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Abstract-Concentrations of heawy metals Cd, Hg and Pb were
studied in the kidney and muscle tissues of free-living wild boars
from three regions of continental Croatia. Significant
iinterregional differences in kidney and muscle for Cd and Pb
concentrations were determined. On the other hand, all three
studied regions had similar concentrations of Hg in muscle
and kidney. Obtained Cd concentrations were higher than
those found in other countries. However, Pb levels shown lower
values in comparison to other studies. Toxic elements levels,
especially Cd in kidney of wild boar, suggest a detailed
investigation of physiological and environmental factors
contributing to animal contamination and an intensified
control of meat and elimination of organ from human nutrition.
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I.  INTRODUCTION

Over the last few decades everyday usage of heavy metals
for industrial and agricultural purpose has increased their
accumulation in soil, atmosphere and waters, foods and plants
causes their incorporation into the food chain [1]. Wild free-
living animals have an important role in the assessment of
environmental pollution and are convenient bio-indicators of
heavy metal pollution regarding to relatively long life span
and integrating effects of environmental stress. Therefore it is
provide an early warning of adverse toxic effects to the all
compartments of ecosystems they belong. It is shown that
accumulation of toxic heavy metals in plants and soil [2-7]
may increase the risk of transfer to herbivorous wild
mammals and game animals [8-11].

Heavy metal Cd, Hg and Pb are highly toxic may has
adversely affects to the nervous, hematopoietic, endocrine, renal,
nervous and reproductive systems, and may cause
cardiovascular and pulmonary diseases, carcinogenicity,
nephrotoxicity and neurotoxicity in man and animals [12, 13].
It is known that lead and cadmium may have important
consequences for domestic and wild animals and for humans
through acute or chronic exposure because accumulate in
almost all tissues [14]. As reported in Spain Mediterranean
forest ecosystem, these two metals are the most common
toxic metallic pollutants in the liver and kidney of wild
boar (Sus scofra baeticus) and red deer (Cervus elaphus)
[15-19]. Study in Spain has suggested that Pb accumu lates to
a greater rate in wild boar and Cd in deer [18]. Also, recent
investigations regarding to increased levels of Pb in tissues of
deer and in red deer in Spain shown that contamination reflect
mining and smelting activities [20, 21]. Increased presence of
Pb minerals in the soils of this area originating from the

mineralised underlying geology, and/or originating from the
many abandoned mine workings in this area [22].

Cadmium substantially increase in environment through
the industrial production of plastics, paints, dyes, dry
batteries, and so on, by natural emissions of Cd, and also by
usage of phosphate Cd containing fertilizers [14, 23]. The
presence of Hg indicates environ mental pollution from natural
and anthropogenic sources. The main anthropogenic sources
of Hg in the environment are smelting of non-ferrous metals,
municipal waste incineration, coal combustion, paper industry
and agriculture [24]. Consequently, Hg accumulates in
different animal tissues and organs and causes contamination
in food chain [25].

The aim of the present study is to investigate
concentration of environmental contaminants Cd, Hg and Pb
in muscle and kidney tissues of free-living wild boars in
continental Croatia as important information about risk
assessment in wildlife.

Il. METHODOLOGY

A. Study Area

Muscle and kidney samples of wild boars (Sus scrofa)
shot by hunters were collected in three regions of continental
Croatia (Fig. 1). The animals were not selected according to

sexor age but on the acknowledged assumption that they were
aged from 2 to 5 years.
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Fig. 1 Three studied regions of continental Croatia

Region 1 is consists of the most eastern counties
Vukovar-Srijem and Osijek-Baranya. Two counties located
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on the river Sava, Sisak-Moslavina and Brod-Posavina
constituted Region 2. Region 3 is located between Regions 1
and 3 and is consist of three counties, namely Bjelovar-
Bilogora, PoZega-Slavonia and Virovitica-Podravina.

B. Sampling

In total 159 wild boar kidney and muscle samples were
collected. Muscle samples were collected from the upper hind
legs. Upon collection, all samples were placed into labelled
plastic bags and stored at -18 °C to avoid tissue degradation
prior to analysis.

Samples (2 g) were digested with 5 ml of HNO3; (65% v/v
Analytical Grade, Kemika, Croatia), 1 ml of H,0, (30% v/v
Analytical Grade, Kemika, Croatia) and 4 ml of with double
deionised water (Milli-Q, 18.2 MQ cm™ resistivity) with a
Multiwave 3000 microwave closed system (Anton Paar,
Germany). A blank digest was carried out in the same way.
The program for the digestion began at a potency of 1200 W
then ramped for 10 min up to 180 °C, after which samples
were held for 10 min at 1200 W at a temperature of 180 °C.
Digested samples were diluted to a final volume of 50 ml with
double deionised water.

C. Metal Analysis

Graphite furnace-atomic absorption spectroscopy using
an AAnalyst 800 atomic absorption spectrometer (Perkin
Elmer, USA) equipped with an AS 800 autosampler (Perkin
Elmer, USA) were used for analyses of Cd and Pb. As matrix
modifiers in each atomization 0.005 mg Pd and 0.003
mg Mg(NO3)2 were utilising. Mercury was analyzed by the
cold vapour technique with a flow injection system coupled
to an atomic absorption spectrophotometer FIAS-100
equipped with an autosampler AS 93 plus (Perkin Elmer,
USA).

Calibrations were prepared from commercial solutions in
HNO3 (0.2 %) with 1000 mg/1 of each element (Perkin Elmer,
USA). Detection limits were determined as the concentration
corresponding to three times the standard deviation of twenty
blanks. All specimens were run in batches that included
blanks, a standard calibration curve, two spiked specimens,
and one duplicate. The limits of detection (LODs, mg/kg)
were: in muscle, for Cd 0.0004, for Pb 0.005 and 0.0004 for
Hg; in kidney for Pb 0.0052, for Hg 0.0006 and 0.0005 for
Cd. A reference sample of bovine liver (BCR 185R,
Community Bureau of Reference) was analyzed (n =5) and
the recovery (mean % recovery = S.E.) was 95.9 + 6.2 % for
Pb, 1029 + 5 % for Cd. There is no Hg certified value
available.

I1l. STATISTICAL ANALYSIS

Statistical analysis was performed by the 6.0 Statistica®
software package (StatSoft®, Inc., USA). Data were grouped
according to tissue and sampling area. Concentrations were
expressed as mean + standard error (SE), minimum and
maximum values. The t-test for independent samples was
used to examine differences between tissues. To examine
differences between sampling areas we used the one-way
analysis of variance (ANOVA) test. Statistical significance
was set at p <0.05.

IV. RESULTS

In Tables I , II and III were presented concentrations of
Cd, Pb and Hg in wild boar muscle and Kidney tissues in

three regions of continental Croatia. The mean
concentrations of Cd and Hg in the kidney of three regions
were significantly higher than those found in muscle tissues
(p < 0.001, respectively). For Pb significantly higher
concentrations in kidney were measured than those in muscle
tissues in Regions 1 (p < 0.05) and 2 (p < 0.01), while in
Region 3 there was no differences. Regional differences
between tissue concentrations of Cd and Pb were detected.

TABLE I CADMIUM CONCENTRATIONS IN THE MUSCLE AND KIDNEY OFWILD
BOARS IN THREE CONTINENTAL REGIONSOF CROATIA

. . Meant SE Range
Region Matrix N
9 (mgkg) (mgkg)
1 Muscl 53 0026 ° 0.001 - 0.428
uscle +0.008 el
- 265
Kidney Som 0003-112
0005 ®
2 Muscle 51 -+ 0,001 0.001 - 0.027
- 295 036-
Kidney +036 137
0037°
3 Muscle 55 0,007 0.001-0.32
- 791 009-
Kidney +038 115

Different letters indicate significant differencesamong muscletissues
(p<0.01; °p<0.001)

Significantly higher Cd levels were found in Region 1 (p <
0.01) and Region 3 (p < 0.001) in comparison with Region 2.
However, there were no significant differences in kidney Cd
levels between three regions.

TABLE Il LEAD CONCENTRATIONS IN THE MUSCLE AND KIDNEY OFWILD
BOARS IN THREE CONTINENTAL REGIONSOF CROATIA

Region Matrix N '\/I(%‘?g/i;E (ﬁ%?l?g)
1 Muscle 53 g.%:.aozo;a 0.001 - 031
Kidney iodl_ggz 0.001 - 1.63
2 Muscle 51 2'8%712 0.001-057
Kidney io(.)zgg; 0.015—3.89
3 Muscle 55 2'8%62; 0002101
U S

Different lettersindicate significant differencesamong muscletissues
(*p<0.05) and kidney tissues (9p<0.01)

TABLE [Il MERCURY CONCENTRATIONS IN THE MUSCLE AND KIDNEY OFWILD
BOARS IN THREE CONTINENTAL REGIONS OF CROATIA

Region | Matrix N M(fnagllJ_;;E (:;Zf;lgg)
e | | e |
Kidney +0.008 o7
e | o | |
Kidney io(.)(_)(?]:; 0.01-0.983
3 Muscle 55 iooogg 1 0.001-0.04
Kichey coon | oss
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Regional differences between muscle tissues shown
significantly lower Pb concentrations in Region 1 than those
in Region 2 and 3 (p < 0.05, both). Also, significantly higher
Pb levels were found in Region 2 than in Region 1 (p < 0.05).

V. DISCUSSION

The Cd, Pb and Hg concentrations reported in previous
studies in Croatia and other European countries in wild boars
were presented in Table IV. Mean concentrations of Cd
measured in the kidney of present study were consistent in
all three regions observed and being significantly higher
than those found in the muscle in the same species. In
comparison with Cd levels from other countries mean kidney
Cd concentrations were more than 2-fold higher than those
measured in animals from Spain [18] or more than 10-fold
higher than in Slovakia [8]. However, present results were
1.2- to 4-fold smaller in comparison with previous findings
in earlier years in Croatia [26]. Interregional differences
were observed for muscle Cd and the lowest levels were
determined in Region 2.

TABLE [V CONCENTRATIONS OF CD,PBAND HG IN TISSUESOFWILD BOARS IN

OTHER COUNTRIES
Country / Cd Pb Hg
Tissues
Year (mg/kg) (mgkg) (mgkg)
Slovenia / .
10052 kidney 2429 162
Slovakia / muscle 0.02 0.28
b
1998 Kidney 024 025
Spain / -
1008 ° kidney 135 062
Poland / Kid 004 -
2002¢ 1aney 0015
0.059 -
Croatia / muscle 0.01-0.23 208
2009° . 1.04- 0.073 -
Kidney 598 0.355

*[281;° [B]; ° [18];  [29]; © [26]

According to the Croatian regulations [27] for Cd, Pb and
Hg in the meat and kidney of animals intended for human
consumption, the maximum allowed concentration of Cd is
0.05 mg/kg in muscle and 1 mg/kg in kidney; the respective
level of Pbis 0.1 mg/kg in muscle and 0.5 mg/kg in kidney.
There were no specified concentrations for Hg in tissues of
animals.

According to mean values obtained for muscle and kidney
tissues Cd concentrations in muscle were below allowed
concentration. However, mean Kidney Cd levels exceeded the
maximum allowed concentration in all three regions.

In present study muscle Pb concentrations were 3- to
5.7-tenfold [8] and 16-fold [15] lower than those measured
in animals from Slovakia and Poland. However, renal Pb
levels were 1.6-to 10-fold lowerthan levels found in Spain
[18] and also from 5.7- to 16-fold lower than those in
animals from Slovenia [28], but similar to previous
findings in earlier years in Croatia [26].

Regional differences in Pb concentrations for muscle and
kidney tissues were observed in this study. Mean values of Pb
obtained in muscle and kidney tissue were below allowed
concentration 0.1 mg/kg and 0.5 mg/kg according to Croatian
regulations.

In previous studies regional differences in Cd and Pb
concentrations in kidney of wild boars were also found [18,
28, 30, 31]. Three regions studied had no mining activities,
industrial production or pollution sources to yield the
accumulation of Cd, Pb and Hg and contribute to
contamination of tissues in free-living animals which is
recorded in European countries such as Slovenia [28, 32],
Spain [18, 21], Germany [33], Netherlands [34] and Poland
[10, 16, 29, 35].

All three studied regions had similar concentrations of
Hg in muscle and kidney tissues. The mean Hg levels
found in this study were for more than 10-fold higher than
previous findings in the kidney of wild boars in Poland [29].
Mean concentrations measured not exceeding allowed levels
of 0.03 mg/kg in muscle and 0.1 mg/kg in kidney.

Lead and cadmium are present in all ecosystems and wild
boar is an omnivorous species and free-migrating animal
which can move long distances through a day so integrating
the contamination of large areas. The concentration of a
contaminating metal in specific animal tissue depends on the
rate and duration of intake by the individual. Important
exogenous factors of elevated levels of these metals in
kidney of wild animals are feed, geographical origin, relief,
wind drifts, growth patterns and seasonal variations [8, 14, 21,
35]. In further studies to find the source of contamination of
wild boar different factors such as age, seasonal variations,
food preferences and diet composition have to be studied.

VI. CONCLUSION

The concentrations of Cd and Hg in the kidney of wild
boar were higher than those found in the muscle tissues.
The results also show Cd and Pb concentrations differences in
muscle and kidney between three regions studied.

Obtained Cd concentrations were higher than those found
in other countries, while Pb levels show lower values in
comparison to other studies. Furthermore, these findings
point out the need to discover the causes of animal
contamination and an intensified control of meat and
elimination of kidney tissues from human nutrition.

REFERENCES

[1] B. O. Berthelsen, E. Steinnes, W. Solberg and L. Jingsen, “Heavy
metals concentrations in plants relation to atmospheric heavy metals
deposition”, J. Environ. Qual., Volume 24, p 1018, 1995.

[2] Q. B. He and B.R. Singh, “Plant availability of cadmium in soils: I1.
Factors related to the extractability and plant uptake of cadmium in
cultivated soils”, Acta Agriculturae Scandinavica, Section B - Soil &
Plant Science, Volume 43, Issue 3, pp. 142-150, September 1993.

[31 N. D. Kim and J. E. Fergusson, “Seasonal variations in the
concentrations of cadmium, copper, lead and zinc in leaves of the horse
chestnut (Aesculus hippocastanum L.)”, Environmental Pollution,
Volume 86, Issue 1, pp. 89-97, January 1994.

[4] C. Chukwuma, “A comparative study of cadmium, lead, zinc, pH,
and bulk density from the Enyigba lead and zinc mine in two
different seasons”, Ecotoxicology and Environmental Safety, Volume
31, Issue 3, pp. 246-249, August 1995.

[5] G. Tyler, “ Plant uptake of major and minor mineral elements as
inflenced by soil acidity and liming,” Plant and Soil, Volume 230,
Number 2, pp. 307-321, 2001.

[6] H. Deng, Z. Ye and M. Wong, “Lead and zinc accumulation and
tolerance in populations of six wetland plants, "Environmental Pollution,
Volume 141, Issue 1, pp. 69-80, May 2006.

[7]1 J. Li, Z.M. Xie, J Xu and Y. Sun, “Risk assessment for safety of sils
and vegetables around a lead/zinc mine, “Environmental Geochemistry
and Health , Volume 28, Numbers 1-2, pp. 37-44, 2006.

IJEP Vol. 2 Iss. 6 2012 PP. 6-9 www.ij-ep.org © World Academic Publishing

-8-


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V78-4BYJYXX-B&_user=4761711&_coverDate=06%2F29%2F2004&_alid=905636822&_rdoc=1&_fmt=high&_orig=search&_cdi=5836&_sort=d&_docanchor=&view=c&_ct=1&_acct=C000050661&_version=1&_urlVersion=0&_userid=4761711&md5=0e36d55218d4b34206bff13dd34a9f13#bbib32#bbib32�
http://www.tandfonline.com/toc/sagb20/current�
http://www.tandfonline.com/toc/sagb20/current�
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V78-4BYJYXX-B&_user=4761711&_coverDate=06%2F29%2F2004&_alid=905636822&_rdoc=1&_fmt=high&_orig=search&_cdi=5836&_sort=d&_docanchor=&view=c&_ct=1&_acct=C000050661&_version=1&_urlVersion=0&_userid=4761711&md5=0e36d55218d4b34206bff13dd34a9f13#bbib40#bbib40�
http://www.sciencedirect.com/science/journal/01476513�
http://www.sciencedirect.com/science/journal/01476513/31/3�
http://www.sciencedirect.com/science/journal/01476513/31/3�
http://www.sciencedirect.com/science/journal/01476513/31/3�
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V78-4BYJYXX-B&_user=4761711&_coverDate=06%2F29%2F2004&_alid=905636822&_rdoc=1&_fmt=high&_orig=search&_cdi=5836&_sort=d&_docanchor=&view=c&_ct=1&_acct=C000050661&_version=1&_urlVersion=0&_userid=4761711&md5=0e36d55218d4b34206bff13dd34a9f13#bbib65#bbib65�
http://www.springerlink.com/content/0032-079x/�
http://www.springerlink.com/content/0032-079x/230/2/�
http://www.springerlink.com/content/0032-079x/230/2/�
http://www.springerlink.com/content/0032-079x/230/2/�
http://www.sciencedirect.com/science/article/pii/S0269749105004197�
http://www.sciencedirect.com/science/article/pii/S0269749105004197�
http://www.springerlink.com/content/0269-4042/�
http://www.springerlink.com/content/0269-4042/�
http://www.springerlink.com/content/0269-4042/�
http://www.springerlink.com/content/0269-4042/28/1-2/�

International Journal of Environmental Protection

IJEP

(8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

J. Kottferova and B. Korénekova, “Digribution of Cd and Pb in the
tissues and organs of free-living animals in the territory of
Slovakia,“Bulletin of Environmental Contamination and Toxicology,
Volume 60, Number 1, 171-176, 1998.

P. Mackjén, T. Marafién, J. M. Muillo and B. Robinson, “White poplar
(Populus alba) as a biomonitor of trace elements in contaminated riparian
forests, “Environmental Pollution, Volume 132, pp. 145-155, 2004.

J. Falandysz, K. Szymczyk-Kobrzynska, A. Brzostowski, K. Zalewski
and A. Zasadowski, “Concentrations of heavy metals in the tissues of
red deer (Cervus elaphus) from the region of Warmia and Mazury,
Poland,” Food Additives and Contaminants, Volume 22, Issue 2, pp.
141-149, 2005.

M. A Taggart, M. Carlisle, D. J. Pain, R. Williams, D. Green and D. Osbom,
“Arsenic levels in the soils and macrophytes of the 'Entremuros' after the
Aznalctllar mine spill,” Environmental Pollution, Volume 133, Issue 1,
pp. 129-138, January 2005.

R. A. Goyer, Toxic effects of metals, 5th ed, CD. Klaassen,Ed.
Casarett and Doull’s toxicology: the basic science of poisons New
York (NY): McGraw-Hill Book Company; 1996. p. 691-736.

M. F. Wolfe, S. Schwarzbach and R. A. Sulaiman, “Effects of mercury
on wildlife: A comprehensive review”, Environmental Toxicology and
Chemistry, Volume 17, Issue 2, pp. 146-160, February 1998.

S. Satarug, J R Baker, S. Urbenjapol, M. Haswell-Elkins, P. E. Reilly, D.
J. Williams and M.R. Moore., “A global perspective on cadmium
pollution and  toxicity in non-occupationally  exposed
population,” Toxicology Letters, VVolume 137, Issues 1-2, pp. 65-83, 31
January 2003.

R. Swiergosz, K. Perzanowski, U. Makosz and |. Birek, “The incidence
of heavy metals and other toxic elements in big game tissues,”Science
of The Total Environment, Volume 134, Supplement 1, pp. 225-231,
1993.

J. Falandysz, “Sme toxic and trace metals in big game hunted in the
northern part of Poland in 1987-1991 Science of The Total
Environment, Volume 141, Issues 1-3, pp. 59-73, 25 January 1994.

A. ). Garcia-Femandez, J. A. Sanchez-Garcia, P. Jiménez and A Luna,
“Lead and cadmium in  wild birds in souheasem
Spain,” Environmental Toxicology and Chemistry, Volume 14, Issue 12,
pp. 2049-2058, December 1995.

D. Santiago, M. Motas-Guzman, A. Reja, P. Maria-Mojica, B. Rodero
and A. J. Garcia-Feméandez, “Lead and cadnium in red deer and wild boar
from Siera Morena Mountains (Andalusia, Spain),“ Bulletin  of
Environmental Contamination and Toxicology, Volume 61, Number 6,
pp.730-737, 1998.

M. Kramarova, P. Massanyi, J. Slamecka, F. Tataruch, A. Jancova,
J. Gasparik, M. Fabis, J. Kovacik, R. Toman, J. Galova and R.
Jurick, “Distribution of cadmium and lead in liver and kidney of
some wild animals in Slovakia,”“ Joumal of Environmental Science
and Health, Part A: Toxic/Hazardous Substances and Environmental
Engineering, Volume 40, Issue 3, pp. 593-600, 2005.

W. N. Beyer, G. Gaston, R. Brazzle, A. F. O'Connell and D. J. Audet, “Deer
exposed to exceptionally high concentrations of lead near the
Continental Mine in Idaho”, USA Environmental Toxicology Chemistry,
Volume 26, Issue 5, pp.1040-1046,2007.

M. M. Reglero, L. Monsalve-Gonzalez, M. A. Taggart and R. Mateo,
“Transfer of metals to plants and red deer in an old lead mining area
in Spain,”“ Science of The Total Environment, Volume 406, Issues 1-2 ,
pp. 287-297, 15 November 2008.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

J. Millan, R. Mateo, MA. Taggart, JV. Loépez-Bao, M. Viota, L.
Monsalve, P.R. Camarero, E. Blazquez and B. Jiménez, “Levels of
heavy metals and metalloids in critically endangered Iberian lynx and
other wild carnivores from Southern Spain, “Science of the Total
Environment, Volume 399, pp. 193-201, 2002.

P. Loganathan, A. D. Mackay, J Lee and M. J. Hedley, “Cadmium
distribution in grazed hill pastures as influenced by 20 years of
phosphate fertiliser application and sheep grazing,“ Australian Journal
of Soil Research, Volume 33, Issue 1, pp. 859-871, 1995.

J. Burger, M. Marquez and M. Gochfeld, “Heavy metals in the hair of
opossum from Palo Verde, Coga Rica“ Environmental Contamination
and Toxicology, Volume 27, Number 4, pp. 472-476, 1994.

R. Dietz, F. Riget and P. Johansen, “Lead, cadmium, mercury and
selenium in Greenland marine animals,” Science of The Total
Environment, Volume 186, Issues1-2, pp. 67-93,16 July 1996.

N. Bilandzi¢, M. Sedak , D. Vratarié¢ , T. Peri¢ and B. Simi¢ , “Leadand
cadmium in red deer and wild boar from different hunting grounds in
Croatia,” Science of The Total Environment, Volume 407, Issue 14, pp.
4243-4247, 1 July 2009.

Official Gazette, “Ordinance on maximum levels of certain
contaminants in foodstuffs,” Official Gazette ofthe Republic of Croatia,
Issue no. 154, 20 January 2005, page 10-11.

D. Z Doganoc and K. S. Ga¢nik, “Lead and cadmium in meat and
organs of game in Slovenia, “ Bulletin of Environmental Contamination
and Toxicology , Volume 54, Number 1, pp. 166-170, 1995.

A. Dobrowolska and M. Melosik, “Mercury contents in liver and
kidneys of wild boar (Sus scrofa) and red deer (Cervus
elaphus),” Zeitschrift fir Jagdwissenschaft, \Volume 48, Supplement 1,
pp. 156-160, 2002.

M. Créte, F. Potvin, P. Walsh, J. L. Benedetti, M.A. Lefebvre, J.
P Weber, G. Paillard and J. Gagnon, "Pattem of cadmium
contamination in the liver and kidneys of moose and white-tailed deer
in Quebec,” Science of The Total Environment, Volume 66, pp. 45-53,
October 1987.

W. Stansley, D. E. Roscoe and R. E. Hazen, “Cadmium
contamination of deer livers in New Jersey; human health risk
assessment,” Science of The Total Environment, Volume 107, pp. 71-
82, September 1991.

B. Pokomy and C. Ribari¢-Lasik, “Lead, cadmium and zinc in tissues
of roe deer (Capreolus capreolus) near the Lead Smelter in the Koroska
region (northem Slovenia),” Bulletin of environmental contamination
andtoxicology, Volume 64, Number 1, pp. 20-26, 2000.

H. Kierdorf and U. Kierdorf, “ Reconstruction of a decline of ambient
lead levels in the Ruhr area (Germany) by studying lead concentrations
in antlers of roe deer (Capreolus capreolus),” Science of The Total
Environment, Volume 296, Issues 1-3, pp. 153-158, 16 September
2002.

H. Wolkers, T. Wensing and G. W. T. A Groot Bruinderink, “Heavy
metal contamination in organs of red deer (Cervus elaphus) and
wild boar (Sus scofra) and the effect on some trace elements,”
Science of The Total Environment, Volume 144, Issues 1-3, pp. 191-
199, 29 April 1994.

M. A. Sobanska, “Wild boar hair (Sus scrofa) as a non-invasive

indicator of mercury pollution,” Science of The Total Environment,
Volume 339, Issues 1-3, pp. 81-88, 1 March 2005.

IJEP Vol. 2 Iss. 6 2012 PP. 6-9 www.ij-ep.org © World Academic Publishing

-9-


http://www.springerlink.com/content/0007-4861/�
http://www.springerlink.com/content/0007-4861/60/1/�
http://www.sciencedirect.com/science/journal/02697491�
http://www.sciencedirect.com/science/journal/02697491/133/1�
http://onlinelibrary.wiley.com/doi/10.1002/etc.v17:2/issuetoc�
http://www.sciencedirect.com/science/journal/03784274�
http://www.sciencedirect.com/science/journal/03784274/137/1�
http://www.sciencedirect.com/science/journal/00489697�
http://www.sciencedirect.com/science/journal/00489697�
http://www.sciencedirect.com/science/journal/00489697�
http://www.sciencedirect.com/science/journal/00489697/134�
http://onlinelibrary.wiley.com/doi/10.1002/etc.v14:12/issuetoc�
http://onlinelibrary.wiley.com/doi/10.1002/etc.v14:12/issuetoc�
http://onlinelibrary.wiley.com/doi/10.1002/etc.v14:12/issuetoc�
http://www.springerlink.com/content/0007-4861/�
http://www.springerlink.com/content/0007-4861/�
http://www.springerlink.com/content/0007-4861/61/6/�
http://www.sciencedirect.com/science/journal/00489697�
http://www.sciencedirect.com/science/journal/00489697/406/1�
http://www.springerlink.com/content/?Author=J.+Burger�
http://www.springerlink.com/content/?Author=M.+Marquez�
http://www.springerlink.com/content/?Author=M.+Gochfeld�
http://www.springerlink.com/content/0090-4341/�
http://www.springerlink.com/content/0090-4341/�
http://www.springerlink.com/content/0090-4341/�
http://www.springerlink.com/content/0090-4341/27/4/�
http://www.springerlink.com/content/?Author=D.+Z.+Doganoc�
http://www.springerlink.com/content/?Author=K.+%c5%a0.+Ga%c4%8dnik�
http://www.springerlink.com/content/0007-4861/�
http://www.springerlink.com/content/0007-4861/�
http://www.springerlink.com/content/0007-4861/54/1/�
http://www.springerlink.com/content/?Author=Anna+Dobrowolska�
http://www.springerlink.com/content/?Author=M.+Melosik�
http://www.springerlink.com/content/0044-2887/�
http://www.springerlink.com/content/0044-2887/48/s1/�
http://www.sciencedirect.com/science/journal/00489697�
http://www.sciencedirect.com/science/journal/00489697/66�
http://www.sciencedirect.com/science/journal/00489697�
http://www.sciencedirect.com/science/journal/00489697/107�
http://www.sciencedirect.com/science/journal/00489697�
http://www.sciencedirect.com/science/journal/00489697�
http://www.sciencedirect.com/science/journal/00489697�
http://www.sciencedirect.com/science/journal/00489697/296/1�
http://www.sciencedirect.com/science/journal/00489697�
http://www.sciencedirect.com/science/journal/00489697/144/1�
http://www.sciencedirect.com/science/journal/00489697�
http://www.sciencedirect.com/science/journal/00489697/339/1�

	[13] M. F. Wolfe, S. Schwarzbach and R. A. Sulaiman, “Effects of mercury on wildlife: A comprehensive review”, Environmental Toxicology and Chemistry, Volume 17, Issue 2, pp.  146-160, February 1998. 
	[17] A. J. García-Fernández, J. A. Sánchez-García, P. Jiménez and A. Luna, “Lead and cadmium in wild birds in southeastern Spain,“ Environmental Toxicology and Chemistry, Volume 14, Issue 12, pp. 2049–2058, December 1995.
	[22] J. Millán, R. Mateo, M.A. Taggart, J.V. López-Bao, M. Viota, L. Monsalve, P.R. Camarero, E. Blázquez and B. Jiménez, “Levels of heavy metals and metalloids in critically endangered Iberian lynx and other wild carnivores from Southern Spain, “Science of the Total Environment, Volume 399, pp. 193-201, 2002.
	[24] J. Burger, M. Marquez and M. Gochfeld, “Heavy metals in the hair of opossum from Palo Verde, Costa Rica,“ Environmental Contamination and Toxicology, Volume 27, Number 4, pp. 472-476, 1994.
	[29] A. Dobrowolska and M. Melosik, “Mercury contents in liver and kidneys of wild boar (Sus scrofa) and red deer (Cervus elaphus),“ Zeitschrift für Jagdwissenschaft, Volume 48, Supplement 1, pp. 156-160, 2002.  
	[32] B. Pokorny and C. Ribarič-Lasnik, “Lead, cadmium and zinc in tissues of roe deer (Capreolus capreolus) near the Lead Smelter in the Koroska region (northern Slovenia),”  Bulletin of environmental contamination and toxicology, Volume 64,  Number 1, pp. 20-26,  2000.

