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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

The wide spread and indiscriminate use of pesticides,
chemicals, metals, drugs, inorganic fertilizers and untreated
effluents from industries pollute the environment and end
up as residues in food, water and air. Their impact on animals
and agriculture produces has resulted in chronic and acute
intoxications and their residues further get transferred into
meat, dairy and poultry products (Shull and Cheeke, 1983).
Although chromium (Cr), copper (Cu) and zinc (Zn) are part
of the essential trace elements required in human diets with
well defined physiological functions, but may cause serious
health problems when get accumulated in the system in higher
concentration. Compounds of both hexavalent chromium and
trivalent chromium have been reported to induce
developmental defects in experimental animals including
neural tube defects, malformations and foetal deaths (Lijima
and Matsumoto, 1983 and Danielsen et al. 1982). The inhalation
of chromium compounds has been shown to be associated
with the development of cancer in workers in the chromate
industry (Langard, 1982). Similarly, cases of acute copper
poisoning resulting in kidney failure in sheep have been
reported (Clegg et al. 1986; Gracey and Collins, 1991). Kidney
malfunction developed in man when the concentration was
above 200 μg/g (wet weight basis). Deficiency of zinc and

ABABABABABSTRASTRASTRASTRASTRACTCTCTCTCT
A study was conducted to determine the presence and levels of heavy metals viz. chromium, copper, lead and zinc
in muscle, liver and kidney of sheep and goats slaughtered in municipality slaughter house of Puducherry. A total of
144 samples, (24 samples of each tissue for each species) were analyzed using Atomic Absorption Spectrophotometer.
Mean values of chromium, copper, lead and zinc recorded in muscle, liver, and kidney of sheep were 4.31 ± 0.24, 2.83
± 0.18, 2.87 ± 0.26;  1.01 ± 0.03, 27.64 ± 3.92, 3.50 ± 0.16; 4.83 ± 0.26, 4.58 ± 0.32, 4.20 ± 0.34; 31.08 ± 3.45, 37.81 ±
1.50 and 25.08 ± 0.53 ppm, respectively. In goat muscle, liver and kidney they accounted for 1.00 ± 0.04, 1.01 ± 0.06,
1.00 ± 0.08; 0.72 ± 0.03, 4.45 ± 0.75, 5.01 ± 0.59; 4.33 ± 0.25, 4.20 ± 0.24, 4.87 ± 0.33; 28.13 ± 1.89, 11.28 ± 0.88 and
18.94 ± 0.26, ppm, respectively. When comparisons were made between goat and sheep tissues, it was found that
sheep muscle, liver and kidney contained significantly (P <0.05) higher concentration of chromium, copper and zinc
with the exception that copper concentration was significantly (P<0.05) higher in goat kidney. The concentration of
lead recorded in all the tissues (4.20-4.87 ppm) in both the species was higher than the maximum permissible limit
(2.5ppm) prescribed by MFPO in meat product. Levels of other three metals in the tissues of sheep and goat
recorded in the present study were below the prescribed maximum permissible limit except the concentration of
copper in the liver of sheep (30ppm)
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copper might cause clinical manifestation, whereas, increased
levels could accumulate in target organs such as liver and
kidneys of animals resulting in toxic effects (Cherian and
Nordberg, 1983). Lead is a toxic metal and lead poisoning in
farm animals is widely reported (Brick, 1975; Gracey and
Collins, 1991). Bolger et al. (1996) reported that infants and
children are more susceptible to lead toxicity than adults
because they consume more food per unit body mass, with
the lead getting absorbed more readily.
As meat is one of the major routes through which various
chemical residues gain entry into the human system, it is
essential to monitor the presence of these residues in meat at
regular intervals to ensure that public health is not endangered
by residues (Noel et al. 2005). Hence, detection and estimation
of heavy metal residues has become mandatory to have a check
on these residues for safe and healthy meat production and
consumption. Therefore, present study was planned to assess
the quantity of metal residues viz. chromium, copper, lead
and zinc in muscle, liver and kidney of sheep and goat as
meat from these two species are most preferred and widely
consumed throughout the country.
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MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Collection samples: Collection samples: Collection samples: Collection samples: Collection samples: Fresh samples of muscle and liver of
100g each and kidneys from eight individual animals of two
species (ovine and caprine) were collected from animals
slaughtered at Puducherry Municipality slaughter house.
Thus 48 samples at a time and a total of 144 samples in three
batches were collected for analysis over a period of five months.
The collected samples were packed in LDPE bags and labeled
properly and were stored at -200C till further use.

Processing of samples:Processing of samples:Processing of samples:Processing of samples:Processing of samples: The samples were digested by wet
digestion method for analysis of heavy metals viz. chromium,
copper, lead and zinc. A 5g sample was taken in 100ml conical
flask to which 10 ml each of analytical grade concentrated
nitric acid and 60% perchloric acid were added. The contents
were heated at high temperature for a minimum period of 15
minutes and then the temperature was reduced and
maintained at 600C until the solution became clear. The clear
solution thus obtained was transferred to a 50 ml volumetric
flask and volume was made up using triple glass distilled
water and mixed well. Samples from this were utilized for
metal analysis.

Preparation of standard solution:Preparation of standard solution:Preparation of standard solution:Preparation of standard solution:Preparation of standard solution: The stock standard
solutions and the working solutions for chromium, copper,
lead and zinc were prepared as per the flame methods manual
for Atomic Absorption Spectrophotometer (Perkin Elmer 1003
model) using triple glass distilled water.

Detection and quantification of metals:Detection and quantification of metals:Detection and quantification of metals:Detection and quantification of metals:Detection and quantification of metals: Atomic
Absorption Spectrophotometer (AAS) Perkin Elmer 1003 model
was used for the estimation of these metals from the digested
samples.

The AAS was calibrated using the standard solutions for
different metals and after calibrating for each metal, the sample
was fed through nebulizer. The concentration of these metals
for which it had been calibrated was measured directly by the
AAS and the result was displayed in the computer screen
interfaced with the AAS from which it was noted. Presence of
these metals was estimated using respective hollow cathode
lamps to give lamp energy. The fuel oxidant was obtained by
acetylene-air mixture which provided the flame for
determination of metals. For all elements the fuel/oxidant ratio
was used as prescribed in the flame methods manual for atomic
absorption. The standard conditions and instructions
mentioned in the manual of Perkin Elmer 1003 model were
strictly followed.

Statistical analysis: Statistical analysis: Statistical analysis: Statistical analysis: Statistical analysis: The data obtained were subjected to
Analysis of Variance (ANOVA) and critical differences (CD)

were calculated to find the differences in heavy metal
concentration in different tissues and between the species as
per (Snedecor and Cochran, 1989).

RESULRESULRESULRESULRESULTS AND DISCUSSIONTS AND DISCUSSIONTS AND DISCUSSIONTS AND DISCUSSIONTS AND DISCUSSION

Results pertaining to heavy metal concentration in different
tissues of sheep and goat have been presented in Table. 1. The
mean levels of chromium in muscle, liver and kidney sample
were 4.31 ± 0.24, 2.80 ± 0.18 and 2.87 ± 0.26 ppm, respectively
for sheep and 1.00 ± 0.04, 1.01 ± 0.06 and 1.00 ± 0.08 ppm,
respectively for goat. Chromium levels in muscle of sheep
was significantly (P<0.05) higher than in liver and kidney.
All the tissues of sheep had significantly (P<0.05) higher
concentration of chromium than in the tissues of goat. The
level of chromium in all the tissues of sheep and goat were
much below 30 ppm which was considered as minimum tissue
level for chromate poisoning. Robinson et al. (2008) reported
that chromium concentration was below detectable level in
muscle, liver and kidney of sheep where as for goat tissues the
values (1.38 – 1.80 ppm) were little higher than those recorded
in the present study. These variations in levels of chromium
in sheep and goat tissues might be due to variation in
chromium contents of the forages / grasses / plants on which
the animals had grazed. Moreover, high concentration of
chromium is found in tissues of animals which are grown in
the vicinity of metal processing unit, tannery, refinery, asbestos
product units which are the major sources of atmospheric
chromium emission (Towill et al. 1978).
Copper concentration in liver (27.64 ± 3.92 ppm) of sheep was
significantly (P < 0.05) higher than that in kidney (3.50 ± 0.16
ppm) and muscle (1.01 ± 0.03 ppm). The differences in copper
levels in sheep kidney and muscle were also significant (P <
0.05). These values were lower than those reported by Robinson
et al. (2008) who recorded copper concentration to the tune of
5.17, 117.36 and 5.85 ppm in muscle, liver and kidney samples
of sheep respectively from Chennai region. The maximum
permissible limit prescribed by FSSAI (2011) for copper in meat
products is 20 ppm. However, the concentration of copper in
liver of sheep recorded in the present study was higher than
the prescribed limit. Mills and Dalgarno (1972) also reported
higher copper concentration in sheep liver (101 μg/g) whereas
Sarican et al. (1976) reported a copper concentration of 1.6 μg
/ g in lamb muscles which were almost similar to the values
found in the present study.
Significant (P<0.05) differences in copper concentration were
found among goat muscle, liver and kidney with the highest
concentration in kidney followed by liver and muscle.
Ayyadurai and Krishnasamy (1986) reported a copper content
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of 0.52 mg/100g in kidney and 1.05 mg/100g in liver of goats
which were lower than those recorded in the present study.
On the contrary Robinson  et al. (2008) reported higher copper
concentration in muscle, liver and kidney (14.5±1.50ppm)
samples of market slaughtered goats.
In comparison to goats, sheep accumulated higher
concentration of copper in muscle and liver. But goat kidney
had higher level of copper. These species differences might be
due to their differences in grazing pattern, age, exposure to
different copper levels through feeds and fodder. The reason
for variation among tissues within a species might be due to
the variation in their composition and biological activity.
Alonso et al. (2000) stated that toxic metal content in muscle
was generally low, whereas, liver and kidney often
accumulated higher metal concentrations.
The mean values of lead contents in muscle, liver and kidney
of sheep and goat varied between 4.20 ± 0.24 to 4.87 ± 0.33
(Table. 1). No significant difference in the levels of lead among
tissues of sheep and goat were observed. The concentrations
of lead in these tissues in both the species were above the
permissible limit of 2.5 ppm prescribed by FSSAI (2011). The
levels recorded in the present study were above the levels
reported by Edwards et al. (1975) who reported a lead content
of 0.46 ppm in muscle and 0.45 ppm in kidney of animals from
Oklahoma. Robinson et al. (2008) reported that lead contents
were below detectable level in organs and muscle of sheep
and goat reared and slaughtered at Madras Veterinary College,
Chennai, India whereas in market slaughtered goats level of
lead were 27.39 ± 0.62, 29.84 ± 1.16, 27.06 ± 0.54 ppm in kidney,
liver and muscle, respectively. Higher concentration of lead
in muscle and organs of sheep or goat were attributed to air
pollution due to vehicular emission, eating of wall papers by
sheep and goats and water pollution.
The concentration of zinc in muscle, liver and kidney samples
of sheep (25.08 ± 0.53 – 31.08 ± 3.45 ppm) and goat (11.28 ±
0.08 – 28.13 ± 1.89 ppm) were well below the permissible limits
(50 ppm) prescribed by FSSAI (2011). Similar results were
reported by Sarican et al. (1976) who reported a zinc
concentration on 28.80 μg/g in sheep muscle. Robinson et al.
(2008) reported lower concentration of zinc in kidney, liver
and muscle of sheep (5.10 – 14.05 ppm) and 14.40 – 25.18 ppm
zinc in the same organs and tissues of goat. These were contrary
to the results obtained in the present study where higher
concentration of zinc was recorded in muscle, liver and kidney
of sheep compared to muscle, liver and kidney of goats.

CONCLCONCLCONCLCONCLCONCLUSIONUSIONUSIONUSIONUSION

Overall, it was observed that sheep muscle, liver and kidney

contained higher concentrations of chromium, copper, lead
and zinc with the exceptions of copper and lead which were
in higher levels in goat kidneys. All these differences might

be due to their different grazing habits, supply of different
feeds and forages, differences in levels of exposure to
environmental contamination.
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TTTTTable  1: Levels of heavy metal concentration (Mean±able  1: Levels of heavy metal concentration (Mean±able  1: Levels of heavy metal concentration (Mean±able  1: Levels of heavy metal concentration (Mean±able  1: Levels of heavy metal concentration (Mean±
S.E) in muscle, liver and kidney of sheep and goatS.E) in muscle, liver and kidney of sheep and goatS.E) in muscle, liver and kidney of sheep and goatS.E) in muscle, liver and kidney of sheep and goatS.E) in muscle, liver and kidney of sheep and goat

MetalMetalMetalMetalMetal AnimalAnimalAnimalAnimalAnimal MuscleMuscleMuscleMuscleMuscle LiverLiverLiverLiverLiver KidneyKidneyKidneyKidneyKidney
Chromium Sheep 4.31 ± 0.24bB 2.83 ± 0.18aB 2.87 ± 0.26aB

Goat 1.00 ±0.04A 1.01 ± 0.06A 1.00 ± 0.08A

Copper Sheep 1.01± 0.03aB 27.64 ± 3.92cB 3.50 ± 0.16bA

Goat 0.72 ± 0.03aA 4.45 ± 0.75bA 5.01 ± 0.59cB

Lead Sheep 4.83 ± 0.76 4.58 ± 0.32 4.41 ± 0.34
Goat 4.33 ± 0.25 4.20 ± 0.24 4.87 ± 0.33

Zinc Sheep 31.08 ± 3.45b 37.81 ± 1.50cB 25.03 ± 0.53aB

Goat 28.13 ± 1.89C 11.28 ± 0.88aA 18.94 ± 0.26bA

n= 24 for each tissue of each species for each metal
a,b,c Means bearing different superscripts in a row differed
significantly (P<0.05)
A, B Means bearing different superscripts in a column within a
parameter differed significantly (P>0.05)
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