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Abstract. The red fox (Vulpes vulpes) is a representative of
the canid family with wide distribution in the Northern Hemi-
sphere and Australia. The increasing utilization of urbanized
habitats by red foxes prompted us to test whether this species
may be used to monitor the presence of anthropogenic pollut-
ants in cities or suburbs. For that purpose, we compared the
concentrations of heavy metals (Cd, Pb, Cu, Zn) in foxes from
urban, suburban, and rural areas within the municipality of
Zürich (Switzerland). The kidney and liver of suburban and
rural foxes contained the highest Cd concentrations, whereas
urban foxes contained the highest Pb levels. In the kidney of
suburban foxes, Cd concentrations increased from a median
value of 0.73 mg/kg in juvenile animals to 1.82 mg/kg in
adults. Similarly, the liver of suburban foxes contained increas-
ing Cd levels from a median of 0.21 mg/kg in juvenile animals
to 0.94 mg/kg in adults. An age-dependent storage of Cd was
also found in foxes from the rural surroundings, but no such
accumulation occurred in urban foxes from the city center,
where even adult animals contained very low Cd levels. Con-
versely, foxes from the urban center were characterized by
elevated Pb concentrations during the first 2 years of life, but
this transient Pb accumulation was absent in suburban or rural
animals. The liver of juvenile foxes contained a median Pb
concentration of 0.99 mg/kg in the city compared to only 0.47
and 0.37 mg/kg in the suburban and rural area, respectively.
Thus, we found that animals from separate environmental
compartments contain different patterns of tissue residues, im-
plying that red foxes may serve as a bioindicator species to
detect certain toxic hazards in urbanized habitats.

Life on our planet is threatened by anthropogenic pollutants
that accumulate in the atmosphere, water, or soil, but exposure
to such pollutants does not always produce toxic effects in

living organisms. On the contrary, a potentially hazardous
chemical becomes toxic only when it reaches an active site in
the target species at sufficiently high concentrations to generate
adverse reactions. Before establishing reliable risk assessment
studies it is therefore necessary to determine the bioavailability
of potentially toxic chemicals,i.e., the efficiency by which such
chemicals are transported from environmental matrices to bi-
ological receptors (Thibodeaux 1979; Hutton 1982; MacKay
1991; Eaton and Klaassen 1996).

Typically, the bioavailabilty of environmental pollutants is
assessed by measuring chemical residues in tissues or fluids of
animals living in appropriate aquatic or terrestrial habitats.
Many different species can be used to estimate the impact of
toxic chemicals on aquatic organisms (Kendallet al.1996), but
the choice of suitable terrestrial indicators is more problematic.
For example, wild animal species, such as chamois, European
hare, moose, red deer, reindeer, or roe deer, have been pro-
posed for biomonitoring studies (Doganoc and Gacnik 1995;
Frøslieet al. 1986; Kottferová and Koréneková 1998; Markov
1996; Santiagoet al. 1998). However, these species may not
serve as representative indicators of pollution outside of their
normal habitats (forests, farmland, or other rural areas). In
addition, these herbivorous species often occupy very large
territories and, therefore, may not be helpful in localizing
specific sources of toxic hazards. In contrast, red foxes (Vulpes
vulpes) adapt to a variety of environmental conditions and, in
urbanized areas, occupy small territories of 0.5 km2 or less
(Harris 1977; Harris and Trewhella 1988; Doncaster and Mac-
donald 1991). The use of red foxes for biomonitoring purposes
has been proposed before, but previous reports were limited to
the analysis of foxes living in rural habitats (Brunnet al.1991;
Ansorgeet al. 1993; Bukovjan 1997; Corsoliniet al. 1999;
Gunstheimeret al. 1997).

The present study was motivated by the observation that, in
many European countries, red foxes have invaded suburban
and even urban habitats (Harris 1977; McDonald and Newdick
1982; Christensen 1985; Schöffelet al.1991; Willinghamet al.
1996), where these animals are exposed, at least in part, to the
same pollutants as the human population. During the last 10Correspondence to:H. Naegeli

Arch. Environ. Contam. Toxicol. 40, 551–556 (2001)
DOI: 10.1007/s002440010209

A R C H I V E S O F

Environmental
Contamination
a n d Toxicology
© 2001 Springer-Verlag New York Inc.



years, a considerable increase of the overall fox density was
also observed in Switzerland (Breitenmoseret al. 1995). For
example, the fox population permanently living in the city of
Zürich is estimated to consist of 300–400 adult animals with
cubs being bred in public parks and in private gardens (Hofer
et al. 2000). The aim of this study was to explore whether red
foxes living in cities may be used to monitor the presence of
toxic hazards in their specific urban and suburban environ-
ments. For that purpose, we compared the tissue concentrations
of various heavy metals in foxes from adjacent urban, subur-
ban, and rural areas. Interestingly, we found that urban foxes
accumulate a different mixture of toxic residues compared to
the surrounding suburban and rural populations.

Materials and Methods

Study Area

The municipality of Zu¨rich (92 km2, 360,000 inhabitants) was divided
into urban, suburban, and rural areas (Figure 1). The rural area consists
mainly of forests, parks, farmland, and allotment gardens, in which the
distance between neighboring buildings extends to over 100 m. In the
urban area, the distance between buildings is reduced to less than
100 m. At the transition between these rural and urban compartments,
we delineated a suburban ribbon that has a width of 0.5 km.

Foxes

A total of 100 red foxes were obtained between January 1997 and
February 1998. The majority of animals (about 75%) were shot in the
course of population control programs organized by the city forest
service. The remaining animals were killed during road or traffic
accidents. The carcasses were wrapped in plastic bags and stored at
220°C until necropsy. Tissues were carefully examined for postmor-
tem degradation and for the presence of shots or shot injuries, and, if
present, such samples were eliminated from further analysis. On the
basis of these criteria, a total of 13 animals were excluded from this
study. The age of each animal was determined by counting annuli in
the cementum of one canine tooth of the lower jaw (Harris 1978; Grue
and Jensen 1979; Kappeler 1985; Goodard and Reynolds 1993).

Sample Analysis

Metal concentrations were assayed in samples of homogenized tissue
that were digested in the presence of nitric acid using an MDS-210
microwave (ProLab). Cd and Pb measurements were performed by
atomic absorption spectrometry in combination with a graphite furnace
using the 4100ZL spectometer from Perkin-Elmer. Cu and Zn was
determined by flame atomic absorption spectrometry using the Aana-
lyst 300 spectometer from Perkin-Elmer. All results are given in mg/kg
on a wet-weight basis. Each series of analysis included a blank, a
standard calibration curve, and spiked specimens. The accepted recov-
eries for spiked samples ranged from 85% to 115%. The coefficient of
variation on replicate samples was, 7%. The limit of detection for the
different metals in tissue samples was 5mg/kg (Cd), 50mg/kg (Pb), 5
mg/kg (Cu), and 1 mg/kg (Zn).

Statistics

Heavy metal concentrations in foxes from suburban, urban and rural
environmental compartments were compared using the Mann-Whitney
U-test. Differences were considered significant at p, 0.05.

Results

Sample Site, Fox Population, and Data Collection

The municipal territory of Zu¨rich consists of a central urban
area comprising 26 km2. This urban center is surrounded by a
suburban ribbon of 33 km2 and several rural areas, mainly
consisting of forests and farmland, located at the city border
(Figure 1). Kidney and liver tissues were obtained from a total
of 87 red foxes collected between January 1997 and February
1998. Eighteen animals were from the central urban area, 49
animals were collected in the suburban surroundings, and an-
other 20 foxes were from the rural environments. Upon age
determination, these animals were divided into three groups
that included juvenile foxes with an age of 12 months or less (n
5 39), young foxes that were between 13 and 24 months old (n
5 24), and adult foxes with an age of more than 2 years (n5
24).

Heavy metal concentrations in the kidney and liver samples
were determined by atomic absorption spectrometry. In Table
1, both arithmetic means and medians are given to facilitate
comparisons with other reports in the literature. From the Cd
concentrations of all animals we calculated median values of
0.97 mg/kg in the kidneys and 0.32 mg/kg in the liver. The
median Pb concentrations in kidney and liver amounted to 0.37
and 0.58 mg/kg, respectively. Thus, the overall Cd and Pb
concentrations were in a comparably low and nontoxic range as
the values reported by Corsoliniet al. (1999), who monitored
residues of pollutants in a fox population from central Italy. On
the other hand, we found higher Cd but lower Pb concentra-
tions compared to the study of Ansorgeet al. (1993), who
monitored the residues in the kidney of a fox population from
East Germany. Also, we observed similar Pb and Zn concen-
trations as in the study of Bukovjan (1997), who analyzed the
heavy metal contamination of foxes in the Czech Republic. On
the other hand, our analysis yielded considerably higher Cd and
Cu concentrations than the study performed by Bukovjan
(1997). Unlike previous reports (Ansorgeet al.1993; Corsolini
et al. 1999), we were unable to detect a statistically significant
difference in the level of heavy metal residues when the fox
population of this study was separated according to sex.

Cd Residues

We observed a nearly 100-fold range of Cd concentrations in
the kidney, from 0.08 mg/kg in one of the juvenile animals to
over 7 mg/kg in some adult animals (Table 1). Even within the
group of foxes that were older than 24 months, Cd concentra-
tions in the kidney yielded a nearly 30-fold variability with
values ranging from 0.26 to 7.33 mg/kg. Thus, the wide vari-
ation of Cd levels could be attributed only in part to the
expected differences between juvenile and adult animals due to
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continued retention of this metal in soft tissues (Klaassenet al.
1999). In fact, Figure 2A shows that only red foxes living in
suburban and rural habitats accumulated Cd in an age-depen-
dent manner. For example, the median Cd concentration of
suburban foxes increased from 0.73 mg/kg in the kidney of
juvenile foxes to 1.82 mg/kg in the kidney of adult animals. In
contrast, there was no accumulation of Cd in urban foxes, and,
in fact, even adult animals living in the city center contained
very low levels of this metal in their kidneys (median value of
0.49 mg/kg). An age-dependent storage of Cd was also found
in the corresponding liver tissue, but again exclusively in the
animals obtained from suburban or rural areas, whereas the
liver of urban foxes contained low amounts of this metal
(Figure 2B). Thus, we found that foxes from distinct but
adjacent environmental compartments contain significantly dif-
ferent levels of a potentially toxic pollutant, in this case Cd.
Regardless of the mechanism underlying this difference, our

finding supports the notion that urban and suburban/rural foxes
constitute separate populations with little dispersal movement
in either direction.

Pb Residues

A diametrically opposite pattern of contamination was ob-
served when we measured the concentrations of Pb in the same
tissue samples. First, we found that juvenile animals contained
higher Pb levels than adult foxes. Second, this transient accu-
mulation of Pb was detected only in the animals living under
urban conditions. In the liver, there was a 20-fold range of Pb
concentrations from 0.13 mg/kg in one of the suburban foxes to
2.59 mg/kg in one of the urban foxes (Table 1). Further
analysis of these results revealed that the highest Pb levels were

Fig. 1. Study area. The varying distances between neighboring buildings were used to divide the municipality of Zu¨rich into a rural (distances.
100 m), suburban, and urban compartment (distances, 100 m). The suburban area constitutes a transition zone of 500 m between the rural and
urban compartments. White: rural area; light gray: suburban area; dark gray: urban area; blue: lake and rivers

Table 1. Summary of heavy metal residues in the tested fox population (n5 87) within the municipality of Zu¨rich

Cd Pb Cu Zn

Kidney Liver Kidney Liver Kidney Liver Kidney Liver

Median 0.97 0.32 0.37 0.58 4.8 16.2 20.2 41.8
Minimum 0.08 0.03 0.11 0.13 2.5 2.3 9.5 19.5
Maximum 7.33 2.59 1.33 2.59 20.7 157.7 58.0 116.6
Mean 1.45 0.52 0.57 1.20 6.3 20.2 21.2 44.9
SDa 1.43 0.51 0.90 3.61 4.1 18.8 7.8 16.7

All values are given in mg/kg on a wet-weight basis.
a SD, standard deviation.
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found in the liver of urban foxes with median concentrations of
0.99 mg/kg in juvenile animals of 12 months or less, and 1.10
mg/kg in young animals aged between 13 and 24 months
(Figure 3). Such a transiently increased Pb concentration is
compatible with the higher bioavailability of this heavy metal
in young animals compared to adults (Coyer 1996). Consistent
with subsequent elimination or immobilization into bones, Pb
concentrations in the liver dropped with increasing age and
reached a median value of only 0.58 mg/kg in adult urban
foxes. We also observed that both suburban and rural animals
contained significantly lower levels of Pb during the first 2
years of life compared to urban foxes. In fact, Pb concentra-
tions in the liver of juvenile animals were 0.47 mg/kg in the
suburbs and 0.36 mg/kg in the rural environment, and these low
Pb contents were maintained in suburban and rural foxes
throughout their life (Figure 3). The analysis of kidney samples
yielded a similar distribution of Pb residues,i.e., highest values
in young urban animals and lowest values in adult suburban
foxes, although in this case the differences did not reach the
required degree of statistical significance (data not shown).

Cu and Zn Residues

In contrast to the results obtained by measurement of Cd and
Pb concentrations, no significant difference between fox pop-
ulations or age groups were found when we analyzed Cu and
Zn levels. The arithmetic means and medians are again sum-
marized in Table 1. Interestingly, a few single animals showed
rather high levels of Cu or Zn relative to the overall values
found in the general population. For example, a female fox (27
months old) from the suburban area contained Cu at concen-
trations of 157.7 mg/kg in the liver and 11.6 mg/kg in the
kidney. The highest Cu concentration in the kidney (20.7
mg/kg) was found in a male urban fox of 11 months. On the
other hand, the highest Zn concentration (116.6 mg/kg) was
found in the liver of a male fox (23 months old) from the
suburban area. The kidney of this animal contained Zn at a
concentration of 51.1 mg/kg. Finally, the highest Zn value in
kidney (58.0 mg/kg) was found in another animal (male, 11
months) from the urban center. These Cu and Zn concentra-
tions reached values that were up to 8.4-fold higher than the
arithmetic means or medians of Table 1. Recent ingestion of
contaminated water or food is likely to be responsible for these
single cases of increased Cu and Zn levels.

Discussion

The outstanding result of this study is that the urban fox
population contains lower Cd but higher Pb tissue levels than
the surrounding suburban and rural populations. A material
flux analysis indicates that the major storage site for Cd in
Switzerland is the soil, with over 4,000 t of Cd being located in
the matrix of the upper soil layers (Kaufmannet al. 1997).
Thus, the accumulation of Cd in suburban and rural foxes may
reflect the mobilization of this heavy metal from the soil matrix
and its subsequent transfer into mammalian organisms (Goyer
1996; Langgemachet al. 1995). It seems unlikely that the soil

Fig. 2. Concentrations of Cd (medians) in the kidney (A) and liver
(B) of foxes. All values are indicated in mg/kg on a wet-weight basis.
The asterisks denote statistically significant differences between adult
animals of different environmental compartments: *, p, 0.05 be-
tween the values of urban and suburban foxes; **, p, 0.05 between
the values of urban and rural foxes

Fig. 3. Concentrations of Pb (medians) in the liver of foxes. All
values are indicated in mg/kg on a wet-weight basis. The asterisk
indicates a statistically significant (p, 0.05) difference between the
Pb concentrations of urban and rural foxes
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of parks and gardens in the city center is less contaminated with
Cd than the soil of suburban or rural areas. Thus, the lower Cd
concentration in urban foxes may not reflect different levels of
environmental contamination but, because Cd is assimilated
mainly through the diet, a different feeding behavior between
urban and suburban/rural foxes. In fact, the analysis of stomach
contents of the animals of this study indicates that the diet of
urban foxes is dominated by food of anthropogenic origin
found in household rubbish (D. Hegglin, unpublished data).
These dietary components were originally intended for human
consumption and, due to appropriate monitoring programs,
contain low Cd concentrations that do not exceed the currently
tolerated maximal residue level. In contrast, suburban and rural
foxes rely on natural food sources including earthworms, ro-
dents and other small mammals (D. Hegglin, unpublished
data). Invertebrates living in the soil are particularly prone to
Cd accumulation (see, for example, Hendrikset al.1995), such
that ingestion of these organisms (or ingestion of small mam-
mals feeding on them) may account for the increased Cd uptake
of suburban and rural foxes.

Pb has been recognized as the most widespread metal pol-
lutant in cities (Goyer 1996). The increased Pb concentration
detected in the liver of urban foxes compared to their suburban
or rural counterparts supports the conclusion that urban and
suburban/rural foxes constitute separate populations character-
ized by a different composition of tissue residues. Also, the
increased Pb level of urban foxes is reminiscent of the higher
Pb exposure of children reported in certain urban communities.
In the affected areas, even low levels of Pb uptake in children
have been associated with neurobehavioral and cognitive def-
icits (Mareceket al. 1983; Baghurstet al. 1992; Pococket al.
1994). Thus, the analysis of urban foxes may reveal the pres-
ence of Pb or certain other toxic hazards, possibly warning us
of the impact of pollution before signs of toxicity appear in the
human population. Future monitoring studies will be devoted
to the analysis of other hazardous pollutants, including chlori-
nated hydrocarbon insecticides, polychlorinated biphenyls, or
dioxins.
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