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Distribution of trace elements and heavy metals
in liver, lung, meat, heart and kidney of cattle,
sheep, camel and equine slaughtered in
Casablanca city-Morocco
ChafiK Abdelbasset(1), Eddoha Rabia(2), Bagri Abdallah(1), Nasser Boubker(1) and Essamadi AbdelKhalid(1)
Abstract— The aim of this study was to determine the concentrations of trace elements (copper and zinc) and heavy metals (cadmium
and lead) in the different organs of animals slaughtered in municipal slaughterhouse of Casablanca, which is the main source of meat
consumption in the study area. Samples of liver, lung, meat, heart and kidney of cattle, sheep, camel and equine were collected. All the
samples were digested, mineralized and analyzed for copper, zinc, cadmium and lead using an Inductively Coupled Plasma - Atomic
Emission Spectroscopy. The concentrations of trace elements and heavy metals in the liver, lung, meat, heart and kidney of cattle, sheep,
camel and equine ranged from 0.78±0.09 to 22±7.07 mg/kg for copper; 0.27±0.27 to 10.88±1.73 mg/kg for zinc; 0±0 to 0.86±0.14 mg/kg for
cadmium; and 0.23±0.006 to 1.33±0.29 mg/kg for lead. Concerning concentrations of trace elements, cattle accumulate in their organs the
highest concentrations of copper compared to other species. The highest concentrations of copper were observed in liver. The organs of
cattle and camel are the richest in zinc in comparison with sheep and equine. However, zinc accumulated mainly in liver and meat. With
regards to concentrations of heavy metals, camel and equine were deemed contaminated with cadmium compared to cattle and sheep.
Cadmium concentrations in kidney and liver were higher than that observed in other organs. Cattle, sheep and camel were deemed the
most contaminated by lead with the highest concentrations observed in liver.
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——————————  ——————————

1 INTRODUCTION

I

N recent years, consumption of animal proteins by
Moroccan population increased regularly. A great part of
nutrients, including the necessary trace elements is
provided by slaughtered animals [1], [2], [3], [4]. These, may
also accumulate heavy metals which may be a potential health
hazard to humans as consumers [5], [6], [7], [8].
Copper (Cu) and zinc (Zn) remains among the essential trace
elements and are essential for the proper functioning of the
body [9], [10], [11], [12], [13]. Although they are found only in
very low quantities, copper and zinc are implicated in the
activity of many enzymes involved in many metabolic
processes, and consequently, they ensure the proper
functioning of many physiological activities [14], [15], [16], [17],
[18]. Copper and zinc deficiency leads to a wide variety of
pathological consequences and metabolic defects [19]. The
distribution of copper and zinc among the tissues of animals
varies with the age, sex, diet composition and physiological
status [20].
However, cadmium (Cd) and lead (Pb) are the heavy metals
among the most toxic substances present in the environment.
————————————————
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Natural geologic or anthropogenic industrial sources have been
largely responsible for environmental pollution with heavy
metals [21]. Environmental pollution with heavy metals is
considered as one of the most important problems as these
metals cannot be degraded and remain permanently in the
environment [22]. Finally, heavy metals appear in food chain
when they are accumulated in plant and animal tissues [11],
[23], [24], [25]. One of the earliest effects is the disruption of
trace element metabolism [26], [27], [28]. Farm animals reared
freely on pasture might be the indicators of environmental
contamination with heavy metals [29], [30], [31], [32]. The heavy
metals bio-accumulate in the organs and other tissues of the
consuming animals [33]. When these animal tissues are
consumed by humans, these metals may bio-accumulate in
human tissues and organs [34] [35].
Monitoring levels of trace elements and heavy metals in the
different organs of animals destined for human consumption,
allows assessing the quality and nutritive value for this
purpose.
The main aim of the present study was to investigate the
distribution of copper, zinc, cadmium and lead in liver, lung,
meat, heart and kidney of cattle, sheep, camel and equine
slaughtered in municipal slaughterhouse of Casablanca and
destined for consumption by population of this city.
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2 MATERIALS AND METHOD
2.1 Samples collection
During the period of March-April 2013, samples of liver, lung,
meat, heart and kidney were collected at the municipal
slaughterhouse of Casablanca from 50 cattle, 50 sheep, 30
camels and 40 equines. Cattle, camel and equine that were the
subject of this study are adult animals, while that sheep have
an age not exceeding one year. For each animal, samples were
collected accompanied by a veterinary hygiene inspector who
helped in the collection of organs. All samples were packed in
labeled plastic bags and immediately transported in a cooler to
the laboratory and stored at -27°C until analysis.
2.2 Samples analysis
For each collected sample a quantity of 0.2 to 0.7 g was
digested with sulfuric acid in eppendorf tubes, and
mineralized, using the method described by Hill et al., [36].
Thus, the content for each eppendorf was transferred into a
test tube into which 3 ml of nitric acid (HNO 3 65%) were
added. The test tubes were heated on a hot plate, first at low
temperature and then at high temperature (until 450°C). The
beginning of the mineralization is characterized by the
presence of a brown fume. After the total disappearance of
this fume, the test tubes were cooled and 2 ml of hydrogen
peroxide (H 2 O 2 35%) were added, then the test tubes were
returned onto a hot plate until a limpid solution was obtained.
Finally, the test tubes were cooled again and transferred into
plastic tubes. The volume for each tube was adjusted to 10 ml
with double distilled water and stored to room temperature
for mineral analysis.
Trace elements analyses were conducted at the
Technological and Scientific Research Support Units (UATRS)
of the National Center for Scientific and Technical Research
(CNRST) at Rabat, Morocco. The elements were determined
by Inductively Coupled Plasma - Atomic Emission
Spectroscopy (ICP-AES). The standards used are of
commercial type containing the mineral analyzed in a pure
state. Each analysis was repeated in triplet.

TABLE 1: COPPER CONCENTRATIONS (MG/KG) IN ORGANS OF
DIFFERENT ANIMALS (MEAN ± SD)

*p<0.05, **p<0.01, ***p<0.001, a: difference (Cattle Vs Camel), b: difference
(Cattle Vs Sheep and Equine); SD: Standard Deviation; SNP: Sampling Not
Performed.

for copper concentrations in camel and cattle liver are
comparable to those presented by Essamadi [37], showing
concentration in liver lower in camel than in cattle. However,
the results reported in Saudi Arabia [38], China [39] and
Sudan [40] showed that copper concentration in liver was
significantly higher for camel than for cattle and sheep. If the
normal values of copper in cattle liver range from 35 to 91
mg/kg [37], it is evident that the result of this study is lower
and also compared to values found in a previous study [41],
[42], [43], [44], [45], but our result is comparable to that
reported in Iraq [46] and higher to that reported in Pakistan
[47]. Moreover, the present concentration of copper in sheep
liver is comparable with those found in Turkey [45] and Iraq
[46], and lower comparing to those found in other countries
[48], [49]. On the other hand, our value in camel was in the
range (10-26 mg/kg) reported in Morocco [37] and
comparable to that found in Saudi Arabia [50]. In equine,
hepatic copper concentration in this study is lower compared
to those observed in other studies [51], [52].
Copper concentration in lung was statistically higher in
cattle when compared to other species (p<0.001). Another
significant difference in lung was observed in camel compared
to sheep and equine (p<0.001). The copper concentrations in
lung of sheep and equine were comparable. In this study,
copper concentration in cattle lung is comparable with that
found in Pakistan [53]. At reverse, our values are lower
compared with those reported for sheep [52] and camel [39],
[54].
The highest concentration of copper in meat was recorded
in cattle when compared to camel (p<0.05), sheep and equine
(p<0.001). A significant difference in meat was also observed
for camel compared to sheep and equine (p<0.01). Copper
concentrations in meat of sheep and equine were comparable.
In the present study, copper concentration in meat is
comparable to those reported in many studies for cattle [41],
[42], [44], [55], [56], [57], [58], but lower to that reported in
Pakistan [47]. Moreover, the value found for sheep is
comparable to that reported from Poland [48] and Egypt [59].
In camel, the values found in Saudi Arabia [50] and Iran [60]
are comparable to those of the present study.
For heart, the copper concentration was statistically higher
in cattle when compared to camel (p<0.001). The lowest
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2.3 Statistical analysis
Statistical differences between the different organs (liver, lung,
meat, heart and kidney) were determined by one-way analysis
of variance (ANOVA). The limit of significant level was
accepted at p<0.05. The significance of correlations between
the levels of trace elements and heavy metals in organs in each
animal were calculated using Pearson correlation analysis.

3 RESULTS AND DISCUSSION
3.1 Copper concentrations in organs of studied
animals
The results found for copper concentrations in liver, lung,
meat, heart and kidney of cattle, sheep, camel and equine are
presented in Table 1.
The highest concentration of copper in liver was noted in
cattle compared to camel (p<0.05) and equine (p<0.001). The
lowest concentration was recorded in liver of equine
(p<0.001). Copper concentration in liver of sheep is
comparable with those found in cattle and camel. Our values
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concentration was recorded for camel when compared to
sheep (p<0.05) and equine (p<0.001). Copper concentrations in
heart of cattle, sheep and equine were comparable. The
present concentrations of copper in heart are comparable to
those reported from other countries for cattle [45], [59] and
sheep [59], [61]. In comparison with previous study [60], our
value is slightly lower in camel. Similarly, the value found for
equine is lower compared to that found in China [52].
The highest concentration of copper in kidney was
observed for cattle when compared to other animals (p<0.001).
A significant difference in kidney was also observed for camel
compared to sheep (p<0.001). The result of this study on the
copper concentration in cattle kidney is comparable to the
results reported by different literature sources [41], [43], [44],
[55], [57], [62]. Moreover, in sheep, our value is comparable
with that found in Turkey [45], Iceland [49] and Egypt [59],
and slightly lower of the values found in other countries [48],
[63], [64]. In camel, the value of the current study is low
compared to concentrations reported in other studies [50],
[60].
It appears from this study that the copper concentrations in
different organs of different animals studied, are generally in
agreement with the literature data. Our study also shows that
copper concentrations are slightly low and limited to
threshold deficiencies especially in cattle [37]. The lower
concentrations observed in our study may be attributed to
copper deficiency in diet source offered to animals. In camel, it
was observed in several studies that this animal regulates its
copper contents at levels much lower than other ruminants
[37], [65], [66]. In equine, although there are limited data
studying the tissue distribution of copper in this species, the
values of this study are much lower compared to those
reported by other studies [51], [52]. The comparison of copper
values in the different organs showed that this element is
mainly concentrated in liver. The low concentrations observed
in other organs attested the predominant role of this organ in
the copper storage. In animals, the results suggest that meat
and edible offal of cattle are the richest in copper. However, in
spite the age of sheep that does not exceed 12 months, copper
concentrations in sheep and camel are comparable. This is due
to the fact that camel behaves like a species of small ruminants
[66]. While meat and edible offal of equine contain lower
concentrations compared to other species. This difference
could be explained by the fact that equine destined for
slaughtering are the draft animals, and therefore probably
they suffer from several deficiency, especially those in trace
elements.

TABLE 2: ZINC CONCENTRATIONS (MG/KG) IN ORGANS OF
DIFFERENT ANIMALS (MEAN ± SD)

*p<0.05, **p<0.01, ***p<0.001, SNP: Sampling Not Performed; SD: Standard
Deviation.

[40] indicated that the hepatic concentrations of zinc in camel
were less concentrated than other ruminants. The results
reported from Saudi Arabia [38] showed that differences in
liver zinc concentrations between camel, cattle and sheep were
not statistically significant. The present results on zinc
concentrations in liver for different animals studied are low
compared to those reported in different literature sources for
cattle [37], [38], [40], [41], [42], [43], [44], [45], [46], [47], [55],
[56], [57], [59], [62], [64], [67], sheep [45], [46], [47], [48], [49],
[59], [64], camel [37], [40], [50] and equine [52], [68], [69].
In lung, the highest concentration of zinc was observed in
cattle when compared to other species (p<0.001). Another
significant difference in lung was observed between camel and
sheep (p<0.05). However, zinc concentrations in lung of sheep
and equine were comparable. Zinc concentrations in lung
obtained in this study are low compared to those reported in
previous studies for cattle [62], sheep [52], camel [54] and
equine [69].
Zinc concentration in meat was statistically higher in
equine when compared to other species (p<0.001). The lowest
concentration in meat was recorded for sheep (p<0.001). In
comparison with previous observations for cattle [41], [42],
[44], [47], [55], [56], [57], [58], [59], [64], [67], sheep [48], [59],
[64], camel [50] and equine [69], the results of this work on
zinc concentrations in meat for different animals studied
appeared lower.
The highest concentration of zinc in heart was observed in
equine when compared to cattle and sheep (p<0.001). A
significant difference in heart was also observed between
cattle and camel (p<0.05). However, zinc concentrations in
heart of camel and equine were comparable. The results of this
study on zinc concentrations in heart are low compared to
those found for cattle [47], [59] and camel [54]. But the results
reported in Turkey [45] in cattle heart are lower to that found
in the present study. However, the concentration found in
sheep is comparable with that found in Iran [61], while she is
lower as compared to that reported in many studies [45], [47],
[59]. In equine, the value found in China [52] is comparable to
that of the present study.
The highest concentration of zinc in kidney was recorded in
sheep when compared to cattle (p<0.05) and camel (p<0.001).
Zinc concentrations in kidney of cattle and camel were
comparable. Our results on zinc concentrations in kidney for
the different animals studied are lower compared to those
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3.2 Zinc concentrations in organs of studied animals
The results found for zinc concentrations in liver, lung, meat,
heart and kidney of cattle, sheep, camel and equine are
presented in Table 2.
The highest concentration of zinc in liver was found in
camel compared to cattle (p<0.05), sheep (p<0.01) and equine
(p<0.001). However, the lowest concentration was recorded in
liver of equine (p<0.001). Zinc concentrations in liver of cattle
and sheep were comparable. A study from Morocco [37]
reported that zinc concentrations in liver were lower in camel
than in cattle. Moreover, some results reported from Sudan
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reported from many country for cattle [41], [42], [43], [44], [47],
[55], [56], [57], [59], [62], [64], sheep [47], [48], [49], [59], [63],
[64] and camel [50], [54]. However, our results are comparable
to those reported in Turkey for cattle and sheep [45].
In general, the results of this study on zinc concentrations
in different organs of the different animals studied are low
compared to the results reported by many studies. These
lower concentrations observed in our study may be attributed
to the probable zinc deficiency in the diet offered to the
sampled animals. On the other hand, it seems that camel
regulates its zinc contents at the lower levels than those of
other ruminants [37], [65], [66]. For equine, low zinc
concentrations obtained in liver and lung compared to other
species, could only be explained by the fact that equine
destined for slaughtering are the draft animals, and therefore
probably they suffer more deficiency, especially for trace
elements. It appears that the highest concentrations of zinc
were observed in liver and meat. Cattle and camel accumulate
higher concentrations of zinc in liver, lung and kidney
compared to equine. In contrast, equine present higher
concentrations in meat and heart as compared to other species.
While sheep that have been used in this study did not exceed
12 months of age, their concentrations of zinc were
comparable to those of cattle and camel.

European Commission in cattle liver (0.5 mg/kg) [70].
Moreover, in equine, comparing our value (0.86 mg/kg) with
that recommended by the European Commission (0.5 mg/kg)
[70], it is clear that the cadmium concentration obtained in this
species is higher. However, our value in equine remains lower
compared to those reported in other studies [52], [68], [69],
[78].
Cadmium concentration in lung was statistically higher in
equine and camel when compared to cattle and sheep
(p<0.001). The cadmium concentrations in lung of cattle and
sheep were comparable. Cadmium concentrations found in
lung of different animals studied are lower compared to those
reported from many country for cattle [62], [72], sheep [52],
[72] and equine [69].
In meat, the highest concentration of cadmium was
observed in camel when compared to other species (p<0.001).
However, no accumulation of cadmium was observed in meat
of cattle, sheep and equine. In spite of our results that
suggested the absence of cadmium in meat of cattle, sheep and
equine, the levels of this element in meat should not exceed
the limits proposed by the European Commission for cattle
and sheep (0.05 mg/kg), on one hand, and for equine (0.2
mg/kg), on the other hand [70]. In camel, cadmium
concentrations found in meat (0.12 mg/kg) appeared widely
higher than the tolerable values in cattle meat (0.05 mg/kg) as
proposed by the European Commission [70]. Contrary to
previous observations, the values of this study for the
different animals studied are lower compared to those
reported for cattle [41], [42], [44], [47], [55], [56], [57], [58], [59],
[64], [71], [73], [74], sheep [52], [59], [64], [76], [77] and equine
[69], [78].
The highest concentration of cadmium in heart was
reported for camel compared to other species (p<0.001).
Cadmium concentrations in heart for cattle, sheep and equine
were comparable. While the results of this study showed the
absence of cadmium in heart of cattle and equine, the previous
studies have reported high values in cattle [45], [47], [59] and
equine [52]. In sheep, the concentration of this study is lower
compared to those reported from many studies [45], [47], [52],
[59], [76], while it is comparable to that reported in Italy [72].
Cadmium concentration in kidney was statistically higher
in camel when compared to other species (p<0.001). Another
significant difference in kidney was observed between cattle
and sheep (p<0.01). The present concentrations of cadmium in
kidney for cattle (0.21 mg/kg) and sheep (0.085 mg/kg), do
not exceed the limits as recommended by the European
Commission (1 mg/kg) [70]. By comparing our values to those
found in other studies, higher values in cattle have been
reported by different literature sources [41], [42], [44], [47],
[55], [56], [59], [64], [71], while lower values have been
reported from other countries [43], [45], [57], [62], [72], [73],
[74]. Also, the higher values have been reported for sheep [45],
[47], [52], [59], [64], [75], [76], while lower values have been
reported from Italy [72] and Iran [77]. Cadmium
concentrations reported for this study in camel’s kidney (0.69
mg/kg) were lower than the limit of European Commission
for cattle’s kidney (1 mg/kg) [70].
Cadmium concentrations found in liver, kidney and meat
of cattle, sheep and equine are below the acceptable levels
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3.3 Cadmium concentrations in organs of studied
animals

TABLE 3: CADMIUM CONCENTRATIONS (MG/KG) IN ORGANS OF
DIFFERENT ANIMALS (MEAN ± SD)

**p<0.01, ***p<0.001, SNP: Sampling Not Performed; SD: Standard Deviation.

The results found for cadmium concentrations in liver, lung,
meat, heart and kidney for cattle, sheep, camel and equine are
presented in Table 3.
The highest concentration of cadmium in liver was
observed in equine and camel when compared to cattle and
sheep (p<0.001). Our results on the cadmium concentrations in
liver of cattle (0.10 mg/kg) and sheep (0.04 mg/kg) are below
the level recommended by the European Commission (0.5
mg/kg) [70]. Concentrations reported from other countries for
cattle are similar [44], [55], [59], higher [47], [56], [64], [71] and
lower [41], [42], [43], [45], [57], [62], [72], [73], [74] compared to
our value. In sheep, the concentration of this study is lower
compared to those reported in many studies [45], [47], [52],
[59], [64], [75], [76], [77], while it is higher compared to that
reported from Italy [72] and comparable to that reported from
Iceland [49]. Cadmium concentrations reported for this study
in camel liver (0.25 mg/kg) were lower than the limit of
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recommended by the European Commission, with the
exception of equine’s liver and camel’s meat. Also, our results
are lower compared to those reported in many studies.
Indeed, it was difficult to state if cadmium contaminations of
camel organs were important or not, as to our knowledge, no
reference was available for this species in the literature. On the
other hand, our data show that cadmium concentrations vary
in different organs for different animals studied. The
differences in animals may be attributed to the pasture on
which these animals grazed and the source of water from
which these animals drank. Camel and equine were deemed
the species contaminated by cadmium than cattle and sheep.
Concerning the differences in organs, it appears that liver and
kidney are the organs that accumulate the highest
concentrations of cadmium compared to other organs. The
highest concentrations of cadmium detected in kidney
followed by liver attested the preferential accumulation of
cadmium in those organs linked to their functional role in the
detoxification process.
TABLE 4: LEAD CONCENTRATIONS (MG/KG) IN ORGANS OF
DIFFERENT ANIMALS (MEAN ± SD)

The lowest concentration of lead was recorded in lung of
equine (p<0.001). Lead concentrations in lung of cattle and
camel were comparable. The present lead concentrations in
lung of cattle (0.74 mg/kg) and sheep (1.13 mg/kg) exceeded
the acceptable limits proposed by the European Commission
(0.5 mg/kg) [70]. Thus, our values are higher compared to
those reported in other studies for cattle [62], [72] and sheep
[72]. At reverse, our values are lower to those reported in
previous studies for sheep [52] and equine [69]. In camel, our
value (0.86 mg/kg) is higher than the tolerable one for
cadmium in cattle’s lung (0.5 mg/kg) as proposed by the
European Commission [70].
Lead concentration in meat was statistically higher for
sheep when compared to camel (p<0.01) and equine (p<0.001).
The lowest concentration of lead was found in meat of equine
(p<0.001). Lead concentrations in meat of cattle, sheep and
camel were comparable. Our results for lead concentrations in
meat of cattle (0.78 mg/kg) and sheep (0.85 mg/kg) exceeded
the maximum acceptable levels for this element as proposed
by the European Commission (0.1 mg/kg) [70]. Similarly, the
values reported in previous studies remain lower compared to
our values for cattle [41], [42], [44], [55], [57], [58], [59], [71],
[73], [74], [79] and sheep [59], [79]. However, the values found
in other studies are higher than those of the present work for
cattle [47], [64] and sheep [52], [64]. Lead concentration in
camel’s meat (0.71 mg/kg) appeared widely higher than the
tolerable values for meat (0.1 mg/kg) of cattle as proposed by
the European Commission [70]. For equine, the concentration
obtained in the present study is lower than that reported in
Kazakhstan [69], while it is higher than that reported from the
United States [78].
In heart, lead concentration was statistically higher for
sheep when compared to cattle and equine (p<0.001). The
lowest concentration of lead was found in heart of equine
(p<0.001). A significant difference was also observed between
cattle and camel (p<0.05). However, lead concentrations in
heart of camel and sheep were comparable. Our results on
lead concentrations in heart of cattle (0.76 mg/kg) and sheep
(1.28 mg/kg) are higher than the permissible limit as
recommended by the European Commission (0.5 mg/kg) [70].
Thus, the values of the current study are higher than those
reported in many studies for cattle [45], [59], [79] and sheep
[45], [59], [72], [79]. In contrast, a previous study [52] reported
higher values compared to those of the present work for sheep
and equine. For camel, our value (1.04 mg/kg) is higher than
the tolerable values for cadmium in cattle’s heart (0.5 mg/kg)
as proposed by the European Commission [70].
The highest concentration of lead in kidney was observed
for sheep compared to cattle (p<0.01). Another significant
difference in kidney was observed between cattle and camel
(p<0.001). Lead concentrations in kidney of camel and sheep
were comparable. Lead concentrations found in kidney of
cattle (0.66 mg/kg) and sheep (1.03 mg/kg) exceeded the
permissible levels recommended by the European
Commission (0.5 mg/kg) [70]. Lower values compared to
those of the current study have been reported in various
literature sources for cattle [41], [42], [43], [44], [45], [55], [57],
[59], [62], [71], [72], [73], [74], [79], [80] and sheep [45], [52],
[59], [72], [79]. However, the values reported from Pakistan
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*p<0.05, **p<0.01, ***p<0.001, SNP: Sampling Not Performed; SD: Standard
Deviation.

3.4 Lead concentrations in organs of studied animals
The results found for lead concentrations in liver, lung, meat,
heart and kidney of cattle, sheep, camel and equine are
presented in Table 4.
In liver, the highest concentration of lead was observed in
camel (p<0.001), while the lowest concentration was recorded
for equine (p<0.001). Lead concentrations in liver of cattle,
sheep and camel were comparable. The present results on lead
concentrations in cattle (1.17 mg/kg) and sheep (1.17 mg/kg)
liver are higher than the permissible limit recommended by
the European Commission (0.5 mg/kg) [70]. Similarly, our
values are higher compared to those found in other studies for
cattle [41], [42], [43], [44], [45], [55], [57], [59], [62], [71], [72],
[73], [79], [80] and sheep [45], [52], [59], [72], [79]. At reverse,
the values reported from Pakistan [47], [64] are higher than
those found in this study for cattle and sheep. Lead
concentration found in camel’s liver (1.33 mg/kg) is higher
than the tolerable values for cadmium in this organ (0.5
mg/kg) as proposed by the European Commission [70]. In
equine, our value is lower compared to those reported from
Kazakhstan [69] and China [52], while it is higher compared to
that reported from the United States [78].
The highest concentration of lead was present in sheep’s
lung compared to camel (p<0.01), cattle and equine (p<0.001).
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[47] and Egypt [64] for cattle and sheep are higher than those
found in the present work. Lead concentration in camel’s
kidney (0.96 mg/kg) appeared widely higher than the
tolerable values for this organ (0.5 mg/kg) as proposed by the
European Commission [70].
The results of this study showed that meat and edible offal
of cattle, sheep and camel contained slightly higher lead levels
than permissible ones recommended by the European
Commission, as well as the results obtained in many studies.
Similarly, for equine, our values are higher compared to those
reported in a previous study [78]. Because, data on lead
concentrations are unavailable for camel organs, it was
difficult to attest if lead contaminations of this species organs
were important or not. The higher concentrations obtained in
this study may suggest an environmental pollution by this
metal. The sources of lead may be traced to the pasture on
which these animals grazed and the source of water from
which they drank. Cattle, sheep and camel were deemed the
most contaminated by lead. Lead accumulates mainly in liver.

positive correlations between copper and zinc in liver, meat
and kidney; zinc and cadmium in kidney; zinc and lead in
liver, meat and kidney; cadmium and lead in liver, meat and
kidney; But at reverse negative correlations were observed
between copper and cadmium in meat and kidney [83]. Also,
copper in liver is negatively correlated to lead and positively
correlated to zinc and cadmium [84]. A previous study
showed that significant positive correlations were observed
between copper and lead in liver, and between copper and
zinc in kidney [43]. Some results found from Jamaica showed
that zinc is positively correlated to copper, cadmium and lead
in liver, and to copper and cadmium in kidney [85]. Significant
positive correlations were observed in kidney between copper,
zinc, cadmium and lead, and between zinc, cadmium and lead
in liver; But significant negative correlations were observed
between copper, cadmium and lead in liver [44]. Although
another study has also reported that copper was significantly
correlated with zinc in liver, cadmium was positively
correlated with copper and zinc in kidney, and with zinc in
liver, lead was significantly correlated with copper in liver
3.5 Correlations between minerals in animals’ organs
[42].
A correlation analysis among copper, zinc, cadmium and lead
For sheep, strong significant positive correlations were
concentrations was carried out for liver, lung, meat, heart and observed between copper and zinc in meat, heart and kidney.
kidney of cattle, sheep, camel and equine (Table 5).
Significant positive correlations were also observed between
In the present study, copper for cattle showed significant copper, cadmium and lead in liver and kidney. At reverse,
negative correlations with zinc in meat, cadmium in liver and significant negative correlations were observed between
kidney and with lead in liver, meat and kidney. Positive copper and zinc in liver, copper and cadmium in heart and
correlations were detected between copper and lead in lung, kidney, zinc and cadmium in liver and heart, zinc and lead in
zinc and lead in meat and also between cadmium and lead in liver and lung, cadmium and lead in lung, heart and kidney.
liver and kidney. A recent study showed that significant At the opposite of our results, a recent study reported a
negative correlations were observed in cattle meat between significant negative correlation between lead and copper
zinc-copper and zinc-lead, but a significant positive levels in liver [86]. However, another study has reported
correlation was observed between copper and lead [81]. There positive correlations between cadmium and lead in liver and
was also a very high positive correlative dependence between meat [87]. These associations are similar to those found in our
lead and cadmium concentrations in the liver and muscle of study.
cattle in Poland [82]. However, another study has reported
For camel, copper and zinc were highly and positively
TABLE 5: PEARSON CORRELATIONS AMONG MINERALS’ LEVELS IN ORGANS OF ANIMALS
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correlated in liver and kidney. Positive correlations were also
observed between copper, cadmium and lead in liver, zinc
and cadmium in heart, zinc and lead in liver and meat,
cadmium and lead in meat. Negative correlations were
observed between copper and cadmium in meat and lung. But
at reverse, strong negative correlations were observed in lung
between zinc and cadmium, in meat between copper, zinc and
cadmium, and in heart between copper and zinc. A recent
study reported a negative correlation between copper and zinc
in meat, but in liver and kidney the correlations were not
significant [50]. On the other hand, as it was observed in case
of a global pollution in other substrates like camel milk [88],
cadmium and lead were highly correlated.
In equine, significant positive correlations were observed
between copper and cadmium in liver, copper and lead in
lung and heart, zinc and cadmium in lung, zinc and lead in
liver and heart. At the opposite, copper and zinc are
negatively correlated in lung and meat. A negative correlation
was also observed between zinc and lead in lung.
In general, the relationships between elements could not be
well explained, especially when those relationships change
from one organ to another. Scarce information is available on
interactions between elements in camel, sheep and equine. The
highest number of significant correlations between copper,
zinc, cadmium and lead in this study were found especially in
liver and kidney. This may reflect a main role of both organs,
especially the kidney, in trace elements metabolism [89], [90].
The interactions between copper, zinc and cadmium probably
indicate that mineral balance in the body is regulated by
important homeostatic mechanisms, especially in the kidney,
in which toxic elements compete with the essential metals [42].
These interactions are consequences of the shared ability of
these metals to induce metallothionein synthesis and thus
compete for binding sites of metallothionein [42], [83], [89],
[91], [92], [93], [94], [95], [96], [97], [98], [99].
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