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Abstract The aim of this study was to detect the pres-
ence and determine the residue levels of DDT, lindane,
endrin and polychlorinated biphenyls (PCBs) in the
liver of wild boars from the area of West Pomerania,
NW Poland; to determine the activity of glutathione S-
transferase (GST) as a biomarker of biological response
and to assess the toxicological risk for consumers of the
wild boar offal. The presence of pesticide residues and
PCBs was found in all examined liver samples. The
highest concentration was observed for endrin, and then,

the descending order was PCBs >DDTs >lindane >dl-
PCBs. The mean hepatic concentrations of endrin,
PCBs, DDTs and lindane were 117.28, 78.59, 67.95
and 7.24 ng/g lipid weight, respectively. Among the
dioxin-like PCB congeners, 118 and 156 were dominant
in liver samples. The mean toxic equivalent (TEQ) level
calculated for dl-PCBs was 2.10±1.11 pg WHO-PCB-
TEQ/g. There was a statistically significant (p<0.05)
negative correlation between the concentration of lin-
dane, DDTs and PCBs (as a sum of indicator congeners)
in the liver and in the activity of GST. However, GST
activities showed no significant correlation with any of
the dl-PCBs. In five boar liver samples, the levels of
certain organochlorine compounds exceeded the maxi-
mum residue levels (MRLs). In one sample, the MRLs
were exceeded simultaneously for PCBs, endrin and
DDTs and in another one—for endrin and DDTs. In
the remaining three samples, only PCB levels were
exceeded.

Keywords PCBs . Organochlorine pesticides . GST
activity . Liver .Wild boar . Poland

Introduction

Contamination of the natural environment with organo-
chlorines is themain source of these substances in the food
chain of animals and humans. Their toxic properties,
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persistence, high bioaccumulation and harmful health ef-
fects have all created the need to monitor the levels of
residues of these compounds in the environment.

Organochlorine compounds, such as polychlorinated
biphenyls (PCBs) and pesticides (OCPs), are typical
persistent organic pollutants widespread in terrestrial
and aquatic ecosystems. Their presence are directly
related to their common use in the past—PCBs in the
industry and OCPs in agriculture. Their presence in the
environment are a direct result of purposeful and direct
application, e.g. pesticides, or uncontrolled processes,
such as leaks or evaporation. PCBs used to be applied as
carriers for pesticides and antibacterial compounds,
which also contributed to the dispersal of these com-
pounds in agricultural and forest ecosystems (Falandysz
1999). Currently, PCB’s emission occurs mainly during
the improper disposal of materials, substances and
equipment containing PCBs and then their accidental
release. This accidental and undesirable production of
certain PCB congeners may occur during methane fer-
mentation of municipal waste and combustion at tem-
peratures lower than necessary for their thermal decom-
position (Breivik et al. 2002; Rolecki 2002).

Contaminated soil is a significant source of PCB and
OCP re-emission to the atmosphere due to its high reten-
tion capacity (Růžičková et al. 2008). As shown in the
research by Jaward et al. (2004) on the levels of various
persistent organic pollutants (POPs) in the air in Europe,
the trends of PCBs contamination were linked to
urbanised source areas, and higher concentrations of or-
ganochlorine pesticides, DDT and γ-HCH (lindane) were
reported in the region in which they were produced or
used in large amounts. Additionally, in some areas of
Europe, fresh p,p′-DDT signals were observed, which
may be due to the fact that DDT is still being used to
control malaria vectors (Bouwman et al. 2011). Due to
their high vapour pressure, most organochlorine com-
pounds reach the atmosphere relatively easy from the soil
surface and may be transported over great distances with
air currents. This leads to the contamination of soil in areas
where these compounds have not been used for many
years (Wania and Mackay 1996). Numerous studies indi-
cate that PCBs and OCPs are still being detected in soils
used for agricultural purposes, forests and urban areas
(Holoubek et al. 2007; Kumar et al. 2009).

Wild boar (Sus scrofa) seems to be the best indicator
of environmental contamination, due to their unique
foraging method. Its importance as a bioindicator is high,
especially in relation to xenobiotics from the soil which

increase their concentration along the food chain. Boars
obtain food mostly by digging large amounts of soil. It is
a typical omnivore, and its diet not only consists mainly
of plants, including roots and bulbs but also earthworms
and insect larvae and pupae.Wild boars also eat imagoes,
small mammals, frogs, eggs and chicks of birds nesting
on the ground and carrion. They are increasingly com-
mon in urban areas, where they feed on garbage and in
landfills (Baubet et al. 2004; Genov 1981).

In the area of West Pomerania (NW Poland),
biomonitoring of organochlorine compounds (pesticides
and PCBs) has mainly concerned the aquatic environ-
ment (Tomza et al. 2006; Tomza-Marciniak and Witczak
2010). However, studies on residues of these compounds
in the tissues of terrestrial mammals (red deer, roe deer,
fox) are few and limited mainly of PCBs (Tomza-
Marciniak et al. 2011, 2012). Biomonitoring research
using wild game is particularly important due to the
information about the extent of environmental contami-
nation and the potential risk for consumers of venison.
With this in mind, the aim of this study was to (1) detect
the presence and determine residue levels of DDT, lin-
dane, endrin and PCBs in the liver of wild boars from the
West Pomerania; (2) determine the activity of glutathione
S-transferase (GST) as a biomarker of biological response
and then (3) assess the toxicological risk for the con-
sumers of wild boar offal.

Materials and methods

Sampling

The present research was conducted on wild boars of
various ages and sexes (Table 1), killed during the hunting
seasons in 2010–2011, in an area situated in West Pomer-
ania, in north-western Poland (53°20′50′′N, 14°52′14′′E).
The areas from which the animals originated were mostly
forested areas. Agricultural land is 34 % of the area.

The liver samples were obtained from individual-
shot specimens and from wild-game collection centres.
The liver from each animal was excised and homoge-
nized. All samples were frozen (−80ºC) and stored in
the laboratory until analysis.

Chemicals

Reagents used in the analysis were as follows: n-hex-
ane, acetone, dichloromethane and sulphuric acid from
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Merck (KGaA, Germany) and anhydrous sodium sul-
phate, Tris–Cl buffer and ethyl ether from Chempur
(Poland). Florisil, EDTA, 2,4-dinitrobenzene and
reduced glutathione (GSH) were obtained from
Sigma-Aldrich, and the standards for gas chromatog-
raphy were obtained from AccuStandard, Inc. (New
Haven, USA).

Extraction and clean-up procedure

The samples were analysed for lindane (γ-hexachlo-
rocyclohexane), endrin, DDTs (and its metabolites),
PCBs (sum of six indicator congeners, 28, 52, 101,
138, 153, 180) and dioxin-like congeners (dl-PCB),
77, 114, 118, 126, 156, 157 and 169. The samples
were prepared for analysis according to a previous-
ly described method (Tomza-Marciniak et al. 2011)
with several modifications. Subsamples of ∼25 g
were ground with anhydrous sodium sulphate in a
mortar until obtaining a loose homogenous sub-
stance. The extraction of organochlorine compounds
was carried out together with lipids using n-
hexane/acetone mixture (v/v, 1:2.5) and next, with
n-hexane/ethyl ether mixture (v/v, 9:1). The extracts
obtained were concentrated in a rotary vacuum
evaporator at 50 °C up to about 2 mL and trans-
ferred quantitatively with n-hexane to 10 mL, dried
and weighed in test tubes. In order to determine the
percentage of lipids, dissolvent was evaporated on a
water bath under vacuum pressure using a rotary
evaporator, and the residue was dried at 80 °C to a
solid mass. After determining the lipid mass, the con-
tent of the test tubes was dissolved in 2 mL n-hexane
and purified by adding 8 mL concentrated sulphuric
acid. After layer separation, the upper n-hexane layer
was transferred to 8-cm3 LiChrolut® glass column filled
with 1 g activated florisil. The column was eluted with
n-hexane and dichloromethane. The eluate obtained was
concentrated on a water bath under vacuum pressure
using a rotary evaporator to 0.5 mL.

Chromatographic analyses

The extract was submitted to gas–liquid chromatograph-
ic separation using the method of capillary gas chroma-
tography with mass spectrometry GC/MS (Clarus 600
GC/MS Perkin Elmer) and using ELITE-5MS column
(60 m×0.25 mm×0.5 μm). Chromatographic analysis
was performed under the following conditions: column
oven programme, 140 °C (1 min) and increased by
10 °C/min to 200 °C (5 min), by 10 °C/min to 280 °C
(5 min) and by 10 °C/min to 300 °C (15 min). The flow
rate (splitless) was 1 cm3/min and injection volume,
5 μl.

PCBs and pesticides were identified and quantified
against three standard solutions (custom PCB standard
and custom pesticide standard; AccuStandard, Inc.,
New Haven, USA). The accuracy of analyses was
verified using the certified reference material (SRM
1946, National Institute of Standards & Technology,
USA). Accuracy of methods applied was also checked
by the addition of known amount of internal standard
solution, Pesticides Surrogate Spike Mix, Supelco
(Sigma-Aldrich). The concentration of organochlorine
compounds ranged between: for PCBs—81 to 91 %
and for OCPs—85 to 96 % of the reference values.
Limit of detection for the analysed compounds was
0.02 ng/g. The quality of the analytical procedure
was checked by analysis of blank samples. No cross-
contamination was found. The toxic equivalents
(TEQs) were calculated for dioxin-like PCBs (WHO-
dlPCB-TEQ) using the toxic equivalency factor (TEF)
values described by Van den Berg (2006). The concen-
tration of the analysed compounds was converted to
lipids.

Glutathione S-transferase activity assay

For the determination of GST activity, 1 g of liver was
homogenized in a glass homogenizer in ten volumes of
buffer (50 mM Tris–Cl buffer, pH 8.1, 1 mM PMSF,
2 mM EDTA). Homogenates were centrifuged for
15 min at 15,000 rpm at 4 °C. Supernatants were
collected and stored at −80 °C until analysis.

Twenty microlitres of buffer sample diluted in assay
(0.1 M phosphate buffer, 2 mM EDTA, pH 6.5) were
transferred to 180 μl assay buffer with 1 mM reduced
GSH and 2 mM 1-chloro-2,4-dinitrobenzene (CDNB).
After 1-min lag time, increasing absorbance was mon-
itored for 4 min at 15 s intervals at 25°C. The activity of

Table 1 Age and weight of wild boars

Animal N Age (year) Weight (kg)

All specimen 32 3.1±1.2 70.2±32.4

Male 19 3.2±1.4 77.4±35.9

Female 13 2.9±1.1 65.7±29.5
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GST was reported as unit per milligramme of protein.
One unit of GST-specific activity was defined as the
amount of enzyme that catalyses the formation of
1 nmol of product per minute. Total protein was
assayed by Bradford method with bovine serum albu-
min as a standard (Bradford 1976).

Statistical data analysis

Statistical analysis of the data was performed using
STATISTICA software (Statsoft Inc., version 7.1
Statsoft). Prior to analyses, data were investigated to
determine their distribution using the Shapiro–Wilks’ W
test. Hepatic organochlorine compound concentrations
and GST activity between sexes were compared by
Mann–Whitney U test. Differences were considered as
significant at a level of p<0.05. The relationships be-
tween hepatic organochlorine compound concentrations
and GST activity were calculated using Spearman’s cor-
relation analysis.

Results and discussion

The data on organochlorine compounds in the liver of
wild boars from the West Pomerania region are given in
Table 2. The activities of GST are given for females,
males and all specimens taken together in Fig. 1. The
results of the analysis which examined the correlation
between the concentration of organochlorine compounds
in the liver and GST activity are shown in Table 3.

Hepatic concentrations of organochlorine pesticides
and polychlorinated biphenyls

In our study, the presence of pesticides was detected in
all liver samples. In comparison, in a study conducted
in southern Italy (Naccari et al. 2004), livers of wild
boars contained only DDT, only in 8 of the 54 samples
tested, at concentrations lower than those obtained in
our study. In another research, this time in northern
Italy (Naso et al. 2004), livers of roe deer contained one
of the DDT metabolites (p,p′-DDE) and lindane, and
no endrin was found in any of the tested samples. In
our study, endrin concentration was the highest among
the examined pesticides and averaged 117.28 ng/g lip-
id weight (lw). Endrin is a cyclodiene pesticide which
previously had been used as a foliar insecticide, mainly
on field crops and as a rodenticide to control mice and

voles (Smith 1991). In addition, endrin is produced as a
result of isodrin transformation, another substance
used in agriculture. Since this pesticide is rapidly me-
tabolized by animals and poorly accumulated in the
body (WHO 1992), it can be concluded that the pres-
ence in the examined livers was the result of current
dietary intake of endrin alone or isodrin. The deter-
mined endrin residues in the livers of the wild boars
were twice lower than in other studies in Western
Pomerania, but in areas with landfills containing obso-
lete pesticides (Tomza-Marciniak 2013, in press).

Lindane, the most toxic HCH isomer, appeared in the
smallest amounts. Its concentration ranged from 0.94 to
20.42 ng/g lw, and the average was 7.24 ng/g lw. A
similar level of this pesticide was found by Naso et al.
(2004) in the liver of European roe deer from Italy.
However, in wild boars in Japan, Hoshi et al. (1998)
determined lindane at levels below the detection limit.
Also, Naccari et al. (2004) did not detect this pesticide in
wild boar liver or any other organ. Lindane, similar to
endrin, is relatively rapidly metabolized and excreted
from the body. Given the short half-life of this pesticide
in the environment, it is believed that its presence in the
body must be the result of the current wild boar expo-
sure to this compound. Lindane has been widely used as
an insecticide besides serving for soil amendment and
wood. While the agricultural and forestry use of lindane
in European countries was banned many years ago, it
was used until recently as a measure against external
parasites of humans and animals (Struciński 2009). Re-
search byDvorská et al. (2009) showed ongoing γ-HCH
emission in some European countries, the greatest in
northern France, southern and eastern Germany, the
Czech Republic and Poland.

Among the organochlorine pesticides, DDT has the
highest durability in the environment. In the animal
body, it undergoes biotransformation to DDE, the ma-
jor metabolite of DDT transformation. In our research,
the share of this metabolite in total DDTs in the liver of
the boar was the greatest, at over 64 % (Fig. 2). Also
Hoshi et al. (1998), Hoekstra et al. (2003) and Naso
et al. (2004) found that p,p′-DDE is the most frequent
DDT in the liver and adipose tissue of wild terrestrial
mammals, and in some cases, p,p′-DDE was the only
DDT. Another metabolite with a relatively high share
(23.2 %) was p,p′-DDD. This metabolite is formed in
the soil environment under anaerobic conditions from
p,p′-DDTand is taken by animals with their diet. Based
on the ratio of the sum of p,p′-DDE and p,p′-DDD to
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Table 2 Concentration of organochlorine compounds (mean ± SD) in liver of wild boar

Percentage samples with
residues

Concentration

All specimens Female Male

Pesticides (ng/g lipid)

Lindane 100 7.24±4.38 6.97±4.84 7.58±4.03

Endrin 100 117.28±98.46 115.69±101.40 120.07±93.37

DDTsa 100 67.95±42.13 64.28±45.39 70.64±39.61

dl-PCBs (pg/g lipid)

PCB 77 100 32.41±10.86 27.24±14.09A 38.97±11.14A

PCB 114 94 14.10±14.55 13.91±12.87 14.29±15.71

PCB 118 100 61.78±24.18 54.29±23.64 69.52±33.29

PCB 126 97 18.98±20.09 18.16±19.31 18.75±21.86

PCB 156 100 63.18±47.37 61.54±50.82 64.82±43.54

PCB 157 81 18.62±17.05 17.61±19.13 19.63±16.78

PCB 169 94 21.29±19.28 20.27±21.95 23.06±18.11

WHO-dlPCB-TEQ (pg/g lipid) 2.10±1.11 1.99±1.05 2.21±1.18

PCBsb (ng/g lipid) 100 78.59±51.34 76.33±49.87 89.45±52.33

a DDTs—sum of metabolites (p,p′-DDE; o,p′-DDD; p,p′-DDD; o,p′-DDT; p,p′-DDT)
b PCBs—sum of six indicator PCB congeners (IUPAC no. 28, 52, 101, 138, 153, 180)
AThe same letters denote statistically significant differences at p<0.05
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Fig. 1 Hepatic GST activity (U/mg protein) in female, male and all individuals of wild boars
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p,p′-DDT, one can evaluate whether the presence of
DDT is the result of the use of this pesticide in the past
or whether it is due to the fresh input. The ratio showed
that the area inhabited by the examined wild boars was
not covered by a fresh input of DDT, and the presence of
DDT in the analysed organs resulted from the past use of
this insecticide. Our research shows that the content of
DDTs in the liver of wild boars had a wide range, i.e.
from 4.03 to 257.84 ng/g lw, with the mean concentra-
tion of 67.95 ng/g lw. Comparing the obtained data with
the results of other authors, it was found that the con-
centration of DDTs in the liver of the wild boars in NW
Poland was lower than in the liver of wolverine from
Canada (Hoekstra et al. 2003) and European roe deer
from Italy (Naso et al. 2004) but greater than in the liver
of wild boars in southern Italy (Naccari et al. 2004).

Available literature shows that the presence of residual
PCBs, including dl-PCBs, in the tissues of hunted ani-
mals is still being detected in many countries (Naso et al.
2004; Naccari et al. 2004; Suutari et al. 2012). However,
reports on PCBs in the liver of wild boars in Poland and
other European countries are scarce. Most papers usually
concern the presence of these compounds in the adipose
tissue of those animals (Zasadowski et al. 2003).

In our research, PCBs were detected in all the liver
samples, and the mean concentration of PCBs (as a
sum of six indicator congeners) was 78.59 ng/g lw.
These results are considerably higher than in a study on
wild boars living in southern Italy (Naccari et al. 2004)
where in all examined boars, hepatic PCB concentra-
tions were below the detection limit. A similar situation
was observed by Shore et al. (2001) in the liver of
wolves in Russia. Elevated PCB concentrations in
domestic animals and wildlife were found in areas
where PCBs used to be produced. In northern Italy, in
Brescia, PCBs had been produced for more than
50 years (until 1984) (Turrio-Baldassarri et al. 2009).
Accordingly, Naso et al. (2004) detected PCBs in 97 %
of the liver and adipose tissue samples of roe deer from
northern Italy, and the determined hepatic concentra-
tion was two times higher than in our study. Much
higher PCB levels than in our paper were also observed
by Kocan et al. (2001), who found a mean concentra-
tion of 103.2 ng/g in the meat of game animals in
eastern Slovakia, where PCBs had been produced for
25 years.

PCB levels in the liver of wild boars in our study
were higher than those observed in roe deer and deer
living in the same area (Tomza-Marciniak et al. 2011).
These differences result from the different fashion of
foraging. Deer and roe deer are typical herbivores,
whereas wild boar is omnivorous, obtaining food main-
ly through digging large amounts of soil. As indicated
by literature data, the soils ofWest Pomerania have been
observed to contain organochlorine compounds, includ-
ing PCBs (Witczak and Abdel-Gawad 2012).

Among dioxin-like congeners, only PCB 77, 118
and 156 were present in each examined sample. The
lack of the other congeners was observed only in a few
samples. Generally, PCB 118 and 156, mono-ortho
congeners, were dominant compounds in liver sam-
ples. Among non-ortho PCBs, the dominant congener
was PCB 77 with a mean concentration of 32.41 pg/g
lw. The concentration of PCB 126 was rather low,
which given its high TEF (0.1) was reflected in
WHO-dlPCB-TEQ (mean 2.10 pg/g lw) (Table 2).

Our previous studies carried out in the area of West
Pomerania (Tomza-Marciniak et al. 2011) show that
TEQ levels calculated for dl-PCBs in the liver of red
deer and roe deer were a few times lower, 0.32 and
0.29 pg/g lipids, respectively. WHO-dlPCB-TEQ was
much lower than reported by other authors in other
parts of the world. For example, in Finland, Suutari

Table 3 Results of the correlation analysis between hepatic
concentrations of organochlorine compounds and GST activity

PCB and OCPs vs. GST activity

Correlation coefficient P value

Pesticides (ng/g)

Lindane −0.5153 0.044

Endrin 0.3046 0.507

DDTsa −0.5283 0.038

dl-PCBs (pg/g)

PCB 77 −0.4971 0.277

PCB 114 −0.2955 0.440

PCB 118 −0.4926 0.296

PCB 126 −0.2645 0.492

PCB 156 −0.2144 0.580

PCB 157 −0.0606 0.877

PCB 169 −0.3922 0.296

PCBs (ng/g)** −0.7214 0.019

Numbers in italics indicate a significant correlation
a DDTs—sum of metabolites (p,p′-DDE; o,p′-DDD; p,p′-DDD;
o,p′-DDT; p,p′-DDT)

**PCBs—sum of six indicator PCB congeners (IUPAC no. 28,
52, 101, 138, 153, 180)
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et al. (2012) observed in reindeer hepatic WHO-
dlPCB-TEQ was on average 12 pg/g lipids.

Statistical analysis showed that for most analysed
organochlorine compounds, sex was not a significant
factor for the observed concentrations of these com-
pounds. Although in males, hepatic concentrations of
PCBs and OCPs were higher than in females, but it was
not statistically significant. Only PCB 77 showed a
statistically significant difference (p<0.014).

Some authors explain the sex-related differences in
the levels of these compounds with the ability to elim-
inate part of the lipophilic contaminants accumulated in
the liver during pregnancy and lactation. This was con-
firmed by research in which young individuals have
greater PCB levels than adults (Suutari et al. 2012; Dip

et al. 2003). The lack of statistical confirmation of such
differences was also noted in a paper by Hoekstra et al.
(2003), who explained the fact by a small size of the
examined population which affected the statistical pow-
er of the conducted analyses.

Activities of glutathione S-transferase

GST is a phase II enzyme, involved in the cellular
detoxification of xenobiotics and plays a fundamental
role in the protection against toxic chemicals (Sheehan
et al. 2001). According to Fitzpatrick et al. (1997), the
GST is involved in the metabolism of organochlorine
compounds. Several recent studies have shown that
chronic exposure to organochlorine compounds may
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Fig. 2 Percentage of individual DDT metabolites (%) in the sum of DDT in the liver of wild boars

Table 4 Maximum residue limits in liver of terrestrial animals (bovine, swine, sheep)

Maximum residue limit Percentage samples with >MRLs

Lindane 0.02 μg/g fata 0

Endrin 0.05 μg/g fata 6 (n=2)

DDTs (sum of p,p′-DDT; o,p′-DDT; p,p′-DDE; p,p′-DDD) 1 μg/g fata 9 (n=3)

ndl-PCBs (sum of PCB 28, 52, 101, 138, 153, 180) 40 ng/g fatb 12.5 (n=4)

WHO-PCDD/F-PCB-TEQ) 10 pg/g fatb –

a Reference: regulation (EC) no 396/2005 of The European Parliament and of The Council of 23 February 2005 on maximum residue
levels of pesticides in or on food and feed of plant and animal origin and amending Council Directive 91/414/EEC. OJ L 70/1
b Reference: commission regulation (EU) no 1259/2011 of 2 December 2011 amending regulation (EC) no 1881/2006 as regards
maximum levels for dioxins, dioxin-like PCBs and non dioxin-like PCBs in foodstuffs
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result in the inhibition of GST activity (Greco et al.
2010; Tian et al. 2012). Also in our study, we observed
a statistically significant (p<0.05) negative correlation
between the concentration of lindane, DDTs and PCBs
(as sum of indicator congeners) in the liver and the
activity of GST. However, GST activities showed no
significant correlation with any of dl-PCBs (Table 3).

In contrast, in some studies, no dependence was
found between PCB and GST activity (Richardson
et al. 2010), while in others, GST increased its activity
along with the increasing exposure to PCB (Routti et al.
2008). Hamed et al. (2003) showed that induced GST
activity indicates an adaptation of the organism to en-
hanced pollution stress.

No significant differences in GST activity were ob-
served among sexes. In females, mean hepatic GST
activity was 236.3 U/mg of protein and in males
260.9 U/mg of protein (Fig. 2) The activity of this en-
zyme had a very wide range, from 20 to 1,103.2 U/mg of
protein.

Evaluation of toxicological risk to consumers

The health risk to animals and people resulting from
exposure to organochlorine compounds is associated with
their ability to induce metabolic, endocrine and reproduc-
tive disruptions (Safe 1994; Gregoraszczuk et al. 2004;
Langer 2010). The significant abilities of PCBs and OCPs
to bioaccumulate and induce toxic effects have created the
need to monitor levels in their food.

The interpretation of PCB and OCP determinations
is not easy, as both in Poland and the rest of the EU,
there are no regulations to establish their highest per-
missible levels in edible offal or meat of hunted ani-
mals. The assessment of potential contamination of
wild boar meat uses the norms established for farmed
animals, as are presented in Table 4.

Our results showed that in five samples of wild boar
livers, the determined concentrations of certain organ-
ochlorine compounds exceeded maximum residue
levels (MRLs). In one sample, PCBs, endrin and DDTs
exceeded MRLs at the same time while in another, it
was concurrently endrin and DDTs. In the remaining
three samples, only PCBs thresholds were exceeded.
MRLs for PCBs were exceeded in four samples, for
endrin in two samples and for DDTs in three samples.

According to current regulations, the maximum level
for the sum of dioxins, furans and dl-PCBs (expressed as
PCDD/F-PCB-TEQ) in the liver of terrestrial animals

and products derived thereof is 10 pg/g lipids. In our
study, mean TEQ level calculated only for dl-PCBs was
2.10±1.11 pgWHO-PCB-TEQ/g. Given that the contri-
butions of PCBs to total TEQs observed in some reports
ranged from 34 to 68 % (Suutari et al. 2009), it must be
concluded that TEQs obtained were low and do not pose
a risk to consumers.

Although in several livers we observed levels ex-
ceeding the maximum permissible for some com-
pounds, a full assessment of the potential health risk
should allow for the mean volume of wild boar meat
consumption. Although the edible offal of wild boars
and other hunted animals is valued and often con-
sumed, the volume of consumption is much lower than
for beef and pork offal. That is why it seems necessary
to develop separate norms for the meat and offal of
hunted animals.

The determination of organochlorine compounds in
game animals not only reflects the degree of environ-
mental contamination in which they live but also en-
ables an assessment of toxicological risk for the con-
sumers of venison. Literature data indicate that the
levels of PCBs and OCPs observed in our study were
higher than tissues of animals coming from non-
contaminated areas but at the same time were lower
than in contaminated areas. Therefore, there are no
definitive premises to conclude that the examined area
of West Pomerania is significantly contaminated with
organochlorine compounds. Nevertheless, one should
bear in mind that the meat and offal of hunted animals
from the area may contain elevated concentrations of
these compounds and hence may pose some risk for
venison consumers.
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