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Abstract Our aim were to establish the metal (Cu, Ni, Zn,
Co, Cd, and Pb) levels of red fox liver and the kidney samples
(n = 10) deriving from central part of Hungary and compare
the results with other countries’ data. According to our results
the concentrations of residues of the targeted elements (mg/kg
dry weight) in liver and kidney samples were, respectively in
liver: Cu: 21.418,Zn: 156.928,Ni: 2.079,Co: 1.611,Pb: 1.678
and Cd: 0.499; and kidney samples: Cu: 9.236; Zn: 87.159; Ni:
2.514; Co: 2.455; Pb: 2.63 and Cd: 0.818. Pb levels of Hun-
garian red fox liver samples significantly exceed the values of
Italian specimens’ samples, whilst the same element’s con-
centrations of Hungarian red fox kidney samples were higher
than the results published in Germany.
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The development of industry and motorization, as well as the
continuing over-intensive use of various chemical compounds
in agriculture leads to a constant increase of the levels of
metals in the environment; being non biodegradable, they
readily accumulate to toxic levels (Adie and Osibanjo 2009).
The anthropogenic heavy metal contamination affects nowa-
days large areas worldwide (Nicholson et al. 2003) and
excessive levels of metals could be introduced into the
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agricultural ecosystems through industrial waste or fertilizers
(Alloway 1990). Determining the concentrations of metals in
the biota provides information concerning their movement
through the environment, accumulation and potential toxi-
cological effects (Torres and Johnson 2001). Animals, espe-
cially mammals, are useful bioindicators for environmental
monitoring in ecosystems with pollution loads (Tataruch and
Kierdorf 2004). Most wild carnivorous mammals, which are
at the top of the food web, may be very sensitive to any bio-
magnification processes. One of these carnivores, the red fox
(Vulpes vulpes Linnaeus, 1758), could be an effective bioin-
dicator in estimating environmental pollution in its natural
habitats because of the species’ biological and ecological
features (Ansorge et al. 1993; Corsolini et al. 1999; Dip et al.
2001; Kalisinska and Palczewska-Komsa 2011).

The lack of knowledge about bioaccumulation and actual
values of the concentrations of main pollutants from the
metals group in red fox (V. vulpes) specimens from natural
populations inhabiting agricultural regions in Hungary
determined the aim of the present investigation: (1) to
evaluate the concentrations of priority pollutant residues
from the metal group — elements with concentration depen-
dant toxic effect (Cu, Ni, Zn, Co) and microelements with
proven highly toxic effect on living organisms (Cd, Pb) — in
samples from target organs of the red fox (liver and kidneys),
originating from a natural population inhabiting the main
agricultural region in Hungary; (2) to establish the initial
norm of its variation in landscapes typical for agricultural
territories in the country’s plane region.

Materials and Methods

To find out metal concentrations in the red fox, samples
(kidneys and livers, n = 10) were collected during the
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regular hunting season in 2008 from Jasz-Nagykun-Szol-
nok County an agricultural region in the central part of
Hungary, characterized by relatively intensive agriculture
and well developed road network. All investigated red
foxes were adults males in normal physiological condition.
The liver and the kidneys were used as test systems for the
analytic concentrations of studied toxicants in the red fox
specimens.

Tissue samples were taken from liver and kidneys in
field conditions (none of the samples were contaminated
with bullets), and were frozen for the subsequent laboratory
analysis. The mineralized samples of its tissue from each
investigated specimen were analyzed through Atomic
Absorption method for determination of the content of Cu,
Ni, Zn, Co, Cd and Pb (Havezov and Tsalev 1980). Con-
centrations of the above mentioned elements were
expressed in mg/kg of dry analysed tissue.

Statistical analysis included the determination of the
arithmetic mean, standard deviation from that mean and
495 % confidence limits for means with regard to con-
centrations of investigated metals. The differences between
the mean values of metals’ residuals in the two studied test
systems (liver and kidneys) were analysed using a non-
parametric statistical method—Mann—Whitney U test. Dif-
ferences were considered significant at p < 0.01. In addi-
tion, the significance of differences in metals’
concentrations between red foxes from the agricultural
region in the central part of Hungary and red foxes from
other low-polluted regions in Europe were assessed. These
comparisons were performed using the Student’s ¢ test. All
calculations were performed using the statistical package
STATISTICA 2008 version 8.0 (StatSoft Inc. 2008
www.statsoft.com).

Results and Discussion

The agricultural areas in Hungary cover the half of the
country (5.5 million ha); 4.5 million ha of these are arable
lands. On most of the cultivated areas (more than 95 %)
wheat, rape, sunflower and corn are grown by intensive
methods. The average size of a cultivated parcel is more than
75 ha, and more than 110 kg chemical fertilizers per hectare
are used. Green-forage production (e.g.: alfalfa) is not typical
because of the decline of livestock breeding, so rodent con-
trol on the arable lands is less practiced. The rodent popu-
lations on these sites are currently controlled only by natural
processes (weather, nutrient-supply, and predation). That is
why the biomass of the rodents may be significant, and might
reach a level of 254 sp./1 ha (Lanszki et al. 2006). The
comparative analysis of data from agricultural management
in Jasz-Nagykun-Szolnok County and the mean values from
the whole country (Table 1) revealed the distinctiveness of

this region, characterizing it as a typical agricultural territory
in Hungary.

The average road density (motorways and major trough
roads) is 2.02 km/100 km? in Jdsz-Nagykun-Szolnok
County compared to 2.32 km/100 km? countrywide. In
case of secondary (regional and local) roads, the road
density is 5 km/100 km? in the County and 4.79 km/
100 km? all over the country. The road density of all roads
is 23.3 km/100 km? in Jasz-Nagykun-Szolnok County and
34.05 km/100 km? in Hungary (National Road Database
2011 http://www.utadat.hu downloaded 19.10.2011/and the
Hungarian Central Statistical Office 2011 http://www.ksh.
hu/agriculture downloaded 19.10.2011), or it reaches
68.43 % of the average road density in the country and is
typical for a region with predominantly agricultural land
use. The descriptive information about the concentrations
of metals in the liver and kidney in the Red fox in Jasz-
Nagykun-Szolnok County are presented in Table 2.

The concentrations of residues of priority pollutants of
the metal group — existential elements with concentration
dependant toxic effect (Cu, Ni, Zn, Co) and microelements
with proven highly toxic effect on living organisms (Cd,
Pb) found in samples from of target organs—liver and
kidney of the Red fox, originating from natural population
inhabiting the main agricultural region in Hungary revealed
the following: (1) Zn and Cu had the highest accumulated
levels among the existential elements in both studied
organs; the quantities of the other two existential elements
Co and Ni were low; the concentration of metals varied
widely among analysed samples; the highest absolute
variation of residuals’ mean value was found in zinc, fol-
lowed by copper and nickel; (2) the empirical mean values
of copper and zinc residuals were higher in the liver, while
the mean values of nickel, cobalt, lead and cadmium were
higher in the kidneys; (3) the bioaccumulation potential
(AP = mean value of metal in liver/mean value of metal in
kidney) of the tissues of studied internal organs of the Red
fox from the agricultural region of Jasz-Nagykun-Szolnok
County varies for the different metals. The AP values from
the studied organs showed that the mean concentrations of
existential elements (Cu and Zn) had higher levels in the
liver, while the other two bioelements (Ni and Co with
the high toxic effect Pb and Cd) had higher values in the
kidneys; (4) the mean values of the concentrations of
studied metals in the liver and kidneys were compared
using the Mann—Whitney U-test that revealed statistically
significant differences in copper and zinc (p = 0.09), in
lead (p = 0.39) and only at p = 0.67 in cadmium and
cobalt; (5) no significant differences were found in metal
accumulation in both organs at p < 0.01.

The values of £95 % confidence interval of the mean
values of studied metal residuals (Table 1) found in the
liver and kidneys of Red foxes from Jasz-Nagykun-
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Table 1 Data of agricultural management in Jasz-Nagykun-Szolnok County

1 2 3 4 5 6 7 8 9
A 3523 50.8 46.2 24 28 46,173 6,290 70,921 2,680
B 4,501.60 1,004.20 1,895.60 17 366 1,191,804 7,470 549,804 2,670

Jasz-Nagykun-Szolnok County (A) and Hungary (B): (1) cultivated land x 1,000 ha; (2) grassland x 1,000 ha; (3) forested area ha x 1,000 ha;
(4) manure (organic fertilizer) t/ha; (5) fertilizer kg/ha; (6) zea mays area ha; (7) zea mays crops kg/ha; (8) sunflower area ha; (9) sunflower crops

kg/ha

Source: Hungarian Central Statistical Office http://www.ksh.hu/agriculture downloaded 19.10.2011

Table 2 Descriptive statistics for metal residuals

Element Liver Kidney
X SD —95 % Confid. +95 % Confid. X SD —95 % Confid. 495 % Confid.

Cu 21.418 5.087 8.781 34.054 9.236 1.175 6.319 12.154
Zn 156.928 44.774 45.703 268.154 87.159 24.851 25.424 148.895
Ni 2.079 0.984 - 4.523 2.514 2222 - 8.033
Co 1.611 0.216 1.075 2.146 2.455 1.811 - 6.952
Pb 1.678 0.383 0.725 2.63 2.63 1.235 - 5.697
Cd 0.499 0.137 0.159 0.839 0.818 0.604 0.681 2.318

495 % confidence limits for means (in mg/kg of dry weight analysed tissue) in liver and kidney tissue samples of the red fox (V. vulpes) from
agricultural region (Jasz-Nagykun-Szolnok County) in the central part of Hungary (n = 10)

Szolnok County revealed that: (1) in the liver, the zinc had
the highest ratio between the maximum and minimum
values among the existential elements, followed by nickel,
copper and cobalt; among the elements with highly toxic
effect this ratio was higher in cadmium than in lead; (2) in
the kidneys, the nickel had the highest ratio between the
maximum and minimum values among the existential
elements, followed by the cobalt, zinc and copper, while
among the elements with highly toxic effect this ratio was
higher in lead than in cadmium.

The red fox is one of the most widespread and in many
aspects, the most important predator of Hungary. It is well
adapted to almost each type of forested and agricultural
environments in the country. From 1988 to 2002 the
Hungarian red fox populations increased steadily, but later
a process of reduction has begun. At the beginning of the
period, the estimated red fox population density was 4.4
sp./1,000 ha (1988), the highest density was 9.47 sp./
1,000 ha (2002). After a remarkable fall recently it grows
again. According to the National Game Management
Database the hunting bag has more than doubled since
1988. In 1988 the hunting bag was 29,491, while in 2009 it
was 66,671, with a maximum of 75,571 in 2003. Diet-
composition researches of the red fox in Hungary showed
that the most important base elements of the red fox’s diet
composition, depending on the type of the area and on the
season (according to biomass counting 46 %—85 %), are
small rodents (Heltai 2010). In open agriculture landscapes
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the red fox’s most important prey is the common vole,
which is considered as a pest in agriculture, and in forested
landscapes, the bank vole plays the same role. According to
the diet studies presented in this article, the proportion of
small mammals in the diet of the red fox varied between
52 % and 73 %. The information about the range width of
the established values of £95 % confidence interval of the
mean values of studied metal residuals (Table 2) expands
the notion of physiological and eco-toxicological charac-
teristics of red fox as zoo monitor and provides a sub-
stantial biological basis for interpretation of the obtained
results from biological monitoring of the agricultural areas
in Hungary. The accumulation of metals in foxes may
reflect their mobilization from the soil matrix and their
subsequent transfer into mammalian organisms (Goyer
1996). The rodents are foxes’ main food sources in agri-
cultural ecosystems, and being able to accumulate various
toxic compounds, especially metals from the environment
in their body (muscles, liver, kidneys, bones, etc.) (Goyer
1996). They could be considered as one of the main sources
of exposure of red fox in agricultural regions to the action
of various toxic compounds together with the atmospheric
pollution from motor vehicles and introduced industrial
waste or fertilizers.

The residuals of Pb and Cd (metals with highly toxic
effect) in air-dry tissues of the liver and kidneys from adult
red fox males from agricultural area in Hungary were
compared with data (Table 3) about foxes from Italy and
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Table 3 Comparison of metal concentrations in liver and kidney tissue samples
Element Liver Kidney

Hungary Italy t P Hungary Germany t P

X SD X SD X SD X SD
Pb 1.678 0.383 0.600 0.270 7.00 <0.01 2.630 1.235 0.800 0.230 4.67 <0.01
Cd 0.499 0.137 0.580 0.460 0.48 >0.01 0.818 0.604 1.110 0.910 —1.30 >0.01

Red fox (V. vulpes) from Hungary, Italy and Germany

X arithmetic mean in mg/kg dry weight, SD standard deviation, ¢ student’s ¢ value, p significance level

Germany. The data from Italy concern red foxes from a
rural and relatively undisturbed environment in Siena
(Corsolini et al. 1999). The German data (Ansorge et al.
1993) refer to red foxes from the Obcrlausitz region in
eastern part of Germany. This region has an area of about
3,000 km? including a variety of natural territories with
slight anthropogenic changes, urban areas and human set-
tlements, as well as areas under intensive agricultural
management. Ansorge et al. (1993) found that the level of
studied metals was not very high.

The comparative analysis of these three sets of data
(Table 3) showed that: (1) The mean values of Pb assayed
in samples of liver tissue from Hungarian and Italian foxes,
as well as the mean values of Pb in kidneys of Hungarian
and German foxes show statistical differences at p < 0.01;
residues of lead are of high value in Hungarian foxes; (2)
The mean values of Cd assayed in samples of liver tissue
from Hungarian and Italian foxes, as well as the mean
values of Cd in kidneys of Hungarian and German foxes
didn’t show statistical differences at p < 0.01.

As shown by the results of this study and by data
reported by other authors (Ansorge et al. 1999; Dip et al.
2001) metal concentrations in red fox occasionally show a
wide population intraspecific variability, and the accumu-
lation of metals in foxes may reflect their mobilization
from the soil matrix and subsequent transfer into mam-
malian organisms (Goyer 1996). Explanations for such
wide population intraspecific variability of metal concen-
trations in red fox in European ecosystems, where these
animals are positioned on the top of the local food chain,
may be sought both in differences in the degree of local
anthropogenic contamination of the environment, and in
local variability of natural geochemical background (Dehn
et al. 2006; Driscoll et al. 2007), but the possibility for
remote cross-border pollution should also be considered.
The examination of the 95 % confidence interval of the
mean values defined for studied metal residuals in the liver
and kidneys of the red foxes from Jasz-Nagykun-Szolnok
County, which is considered to be affected by agricultural
activities, established the initial norm of their variation and
allows using this species as zoo monitor in comparative

biomonitoring investigations in agricultural regions in
Hungary.

The presence of highly toxic metals, such as lead and
cadmium (Lucy and Venugopal 1977), considered as due to
anthropogenic pollution of the environment (Sawicka and
Kapusta 1979), in the liver and kidneys of free living red
foxes from the studied agricultural region, shows that
regular observations for assessment and forecasting of
accumulation of toxic metals in free living animals in
agroecosystems in Hungary are necessary. Regular moni-
toring of metal concentrations in the tissues of the foxes
from agricultural areas is therefore highly needed in the
nearest future in order to evaluate the natural pollution not
only as a result of using of chemicals in agriculture, but
with respect to probable transmission of pollutant emis-
sions to long distances, as well. It should aid in expanding
knowledge relevant to the problem of anthropogenic
impact on agricultural lands.
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