb, Ni, Cu, Zn and Fe in biological samples of cattle from
three regions (Haniska, Cestice, Perin) in Slovakia (mg/kg origin matter)

Haniska Cestice Perin
Element
Muscle Liver Muscle Liver Muscle Liver
Max 0.06 0.161 0.037 0.184 0.300 0.491

cd Median 0.021 0.070 0.023 0.387 0.086 0.306
Mean 0.024 0.084 0.023 0.456 0.126 0.331
s.d. 0.019 0.042 0.009 0.325 0.107 0.105
n 7 7 6 6 8 8
Max 0.854 2.324 0.700 0.824 0.691 1.140
Pb Median 0.691 0.830 0.387 0.707 0.342 0.458
Mean 0.671 1.072 0.416 0.729 0.386 0.544
s.d. 0.146 0.636 0.171 0.057 0.237 0.261
n 7 7 6 6 8 8
Max 0.210 0.244 0.899 0.394 0.527 0.605
Ni Median 0.155 0.200 0.196 0.213 0.102 0.112
Mean 0.156 0.176 0.350 0.231 0.146 0.182

s.d. 0.047 0.055 0.336 0.111 0.158 0.187
n 7 7 6 6 8 8
Max 6.740 74.950 6.330 | 176.300 | 9.959 70.370

Cu Median 4.290 27.780 4.613 94.000 6.214 49.775
Mean 4.572 31.067 4.433 84.098 6.312 50.848
s.d. 1.506 26.079 1.700 60.615 2.003 17.061
n 7 7 6 6 8 8
Max 39.300 | 135.500 | 110.400 | 189.500 | 124.100 | 108.200
7n Median 21.755 | 73.080 | 75.300 | 124.730 | 84.805 | 61.415
Mean 23.712 | 79.946 | 23.863 | 36.992 | 81.180 | 66.544
s.d. 9.572 37.880 4.775 3.342 34.759 | 33.273
n 7 7 6 6 8 8
Max 93.600 | 269.000 | 85.490 | 229.100 | 64.520 | 178.900
Fe Median 36.850 | 103.800 | 45.985 | 99.605 | 52.320 | 141.300
Mean 51.290 | 125.226 | 49.133 | 125.735 | 51.800 | 146.825
s.d. 27495 | 68.947 | 23.862 | 55.362 9.032 15.648
n 7 7 6 6 8 8
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Copper. Excess of copper limit values for muscle and liver was observed
in samples of muscle (Perin 5; Cestice 3; Haniska 2) and liver (Cestice 4)
of cattle. The highest Cu concentration was observed in liver (176.3 mg/
kg) in the farm at Cestice.

Zinc. During analyses, 14 above-limit samples of zinc in muscle were
recorded altogether in the observed localities (Cestice 5; Perin 6; Haniska
3). The highest mean values were recorded in liver (79.946 mg/kg) and
muscle (81.180 mg/kg) from the Haniska and Perin farms.

Nickel. Monitoring of the observed regions revealed 3 above-limit
samples of Ni (Cestice 2; Perin 1). Highest mean Ni values were observed
inliver (0.231; 0.176 mg/kg, respectively) at the Cestice and Haniska farms.

Iron. The highest mean Fe levels of liver in exposed herds were recorded
in the locality of Cestice (125.735 mg/kg) and Haniska (125.226 mg/kg).

Discussion

Evaluation of heavy metals levels in livestock is important for assessing
the potential effects of pollutants on grazing cattle, and for quantifying
contaminant intakes by humans. Essential elements, such as copper and
zinc, are toxic when ingested in excess.

Cadmium. The results of our study are higher than mean Cd values in
liver (0.112 mg/kg) observed in monitoring of the Slovak Republic by SOKOL
etal. (1998). A monitoring program has been carried out with the purpose of
avoiding the distribution of foodstuffs that could pose a risk to human health
if consumed. It appears that intake of Cd by the observed cattle was elevated
due to pollution from a metallurgical plant. Cadmium predominantly
accumulates in the kidneys and the liver because its rate of elimination
from these organs is relatively low. This is partly due to the binding of Cd to
metallothionein in these tissues (GARCIA - FERNANDEZ etal., 1996). In cattle
from the polluted area, cadmium content of the liver and muscle was higher
(mainly in the farms at Cestice and Perin) than those measured in other
countries. Residue levels in the liver (0.097 mg/kg) and muscle (0.001 mg/
kg) of cattle from Galicia (Spain) were low in comparison to our results
(LOPEZ-ALONSO et al., 2000a).
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Lead. The lead concentrations in muscle of cattle found in our study
were greater than the values recorded by DOGANOC (1996), FALANDYSZ
(1993), TAHVONEN and KUMPULAINEN (1995), who found the mean values in
ruminant muscle of Pb (0.05; 0.04; 0.01 mg/kg, respectively) in Slovenia,
Poland and Finland. Our values of Pb in liver are higher than data (0.239;
0.10 mg/kg, respectively) reported by JARC (1990) in Austria and DOGANOC
(1996) in Slovenia. The results point to the fact that in the observed region
of ametallurgical plant, lead acts as an important environmental contaminant.

Copper. It has been shown that levels of copper in liver were
significantly higher than in muscle, mainly in the farms at Cestice and Perin.
In the present study, higher values of copper were found in the liver and in
the muscle than in other countries, e.g. Sweden - 39, 0.87 mg/kg (JOHREM
etal., 1989) and Poland - 29, 1.2 mg/kg (FALANDYSZ, 1993). Higher mean Cu
levels in liver can be caused by contamination of pasture and by industrial
emissions. While swine are tolerant to an excess of Cu in their diet, sheep
are extremely sensitive, and cattle to an intermediate level (TOKARNIA et
al., 2000).

Zinc. The results of the present study indicate that values of muscle
zinc in cattle were relatively high compared with those in the liver. Moreover,
in the farm at Perin, these values were higher than in liver. According to
LOPEZ-ALONSO et al. (2000b) muscle is one of the most important tissues for
Zn accumulation, and possessed Zn concentrations that were similar those
in the liver. Our study demonstrates that zinc concentrations in liver and
muscle were higher than those reported for cattle in Sweden (40; 49 mg/
kg) and Poland (42; 34 mg/kg) by JOHREM et al. (1989), and FALANDYSZ
(1993). Both elements, Cu and Zn, accumulate in liver (BENEMARIYA et al.,
1993) which was confirmed in the observed farms.

Nickel. Although Ni is considered an essential element, deficiency in
animals is not anticipated since Ni intake generally exceeds its requirement.
Daily intake of Ni in fodder supports this part of the organism, where there
is storage (SUNDERMAN and OSKARSSON, 1991). Our results, obtained in the
polluted area of the metallurgical plant, were higher and did not correspond
with those obtained by ELLEN et al. (1989), who found the mean values in
ruminant kidneys of 0.022 mg/kg and average content for liver in the other
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tissues below 0.01 mg/kg fresh matter. On the other hand, the results of
the present study are lower than results obtained by ANKE (1988) who
reported 0.6 for liver.

Iron. The enhanced absorption of Cd and Zn in cattle in a contaminated
area has an adverse effect on iron absorption (WENTINK et al., 1992). This
testifies to a considerable accumulation of Fe in internal organs. It is of
interest that relatively well-balanced Fe levels were recorded in all three
observed localities in muscles of cattle.

The results obtained show that the contents of heavy metals in the
vicinity of the metallurgical plant are ecologically important, mainly of Cd,
Pb. The hygienic control of beef from the polluted area should be intensified
with regard to human consumption.

With regard to the fact that in some samples maximum allowable limits
for food were exceeded, effective ecological measures should be taken
that would have a beneficial effect on the landscape and environment in
the vicinity of metallurgical plant.
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SAZETAK

Nalaz teskih metala istracen je u tkivu zaklanih goveda prethodno uzgajanih u blizini
metalurskih sredista. Koncentracije Cd, Pb, Ni, Zn, Cu i Fe bile su odredene metodom atomske
apsorpcije (Unicam Solar, 939) u misi¢nom i jetrenom tkivu 21 goveda. Najvece srednje
vrijednosti utvrdene su u jetri i to za Pb 1,072 mg/kg, Cd 0,456 mg/kg, Zn 79,946 mg/kg, Cu
84,091 mg/kg, Fe 146,822 mg/kg i Ni 0,231 mg/kg. Utvrdene su i najveée prosjecne vrijednosti
u misi¢nom tkivu koje su za Pb iznosile 0,671 mg/kg, Cd 0,126 mg/kg, Zn 81,180 mg/kg, Cu
6,312 mg/kg, Fe 51,800 mg/kg i Ni 0,350 mg/kg. Zakljuceno je da Cd i Pb imaju najvece
znacenje te da se mora uspostaviti trajni nadzor kojim bi se odredio rizik za potroSace.

Kljuéne rijefi: teski metali, govedo, zagadenje okolisa
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