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Abstract
The assessment of cadmium content in the muscle, liver and kidneys of fattening pigs and
sows was conducted in the Czech Republic during the period of 2015–2019. The samples were
collected from a total of 32 sows and 210 fattening pigs. The mean cadmium content in the
livers and kidneys of all sows was 0.102 ± 0.010 and 0.361 ± 0.032 mg·kg-1, respectively. The
mean cadmium content in the livers and kidneys of all fattening pigs was 0.028 ± 0.001 and
0.141 ± 0.005 mg·kg-1, respectively. The maximum residual limit for human consumption was
not exceeded in any sample. The cadmium content in the liver did not differ significantly between
sows and fattening pigs in any particular year. In contrast, the cadmium content in kidneys differed
significantly between sows and fattening pigs, being higher in sows (P < 0.05). No significant
decreasing trend was observed for the cadmium content in tissues during the whole time period. It
can be concluded that there is a need for further monitoring of the cadmium content in pig tissues
in the Czech Republic.
Heavy metals, kidney, sow, fattening pig

Heavy metals are present in soil, water and air and their harmful effects on human and
animal health are well known (Li et al. 2019). Cadmium is one of the most important
contaminants. Prolonged exposure to low doses of cadmium can have an effect on human
health, and great effort is exerted to minimize the exposure of the general public to the
metal (Grawé et al. 1997). The toxic effect of cadmium lies in its negative impact on the
enzymatic systems of cells. Cadmium has a very strong affinity for biological structures
containing SH groups, such as proteins, enzymes, and nucleic acids (Stohs 1995). Another
area of growing concern about cadmium is its multi-tissue carcinogenicity (Waalkes 2000).
Compared to other potentially harmful environmental substances, cadmium is more easily
transported from soil through the root system to the edible part of agricultural crops (Jalil
et al. 1994; McLaughlin et al. 1996). Cadmium is a toxic metal that easily accumulates
in the body. It has been shown to accumulate in almost all animal tissues, particularly in
the liver and kidneys (Satarug et al. 2003). The source of cadmium in the viscera of pigs
is most likely the feed with a high concentration of naturally occurring cadmium (Grawé
et al. 1997). The determination of cadmium in pig tissues is carried out in the framework of
monitoring programs which take place in many countries in order to avoid the distribution
of food that could pose a risk to human health. The aim of the present paper was to analyze
and present the results of a multiannual survey of cadmium content in pig tissues collected
in the Czech Republic during the years 2015–2019.
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Materials and Methods
The samples of pig tissues were collected by the Czech State Veterinary Administration within the national plan
for the monitoring of residues and contaminants in accordance with the Council Directive 96/23/EC (1996) in
the years 2015–2019. The minimum number of animals from which the tissue samples were taken was calculated
according to the methodology of the aforementioned directive. Veterinary inspectors randomly selected
slaughtered fattening pigs and sows for tissue sampling at various slaughterhouses of the Czech Republic. Pigs for
fattening were slaughtered at the usual slaughter weight of about 90–110 kg at the age of 6 to 7 months. The goal
was to cover as large an area as possible. Samples included muscle (lean meat), any part of the liver (sample of at
least 0.5 kg) and the whole kidney. The determination was carried out in the laboratories of the State Veterinary
Institutes in the Czech Republic. All laboratories were accredited according to EN ISO/IEC 17025 and regularly
participate in inter-laboratory comparison tests. Methods used were validated and the quality of routine analyses
was controlled by testing of reference, duplicate and blank samples.
Homogenized samples of biological material were mineralized in a microwave device after the addition of
concentrated nitric acid and hydrogen peroxide. The decomposition was conducted using a program operated
by a control unit. After the decomposition was complete, the measurement of the cadmium content was carried
out using electrothermal atomic absorption spectrometry with Zeeman correction (ET-AAS, or GF-AAS), or in
some cases using inductively coupled plasma mass spectrometry (ICP-MS). In the case of the ET-AAS method,
the mineralized sample was atomized by heating according to the temperature program in an electrically heated
atomizer (graphite cuvette). The absorbance of cadmium was measured at a wavelength of 228.8 nm, which
is directly proportional to the concentration of cadmium in the sample. In the case of the ICP-MS method, the
mineralized sample was nebulized with the help of a conical nebulizer and cooling chamber and introduced into
plasma, where the elements are freed from their chemical bonds due to the temperature of argon plasma (approx.
10 000 K), ionized and directed into the quadrupole. The ions are selected according to their M/Z (mass/charge)
and the resultant ion beam is fed into an electron multiplier, which detects the impact of the individual ions. The
number of 111cadmium ions which enter the detector is directly proportional to the concentration of cadmium in
the sample. The required level of quantification (LOQ) in the tissues for the methods used was 0.01 mg·kg-1 for
the liver and kidneys, and 0.005 mg·kg-1 for the muscle.
Data manipulation and statistical analysis
The number of analysed samples varied from 4 to 46 in sow/fattening pig in different years. The cadmium
content in the muscle tissue was found to be below the LOQ in almost all samples, making the statistical
comparison impossible. The differences in the cadmium content between years, sows/pigs and liver/kidney were
analysed using the factorial ANOVA followed by Fisher post hoc test for unequal N. The evaluation of time trends
was performed using the Pearson correlation coefficient. P < 0.05 was considered significant in all tests. The data
manipulation and statistical analysis were performed using Statistica, version 13 (TIBCO Software Inc.).

Results
The cadmium content in muscle tissue was below LOQ (< 0.005 mg·kg-1 of wet weight)
in 29 of 31 samples from sows, and in 208 of 210 samples from fattening pigs. The
remaining values were 0.006 and 0.007 mg·kg-1 in sows and 0.005 and 0.008 mg·kg-1 in
fattening pigs.
The cadmium content in the liver and kidneys of sows and fattening pigs during
2015–2019 is presented in Table 1 and Fig. 1. The cadmium content varied between 0.008
and 0.201 mg·kg-1 of wet weight in the liver, and between 0.026 and 0.764 mg·kg-1 of wet
weight in the kidneys. The maximum residual limit (MRL) for human consumption was
not exceeded in any sample (MRL for cadmium in liver: 0.50 mg·kg-1; MRL for cadmium
in kidney: 1.0 mg·kg-1; European Commission 2006) (Table 1).
The cadmium content was significantly affected by the age category of pigs (sows/fattening
pigs) (factorial ANOVA, the effect of the age category: F(1,471) = 214.260, P < 0.001) and
tissue (factorial ANOVA, the effect of tissue: F(1,471) = 399.004, P < 0.001). No effect of
year was found (factorial ANOVA, the effect of year: F(4,471) = 0.876, P= 0.478).
The cadmium content in the liver did not differ significantly between sows and fattening
pigs in any particular year. In contrast, the cadmium content in the kidneys differed
significantly between sows and fattening pigs in all but one year (2018), being higher in
sows. The differences between the liver and kidneys were significant in sows as well as
in fattening pigs in all years. In all comparisons, the cadmium content in the kidneys was
higher than in the liver (Table 1, Fig. 1).

Year
2015
2016
2017
2018
2019
Total
2015
2016
2017
2018
2019
Total

n
5
7
4
7
9
32
5
7
4
7
8
31

n
43
40
46
41
39
209
43
40
46
41
40
210

Fattening pigs
Cadmium content (mg·kg-1 wet weight)
Median
Mean ± SEM
Min–Max
0.024
0.026 ± 0.002 A,a,A
0.011–0.068
0.029
0.030 ± 0.002 A,a,A
0.010–0.084
0.022
0.025 ± 0.002 A,a,A
0.010–0.059
0.024
0.030 ± 0.003 A,a,A
0.008–0.078
0.030
0.031 ± 0.002 A,a,A
0.009–0.074
0.025
0.028 ± 0.001 b,A
0.008–0.084
0.125
0.135 ± 0.010 A,b,B
0.032–0.356
0.144
0.149 ± 0.012 A,b,B
0.026–0.345
0.116
0.127 ± 0.008 A,b,B
0.041–0.288
0.126
0.151 ± 0.014 A,a,B
0.044–0.431
0.144
0.147 ± 0.012 A,b,B
0.037–0.392
0.126
0.141 ± 0.005 b,B
0.026–0.431

SEM – standard error of the mean
Cadmium content in different years followed by the same capital letter in the column did not differ at the significance level of 0.05 (Fisher post hoc test in factorial
ANOVA). Cadmium content in sow and fattening pig followed by the same small letter in the row did not differ at the significance level of 0.05 (Fisher post hoc test
in factorial ANOVA). Cadmium content in liver and in kidney followed by the same capital letter in italics in the column in corresponding row did not differ at the
significance level of 0.05 (Fisher post hoc test in factorial ANOVA).

 	
 	
Kidney

 	
 	
Liver
Kidney
 	

Tissue
Liver
 	

Sows
Cadmium content (mg·kg-1 wet weight)
Median
Mean ± SEM
Min–Max
0.148
0.127 ± 0.031 A,a,A
0.049–0.201
0.125
0.118 ± 0.020 A,a,A
0.039–0.194
0.077
0.090 ± 0.030 A,a,A
0.040–0.168
0.054
0.062 ± 0.013 A,a,A
0.018–0.129
0.122
0.111 ± 0.018 A,a,A
0.029–0.199
0.101
0.102 ± 0.010 a,A
0.018–0.201
0.379
0.428 ± 0.101 A,a,B
0.185–0.764
0.383
0.362 ± 0.060 AB,a,B
0.147–0.573
0.383
0.393 ± 0.118 AB,a,B
0.126–0.680
0.250
0.243 ± 0.034 B,a,B
0.135–0.363
0.366
0.406 ± 0.066 A,a,B
0.187–0.722
0.316
0.361 ± 0.032 a,B
0.126–0.764

Table 1. Cadmium content (mg·kg-1 wet weight) in liver and kidney of sows and fattening pigs in different years.
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Although the general effect
of year was not significant,
a number of between-year
differences were found in the
kidneys of sows, being the
lowest in 2018, and the highest
in 2015 and 2019. However,
no significant decrease in the
cadmium content in tissues
was observed during the whole
time period (the correlation
coefficient between the mean
cadmium content and year
varied from -0.539 to 0.546,
P > 0.05 in all cases).
Discussion

The anthropogenic use
of cadmium during the last
century has increased the
cadmium emissions to air,
water, and soil. This led to
an increase in the cadmium
concentrations in arable land
and crops during the 20th
century (Lindén et al. 2003).
Cadmium
contamination
of soil and water causes its
inclusion in the food chain,
which can result in a wide
range of adverse effects on
animals and humans, as it is
a cumulative contaminant
(Tu et al. 2007). Cadmium is
easily taken up from soil by
plants (Lindén et al. 2003).
The main source of cadmium
in the tissues of pigs is most
likely their feed. In particular,
many feed components such
as phosphorus sources and
trace mineral premixes may
contain cadmium (Handson
1991).
The conversion of cadmium
into tissues is much slower
than that of lead or mercury
(Ammerman et al. 1977).
Cadmium is therefore a toxic
metal that easily accumulates
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Fig. 1. Cadmium content in livers and kidneys of sows and fattening pigs during 2015–2019 (mean and
0.95 confidence interval)

in the body. With regard to the consumption of pig-derived food, only the kidneys and liver
of pigs can accumulate a sufficient amount of cadmium to cause concern (Satarug et al.
2003).
Pigs are usually fed by locally produced cereals. Cereals are the main source of cadmium
intake in humans. Therefore, the concentration of cadmium in the kidneys of pigs may be
an indicator of the presence of cadmium in the agricultural environment. This can reflect
both the transition of cadmium from soil to crops and its absorption from feed, and its
retention in the animal organism (Grawé et al. 1997).
In the available literature there are many differences in the cadmium tissue content
between authors. These data are based mostly on analyses conducted in fattening pigs.
For instance, in Spain, López-Alonso et al. (2007) found the following mean values:
liver 0.073 ± 0.019 mg·kg-1, kidney 0.308 ± 0.103 mg·kg-1, muscle 0.009 ± 0.007 mg·kg-1.
Falandysz (1993) reported these mean values in Poland: liver 0.041 mg·kg-1, kidney
0.24 mg·kg-1, muscle 0.005 mg·kg-1. In Hungary, Győri et al. (2005) present the following
mean values: liver 0.012 mg·kg-1, kidney 0.066 mg·kg-1, muscle 0.011 mg·kg-1. In Serbia,
Nikolic et al. (2017) measured these mean values muscle n.d., liver 0.051 ± 002 mg·kg-1,
kidney 0.220 ± 0.008 mg·kg-1.
The differences in the cadmium content in pig tissues found in this study and the values
reported by other authors can be caused by the following factors. The main source of
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cadmium in the tissues of pigs is most likely the feed. Cadmium is easily taken up from
soil by plants (Lindén et al. 2003). The cadmium contamination of soil is a ubiquitous
environmental problem that has resulted from uncontrolled industrialization (Khan
et al. 2017). However, the concentration of cadmium in the soil is only one of the factors
influencing the amount of cadmium in the crop. Other factors, such as soil organic matter,
soil pH, crop rotation, cation exchange capacity, micro and macro nutrients, crop species
and cultivar also affect the cadmium capture in plants (Erikson et al. 1996; Hamon et al.
1997; Hamon et al. 1998). According to Oborn et al. (1995), excessive liming increased
the cadmium capture in crops, probably due to the ion exchange process. Changes in the
agricultural methods used, resulting in a lower organic matter content in the soil, can also
lead to a higher cadmium uptake by plants (Oborn et al. 1995). Also other feed components,
such as phosphorus sources and trace mineral premixes, may contain cadmium (Handson
1991).
Other minerals may affect the absorption and tissue distribution of cadmium. According
to Brzóska and Moniuszko-Jakoniuk (1998), the intake of an inappropriate amount of
calcium causes an increased absorption of cadmium from the gastrointestinal tract and its
increased accumulation in the organism.
Our results showed that there was a high inter-individual variability in the cadmium tissue
concentrations. This is in agreement with Lindén et al. (2003), who found a high interindividual variability in the cadmium concentration in the kidneys between pigs, although
the pigs were of the same breed, were kept on the same farm, and received the same feed.
According to these authors, there are probably some yet unidentified genetic and individual
factors that can have an impact on the cadmium concentrations in the kidneys of pigs other
than the amount of cadmium in the feed and the environment.
The comparison of the tissue cadmium content between fattening pigs and sows has
revealed a higher cadmium accumulation in the kidneys of sows. This is similar to the
findings described by Ruprich et al. (2015) in cows where the mean concentration of
cadmium in cow kidneys was twice as high as the mean concentration of cadmium in
young bovine kidneys. This fact can be logically explained by the tendency of cadmium
to cumulate in the kidneys (Jaworski 1979) and is connected with the increasing age
of animals (Grawé et al. 1997). The ability of sow tissues to cumulate cadmium was
demonstrated in the study by Phillips et al. (2003). The addition of cadmium to the diet
(1 mg cadmium per kg of feed) increased the concentration of cadmium in the sows’
kidneys almost tenfold, while increasing the concentrations in their liver almost fivefold.
Cadmium concentrations in foods, including meat and internal organs, have been
areas of interest in recent years. Meat and meat products are an important part of human
diet. Although the content of heavy metals including cadmium in muscle is generally
low, internal organs such as the liver and kidneys often accumulate higher metal
concentrations than most other foods of animal origin. For human consumption, the
European Commission (2006) has established the maximum residual limits (MRLs) for
the cadmium content of 0.050 mg·kg-1 in muscle, 0.50 mg·kg-1 in liver, and 1 mg·kg-1 in
kidneys.
In our study, these concentrations were all within the accepted safe ranges for pigs and
the MRL for human consumption was not exceeded in any sample. In recent years, much
effort has been exerted to reduce the cadmium content in animal tissues. This included the
legislation (EFSA 2004) and other measures, for example the introduction of raw materials
with a low cadmium content in fertilizer manufacturing (Tahvonen and Kumpulainen
1994). Despite this, no significant decreasing trend in the cadmium content in tissues was
observed during the time period of our trial. Based on our results, it can be concluded that
there is a need for further monitoring of the cadmium content in pig tissues in the Czech
Republic.
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