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Abstract
The wild boar (Sus scrofa) is becoming more common in Europe and has potential to be used as sentinel species for local
contamination of heavy metals. Concentrations of nine trace elements (arsenic (As), cadmium (Cd), copper (Cu), iron (Fe), lead
(Pb), magnesium (Mg), manganese (Mn), selenium (Se), and zinc (Zn)) were examined in kidney tissue of 104 female wild boars
hunted at three sites in Sweden. The interrelationships between the trace elements and age dependency were investigated.
Reproductive health was previously known to differ among animals at the different study sites, but could not be explained by
heavy metal concentrations and no associations were found between heavy metals and reproductive parameters. Kidney con-
centrations of Cd (mean 4.16 mg/kg wet weight (w.w.), range 0.16–12.8) were higher than the permissible level for human
consumption in 99.9% of the samples. Pb concentrations were generally intermediate or low (mean 0.14mg/kg w.w., range 0.03–
1.01) and exceeded the levels accepted for human consumption in 0.02% of the samples. Age class was significantly associated
with the concentrations of Cd, Mg, and Mn. Concentrations of As were low (mean 0.02 mg/kg w.w., range <0.0001–0.08) and
Cu and Se concentrations were within the ranges of suspected deficiency for 10% and 4% of the wild boars, respectively.
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Introduction

Nowadays, the environment is polluted by a variety of toxic
substances; the wildlife in these environments is also affected.
Non-essential and essential metals in an ecosystem are present
either because of their natural occurrence in soil or through
anthropogenic activities, mainly industry, agriculture, and
transportation (Hunter 1976; Hutton 1983). Lead (Pb), cadmi-
um (Cd), and arsenic (As) compounds are among the most
toxic contaminants and may affect the health of humans, wild-
life, and farmed animals (Järup 2003; Burger 2008; Mandal
2017). These metals have the ability to accumulate in the
body, producing chronic effects on the renal, skeletal,

reproduction, and nervous systems, as well as cancers (Todd
et al. 1996; Mohammed Abdul et al. 2015; Nordberg et al.
2018).

Cadmium accumulates predominantly in the kidney, bound
to the protein metallothionein. The first sign of toxic effects is
tubular dysfunction, caused by the accumulation of Cd in
proximal tubular cells, leading to irreversible damage, follow-
ed by proteinuria and later a decreased glomerular filtration
rate (Järup 2003). In addition, Cd accumulates in the ovary
(Varga et al. 1993) and is suspected to be an endocrine
disruptor, mimicking estrogen (Henson and Chedrese 2004)
and causing inhibited folliculogenesis (Banu 2013).

Essential metals are normally found in body tissues but
may be toxic in high concentrations and cause deficiency
symptoms if the concentrations are too low. There are also
numerous interactions between the essential and non-
essential metals. For example, the concentrations of essential
metals such as zinc (Zn) and selenium (Se) can affect the
uptake and toxicity of Cd, Pb, and As (Brzóska and
Moniuszko-Jakoniuk 2001; Hsu and Guo 2002; Kumar et al.
2010; Ognjanović et al. 2008). In addition, having sufficient
iron stores is protective for Cd accumulation (Barregard et al.
2010). Both essential and non-essential heavy metals transfer
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readily in the food chain; the diet seems to be the primary
pathway for metal accumulation in both small and large ani-
mals (Gall et al. 2015).

The wild boar (Sus scrofa) is an omnivore and, in general,
about 90% of their diet consists of plant matter, but animal
matter and fungi are also found (Ballari and Barrios-García
2014; Karlsson 2015). Wild boar diets vary widely between
countries being determined by the available food types
(Schley and Roper 2003). These opportunistic feeding habits
lead to wild boars being good indicators of local environmen-
tal pollution and exposure in the terrestrial food chain in di-
verse geographical areas. Heavymetals may also reach human
beings through the food chain, with implications for health
(Taggart et al. 2011; Engström et al. 2012) and socioeconomic
impacts (Borgström et al. 2006). In Sweden, wild boar meat
consumption has become more common as the population of
free-ranging wild boar has increased remarkably during the
last four decades and about 100,000 animals are hunted per
year (Viltdata 2019).

The aim of this study was to investigate the exposure of
Swedish wild boars to heavy metals by measuring the kidney
concentration of Cd, As, Pb, Zn, copper (Cu), iron (Fe), mag-
nesium (Mg), manganese (Mn), and Se in females from three
study sites. The influence of age and study site on the concen-
trations was studied, as well as the influence of metals on
reproductive status and number of corpus lutea in the ovaries.
The suitability of wild boar kidney for human consumption
was also investigated.

Materials and methods

Sample collection

Between October and December 2015, kidneys from 104 fe-
male wild boars were collected during ordinary hunting and
frozen at −20 °C until analyzed. This collection was done in
connection with another project on wild boar reproduction
(Malmsten et al. 2017). Sampling was conducted on three
estates in different counties in Sweden: estate A, Skåne; estate
B, Blekinge; and estate C, Uppland (Table 1). Estate A has an

area of 24 km2 under organic farming, with dairy cows and
production of cereals, peas, potatoes, sugar beets, oil seed, and
animal feed such as hay/ensilage. No large roads are located
close to the estate. Estate B is located by a large highway, has
an area of 87 km2, and produces corn, cereals, peas, oil seed,
and animal feed. Estate C is also located by a large highway
and has an area of 10 km2. It produces mainly cereals and
animal feed. Both estates B and C are extensively farmed
and both have potential point sources of As from sawmills
and nursery gardens and Pb from shooting ranges.

Commercial hunting of wild boars and other ungulates
takes place on all three estates. The estates had similar man-
agement strategies for wild boars, which included supplemen-
tal feeding throughout the year. The types of feed used were
corn, grain, root vegetables, combination of cereal and sugar
beets, and silage (anaerobically fermented wheat and oat
grains, peas, and clover). The majority of the supplemental
feeding was produced locally.

Age was estimated using tooth eruption and tooth replace-
ment according to Matschke (1967), and the animals were
divided into juveniles (< 1 year), yearlings (1 to 2 years),
and adults (> 2 years) (Table 1). The skulls were not collected
for seven of the animals, which prevented age determination.
Kidney tissue was stored at −20 °C after collection until anal-
ysis. The number of animals sampled from each region and in
each age class is presented in Table 1.

The reproductive organs were frozen at −20 °C until mac-
roscopic laboratory examination. The uteri were cut open and
the contents examined. The reproductive stage (juvenile,
anoestrus, cyclic, pregnant) was determined based on the mac-
roscopic examination, in accordance to Malmsten et al.
(2017). The number of corpora lutea was recorded. Animals
in prooestrus, oestrus, metoestrus, and dioestrus were classi-
fied as cyclic.

Chemical analyses

About 0.4 to 0.5 g of the partly thawed kidney samples was
cut using a ceramic knife on a cleaned Teflon surface, accu-
rately weighed and placed in microwave Teflon bombs. After
weighing, 6.0 mLHNO3 (68% normapure, VWR, France, that
is sub-boiled in an all-quartz system) and 0.5 mL ultrapure HF
(48% purity, Ultrapure, Merck, Germany) were added to the
bombs. The bombs were closed after 15 min and placed in the
microwave digestion system (Titan MPS, PerkinElmer) and
the program according to Table S1 in the Supplemental infor-
mation was followed. The solution (totally clear) was quanti-
tatively transferred to 50-mL Falcon BD centrifuge tubes to-
gether with 1.000 mL 50 ng/mL Rh before dilution to the
50-mL mark with MQ water. Two blanks were digested in
the same manner for every 16 samples that were prepared.
The repetition was checked by the preparation of 3 individual
samples from one kidney. The limits of quantification (LOQ)

Table 1 The number of sampled wild boars in total, per sampling
region, and per age

Sampling site No of samples Age class

Juveniles Yearlings Adult Unknown

A 25 13 8 4 0

B 40 4 18 12 6

C 39 7 13 18 1

Total 104 24 39 34 7
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are reported in Table S2 and information about certified ref-
erence materials can be found in Table S3 in the Supplemental
information.

Measurements

Analysis of 65Cu, 67Zn, 57Fe, 24Mg, 55Mn, 111Cd, 78Se, 75As,
and 208Pb was carried out using a NexION 300D ICP-MS
(PerkinElmer, USA) with nickel cones, cyclonic spray cham-
ber, Meinhardt nebulizer (type-C), and standard factory tub-
ing, in a class 1000 clean room environment. The 103Rh was
used as internal standard. An energy discriminating quadru-
pole collision cell with 4.5 mL/min He (99.999% purity) was
used for all isotopes, and no correction equations were used.
The instrument was stabilized for at least 45 min before opti-
mization of the system using the SmartTuneTM function in
the control software. This procedure, carried out daily, was
used to optimize parameters such as torch position, Ar gas
flow for the nebulizer, and the AutoLens settings to maximize
signal intensity while minimizing doubly charged ions and
oxide species. Single element standards (1000 μg/mL;
Teknolab AB, Kungsbacka, Sweden) were measured, with
five points, including the zero calibration standard, being used
to create the calibration curve. The MS method used three
replicate readings of 30 sweeps over the analyte mass range,
with an integration time of 75 ms for each mass per sweep.
The sample aspiration rate was 0.3 mL/min; a sample pre-
flush of 60 s was done. Elemental concentrations were calcu-
lated from the average signals. The instrument was calibrated
at the beginning of each run and was checked repeatedly dur-
ing the measurements. The calibration solutions were pre-
pared in a LAF bench. All concentrations are reported as mil-
ligrams per kilogram wet weight.

Statistical analyses

A generalized linear model (GLM) was used, with sampling
site (sites A, B, and C) and age class (adult, yearling, and
juvenile) as fixed categorical factors, to calculate the influence
of these variables on the concentrations of metals. An interac-
tion term was tested but omitted due to non-significance. The
assumptions of linear models were tested using the diagnostic
plots generated by the GLM procedure and Cook’s D was
calculated to assess the influence of individual values.
Pairwise comparisons were made by t-tests with Bonferroni
adjustments and are expressed as least square means (within-
group means adjusted for the other effects in the model) with
standard error (SE). Generalized mixed models with location
as a random factor were used to calculate the relationship
between reproductive status (anestrous, pregnant, cycling)
and metal concentrations, with age class included in the Cd
model. A similar model was constructed to analyze the effect
of Pb and Cd on the number of corpora lutea (age was

excluded as a factor due to lack of significance). All models
and Pearson correlations were calculated using SAS 9.2
(Milltown, USA); all p-values <0.05 were considered
significant.

Results

Only 30 samples (29%) had As concentrations above the limit
of quantification (LOQ, Table S2, supplemental information).
The concentrations were generally low (mean of the samples
>LOQ was 0.03 mg/kg) and As was therefore discarded from
the GLM model (Table 2). For all other elements, all concen-
trations were above the limit of quantification.

There was an overall effect of sample region on the con-
centrations of elements except for Mg and Se. Pairwise com-
parisons between the three study sites are shown in Table 3.
The mean kidney concentrations and the calculated percent-
age of samples above permitted values and below deficiency
thresholds are found in Table 4. All samples contained Cd
concentrations above the permitted values. Two samples
(2%) had concentrations above the recommended Pb concen-
tration threshold. In addition, Cu and Se levels were within the
range of deficiency for 10% and 4% of the wild boars, respec-
tively. These individuals were from all regions and all age
classes.

Age significantly influenced the concentrations of Cd, Fe,
Mg, and Mn (Table 2). However, pairwise comparisons of Fe
concentrations did not reveal a significant difference between
the age groups. Adults had significantly higher average con-
centration of Cd (6.14 ± 0.37 (SE) mg/kg) than both juveniles
and yearlings (2.42 ± 0.43 and 3.56 ± 0.33 mg/kg,

Table 2 Analysis of variance for concentrations of elements in wild
boar kidney (full data set is available in the Supplemental information)

Dependent variable R2a Source of variance (level of significance)

Siteb Ageb

Cd 55 <.0001 <.0001

Pb 8 0.04 n.sc

Zn 16 0.0005 n.s.

Cu 32 <.0001 n.s.

Fe 31 <.0001 0.03

Mg 18 n.s. 0.001

Mn 19 0.005 0.002

Se 1 n.s. n.s.

a Coefficient of determination for the statistical model (%), i.e., the pro-
portion of variability that is accounted for by the statistical model
b The effect of site (A-B) and age class (adult, yearling, juvenile),
respectively
c Not significant (p<0.05)
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respectively, p<.0001 for both comparisons). In contrast, ju-
veniles had significantly higher average concentrations of Mg
(217 ± 6.11 mg/kg) than adults and yearlings (190 ± 5.22,
p=.0036, and 190 ± 4.69 mg/kg, p=.0018, respectively). The
age pattern was similar for Mn concentrations; juveniles had
significantly higher average concentrations (1.89 ± 0.07
mg/kg) than adults and yearlings (1.55 ± 0.06, p=.0021, and
1.61 ± 0.06 mg/kg, p=.0095, respectively). For age distribu-
tions, see Table 1.

A relatively strong positive correlation was found between
Mn and Mg (r=0.70; p<.001), between Mn and Zn (r=0.68;
p<.001), and also between Se and Mg (r=0.62; p<.001).
Moderate correlations were found between Cu and Zn
(r=0.52; p<.001), between Mg and Zn (r=0.53; p<.001), Mn
and Fe (r=0.48; p<.001), and Zn and Fe (r=0.47; p<.001). For
all other metals, the correlations were relatively weak (r<0.4)
or non-existent.

No significant influence of elemental concentrations on
reproductive status or on the number of corpora lutea was
found.

Discussion

This is, to our knowledge, the first study to describe the con-
centration of trace elements in the kidneys of wild boars from
Sweden. We found that Cd was of concern for public health
and for the health of the wild boar; in addition, deficiency of
Cu and Se could be a potential problem. In the present study,
the wild boars in all regions received supplementary feed,
which was mainly produced locally. Apart from the supple-
mentary feed, the wild boar eats natural vegetation and grub
for roots, fungus, worms, etc. (Karlsson 2015; Malmsten
2017). Therefore, we consider the concentrations of metals

Table 3 Site differences in kidney concentrations (mg/kg wet weight)
of metals in wild boar from Sweden

Metal Site1 LSmean2 SE3 Min Max

Cd A 3.12a 0.42 0.88 8.29

B 6.11b 0.37 1.94 12.8

C 2.89a 0.33 0.16 11.6

Pb A 0.09a 0.03 0.03 0.27

B 0.14ab 0.02 0.04 1.01

C 0.18b 0.02 0.03 0.84

Zn A 21.1a 1.18 15.1 27.3

B 27.5b 1.03 17.6 39.4

C 26.0b 0.95 15.4 56.8

Cu A 4.98a 0.46 3.19 13.9

B 8.81b 0.40 3.72 15.3

C 6.13a 0.37 2.54 11.3

Fe A 92.7a 13.2 44.5 156

B 113b 11.6 58.2 243

C 171b 10.6 62.5 511

Mg A 202 5.97 171 252

B 194 5.23 160 222

C 202 4.78 158 446

Mn A 1.58a 0.07 1.28 2.24

B 1.62b 0.06 0.82 1.92

C 1.84b 0.06 1.13 3.95

Se A 2.34 0.14 1.65 3.16

B 2.24 0.13 0.74 3.66

C 2.28 0.12 0.14 6.38

1 Sites A (Skåne), B (Blekinge), and C (Uppland), see “Materials and
methods” for description
2 Least squaremeans (within-groupmeans adjusted for the other effects in
the model, i.e., age). For each element, rows sharing the same letters are
not significantly different (p>0.05)
3 Standard error

Table 4 Mean kidney
concentrations (mg/kg wet
weight) of metals in Swedish wild
boar and comparisons with
reference levels

Arithmetic mean ± standard
deviation

Range % over permitted valuesa % deficient
levelsb

Cd 4.16 ± 2.88 0.16–12.8 99.9%

Pb 0.14 ± 0.14 0.03–1.01 2%

As 0.02 ± 0.01c <LOQc–0.08

Zn 25.1 ± 5.95 15.1–56.8 0%

Cu 6.67 ± 2.60 2.54–15.3 10%

Fe 129 ± 74.5 44.5–510

Mg 197 ± 30.5 158–446 0%

Mn 1.66 ± 0.36 0.82–3.95 0%

Se 2.30 ± 0.68 0.14–6.38 4%

a Proportion of samples with concentrations over the permitted values for cadmium (1 mg/kg) and lead (0.5
mg/kg) according to European Commission (2006)
b Proportion of samples with concentrations within the deficient range according to Puls (1988)
c 71% of the samples were below LOQ (limit of quantification), for which the mean is based on LOQ divided by 2
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to mirror the bioavailability of local metal contamination. If
the wild boar is to be used as a tool in environmental moni-
toring, however, the supplementary feeding could be a poten-
tial bias and should be taken into account.

Compared to other wild boar studies from different coun-
tries and geographical regions, we found intermediate to low
levels of Pb (see data on Pb and Cd compiled in Mulero et al.
(2016)). Regarding the highest Pb concentrations in this study,
it cannot be excluded that Pb from fragmenting bullets might
have affected the results. Cadmium was found in moderately
high levels, higher than, for example, reports from Spain
(Santiago et al. 1998) and Italy (Amici et al. 2012), but similar
to reports from Croatia (Bilandžić et al. 2009), and lower than
heavily polluted areas in Poland (Durkalec et al. 2015). The
Cd levels were much lower in the wild boars in our study
compared to Swedish domestic pigs (mean 0.11 ± 0.04mg/kg,
Grawé et al. 1997). Arsenic was found in low levels, compa-
rable to the levels found in wild boar hair and hoof in Turkey
(Yarsan et al. 2014). A study in Poland found no detectable
levels of As at all (Rudy 2010).

We did not find any correlation between the concentration
of Cd or Pb and any of the other trace elements. This is in
contrast to other wild boar studies where correlations between
Cd and Pb (Medvedev 1999; Gašparík et al. 2017) and be-
tween Cd and Mn (Demirbaş and Erduran 2017) were found.
Cadmium concentration in kidney is expected to increase with
age due to the specific accumulation in this organ. Our study
showed that Cd concentrations were higher in adults com-
pared to younger animals. This is in accordance to other stud-
ies (Kuiters 1996; Bilandžić et al. 2010). In addition, we found
that Mg and Mn were higher in juveniles than in older wild
boars; this age effect has not, to our knowledge, been de-
scribed before. Both Mg and Mn are important for skeletal
growth (Plumlee et al. 1956; Wallach 1990).

In our study, the levels of Cd and Pb differed significantly
between sampling locations. Several authors have previously
found regional differences of these metals in the tissues of
wild boars (Bilandžić et al. 2010; Durkalec et al. 2015;
Santiago et al. 1998) that can be explained by point sources
such as mining, so it appears that the concentrations in wild
boar can reflect local contamination of soil. Our study showed
higher levels of Pb in wild boar from sites that are situated
relatively close to major highways (Blekinge (B) and Uppland
(C)), compared to the site far away from highways (Skåne
(A)), although only significantly so for the site in Uppland.
Contamination from leaded gasoline (that was phased out in
Sweden during the 1980s) is a plausible reason for this pres-
ence. In addition, shotgun pellets could be another potential
source, especially as both the B and C sites have shooting
ranges within the areas.

The observed higher Cd concentration in wild boar from
the site in Blekinge county (B) compared to the other sites is
difficult to explain. The Cd content in soil is generally higher

in Skåne county compared to the other two sites (Eriksson
et al. 2010), but local factors such as soil pH could be relevant
for bioavailability. In addition, the Cd/Zn ratio in soil could be
important (Birke et al. 2017). Historical use of phosphate fer-
tilizers and sewage sludge could possibly play a role (Hutton
1983). Internal factors, such as the levels of Se, Fe, and Cu,
could not explain the differences, as they were intermediate in
the wild boars from Blekinge county.

The Mn, Mg, and Zn concentrations were within the nor-
mal ranges reported for domestic pigs (Puls 1988), and/or
similar to studies on domestic pigs (Jorhem et al. 1989;
López-Alonso et al. 2007). Reports of Fe concentrations in
domestic pigs vary considerably in the literature; the Fe levels
in this study were high compared to some studies (Falandysz
1993; López-Alonso et al. 2007; Stasiak et al. 2017), but sim-
ilar to one study from Poland (Assis and Cruz 2015). Themost
probable reason for this variation is that there are natural in-
dividual differences in Fe storage in the kidney (Morris 1987).
High storage levels of Fe may be related to Cu deficiency, due
to insufficient mobilization of Fe stored in tissues (Lee et al.
1968). We found that the Cu levels in this study were within
the range of deficiency for 10% of the animals, but Fe and Cu
were not correlated. Instead, Cu correlated with Zn, which
could be related to co-accumulation from the diet (Zetzsche
et al. 2016). Sedki et al. (2003) found that high Cd levels
measured in the kidney of sheep and cattle (mean 10.3 mg/kg)
disrupted normal trace element metabolism by decreasing Zn
and Cu levels; however, we found no correlation with Cd in
this study. In pigs, Cu deficiency causes anemia and cardio-
vascular hypertrophy with risk of rupture of the heart or large
arteries (Shields et al. 1962).

For 4% of the wild boars, the Se levels were so low that Se
deficiency could potentially be a problem (Puls 1988). In do-
mestic pigs, Se deficiency results in hepatosis dietetica, nutri-
tional myopathy, and mulberry heart disease (Moir and
Masters 1979), and it occurs in geographical areas with natu-
rally low Se levels in soil, Sweden being one of them
(Lindberg and Bingefors 1970). Selenium deficiency has been
found in the Swedish population of moose (Galgan and Frank
1995).

As Cd accumulates in the kidneys and the critical effect is
renal tubular failure, we compared the concentrations to the
lowest observed adverse effect level of Cd for renal tubular
dysfunction in humans. It has been estimated to be 120 mg
Cd/kg kidney (Nordberg et al. 2018); the level of Cd in the
kidneys of wild boar in this study is well below this level,
indicating that renal toxicity in wild boar is unlikely. The
reproductive toxicity of Cd has not been as well studied as
nephrotoxicity, but examples of the effects on female repro-
duction include failure to ovulate, defective steroidogenesis,
and impaired developmental competence in embryos (see re-
view by Thompson and Bannigan (2008)). In Swedish wild
boars from the same regions as in this study, the proportion of
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reproductive abnormalities, such as embryonic/fetal mortality,
ovarian cysts, was 10% in 569 females, and the proportion
increased with age (Malmsten et al. 2017). The proportion
of abnormalities was significantly higher in females from
Uppland compared with Blekinge (Malmsten 2017). The con-
centrations of heavy metals in wild boar from the same sites
did not follow this pattern; therefore, it is improbable that
heavy metals have any relation to the reproductive abnormal-
ities reported earlier. In addition, we found no association with
reproductive parameters in this study.

The wild boar is a popular game species and is also hunted
for consumption. Wild boar meat is considered to be an “or-
ganic” alternative to commercially produced pork. In this
study, almost 100% of the samples contained higher Cd levels
than the maximum level set for domestic swine kidneys in the
EU Commission Regulation No. 1881/2006 of 19 December
2006 (European Commission 2006). Cadmium accumulates
mainly in the kidney and liver, with much lower concentra-
tions in muscle (Falandysz 1993; Piskorová et al. 2003; Amici
et al. 2012; Crnić et al. 2015). However, there is no correlation
between Cd concentrations in kidney and muscle (Medvedev
1999) and, therefore, predicting the Cd concentrations in mus-
cle is not possible in our study. However, in several studies of
wild boar with similar or somewhat higher kidney concentra-
tions as in this study, it was found that if the level of Cd
exceeded the maximum permissible level (set by the EU for
domestic pig kidney), there was a proportion of muscle sam-
ples also exceeding the maximum permissible concentration
inmeat (Piskorová et al. 2003; Bilandžić et al. 2009; Bilandžić
et al. 2010; Amici et al. 2012; Demirbaş and Erduran 2017;
Gašparík et al. 2017). This relationship emphasizes the need
for studying the muscle concentrations in wild boar from
Sweden, especially as the Swedish government has recently
appointed an inquiry on how to facilitate the availability of
wild boar meat to the public, as a measure to stimulate culling
and limit damage to crops (Swedish Government 2018).

Conclusions

Cadmium levels in Swedish wild boar kidneys varied in the
different study sites and increased with age. However, all Cd
concentrations were sufficiently high to exceed the recom-
mendations for human consumption. Further studies are need-
ed for risk assessment of meat consumption. The concentra-
tions of both non-essential metals and essential metals were
not high enough to suspect a negative effect on the general and
reproductive health of the wild boars. However, low concen-
trations of Cu and Se were found in some animals, indicating a
risk for deficiency.
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