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Abstract

Haskovic, E., Muhic-Sarac, T., Lukic, M., Marjanovic, M., Zero, S. & Islamagic, E. (2021). Determination of 
heavy metals in liver and skeletal muscles of pigs and calves: experience from Bosnia and Herzegovina. Bulg. J. 
Agric. Sci., 27 (3), 593–599

Certrain heavy metals, as trace elements, have a significant role in biochemical processes of  living systems. However, 
when present in quantities exceeding those required for accomplishing their biological functions, they can have a toxic effect.  
Given that, meat and meat products have an important role in human diet the objectives of the present study was to estimate 
Cr, Cu, Mn, Fe, Ni, Cd, Pb and Zn concentrations in liver and muscle tissues of pigs and calves from Bosnia and Herzegovina; 
moreover to compare the obtained values in order to determine the potentially same pattern of heavy metals accumulation 
and contamination. After acid digestion,concentration of metals was determinated by atomic absorption spectrometry – flame 
technique (FAAS). Chromium and manganese levels in pig’s muscle tissue were higher compared to liver tissue concentration 
of analyzed metals, while zinc had higher content in  calf’s muscle. Levels of copper and manganese were higher in calf’s he-
patic tissue compared to muscle, and the same results for manganese, iron and zinc was obtained from analysis of pig’s tissues.
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Introduction

Heavy metals are a term used to describe the group of 
elements associated with potential toxic effects on biological 
systems (Duffus, 2002). Their redox properties provided them 
with a possibility to avoid the control mechanisms of the cell 
resulting in interaction with proteins, displacement of other 
metals from their binding sites and generating reactive oxy-
gen species which eventually leads to cell destruction (Flora 
et al., 2008). However, some heavy metals, as essential nutri-
ents have a significant role in biochemical and physiological 
processes in human body regulating enzymatic activity and 
controlling metabolic and signaling pathways (Fraga, 2005). 
For instance, zinc is trace element crucial for the function 

of more than 300 enzymes (Marreiro et al., 2017), chromi-
um and manganese are involved in carbohydrate and lipid 
metabolism (Aschner & Aschner, 2005; Pechova & Pavlata, 
2007), while iron and copper affect erythropoiesis regulating 
hemoglobin metabolism (Collins et al., 2010).

Analysis of metal concentration in livestock show that 
farm animals have not only proved to be a good biomoni-
tor species for metal contamination and indicator of envi-
ronmental pollution (Korenekova et al., 2008), but can also 
have a harmful effect on human health through the food 
chain (Duruibe et al., 2007), as heavy metals have a tendency 
to accumulate. Given that intensive animal farming is based 
on quantity, accumulation of toxic chemicals in industrial 
livestock can be the result of a compounded feed to which 
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mineral supplements with considerable amounts of toxic 
metals are added (EFSA, 2004). Considering the availability 
of these toxicants, maximum admissible levels for meat and 
offal have been established by the European Union (Com-
mission Regulation, EC, 2006). 

The previous studies of heavy metal concentration in 
cattle and pig’s tissue show that liver, kidneys and muscle 
take central place in heavy metal metabolism (Falandysz, 
1993; Sedki et al., 2003). In terms of distribution, these tox-
icants tend to accumulate in liver tissue with an exception 
of zinc for which muscles represent a major storage site in 
cattle (Alonso et al., 2010; Jorhem et al., 1989; Kottferova 
& Korenekova, 1995). Generally, some heavy metals are es-
sential, trace elements with nutritional benefits in biological 
systems, with an exception of cadmium, lead, mercury and 
arsenic since there is no level of these elements that appears 
to be necessary to the body (Flora et al., 2012; Thevonod, 
2010). Results of previous studies show that heavy metal ac-
cumulation is not always associated with age (Lopez-Alon-
so et al., 2007). Studies of heavy metal concentration in pig 
and cattle’s tissues in past decades found only in rare cases 
exceeded the maximum acceptable levels as specified (Lo-
pez-Alonso et al., 2007).

Monitoring and assessment of the heavy metals concen-
tration in the animal tissues is usually carried out in devel-
oped countries as it has been proven that their toxicity is a 
major threat and several health risks are associated with it 
(Jaishankar et al., 2014). However, information regarding 
metal concentrations in muscle and liver tissue of pig and 
cattle are not available in Bosnia and Herzegovina. The ob-
jective of the present study was to determinate Cr, Cu, Mn, 
Fe, Ni, Cd, Pb and Zn concentrations in liver and muscle tis-
sues of pigs and calves and to contribute to the establishment 
of a database of toxic metals on the territory of Bosnia and 
Herzegovina. Also, we compared the obtained values within 
selected species to determine potential same pattern of heavy 
metals accumulation and contamination.

Materials and Methods

Sampling
In this study we analyzed concentration of heavy metals 

in a total of 40 liver and muscle samples of pig and calves. 
Study was performed in Laboratory of Biochemistry and 
Physiology and Laboratory of Analytical Chemistry at Fac-
ulty of Science, University of Sarajevo, Bosnia and Herze-
govina. Ten liver and ten muscle samples of each species 
were collected from butcheries in Sarajevo in the period of 
May to June 2017. The research included both female and 
male individuals, approximately 5 months (calves) and eight 

months (pigs) old. All samples were packed individually in 
plastic bags and transported to the laboratory for analysis.

Chemical and statistical analysis
The concentration of Cr, Cu, Mn, Fe, Ni, Cd, Pb and 

Zn were determined by the flame atomic absorption spec-
trometry using AA240FS atomic absorption spectrometer, 
Varian, Australia. Sample wet-mineralization was performed 
using modified method of Welna et al. (2011). This method 
is based on an acid wet-mineralization of 5 g (fresh sample) 
of liver or muscle tissue  in 20 mL of 65% HNO3 (Merck, 
Germany) and heating on a hot plate until complete sample 
digestion. Subsequently, 5 mL of 30% H2O2 (Merck, Germa-
ny) was added and samples were heated for approximately 
5 minutes. The resulting solutions were filtrated through fil-
ter paper white ribbon, quantitatively transferred to a 50 mL 
volumetric flask and stored at room temperature for further 
analysis. To check the accuracy of the method, blank samples 
were analyzed at the same time and with the same manner of 
the pig and calf’s samples. The instrument was calibrated 
with multi-element aqueous standards, prepared from 1000 
mg/l certified atomic absorption standard solutions of Cr, 
Cu, Mn, Fe, Ni, Cd, Pb and Zn (CetriPUR, Merck, Germa-
ny). Samples were carefully handled to avoid contamination. 
Glassware was properly cleaned, and the reagents were of 
analytical grade. Double distilled deionized water was used 
throughout the study.

Student’s t-test was performed to determine the statisti-
cally significant differences regarding heavy metal concen-
trations in different tissues (liver and muscle) and between 
different species (calf and pig) at a significance level of 0.05. 
The detection limits (LOD) were calculated on the basis of 
three times the standard deviation of the blank signal. 

Results

Presented study shows results of heavy metal (Cr, Cu, 
Mn, Fe, Cd, Pb, Ni and Zn) concentration in muscle and liver 
tissues of pig (n=20) and calf (n=20) determined by flame 
atomic absorption spectrometry (FAAS) in order to establish 
a database of toxic metals on the territory of Bosnia and Her-
zegovina and to estimate the risk of contamination.

Average values and t-test results of the comparison be-
tween two different tissues within same species for pig and 
calf are presented in Table 1. The concentrations of heavy 
metals in muscle and liver tissues of pig and calf are ex-
pressed in mg/kg wet weight (fresh sample). Results showed 
statistically significant differences between Cr, Cu, Mn, Fe, 
Ni and Zn concentrations in liver and muscle tissue of pig. 
As for the results obtained by calf tissues analysis, difference 
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in Cu, Fe, Ni, Cd and Pb levels were statistically significant. 
In general, iron had the highest concentration of all analyzed 
metals in liver – 130.86 mg/kg and 39.47 mg/kg for pig and 
calf respectively, while cadmium (0.09 mg/kg for pig and 
0.10 mg/kg for calf) and chromium (0.26 mg/kg for pig and 
0.13 mg/kg for calf) levels in both tissues were the lowest.

Descriptive statistics and t-test results for heavy metals 
concentration in muscle tissue of both analyzed species pre-
sented in Table 2 showed statistically significant differenc-
es in Cr, Mn and Zn concentration between species. Lead 
concentration in pig’s muscle varied from non-detectable 
by using FAAS (10 % of samples) to 1.88 mg/kg. In calf 
muscle chromium, manganese, cadmium and lead concen-
trations ranged from non-detectable by using FAAS to 0.48 
mg/kg (Cr), 0.17 mg/kg (Mn), 0.19 mg/kg (Cd) and 1.80 mg/
kg (Pb).

Table 3 presents descriptive statistics and t-test results for 
heavy metal concentrations in liver tissue of both analyzed 
species with statistically significant differences in Cu, Mn, 
Fe and Zn concentrations. Lead concentration in pig’s liver 
tissues ranged from non-detectable by using FAAS (40% of 
samples) to 2.41 mg/kg. Chromium, nickel, cadmium and 
lead levels in calf’s liver tissues varied from non-detectable 
by using FAAS to 0.42 mg/kg (Cr), 1.09 mg/kg (Ni), 0.21 
mg/kg (Cd) and 1.67 mg/kg (Pb).

The highest concentration among all analyzed metals 
in muscle tissues of pig and calf was the concentration of 
zinc (18.80 mg/kg and 26.92 mg/kg, respectively), while 
the highest level of iron was detected in liver tissues of both 
species (130.86 mg/kg and 39.47 mg/kg, respectively). Cad-
mium concentration in liver of pig and calf was the lowest 
(0.09 mg/kg and 0.10 mg/kg, respectively), and as for the 

Table 1. Average values and t-test results of heavy metal concentration in liver and muscle tissue of pig and calf (mg/
kg fresh sample)

Metal Pig tissue (n=20), mg/kg Calf tissue (n=20), mg/kg
Muscle Liver p Muscle Liver P

Cr 0.49 0.26 p < 0.05 0.24 0.13 p > 0.05
Cu 0.91 6.67 p < 0.05 0.78 20.45 p < 0.05
Mn 0.26 2.07 p < 0.05 0.10 1.57 p > 0.05
Fe 10.78 130.86 p < 0.05 14.11 39.47 p < 0.05
Ni 1.13 0.72 p < 0.05 0.98 0.56 p < 0.05
Cd 0.13 0.09 p > 0.05 0.14 0.10 p < 0.05
Pb 1.26 0.98 p > 0.05 1.24 0.85 p < 0.05
Zn 18.80 29.84 p < 0.05 26.92 25.48 p > 0.05

Table 2. Comparative values of heavy metal concentration in muscle tissue of pig and calf (mg/kg fresh sample)

Muscle tissue
(n=20)

Species Cr,
mg/kg

Cu,
mg/kg

Mn,
mg/kg

Fe,
mg/kg

Ni,
mg/kg

Cd,
mg/kg

Pb,
mg/kg

Zn,
mg/kg

Mean value Pig 0.49 0.91 0.26 10.78 1.13 0.13 1.26 18.80
Calf 0.24 0.78 0.10 14.11 0.98 0.14 1.24 26.92

STDEV Pig 0.13 0.42 0.06 4.67 0.22 0.05 0.50 5.37
Calf 0.14 0.24 0.06 4.60 0.45 0.04 0.47 5.64

Max. value Pig 0.78 1.53 0.35 17.83 1.40 0.20 1.88 28.77
Calf 0.48 1.22 0.17 21.74 2.17 0.19 1.80 40.20

Min. value Pig 0.29 0.26 0.16 4.89 0.86 0.05 0.59 10.81
Calf 0.07 0.35 0.01 6.97 0.40 0.08 0.45 18.13

CV(%) Pig 27.12 46.03 23.27 43.36 19.03 37.90 39.39 28.58
Calf 58.51 31.08 56.88 32.57 45.35 31.41 38.19 20.95

T - test p<0.05 p>0.05 p<0.05 p>0.05 p>0.05 p>0.05 p>0.05 p<0.05
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results obtained by muscle tissue analysis, the lowest con-
centration is obtained for cadmium (0.13 mg/kg) in pig’s 
tissue and manganese (0.10 mg/kg) in calf’s tissue (Figure 
1 and Figure 2).

The obtained values of LOD for the studied metals are: 
Cr (0.17 mg/kg); Cu (0.19 mg/kg); Mn (0.12 mg/kg); Fe 
(3.15 mg/kg); Ni (0.33 mg/kg); Cd (0.10 mg/kg); Pb (1.54 
mg/kg) and Zn (0.21 mg/kg).

Discussion

In this study the concentration of heavy metals in the liv-
er and muscles of the two selected species (pig and calf) was 
determined. The aim was to determine the concentration of 
the selected metals in these tissues and to make a compari-
son of the obtained values within the same, but also different 
species.

Cadmium and lead concentrations in pig muscle tis-
sue were higher compared to liver tissue concentrations, 
but these differences were not statistically significant (Ta-
ble 1). Obtained results for cadmium are not in accordance 
with those previously reported in literature. Comparative 
studies carried out in Finland (Falandysz, 1993) and Spain 
(Lopez-Alonso et al., 2007) reported higher concentration 
of cadmium in liver tissue but lower cadmium concentra-
tion in both liver and muscle compared to results obtained 
in this research. Lead concentrations were higher in muscle 
tissue but in 40% of liver tissue samples lead level was not 
detected by using FAAS, while lead concentration in 90% of 

Table 3. Comparative values of heavy metal concentration in liver tissue of pig and calf, mg/kg fresh sample

Liver tis-
sue (n=20)

Species Cr,
mg/kg

Cu,
mg/kg

Mn,
mg/kg

Fe,
mg/kg

Ni,
mg/kg

Cd,
mg/kg

Pb,
mg/kg

Zn,
mg/kg

Mean 
value

Pig 0.26 6.67 2.07 130.86 0.72 0.09 0.98 29.84

Calf 0.13 20.45 1.57 39.47 0.56 0.10 0.85 25.48
STDEV Pig 0.13 1.80 0.38 7.41 0.22 0.07 0.75 3.27

Calf 0.15 12.02 0.19 13.94 0.30 0.05 0.36 5.36
Max. value Pig 0.51 9.73 2.66 140.12 1.11 0.24 2.41 35.02

Calf 0.42 49.60 1.87 61.54 1.09 0.21 1.67 37.67
Min. value Pig 0.07 3.39 1.27 117.01 0.44 0.02 0.39 22.82

Calf 0.01 6.07 1.28 19.48 0.08 0.01 0.37 17.26
CV (%) Pig 49.99 27.02 18.55 5.67 30.31 75.85 77.12 10.96

Calf 111.86 58.81 12.30 35.33 54.13 53.48 42.45 21.03
T - test p>0.05 p<0.05 p<0.05 p<0.05 p>0.05 p>0.05 p>0.05 p<0.05

Figure 1. The average levels of heavy metals (Cr, Ni, 
Mn, Cd, Pb) in pig and calf’s liver and muscles (mg/kg 

fresh sample) 

Figure 2. The average levels of heavy metals  
(Cu, Fe, Zn) in pig and calf’s liver and muscles 

 (mg/kg fresh sample)
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muscle samples exceeded maximum permissible limit. Data 
presented in previous studies show higher lead concentration 
in liver compared to muscle (Falandysz, 1993). Lopez-Alon-
so et al. (2007) reported 100 times lower concentration in 
liver and muscle compared to results obtained in this study. 
Concentration of essential metals analyzed in this study was 
within safe range (NRC, 2005) and in general was similar 
to results previously reported in literature. Obtained results 
showed that zinc, iron, manganese and copper concentrations 
were higher in hepatic tissue (Table 1). Same distribution 
was reported in previous studies (Falandysz, 1993; Jorhem et 
al., 1989; Lopez-Alonso et al., 2007; Tomović et al., 2011). 
Chromium and nickel concentrations were higher in muscle 
tissue (Table 1) and Lopez-Alonso et al. (2007) also report-
ed higher concentrations of these trace elements in muscle 
tissue. Higher nickel concentrations in muscle tissue were 
reported in Serbia (Tomović et al., 2011), while Jorhem et 
al. (1989) noted similar distribution in both analyzed tissues.

As already stated, the present research included analysis 
of heavy metal concentration in muscle and liver tissue of 
calf. Results show statistically significant difference in lead 
and cadmium concentration between these two tissues with 
higher levels in muscle (Table 1).  Previously reported data 
show different distribution and significantly lower levels of 
lead in both tissues (Khalafalla et al., 2011; Kottferova & 
Korenekova, 1995; Okareh & Oladipo, 2015). Distribution 
of cadmium between tissues was not in accordance with 
literature data (Kottferova & Korenekova, 1995; Okareh & 
Oladipo, 2015), but levels of this metal, in general, were in 
agreement with those previously reported (Khalafalla et al., 
2011; Korenekova et al., 2002.).  Results of our research re-
garding essential elements (Table 1) in calf were similar to 
those previously reported.  In terms of distribution, copper, 
manganese and iron concentrations were higher in liver tis-
sue of calf (Khalafalla et al., 2011; Korenekova et al., 2002), 
while different distribution of chromium, zinc and nickel was 
earlier reported (Kottferova & Korenekova, 1995; Kramer et 
al., 1983; Sedki et al., 2003). Results of presented research 
showed that chromium, copper, manganese and zinc levels 
were in accordance with results of previous comparative 
studies. In contrast, nickel concentration in both analyzed 
tissues was higher compared to values listed in literature 
(Okareh & Oladipo, 2015, Oymak et al., 2017).

Result of cadmium concentration of liver and muscle in 
our study show almost the same concentrations of this toxic 
metal in both species (Table 2, Table 3). However, these lev-
els are not in accordance with literature data and represent 
a potential health risk since maximum admissible levels for 
meat established by the European Union have been exceed-
ed. European Commission (2006) proposed safe permissi-

ble level for cadmium in offal 0.05 mg/kg and in meat 0.5 
mg/kg. There are several reasons to explain this highly toxic 
level of cadmium in analyzed tissues. We can assume that 
these drastically different data between studies are result of 
different living habitats and unrelated life conditions given 
that industry promotes heavy metal accumulation (Korene-
kova et al., 2002). However, we do not have any information 
regarding cadmium levels in livestock in Bosnia and Herze-
govina in order to compare and evaluate whether these high 
concentration were the result of commercial livestock feed 
or environment pollution. It is possible that higher cadmium 
levels can be related to intensive production farming which is 
based on giving zinc and copper supplements. EFSA (2010) 
reported that high copper supplementation of feed increas-
es the risk of cadmium accumulation in liver and kidney of 
pigs. Also, different analytical methods and chemicals used 
in mentioned studies could influence on different outcomes 
of research. 

Results of the present study regarding lead concentration 
showed higher concentration of this metal in pig tissues (Ta-
ble 1) but levels of lead in both species were significantly 
higher compared to results noted in recent literature. Average 
lead concentration in pig and calf’s tissues exceeded maxi-
mum permissible levels of lead in muscle (0.05 mg/kg) and 
offal (0.1 mg/kg) established by EU (Commission Regula-
tion, EC,, 2006). In 70% of calf liver and 90% of calf muscle 
samples lead levels were higher than specified safe permissi-
ble levels. As well as for cadmium, we can assume that these 
differences are reflecting different environment conditions 
and extended exposure to lead. Anthropogenic activities 
such as vehicular traffic are the most common lead sources 
(Orisakwe et al., 2017). Extended exposure and intoxication 
reduces lead deposition in bones and promotes binding of 
lead to proteins creating a form in which they are able to 
reach other organs (Ellah & Yahia, 2009). In general, rumi-
nants are more resistant to toxic effects of this metal (Hum-
phreys, 1991). It is reported that kidneys, bones and liver are 
predominant organs of lead accumulation and intoxication 
could be lethal (Spivey Fox, 1987).

As for the essential elements, different concentration 
among species could be consequence of different feeds and 
supplementation requirements. Significant differences in di-
gestive system may be the cause of different distribution of 
trace elements since it has been reported that digestion and 
absorption are more effective in livestock (Niemi et al., 1991). 
Zinc concentration in muscle tissue of calf was significantly 
higher (Table 2) which could be related to the role of muscle 
in zinc accumulation in livestock. It has been reported that 
calf muscle possesses zinc concentrations similar to those in 
the liver (Orisakwe & Oladipo, 2017). Chromium levels in 
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our pig samples were higher than those in calf, with signifi-
cant difference for muscle chromium concentrations (Table 
2). Chromium is an essential element for livestock animals 
with wide-spread use as a supplement. Authors (Pechova & 
Pavlata, 2007) reported that chromium supplementations of 
sows have positive effect on the size of litter on birth. That 
is one of the reasons chromium is added to livestock feed 
which could be the cause of greater concentrations of this 
metal in pig tissue in this study. Nickel concentrations in 
muscle and liver of pig were higher compared to calf tissues 
but these differences were not statistically significant (Table 
2, Table 3). Nickel is essential element for ruminants given 
that effects the activity of ruminal urease, so Ni requirements 
appears to be higher in ruminants than in other animals (Mi-
randa et al., 2009). Mangan levels in both analyzed pig tis-
sues were significantly higher compared to results obtained 
from calf tissue samples (Table 2, Table 3). Manganese is 
essential element for pigs important for reproduction of 
these animals (Rasbech, 1969). Results of this study regard-
ing copper concentration show significantly higher levels of 
copper in calf liver (Table 3), while concentrations of this 
mineral were higher in pig muscle but with no significant 
differences (Table 2). These interspecies differences could 
be result of the fact that ruminants in general show capac-
ity to accumulate copper in the liver when this element is 
supplied in excess while pigs do not accumulate copper in 
this organ even when this element is supplied at levels above 
physiological requirement (Lopez-Alonso et al., 2017). Giv-
en that iron is deposited in liver (Anderson, 2005), higher 
levels of this metal in hepatic tissue of both species (Table 1) 
were expected. However, interspecies differences regarding 
iron concentration in this organ were statistically significant 
(Table 3). Lower iron levels in calf liver could be result of 
cadmium accumulation effecting iron absorption in livestock 
(Korenekova et al., 2002).

Conclusions

Based on results of the present study and available liter-
ature data we can only assume possible reasons for obtained 
disparity in analyzed tissues between species. There are sev-
eral arguments which could explain these levels of metals, 
such as animal gender and age, environment pollution and 
presence of industry or different feeding habits. However, in 
order to evaluate whether the observed differences are result 
of different physiological structure of pig and calf or living 
conditions, we should perform further, more extensive, anal-
ysis. Higher number of samples would probably contribute 
to statistically more credible results, which would be better 
reflection of heavy metal content in analyzed tissues. Heavy 

metal biomonitoring is carried out in developed European 
countries as widely used technique for assessment of envi-
ronment pollution. Scandinavian countries made great effort 
in past decades to reduce heavy metal emission which led to 
reduction of animal exposure to these toxicants. Introduc-
tion of these control measures of heavy metals content in 
foodstuff would minimize the risk of potential contamina-
tion, given that meat of pig and calf is the most consumed by 
Bosnia-Herzegovinian population. 
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