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abstract

LEONTOPOULOS, St., N. GOUGOULIAS, D. KANTAS, L. ROKA and Ch. MAKRIDIS, 2015. Heavy metal 
accumulation in animal tissues and internal organs of pigs correlated with feed habits. Bulg. J. Agric. Sci., 21: 
693–697

The purpose of the study was to assess the risk to public health. This study investigates the presence of heavy metals (Cu, 
Zn, Cr, Pb, Cd and Ni) in the liver, kidney and muscle tissues of seven sows slaughter of indigenous black race from the region 
of Thessaly correlated with feed habits and the used feedstuff. The breeding was carried out in the experimental facilities of 
TEI of Thessaly where six species of different feed types were participated in equal amounts. The analysis of the samples 
was done by wet digestion and atomic absorption spectroscopy. The results compared with the maximum permissible (EFSA) 
shown that greater daily intake of Cu, Zn, Cr, Pb and Cd provided at 49%, 76%, 12%, 7% and 5% respectively of feed samples. 
The concentration of Ni in the feed ranged from 0.10 to 9.90 mg kg-1 (dm) dry matter. In muscle tissue, the concentration of Cu, 
Zn, Ni, Cr, Pb and Cd ranged from 0.30 to 1.23, 10.40 to 39.01, < 0.06, < 0.006, < 0.02 and < 0.02 mg kg-1 respectively (fm) fresh 
mass after fat removal. In the liver, concentration of Cu, Zn, Ni, Cr, Pb and Cd ranged from 2.71 to 5.94, 14.90 to 18.44, < 0.06 
to 0.95, < 0.006 to 3.97, < 0.02 and < 0.02 mg kg-1 (fm) respectively. In kidney the concentration of Cu, Zn, Ni, Cr, Pb and Cd 
ranged from 2.44 to 7.02, 10.04 to 28.98, < 0.06 to 0.95, < 0.006 to 4.04, < 0.02 and < 0.02 to 0.14 mg kg-1 (fm) respectively. 
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introduction
Intensive animal production systems are on the increase 

in many regions of the world. Among them pigs are in great 
importance since is the main livestock in many countries 
(Gorni et al., 2010). However, increase animal production is 
not the only aspect in human feed. Food safety is also impor-
tant. Thus, one of the major aspects of food safety is toxic 
substances such as heavy metals (Maas et al., 2011). 

Nowadays, it is well known that damage to crops or live-
stock may be caused by trace metals present in, or added to 
soil (Wong, 1985). Soil is a long-term sink for heavy met-
als although; they have different mobility and bioavailability 
(Nicholson et al., 2006). Some metals may bio-accumulate 
in the food chain, causing human health and environmental 
concerns (Ihnat and Fernandes, 1996; Demirezen and Uruc, 
2006; Toor et al., 2007). By nature, animal liver is a natural 
source of Fe and other essential elements, such as Cu, Mg, 
Zn and Mn. However, liver might contain higher amounts of 

heavy metals and other contaminants, which tend to accu-
mulate in liver tissues (Adei and Forson-Adaboh, 2008).

Furthermore, heavy metals are not only found in soil and 
in water by human industrial activity but, according to Sage 
(2007) and Moral et al. (2008), are artificially added in com-
mercial feeds which are often enriched with essential ele-
ments such as Cu, Zn, and As in order to promote optimum 
growth rate and to infuse antimicrobial properties. 

Feeds may also contain other nonessential elements such 
as Cd, Pb, Cr due to their presence in concentrates and sup-
plements and environmental pollution (McBride and Spiers, 
2001; Li and Chen, 2005; Sage, 2007). Thus, heavy metal 
contents showed large variation among the feed samples, in-
dicating the differences in the use of feed additives among 
farms (Wang et al., 2013). Reducing heavy metal inputs in 
agricultural soils is an important strategic aim to protect 
farmland and ensure food safety, thus EU develop the appro-
priate protection policies (EC, 2001; Moral et al., 2008).
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Studies have shown that animals raised in industrial areas 
have higher concentrations of heavy metals in their internal 
organs, than animals reared in rural areas (Abou-Arab, 2001). 
Similar studies in metal processing areas in eastern Kazakh-
stan, showed high concentrations in feed and greater accu-
mulation of Cd, Pb, Zn in cattle compared to sheep (Farmer 
et al., 2000). Furthermore, in polluted areas with rust scrub 
metals in Nigeria where dairy cows were raised, concentra-
tion of Pb in blood, milk and animal wastes, increased signif-
icantly compared with cows raised in uncontaminated areas 
of the country (Ogundiran et al., 2012). Finally, studies on the 
distribution of heavy metals in liver, kidney, heart, pancreas 
and muscle tissues of various animals taken from Kohat Mar-
ket Pakistan, showed higher concentrations in the liver and 
kidneys and lower in muscle tissues (EI- Salam, 2013).

The objectives of this study were to determine the heavy 
metal contents in several internal organs such as liver, kidney 
and muscle tissue of selected piglets in the region of Thessaly 
correlated with feed habits and the used feedstuff assessing 
the risk to public health.

Materials and Methods

The experiment was conducted from August 2011 until 
May 2012 at the Technological Educational Institute of Thes-
saly (T.E.I), in the experimental animal holdings. Experimen-
tal facilities were more than 4 km away from any industrial 
units and 1 km away from highway. Seven, 60 days old, sows 
slaughter of indigenous black race were purchased from do-
mestic pig farm from the region of Pieria-Macedonia. The pur-
chased piglets had excellent health and weight between 12-15 
kg. The pig feed were collected from conventional commer-
cial farms in the area of Larissa-Thessaly and were contained 
wheat, barley, maize, wheat straw, soya bean meal and fatten-
ing mixture. The participation in the diet of pigs of the above 
pig feed was equal. Concentrations of heavy metals (Cu, Zn, 
Ni, Cr, Pb and Cd) were analyzed periodically throughout the 
period of the experiment collecting 30 samples of each type 
of piglet with three repetitions. The used drinking water was 
also examined for heavy metal’s concentration.  

The feed amount was represented at the 5% of the live 
weight of the piglets. Health condition was observed by a vet-
erinarian of T.E.I of Thessaly. The age of the slaughter pigs 
was 350 days old and the weight of them varies about 90 kg. 
The slaughter were took place at the municipal slaughterhouse 
of the city of Larissa. The use of animal was treated according 
to the National guide of care and use of laboratory animals.

The processing of meat for the determination of heavy 
metals was performed in the laboratory of agricultural chem-
istry on the same day of the slaughter. In this procedure, fat 

was removed from muscle tissues while kidneys and liver 
was used as fresh tissue mass. Twenty one samples (3 sam-
ples from each pig) with three replicates from each one, and 
21 samples of the kidneys and the liver were then analyzed. 

determination of heavy metals
One g of feed dry matter, 50 ml of drinking water, 5 g of 

muscle tissues (after removal of fat), 5 g of fresh mass liv-
er and kidneys after homogenization were analyzed by wet 
combustion (3500C) in the presence of 10 ml of HNO3 + 5 
ml of HCLO4 (Allen et al., 1974; Varian, 1989) and measured 
by Atomic Absorption Spectroscopy Varian Spectra AA 200 
(Victoria, Australia). The Cu and Zn were determined by the 
flames and mix (air-acetylene), while Cd, Ni, Cr, and Pb were 
determined using graphite furnace. Fisher’s test procedures 
were used to detect and separate the mean treatment differ-
ences at P = 0.05. ANOVA statistical analyses were performed 
by the statistical program MINITAB (Ryan et al., 2005).

results and discussion

From the results presented in Table 1 it was observed that 
Cd was detected in 8% of the total amount of samples (180 
feed samples) with an average content of 1.72 ± 0.18 mg kg-1 
(dm) dry matter. Moreover, Pb was detected in 21% of sam-
ples with an average content of 10.41 ± 1.62 mg kg-1 (dm) and 
Cr was detected in 22% of the samples with an average con-
tent of 9.47 ± 0.79 mg kg-1 (dm). According to European Food 
Safety Authority (2009), the maximum daily intake limits of 
Cd, Pb, Cr for full board in pigs are 1, 10 and 13.3 mg re-
spectively. Comparing the results of the analyzes of feed with 
higher daily intake limits Cd, Pb, and Cr, for daily food 4 kg 
equal to 5% of body weight of pigs, at 5% of the feed Cd con-
centrations of samples corresponding to Cd uptake more the 
maximum daily Cd intake threshold for pigs. Representing 
7% of the feed samples, the Pb concentrations corresponded 
to uptake of Pb higher than the maximum daily limit intake 
Pb, while the proportion of feed corresponding to higher dai-
ly intake of Cr was 12%. Also, from Figure 1 it was observed 

table 1 
Heavy metal concentrations (mg kg-1 dry matter) in 
piglet’s feedstuff 
Cd Pb Cr
<0.02 
(166)

<0.02 
(142)

<0.06 
(140)

1.72±0.18 
(14)

10.41±1.62
(38)

9.47±0.79
(40)

Data represent average means and SE deviation. (n): 
Number of sample
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that the average content of Zn in the feed used to feed piglets 
were 135.03 ± 9.25 mg kg-1 (dm), of Cu 67.38 ± 6.50 mg kg-1 
(dm), and Ni 3.88 ± 0.26 mg kg-1 (dm). Higher daily Cu and 
Zn intake limits for complete feed (EFSA, 2009) for pigs is 
170 and 150 mg respectively. Comparing the results of the 
concentrations of Cu and Zn in feed at the maximum daily 
intake levels for pigs 80 kg and daily feed 5% of body weight, 
49% and 76% of the samples of the feed concentrations of Cu 
and Zn respectively, accounted for Cu and Zn uptake greater 
than the maximum daily intake limit. Since a number of feed 

samples found high rates of heavy metals, feed from conven-
tional farms in the region of Thessaly should be improved.

The water used for drinking from the piglets was of good 
quality with low content of heavy metals. Results of water 
analysis (5 different samples during the experimental time) 
are shown in Table 2.

However, from the results shown in Table 3, on the accu-
mulation of Cd, Cr, and Pb, in muscle tissue, kidney and liver 
of the examined pigs, it was observed that in 35% and 30% of 
kidney samples detected Cd and Cr in average concentration 
of 0.09 ± 0.02 mg kg-1 Cr and average concentration of 2.98 ± 
0.43 mg kg-1 respectively. Moreover, Cr detected in 70% of the 
examined liver samples, with an average concentration of 2.01 
± 0.35 mg kg-1. Unlike Pb were undetectable (< 0.02 mg kg-1) in 
all examined samples of muscle tissue, kidney and liver.

Since a higher Cd levels in muscle tissue of pig, kidney 
and liver designated 0.050, 1.0, and 0.5 mg kg-1 fresh weight 
respectively, and Pb in pig meat designated 0.1 mg kg-1 fresh 
weight (EFSA, 2010; 2012), it was observed that in all samples 
(muscle tissue, kidneys and liver) measured concentrations of 
Cd and Pb were lower than the maximum permissible limits.

Due to the low concentrations of Cd, Pb, Cr, and Ni (< 
0.02, < 0.02, < 0.006 and < 0.06 mg kg-1, respectively) found 
in muscle tissues of pigs and since the maximum daily limit 
intake Cd, Pb, Cr, and Ni for an adult, is 70 μg, 250 μg, 250 
μg, 300 μg respectively (Codex Alimentarius Commission, 
2001; Commission Regulation, 2006), the consumption of 
muscle tissue of pigs from the region of Thessaly has no re-
striction as to the concentrations of these metals.

table 2 
Heavy metal concentrations (mg l-1) in used drinking water

Cu Zn Ni Cd Cr Pb 
0.15±0.02 2.23±0.08 0.0155±0.001 0.0029±0.001 0.0291±0.003 0.0068±0.002

Data represent average means and SE deviation for 5 water samples

table 3 
Heavy metal concentrations (mg kg-1 of fresh tissue) in liver, kidney and muscular tissues
Internal organs of pigs Cd Pb Cr Ni

liver <0.02 
(21)

<0.02 
(21)

<0.006 
(6)

<0.06 
(15)

2.01±0.35 
(15)

0.63±0.14 
(6)

kidney <0.02 
(15)

<0.02 
(21)

<0.006 
(15)

<0.06 
(18)

0.09±0.02 
(6)

2.98±0.43
(6)

0.84±0.11 
(3)

muscular tissues <0.02 
(21)

<0.02 
(21)

<0.006 
(21)

<0.06 
(21)

Data represent average means and SE deviation. (n): Number of samples
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fig. 1. concentration of heavy metals: Zn, cu and  ni 
in piglets feedstuff. data represents average means 
and standard error (se) n=180. Zn=135.03±9.25, 

cu=67.38±6.50, ni=3.88±0.26
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In contrast, comparing the higher concentrations of Cd, Pb, 
Cr, and Ni (< 0.02, < 0.02, 3.97 and 0.95 mg kg-1 respectively) 
found in the liver of pigs, to the corresponding maximum daily 
intake limits, we conclude that 63 g daily by liver fever is enough 
to fill the maximum daily intake limit Cr for adult (Table 3).

However, compared the largest concentrations of Cd, Pb, 
Cr, and Ni (< 0.02, < 0.02, 4.04 and 0.95 mg kg-1 respectively) 
found in the kidneys of the pig, with the respective maximum 
daily intake limits, it was observed that 61.9 g per day from the 
kidneys of pigs is enough to reach the maximum daily intake 
limit of Cr to an adult. Results in lower concentrations of heavy 
metals in muscle tissue relative to the internal organs of the 
pigs have been found by other authors (EI-Salam, 2013).

Furthermore, low levels of Ni were observed in 30% of 
the samples of liver, 15% of samples of kidney and not at all 
in sample of muscle tissue.              

The concentration of Cu in muscular tissues, liver and kid-
ney of pigs ranged from 0.3 to 1.23, 2.71 to 5.94 and from 2.44 
to 7.02 mg kg-1 (fm) respectively. However, the concentration 
of Zn in muscular tissues, liver and kidney of pigs ranged 
from 10.40 to 39.01, 14.90 to 18.44, and 10.04 to 28.98 mg kg-1 
(fm) respectively. The higher concentrations of Cu in muscle 
tissue, liver and kidney of pigs i.e. (1.23, 5.94, 7.02 mg kg-1 re-
spectively) allow us daily consumption of these without any 
limitation, since the maximum allowable daily limit intake of 
Cu, and Zn to the adult is 10 and 11 mg respectively (Codex 
Alimentarius Commission, 2001; Commission Regulation, 
2006, 2008, 2011). In contract higher Zn concentrations in 
muscle tissue, liver and kidneys of the pig, i.e. (39.01, 18.44, 
28.98 mg kg-1 respectively) shown that daily consumption of 
282 g of muscle tissue or 597 g, or 380 g of liver complement 
the maximum daily Zn intake limit for an adult.

Accumulated amount of Cu in kidney (mean concentra-
tion 4.37 mg kg-1) was not different statistically (Fisher’s test 
p > 0.05) compared with the amount of Cu observed in liver 
(average concentration 4.19 mg kg-1). However, Cu accumula-
tion was higher in kidney and liver (p < 0.05) compared with 
the Cu accumulation found in muscle tissue of pigs (average 
concentration of 0.67 mg kg-1) (Figure 1).

Furthermore, accumulation of Zn in muscular tissues of 
pigs (mean concentration of 23.71 mg kg-1) was higher (p < 
0.05) than the accumulation observed in kidney (average con-
centration of 20.04 mg kg-1) and liver (average concentration 
of 17.25 mg kg-1) (Figure 2). Accumulation of Zn was not sta-
tistically significant (p > 0.05) different between kidney and 
livers in pig (Figure 2).

It should be mentioned that both the liver and kidney of 
piglets appeared the same attitude towards the accumulation 
of Cu and Zn, while muscle tissues had a completely different 
attitude appearing stronger Zn accumulation.

Finally, the amount of Cu accumulation of muscle tissues 
and the examined internal organs of pigs had the following 
order: kidney = liver > muscle tissues and Zn, muscle tissues 
> kidney = liver.  

conclusions

Due to the high concentrations of heavy metals found in a 
large number of samples from the feed area of farms in Thes-
saly, our study suggests that feedstuff needs to be improved.

Furthermore this study showed contamination by heavy 
metals in a large number of samples of kidney and liver of 
pigs from the industrial area of Larissa, with a hazardous im-
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pact on human health. It is proposed to complement as little 
as possible kidney or liver, since 63 g of liver or 61.9 g of 
kidneys compilation complement the maximum allowable 
daily limit intake of Cr for an adult while, 282 g muscle tissue 
complement the maximum allowable daily limit intake of Zn 
for an adult. 

Moreover, the detection of low accumulation of heavy 
metals in muscle tissues and internal organs of pigs except 
low heavy metal content in feedstuff, required low levels of 
heavy metals also in drinking water an in the environment.
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