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Abstract

This study aimed to evaluate the mean concentration of cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni), and lead (Pb) in the
meat and offal of cow and sheep. Also, the estimated daily intake (EDI) and health risk of these metals were calculated. Analysis of
metals was undertaken by the use of an inductively coupled plasma-optic emission spectroscopy (ICP-OES). All samples were
contaminated with all metals. Principal component analysis (PCA) showed a clear differentiation of cow and sheep in both the kidney
and liver samples. In the liver and kidney, level of Cd, Cu, and Pb were positively correlated. The highest target hazard quotients (THQs)
were calculated for Pb. Cd level in cow kidney had the highest carcinogenic rate (CR). Although, hazard index (HI) was lower than one,
consumption of muscle especially in children should be noticed in both national and international consumers due to higher level of HI.
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Introduction

Heavy metals contaminate the environment by anthropogenic
or natural activity such as mining, use of fertilizer, pesticides,
and atmospheric deposition [1]. Classification of trace metals
into essential and toxic ones is so hard because it mainly
depends on dose of exposure [2]. Some metals, despite their
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essential role in coenzymes, may show toxic effects in excess
amount (e.g., copper (Cu), chromium (Cr), and nickel (Ni))
[3], since, they are not biodegradable and simply aggregated
in the living organisms such as cow and sheep [4]. The ele-
vated level of toxic metals in environment leads to contami-
nation of foods including red meat and meat organs [1].

Food consumption is one of the major routes of human
exposure to heavy metals [1]. Recently, by change of lifestyle
and more demand for fast foods which mainly contain red
meat, consumption of meat increased during recent decades
in developing countries. Therefore, consumption of foods
containing metal residues raised a major public health hazard
due to chronic intake of heavy metals. It may lead to neuro-
logical problems, headache, and liver dysfunction [5, 6], due
to accumulation of metals in the liver and deposition in neu-
rons [7].

Meat is an important part of usual diet of people and con-
tains some essential trace elements but may also contain heavy
metal residues. The liver and kidney are two examples of soft
tissues with the capacity of bioaccumulation of metals includ-
ing cadmium (Cd), Cr, Cu, Ni, and lead (Pb) [8]. It was men-
tioned that residues in meat and edible organs may relate to
pollution of the grazing area and drinking water [9].
According to Shahryari et al. [10], Cu concentration in the
samples of ground water and distribution network of
Birjand, Iran, was 0.0046 +0.87 mg/L and 0.0 +0.0 (zero)
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mg/L, respectively. Cr amount was 0.0916+0.12 and 0.0514

+0.02 mg/L in the samples of ground water and distribution
network of this region, respectively. 51.3% of the samples of
distribution network and 67.9% of the ground water of the city
had unallowable amount (> 0.05 mg/L) of Cr [10].

The liver and kidney are a good source of essential
micronutrients in the human diet [11]. Moreover, the liver
and kidney had lower price and consist more portion of
daily diet of poor people. Despite the low rate of adsorp-
tion of Cd through diet, it is deposited in the kidney and
liver with a long half-life of 10-30 years. Chronic exposure
to Cd through diet associated with the risk of malignancy
in the breast [12], lung, endometrium, and bladder [13];
renal dysfunction/failure; and demineralization of the bone.
The European Commission (EC) and Joint FAO/WHO
Expert Committee on Food Additives (JECFA) set the
maximum residue levels (MRLs) for Cd in the meat, liver,
and kidney of cow and sheep as 0.05, 0.5, and 1.0 mg/kg
wet/weight (w/w), respectively [14].

Dietary exposure to lead is mainly through contamination
of food during production or processing. Chronic Pb intoxi-
cation leads to colic, constipation and anemia [12]. Elevated
level of Pb associated with delayed cognitive development in
children and increased the incidence of hypertension and car-
diovascular disease in adults [14]. MRLs of Pb were set as 0.1
and 0.5 mg/kg for meat and edible offal, respectively [14, 15].
According to a recent review made by European Food Safety
Authority (EFSA), MRLs of Cu were set as 3, 400 and
10 mg/kg in the bovine meat, liver, and kidney, respectively.
In the sheep muscle, liver, and kidney, MRLs were determined
as 3, 150, and 6 mg/kg, respectively [16]. Ni is widely distrib-
uted in the surface of earth and presence of Ni in food resulted
from human activity and also natural sources [17]. Regarding
Cr and Ni in meat, Codex and WHO did not set any MRLs. A
national standard of Brazil has set a 0.1 pug/g for Cr in meat,
and an allowable limit of 0.5 mg/kg for nickel in meat was set
by Russia [18].

The EU Scientific Panel on Contaminants in the Food
Chain (CONTAM) reported that in the food group “meat
and meat products and offal”, 3.6%, 3.7%, and 1% of the
meat, liver, and kidney samples exceeded the MLs, re-
spectively [13].

The precise measurement of the metals in the animal tis-
sues may help to elucidate the role of metals in animal’s body
and introduce as biological indicator to determine the environ-
mental pollution [8, 9]. Since meat and edible offal comprise a
major part of Iranian diet, the heavy metal concentration in
them can correlate significantly with the heavy metal intake of
consumer [12].

Birjand (32° 53’ 00" N; 59° 12’ 00" E) is a town in the
Southeast of Iran, located about 100 km east of the capital city,
Tehran. It had a population about 261,324 [19] and some well-
known mining such as granite, chromite, and copper.

This study aimed to evaluate the mean concentrations of
heavy metals in the meat and edible offal of beef and sheep; to
reveal the accumulation features of metals in beef and sheep;
and to estimate the daily intake (EDI), target hazard quotient
(THQ), and carcinogenic rate (CR) of toxic metals through
consumption of these food animals in Birjand, Southeast of
Iran. Furthermore, to the best of our knowledge, this is the first
report regarding the heavy metal concentrations in the muscle
and edible organs of cow and sheep distributed in this region.
The muscle is selected as the central site of metal uptake in the
present study.

Methods
Sampling

From January 2017 until September 2017, a total of 102 sam-
ples from the liver, kidney, and muscle of beef (51) and sheep
(51) were collected from different butcheries and retails in five
different regions of Birjand, Southeast of Iran, according to
clustered random sampling. Fifty-eight and 44 samples were
taken in cold (winter) and warm (summer) seasons, respec-
tively. All of the collected samples were from the animals that
freshly produced in the region. The samples were labeled and
immediately transferred to laboratory and kept at — 20 °C until
analysis.

Sample Preparation and Metal Analysis

All of the chemicals and standards were purchased as analyt-
ical grade (Merck KGaA, Darmstadt, Germany). Nitric acid
(10% solution) was used to wash all laboratory equipments
and containers. Prior to analysis, the samples were thawed and
washed with deionized water. One gram (g) of each sample
was placed into a 50-mL volumetric flask; 5 ml of HNO;
(65%) and 15 ml of HCL were added to the sample. A volu-
metric flask was kept at room temperature for 24 hours (h).
Then, the sample was placed on a heater block at 105 °C for 2
to 3 h until full acid digestion. The digested sample was left to
cool and filtered by Whatman filter paper (Ashless no. 42).
The filtrate was made up to 50 mL with deionized water. An
inductively coupled plasma-optic emission spectroscopy
(ICP-OES) (Spectro Arcos, Germany) was used for quantifi-
cation of Pb, Cr, Ni, Cu, and Cd. The calibration of instrument
was performed by use of a multi-elemental standard solution
of the respective metals (to diagram standard curves before
metal analysis). Standard solutions of each metal were pre-
pared using a 1000-mg/L standard stock solution. Working
calibration multi-elemental 2-ppm standards of Pb, Cd, Cr,
Cu, and Ni were prepared by serial dilution of stock solutions
(100 ppm). The standard curve was obtained by injection of
standards and blank solution into ICP-OES. Concentrations of
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metals were stated in milligrams per kilogram (ppm) wet/
weight (mg/kg w/w). A blank solution and reference solution
were also treated the same procedure as the samples prior to
analysis.

Quality Control

The detection limit (ppb) of Cd, Cr, Cu, Ni,and Pbwas 1, 1, 2,
3, and 3, respectively. Furthermore, a recovery study of the
analytical method was done in selected samples by spiking
measured samples with the different aliquots of a multi-
elemental standards and then reanalyzed the samples and by
use of certified reference material, fish protein DORM-3
(National Research Council, Canada) and DOLT-4 (dogfish
liver, the National Research Council, Canada). All experi-
ments were performed in triplicate. In order to test the reliabil-
ity of instruments, after every 10 samples, a blank and known
standard were run (relative standard deviation, RSD <3%).
Acceptable recoveries were in the range of 95-103% for mea-
sured metals.

Estimated Daily Intake of Toxic Metals

The EDI of toxic metals (Cd, Cr, Cu, Ni, and Pb) was deter-
mined by the following equation:

MC x FDC

EDI =
BW

where MC is the mean concentration of metal in food (ug/g,
on fresh weight basis); FDC relates to the daily consumption
of specified food according to ISIRI 12968 (g/person/d); BW
is the average weight of body. The local inhabitants consumed
an average offal (liver/kidney) and muscle of 3 and 30 g/day
for adult (60 kg in BW) and children (30 kg in BW), respec-
tively. The EDI of metal were compared with the tolerable
daily intakes (TDI) of metals recommended by the US EPA
[20] and ISIRI [21].

Target Hazard Quotient

The THQ showed the potential health risks from the consump-
tion of polluted food. The THQ is a ratio between the exposed
and the reference dose (RfD). RfD shows the oral reference
dose that is an assumption of the safe daily exposure of a
contaminant. RfD values of Cd, Cr, Cu, Ni, and Pb are
0.001, 0.003, 0.04, 0.02, and 0.004 (ug/g bw/day), respective-
ly [2, 22].

The THQ was measured according to the method presented
in the US EPA Region III risk-based concentration table [22]
and in Wang et al. [23], according to the following equation:

EFr x ED x FIR x MC

THQ = E-3
Q RfD x BW x AT X
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where EFr is frequency of exposure (365 days/year); ED is the
duration of exposure (72 years); FIR is food ingestion rate
(g/person/d); MC is the mean level of metal in food (ug/g,
on fresh weight basis); RfD is the oral reference dose (mg/kg/
d); BW is the average body weight, adult (60 kg); children
(30 kg); AT is the mean exposure time (365 days/year X num-
ber of exposure years, assuming 72 years in this study).

If the measured THQ is less than 1, the consumer will
expose no health risk.

Hazard Index

The potential risk through the consumption of more than one
heavy metal in meat and offal was evaluated by the hazard
index (HI). All of the hazard quotients were summed to mea-
sure the HI [20].

HI = ¥ HQ = HQ Cd + HQ Cr + HQ Cu + HQ Ni
+HQPb

where X HQ is the summation of hazard quotients of metals
and HQ Cd, HQ Cr, HQ Cu, HQ Ni, and HQ Pb are the hazard
quotients for cadmium, chromium, copper, nickel, and lead,
respectively. In the case of hazard index greater than 1, a
potential adverse effect existed [24].

Carcinogenic Risk

CR is a likelihood of person for developing cancer over the
period of life due to contact with a potential carcinogen.
Cancer risk due to exposure to Pb and Cd was determined
using cancer slope factor (CSF), provided by US EPA [25]
with the following equation:

CR = CSF x EDI

where CSF is the carcinogenic slope factor of 0.0085 (mg/kg/
day) ! for Pb and 0.38 (mg/kg/day) " for Cd set by USPEA
[20]. EDI is the estimated daily intake of heavy metals. E-4 (1
in 10,000) to E-6 (1 in 1,000,000) is the acceptable range of
CR.

Statistical Analysis

The data was analyzed using SPSS (version16). The dis-
tribution’s normality of the analyzed samples was tested
by the Kolmogorov-Smirnov test. The comparison of Cd
and Pb with MRL recommended by WHO and EU was
done through one sample ¢ test. The mean concentration
of metals in two seasons was compared by use of inde-
pendent ¢ test. A two- way analysis of variance was used
to assess the interaction of animal and tissue (p <0.05). If
there was any interaction between animal and tissue, one-
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way analysis of variance (ANOVA) and independent ¢ test
were adjusted to compare the concentration of metals in
different tissues and two animals, respectively (p <0.05).
The means were separated using Tukey’s test. R software
(version 3.5) was used to perform Principal Component
analysis (PCA).

Results and Discussion
Levels of Heavy Metals

Concentration of Cd, Cr, Cu, Ni, and Pb in the muscle, liver,
and kidney of cow and sheep were determined (Table 1S). All
of the metals were detected in all of the samples. Meanwhile,
the mean concentration of lead and cadmium were below than
MRL level defined by WHO and EU in all the samples
(p<0.001).

Mean concentration of metals in warm (summer) and cold
(winter) seasons were compared in all the samples. Just in the
samples of sheep liver, the mean concentration of Cd in cold
season was significantly higher than warm season (p < 0.05).
All of the other samples did not have any significant differ-
ence in the mean concentration of detected metals in the two
seasons (Fig. 1).

Cow Muscle

Cow Liver

Cadmium

The mean concentration of cadmium in the muscle, liver, and
kidney samples of cow and sheep was lower than the MRL
recommended by WHO and EU, 0.05, 0.5, and 1 mg/kg
(p<0.001) [14]. Cd was detected in all 102 samples. There
was no interaction between animal and tissues (p > 0.05) in
two-way analysis. There was no difference between two ani-
mals (p > 0.05), but a significant difference was seen between
tissues (p < 0.001). Tukey’s follow-up test for tissues showed
that mean concentration of Cd in kidney was significantly
higher than the muscle (p <0.001) and liver (p <0.001), re-
spectively (Table 1).

Due to mainly excretion of Cd through urine, the kidney
may have some upper level of Cd [7, 26]. Also, it has been
related to some free protein—thiol groups in this organ that
bind the heavy metal [27]. Exposure of food animals to Cd
mainly occurred through municipal waste, discharges from
nickel-cadmium-based battery electroplating, and plastic
and paint wastes due to careless discarding of these items [1].

Absorption of Cd from respiratory system is higher
than gastrointestinal (GI) system, in vitro. However, GI
adsorption is affected by diet and nutritional status. The
accumulation of Cd in the kidney leads to renal dysfunc-
tion [22].

Cow Kidney

P=0.37

Concentration

Concentration

P=0.55 18 P=0.93

Concentration

Sheep Muscle

Sheep Liver

Sheep Kidney

! P=098

Concentration

P=024 4 P=085

Concentration

Fig. 1 Mean concentration of metals in cold (winter) and warm (summer) season. W, winter; S, summer. Cu concentration should be multiplied by E4
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Table 1 Mean (£SD) and range of metal concentrations (mg/kg w/w) in animals and tissues

Sample type (number) Cd Cr Cu Ni Pb

Cow (51) Mean + SD 0.074+0.17 0.9+0.763* 5.298+£9.52 0.334+£0.43* 0.062+£0.02*
Range 0.009-0.967 0.174-4.96 0.433-54.001 0.017-2.033 0.015-0.135

Sheep (51) Mean = SD 0.057+0.08 0.664 £0.28 9.33+19.74 0.224+0.22 0.0776 £0.04
Range 0.009-0.475 0.342-2.034 0.508-111.392 0.001-1.23 0.023-0.163

Muscle (34) Mean + SD 0.014+0.00° 0.62+0.15°¢ 0.773+0.27° 0.088+0.11% 0.048 +0.02"
Range 0.009-0.019 0.342-0.995 0.433-1.531 0.001-0.665 0.015-0.123

Liver (34) Mean + SD 0.025+0.01¢ 0.634+0.38¢ 17.95+£23.71™ 0.258£0.25 ™ 0.085+0.03°
Range 0.009-0.07 0.174-2.043 1.075-111.392 0.02-1.23 0.043-0.163

Kidney (34) Mean + SD 0.157+0.2% 1.09+0.85 < 3.211+0.44¢ 0.491 +0.45 < 0.077 +£0.03¢
Range 0.021-0.967 0.422-4.969 2.413-4.029 0.132-2.033 0.023-0.137

?Indicates significant difference between animal; ° indicates significant difference between the muscle and liver; ©indicates significant difference

between the muscle and kidney; ¢ indicates significant difference between the liver and kidney

Chromium

A significant interaction existed between animal and tissue
(p<0.001). The highest and lowest levels of chromium were
measured in cow’s kidney and liver, respectively (Table 1S).
The mean concentration of Cr in the muscle of these two
animals did not have any significant difference (¢ test;
p <.014) but the liver and kidney had highly significant dif-
ference (¢ test; p <.001). There was a significant difference
between the tissues of cow. For example, the kidney had a
higher significant level of Cr than the muscle (Tukey’s test;
p<0.001) and the liver (¢ test; p <0.001), respectively. The
muscle and liver had similar amount. In sheep tissues, the liver
had a higher significant amount of Cr than the muscle
(Tukey’s test; p=.008) and the kidney (Tukey’s test;
p<.029). The kidney and muscle had similar level (Tukey’s
test; p <.873) (Table 1S).

Copper

Two-way analysis showed no interaction between animal and
tissues (p >0.05). Also, there was no difference between the
two animals (p > 0.05). Tukey’s follow-up test for tissues
showed that mean concentration of Cu was significantly
higher in the liver than in the muscle (p < 0.001) and kidney
(p<0.001) (Table 1). The liver and kidney damage were seen
in high intake of copper [28].

Nickel

A significant interaction was seen between animal and tissue
(p<0.001) in two-way analysis. The highest concentration of
Ni detected in cow kidney was higher than 0.5 mg/kg [18].
But, the least amount of this metal was detected in cow and
sheep muscle (Table 1S). The mean concentration of Ni in
sheep liver was significantly higher than cow liver (¢ test;
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p <.003), and in cow kidney, Ni was significantly higher than
sheep kidney (¢ test; p < 0.001). Tukey’s test showed a highly
significant difference in comparison of the muscle by the kid-
ney (p <0.001) and the liver by the kidney (p < 0.001) of cow
samples. In comparison of sheep samples, the mean concen-
tration of Ni in the muscle was significantly lower than the
liver (p < 0.001) and the liver was significantly higher than the
kidney (p <.016). According to EC 2006, respiratory prob-
lems are caused by higher amount of intakes of Ni [14]. Soil
and sediment were mentioned as the primary source of Ni.
Nickel is used in a wide variety of processes including batte-
ries and electroplating. Despite the low adsorption through
gastrointestinal system, dietary exposure is the major route
of exposure of general population [17, 22]. Ni is mainly ex-
creted through urine by forming complexes with histidine
[22].

Lead

Pb was measured in all of the samples of the studied animals.
Two-way analysis of variance showed a significant interaction
between animal and tissue (p < 0.004). The results of the pres-
ent study showed that the sheep liver had the highest mean
concentration of Pb (0.10341 mg/kg w/w) followed by cow
kidney (0.07865 mg/kg w/w) (Table 1S). The least amount of
Pb was detected in cow muscle (0.04276 mg/kg w/w). The
comparison of mean level of Pb in the two animal and differ-
ent tissues was done through independent ¢ test and Tukey’s
test, respectively. Results showed that only in the liver sam-
ples Pb concentration in cow was significantly lower than
sheep (¢ test; p <0.001). The muscle and kidney samples of
these animals had equal concentration of Pb (¢ test; p > 0.05).
In cow samples, mean amount of Pb in the kidney was signif-
icantly higher than in the liver (Tukey’s test; p =.05) and the
muscle (Tukey’s test; p <0.001). Also, the liver had a signif-
icantly higher concentration of Pb than the muscle (Tukey’s
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Liver

PC2
PC2

PC1

Fig. 2 Distribution pattern of metals in the food animals by use of PCA (C, cow; S, sheep)

test; p<0.001). Moreover, in sheep tissues, the liver had a
significantly higher amount of Pb than the muscle (Tukey’s
test; p <0.001) and kidney (Tukey’s test; p <.03). The kidney
and the muscle samples had similar amount of Pb (Tukey’s
test; p <.088).

Generally, the low amount of Pb in the offal and muscle can
be related to the tropism of lead for aggregation in bone and
also more deposition in the aged animals [29]. Renal failure,
liver damage, and neurologic disorders are some of the com-
mon health problems of lead. Humans are mainly exposed
through diet. Children are at higher risk because of 50% ad-
sorption of Pb in their diet in comparison to adults that absorb
about 10-15% of ingested lead [30]. Upon absorption, distri-
bution of Pb occurred in the blood, bone, and soft tissues

kidney Muscle

pC2

including the liver, kidneys, brain, and muscle. After conju-
gation with glutathione, Pb is excreted mainly through urine
[30]. Moreover, the intake of heavy metals can cause immu-
nological dysfunction and retard the fetal growth (Cd and Pb)
due to depletion of some essential micronutrients [3].

The results of the present study compared with the pub-
lished data (Table 2S). Results of the current study in Cd
concentration were found to be comparable with the other
studies [1, 29, 31-33] that Cd was higher in the kidney than
in the liver and muscle samples.

Cr amount in cow samples of the current study was similar to
Bortey-Sam et al. [1] that the kidney had the highest and the liver
had the lowest level. But, in the sheep samples, it was not com-
parable. The two other studies [3, 34] reported the higher level of
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Table 2  Estimated daily intake of heavy metals (ng/kg bw/day)
Sample Cd Cr Cu Ni Pb

Adults Children Adults Children Adults Children Adults Children Adults Children
CM 0.007 0.015 0.34 0.68 0.36 0.72 0.041 0.082 0.0215 0.043
CL 0.0011 0.0022 0.0215 0.043 0.587 1.175 0.0065 0.0131 0.0033 0.0066
CK 0.0095 0.019 0.0795 0.159 0.171 0.342 0.0395 0.079 0.0038 0.0076
SM 0.007 0.014 0.28 0.56 0.41 0.82 0.047 0.094 0.026 0.053
SL 0.0014 0.0029 0.0415 0.083 1.207 2415 0.019 0.038 0.005 0.01
SK 0.0065 0.013 0.03 0.06 0.15 0.3 0.0095 0.019 0.004 0.008
TDI (ng/kg/day) 1[20] 1500 [20] 40 [20] 2.8 [17] 3.6 [21]

CM, cow muscle; CL, cow liver; CK, cow kidney; SM, sheep muscle; SL, sheep liver; SK, sheep kidney; 7DI, tolerable daily intake

Cu in the muscle (4.45 and 2.3 mg/kg in the sheep muscle,
1.8 mg/kg in the cow muscle) than present study. Also, in this
study, Cu had the most level in the liver; the kidney had a higher
amount than the muscle which was agreed with the other studies
[1, 31]. Ni amount of cow muscle in this study is similar to
Saifullslam et al. [3] but in the sheep muscle Saifullslam et al.
[1] had the higher level of Ni (1.6 mg/kg) than the present study.
Offal had higher level of Ni than the muscle in both animals in
the present study (Table 1S) which was disagreed with Bortey-
Sam et al. [1]. Lead concentration in the present study was ac-
cording to Bortey-Sam et al. [1] and disagreed with Abou-Arab
[31] and Caggiano et al. [29]. Some other studies reported the
higher amount of Pb in samples [3, 33].

The average level of Cd and Pb were higher in the kidney
and liver samples than in the muscle samples. Cd or Pb levels
in the muscle was below the MRLs [29, 32], which was in
agreement with the results of the present study.

Distribution of Metals

Comparison of the aggregation of metals in the organs of cow
and sheep was performed through Tukey’s test of ANOVA.

The pattern of distribution of the metal in the offal and
muscle of cow and sheep were significantly different
(» <0.05). Clearance of heavy metals from the body
mainly occurred through the liver and kidney. As a result,
these two organs mostly select for surveillance of metal
residues in food animals [31]. In fact, the kidney and liver
of these two food animals had the higher concentration of
all measured metals (Table 1). PCA was used to evaluate
the scattering of the metals in the offal and muscle sam-
ples of cow and sheep. PCA results (Fig. 2) showed a
dissociation between cow (C), and the sheep (S), clustered
independently both in the kidney and liver. But in the
muscle, they were not separated. Interestingly, in the liver
and kidney, Cd, Cu, and Pb made one cluster and are
positively correlated (Fig. 1). Also, Ni and Cr made an-
other cluster (Fig. 2). The muscle samples showed differ-
ent distribution pattern, with Cd, Cr, Cu, and Ni correlated
together (Fig. 2). Pb and Cu were not correlated and with
the decrease of Pb concentration, Ni concentration was
increased. This could be related to the difference in the
level of some conjugation protein such as metallothione in
the sampled food animals [1].

Adult

Children

uCd
uCr
mCu
NI
uPb

Fig.3 Target hazard quotients (THQs) of Cd, Cr, Cu, Ni, and Pb in children and adults. (CM, cow muscle (17 samples); CL, cow liver (17 samples); CK,
cow kidney (17 samples); SM, sheep muscle (17 samples); SL, sheep liver (17 samples); SK, sheep kidney (17 samples))
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Fig. 4 Hazard index of heavy
metals through consumption of
meat and meat organs. HI > 1
show the potential adverse effects

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

Hazard Index

Cow muscle

Dietary Intake of Metals, Target Hazard Quotient,
Hazard Index, and Carcinogenic Risk of Heavy Metals

The estimated daily intakes (EDI) of toxic metals for adults
and children in this region with the consumption of offal and
meat of cow and sheep are presented in Table 2. The numer-
ically higher EDIs of Cd (0.0095 pg/kg bw/day) and Cr
(0.34 pg/kg bw/day) were by eating of cow kidney and mus-
cle, respectively (Table 2). Although, the numerically higher
EDI of Ni (0.047 ng/kg bw/day) and Pb (0.026 ng/kg bw/day)
was by use of sheep muscle, but the numerically higher EDI of
Cu (1.207 ug/kg bw/day) was through consumption of sheep
liver (Table 2).

The EDIs of Cd, Cr, Cu, Ni, and Pb of the two food animals
were numerically smaller than TDI. Vulnerability of children
is higher than adults to acute and chronic effects of intake of
chemical pollutants, because of consuming twice the amount
of food per unit of body weight [35]. Therefore, intake of toxic
metals through food is higher for children in this region.

THQ value more than 1 shows the exposed population is
likely to experience obvious adverse effects [25]. Meanwhile,
all of the calculated THQ were below 1.0 (Fig. 3); numerically,
higher THQ values in children should be noticeable. The THQs
of Pb in the cow and sheep muscles which are a major part of
the usual diet of people in this region are at the numerically
higher level in children and adults. Similarly, the THQ for Cd

Table 3 Carcinogenic

risk of Pb and Cd in Sample name  Pb Cd

adults
Cow muscle 1.8275E4  2.66 E-3
Cow liver 2.805 E-5 4.18 E4
Cow kidney 323 E-5 3.6 E-3
Sheep muscle  2.21 E-4 2.66 E-3
Sheep liver 426 E-5 532 E4
Sheep kidney 3.4 E-5 247 E-3

CR > E-4 is unacceptable; E-6 < CR < E-4
is acceptable; CR < E-6 is neglectable

Hazard Index of heavy metals

Adults
B Children

Cow Liver Cow kidney Sheep muscle Sheep liver Sheep kidney

in both adults and children had the numerically lower values.
THQ of Cu and Ni had the similar level and was more than Cr.

The HI was calculated for each of tissues in both food animals
in adults and children (Fig. 4). The numerically higher HI was
measured for cow and sheep muscle in both adults and children,
and the least was calculated for the sheep kidney (Fig. 4).

The CR values of Pb and Cd in adults from the consumption
of the measured samples are presented in Table 3. In general,
the values of CR less than E-6 are negligible, more than E-4 are
unacceptable, and between E-6 to E-4 are acceptable [20]. In
the current study, CR for Cd was numerically higher than the
unacceptable range by use of the meat, liver, and kidney of cow
and sheep (Table 3). CR of Cd was numerically higher for the
cow kidney, sheep and cow muscle, 3.6E-3, 2.66E-3 and
2.66E-3, respectively. Also, consumption of sheep muscle
was of concern due to unacceptable range of Pb (Table 3).

Consumption of these toxic metals through offal and meat
in longer period can lead to toxicity due to accumulation na-
ture of these metals in the body. As a result, there is a need for
monitoring of these toxic metal residues in the meat, liver, and
kidney of these food animals.

Conclusions

The results of this study showed the significant differences
that existed in the mean concentrations of metals among both
food animals and meat organs. Most concentration of metals is
detected in the liver and kidney. Although the mean concen-
tration of Cd and Pb was lower than MRLs, bioaccumulation
of' metals in the body can raise some toxicity in a longer period
for national and international consumers. Furthermore, Cd
concentration had CR above the permissible level.
Moreover, Pb had higher THQs and HI in the beef and sheep
muscle. They may be routinely controlled especially due to
vulnerability of children.
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