Journal of American Science 2015;11(5) http://www.jofamericanscience.org

Assessment of heavy metal residues in retail meat and offals
Khalafalla F.A', Abdel-Atty N. S.', Mariam A. Abd-El-Wahab?, Omima, I.Ali* and Rofaida B. Abo-Elsoud’

'Food Hygiene Department, Faculty of Veterinary Medicine, Beni-Suef University
? Food Hygiene Department, Faculty of Veterinary Medicine, El-Nenia University
3Beni — Suef Provincial Lab. Animal Health Research institute Dokki, Giza.
rofaidabahaa83@yahoo.com

Abstract: This study was carried out to determine the residual levels of heavy metals (lead, cadmium, copper and
zinc) in meat, liver and kidney of cattle, camel, sheep and buffalo collected from butcher’s shop in Beni-Suef, Egypt
by using Atomic Absorption Spectrometer UNICAM 969. The means residue levels of lead in muscle of cattle,
camel, sheep and buffalo were (3.135+0.35, 1.402+0.52, 0.94+0.81 and1.13+£0.31ppm. While that of cadmium
residual level in muscles were 0.2+0.01, 0.2+0.03, 0.7+0.03 and 0.914+0.02 ppm, respectively. As for copper the
mean residual level were 0.79+0.18, 1.29+0.14, 1.9+£0.19, 1.16+£0.75 ppm, while that of zinc were 53.23+1.37,
57.64+1.46, 43.84+1.35 and 53.3+2.1 ppm, respectively. The level of heavy metals residues in liver of (cattle,
camel, sheep and buffalo) were (3.99+0.1, 3.4+0.31, 1.8+0.85 and 0.174+0.07 ppm for lead; 0.25+0.043, 0.46+0.09,
0.35+£0.02 and 0.00+0.00 ppm for cadmium; 56.09+10.55, 71.56+8.48, 109.81£13.5 and 26.12+3.82 ppm for
copper; while these values were 36.74+1.16, 51.71£2.46, 38.06+1.56 and 22.12+1.25 ppm for zinc. More ever the
means of heavy metal residues in kidney were 1.76+0.30, 1.41£0.23, 2.94+0.18 and 3.47+0.14 ppm for lead;
0.11+0.019, 0.85+0.26, 0. 21£0.1 and0.2+0.2 ppm for cadmium; 4.24+2.02, 1.77£0.9, 7.92+5.19 and 1.02+0.11 ppm
for copper; 16.41+£0.79, 17.49+0.6, 22.9+0.99 and 14.11+0.96 ppm for zinc for cattle, camel, sheep and buffalo,
respectively. The residual level of all the metals in different tissues(muscle, liver and kidney) of cattle, camel, sheep
and buffalo were found to be significantly differencep<0.05.
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1. Introduction 2014andAkoto et al., 2014) and buffalo tissues (Abd
Meat is an important part of the human diet as El-Salam et al., 2013 and Mehmood et al., 2014).
well as an important source of a wide range of Heavy metal causes many symptoms as hepato toxic
nutrients, but it may also carry certain toxic effects and increase in liver function test parameters in
substances. Although the level of these toxic lead (Adeyemi et al., 2009), While various
substances in muscle is generally low, the offal such cardiovascular disorders such as hypertension and
as liver and kidney, showed higher concentrations of cardio myopathy and both carcinogenic and anti-
toxic substances than most other foods. Chemical carcinogenic activities in cadmium were reported by
residues in meat may present a hidden but they Dong et al. (2009). The copper, in high doses
represent a serious threat to public health. Because causesoxidative damage in liver in forms of granular
residues generally cannot be seen, smelled or tasted, degeneration, necrosis of hepatocytes (Emin et al.,
they are difficult to detect. The monitoring of raw 2010). Zinc causes (in high dose) “metal fume fever”;
meat for chemical residues is necessary to ascertain which causes fever, depression, malaise, cough,
that approved compounds are not being misused and vomiting, salivation and headache (Abd EIl-Salam,
are not presenting a danger to consumers (Pullen 2013). A frequently found harmful feature of human
1990). All heavy metals are toxic at certain levels of diets is the simultaneous presence of toxic substances
intake, as lead and cadmium play no useful role and in food stuffs.
pose a risk for animal and human health. Heavy Therefore, this study was carried out, to
metals detected in muscle, liver and kidney of cattle determine heavy metal residues in meat, liver and
by Akan et al. (2010); Khalafalla et al. (2011); kidney in carcasses of (cattle, camel, sheep and
Ambushe et al. (2012); Bala, et al. (2013); AbdEI- buffalo) at retail butchers shops in Beni-Suef
Salam et al. (2013) and Badis et al. (2014).Many Governorate. The public health significance of such
investigators were detected the heavy metals in meat residues was discussed.
and edible offal (liver and kidney) in camel (Eltahir et
al., 2010 and Badis et al., 2014), sheep (Akan et al., 2. Material and method
2010; Abd El-Salam et al.,2013; Badiset al., Collection of samples:

50



Journal of American Science 2015;11(5)

http://www.jofamericanscience.org

A total of 300 samples were collected from
cattle, camel, sheep and buffalo carcasses from
butcher’s shop in Beni-suef City. Each carcass
represented by 75 samples from each liver and kidney
and muscles. The collected samples were identified
and rapidly transported in ice box to the laboratory,
for examination.

Preparation of samples:

The samples were prepared according to the wet

digestion method recommended by Graig and Wayne
(1984).
Quantitative determination of heavy metal
(cadmium, lead, copper, zinc) residues in the
examined sample was conducted using UNICAM 969
Atomic Absorption Spectrophotometer. All results
were statistically analyzed using Knapp and Miller,
1992 SPSS statistics 17.0 software program.

Result and discussion

The residual level of lead was observed in
muscle samples of different animals (cattle, camel,
sheep and Buffalo), each constituting 3.135+0.35,
1.402+0.52, 0.94+0.81 and 1.31+£0.31 respectively.
46%, 84%, 100% and 88% of the examined muscle
samples of cattle, camel, sheep and buffalo,
respectively, were exceeded the limit (0.1 ppm) of
Egyptian Organization for Standardization “E.O.S.”

(1993). Nearly similar values were detected by
Dallatuet al. (2013); Badis et al. (2014); and
Mehmood et al. (2014).0n the other hand 100%, 28%,
8% and 20% of the examined liver samples of cattle,
camel, sheep and buffalo,respectively exceeded the
permissible limit (0.5ppm) reported by “E.O.S.”
(1993). These results were similar to those recorded
by Akan et al. (2010); Bala et al. (2012); Abd El-
Salam et al. (2013) and Badiset al. (2014). Regarding
lead residual level in kidney samples, 96%, 92% of
cattle and camel sample sand all kidney samples of
sheep and buffalo were exceeded the maximum
residual limit (0.5 ppm) recorded by E.O.S. (1993).
These results are in close agreement with those
reported by Akan et al. (2010); Abd El-Salam et al.
(2013); Akotoet al. (2014) and Mehmood et al.
(2014). There were significant difference (p<0.05)
between examined liver and kidney samples of
different animal species, while the muscle samples
were not significantly different. Statistical analysis of
different organs (muscle, liver and kidney) within the
same species revealed that, the concentration of lead
in liver were significantly (p<0.05) higher than muscle
and kidney in cattle and camel, while in sheep and
buffalo the kidney samples were significantly (p<0.05)
higher than muscle and liver.

Table. Statistical analytical results of heavy metals residues in similar tissues of examined animal species.

Metal Organ Cattle Camel Sheep Buffalo
Muscle 3.135+0.35** 1.402+0.52%% 0.94+0.81%C 1.31+0.31%
Lead Liver 3.99+0.1%8 3.4+0.31°® 1.8+0.85™ 0.174+0.07°*
Kidney 1.76+0.30°* 1.41+0.23" 2.94+0.18"™ 3.47+0.14"°
Muscle 0.2+0.01%* 0.2+0.03°® 0.7+0.03¢ 0.91+0.02%
Cadmium Liver 0.25+0.043° 0.46+0.09°* 0.35+0.02°% 0.00+£0.00%*
Kidney 0.11+0.019** 0.85+0.26™ 0.21+0.1* 0.2+£0.2°"
Muscle 0.79+0.18*" 1.29+0.14"8 1.940.19°% 1.16+0.75"8
Copper Liver 56.09+10.55 71.56+8.48™* 109.81+13.5%4 26.12+3.82°%
Kidney 4.242.02*4 1.77+0.9% 7.92+5.19° 1.02+0.11%°
Muscle 53.23+1.37%C 57.64+1.46"C 43.84+1.35° 53.342.1%¢
Zinc Liver 36.74+1.16"* 51.71+2.46™* 38.06+1.56™ 22.12+1.25%
Kidney 16.41+0.79" 17.49+0.6™ 22.9+0.99" 14.11£0.96™

a, b, ¢ and d indicate significant difference between similar organs in different species, while A, B and C indicate
significant difference between different tissues within species at p<0.05. Results expressed as means+ S.E.

Kidney is considered as the target tissue of lead
accumulation. Lead is frequently the cause of
accidental poisoning in domestic animals, especially
cattle. Absorbed lead is stored mainly in the liver and
kidney, and like cadmium, it accumulates in tissues of
animals. Lead is a wide spread environmental
contaminant from largely airborne sources, such as
industrial emissions and the combustion of fuel
containing lead additives. The fallout from these
sources is a particular problem to grazing animals this
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held the view reported by Humphreys (1991).
Exposure to lead can occur from many sources but
usually arises from industrial use. Lead and its
compounds can enter the environment at any time
during mining, smelting or processing. Major sources
of lead contamination in other developing countries,
result from metallurgical industries, lead-acid battery
processing, lead wire and pipe factories, metal
foundries, metal recyclers, leaded gasoline, lead water
pipes in old houses, and scrap and smelter solid
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wastes. The main uses of lead are in batteries,
pigments, plumbing, and gasoline, solder and steel
products, food packing, glassware, ceramic products
and pesticides reported by (De Madureira et al.,
2009). However Lin et al. (2009) stated that exposure
to lead chemicals can occur. Through inhalation,
ingestion or occasionally dermal Lead affects humeral
immunity (perhaps through interference with
macrophage function) and may or may not affect
cellular immunity. The lead provide adjuvant signals
to promote lymphocyte proliferation and enhance
adaptive immune responses to unrelated antigens,
enhance allergic and hypersensitivity reactions to
environmental antigens and can activate neo antigen-
specific T cells (Ohsawa, 2009).

Regarding cadmium residual level the tabulated
data illustrated that none of the examined muscle
samples of cattle and camel exceeded the permissible
limit (0.5 ppm) recommended by FAO/WHO (2000),
while 96% and 100% of Sheep and buffalo muscle
samples, exceeded the permissible limit with mean
value of 0.7+£0.03 and 0.91+£0.02ppm. Nearly similar
findings were detected by Khalafalla et al. (2011);
Ambushe et al. (2012); Abd El-salam (2013)
andBadis et al. (2014).None of the examined liver
samples of sheep exceeded the permissible limit(0.5
ppm) of FAO/WHO (2000), all the examined liver
buffalo samples were below limit of detection, while
12% and 48% of examined liver sampled of cattle and
camel, exceeded this limit. Nearly similar findings
were detected by Khalafalla et al. (2011);Bala et al.
(2012); and Mohamed (2014).None of the examined
kidney samples of cattle, sheep and buffalo exceeded
the permissible limit (1.0 ppm) reported by
FAO/WHO (2000), while 16% of camel kidney
samples were exceeded this limit in relation to
cadmium residual level. Nearly similar results were
recorded by Khalafalla et al. (2011); Bala et al.
(2012) and Mohamed (2014). There were a
significant difference (p<0.05) between muscle and
liver samples of different animal species (cattle,
camel, sheep and buffalo), while camel kidney
samples were significantly (p<0.05) higher than
kidneys of cattle, sheep and buffalo. On the other hand
there were significant difference (p<0.05) between
examined muscle, liver and kidney samples of each
animal spices (cattle, camel, sheep and buffalo).
Cadmium is widely distributed throughout the
environment and the traces of cadmium can be
detected in all plants, animals and foodstuffs. The
application of phosphate fertilizers every year deposits
considerable amount of cadmium in farmlands, thus
increasing its level in soil. Additionally, acid rain may
increase the amount of cadmium in soil and expand
the concentration of metal in agricultural products,
this reported by (Busceme et al.,1997). Some of waste
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materials may contain some heavy metals such as
Lead, cadmium, arsenic and others that are dangerous
to both human and animal health. Cattle and other
ruminants graze freely on such environment and drink
water from ponds, streams, rivers and other possible
contaminated water sources. Animals in the process
may be exposed to high levels of these metals in the
environment, this agrees with that reported by Nwude
et al.(2010). Results recorded in the table revealed that
none of examined muscle samples of cattle, camel,
sheep and buffalo exceeded the limit of Egyptian
Organization for Standardization “E.O.S.” (1993)
whichis 20 ppm. Nearly similar values were detected
by Abd El-Salam et al. (2013); Purnama et al. (2014)
and Badis et al. (2014).Regarding liver samples 76%,
92%, 84% and 52% ofexamined samples of cattle,
camel, sheep and buffalo, respectively, exceeded the
permissible limit (20 ppm) of “E.O.S.” (1993). Nearly
similar findings were detected by Eltahir et al.
(2010); Abdelrahman et al. (2013); AbdEl-Salam et
al. (2013) and Akoto et al. (2014). None of examined
buffalo kidney samples exceeded the limit (20ppm) of
EOS (1993), while 4% of examined kidney samples of
cattle, camel and sheep were exceeded that limit. The
liver samples of sheep were significantly (p<0.05)
higher than livers of other animal species (cattle,
camel and buffalo), while the kidney and muscle
examined samples of different animal spices were not
significantly different. Residual level of copper in
liver of (cattle, camel, sheep and buffalo), were
significantly (p<0.05) higher than its level in muscle
and kidney. High Copper levels in liver can be caused
by contamination of pasture and by industrial
emissions, this agrees with that reported by Tokarnia
et al. (2000). Major man-made releases of copper to
the environment are from metal producing industries
and other significant sources include sewage treatment
processes. Since copper is also a naturally occurring
element in the earth crust. It is also naturally present
in rocks, soils, sediments and certain natural waters.
This agrees with hypothesis reported by United Stated
Environmental Protection Agency,(2003). The
Copper is an essential component of various enzymes
and it plays a key role in bone formation, skeletal
mineralization and in maintaining the integrity of the
connective tissues. Copper is essential for good health,
but very high intake can cause health problems such
as liver and kidney damage, that stated by(ATSDR,
2004). Copper (cu) play an important role for farm
animal health and productivity through their function
as a main component of many essential metallo
enzymes. These enzymes regulate the metabolism of
carbohydrates and lipids and also function as
antioxidant this is in agreement with (Andrieu,2008).
The obtained results in the table indicated that the
mean value of zinc residual level in muscle samples of
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cattle, camel, sheep and buffalo were 53.23, 57.64,
43.84 and 53.3 ppm, in which 96%, 96%, 72% and
92% of examined samples for respectively, exceeded
the limit (40ppm) of FAO/WHO (1989). Nearly
similar results were recorded by Dallatu et al. (2013)
and Badis et al. (2014). None of the examined kidney
samples exceeded the limit of FAO/WHO (1989)
which is 40 ppm. On the other hand 28%, 80% and
36% of examined of cattle, camel and sheep liver
samples, respectively, exceeded the limit (40 ppm) of
FAO/WHO (1989), while none of the examined liver
samples of buffalo exceeded that limit. Nearly similar
results were recorded by Abdelrahman et al. (2013)
and Purnama et al.(2014). Zinc residual level in
muscle samples of sheep were significantly (p<0.05)
lower than other species (cattle, camel and buffalo),
also liver samples of buffalo were significantly
(p<0.05) lower than other animal species (cattle,
camel and sheep), while the kidney samples of sheep
were significantly (p<0.05) higher than other animal
species. The zinc residual levels of muscle samples
were significantly higher (p<0.05) than liver and
kidney in all examined samples (cattle, camel, sheep
and buffalo), therefore, muscle is considered as the
target tissue of zinc accumulation. Humans are
exposed to small amounts of zinc in foods and
drinking water each day. Levels in air are generally
low and fairly constant. Occupational to zinc occurs in
a number of mining and industrial activities, such as
the manufacture of zinc-containing alloys, paints, and
pesticides. This agrees with that reported by Karen
and Thomas (1996). Red meats, especially beef, lamb
and liver have some of the highest concentrations of
zinc in food. The concentration of zinc in plants varies
based on levels of the element in soil. This substitutes
the findings reported by Malinowska and Szefer
(2007). Zinc is an essential element in human diet.
Too little Zn can cause problems; however, too much
Zn is harmful to human health. (ATSDR, 2004). Zn
concentration in air over 15mg per cubic meter, result
“metal fume fever”; which causes fever, depression,
malaise, cough, vomiting, salivation and headache.
Cadmium replaces Zn in many enzymes, therefore a
higher amount of Zn is required to overcome the toxic
effects of cadmium. That stated by (Abd El-Salam,
2013).

It could be concluded that, the concentrations of
all metals in the muscle, liver and kidney of cattle,
camel, sheep and buffalo were found to be significant
at p<0.05. Livers and kidneys were found to have the
highest residual levels of lead and cadmium, while
muscle have the highest residual levels of zinc. When
compared to one another (cattle, camel, sheep and
buffalo), there did show significant differences in the
level of heavy metals. Hence, the residual levels of
lead and zinc were exceeded from the permissible
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limit of detection in some of samples exception of
cadmium and copper which were within the tolerance
limits in most samples.

Reference:

1. Abd El-Salam, N.M, Ahmad.S, Basir.,A, Rais. A.
K, Bibi. A, Ullah.R, Shad.A.A, Muhammad.Z and
Hussain. 1. (2013): Distribution of heavy metals in
the liver, kidney, heart, pancreas andmeat of cow,
buffalo, goat, sheep and chicken from Kohat market
Pakistan. Global Vet. 2: 280-284.

2. Abdelrahman, M.M, Aljumaah,.R.S and Ayadi,. M.
(2013): Variation of Copper, Zinc, Manganese and
Magnesium in Blood and Serum and Tissues of two
Breeds of Dromedary Camels in Saudi Arabia.
Asian J. Anim. Vet. Adv., 8(1):91-99.

3. Adeyemi, O.; Ajayi, J.O.; Olajuyin, A.M.; Oloyede,
0.B.; Oladiji, A.T.; Oluba, O.M.; Adeyemi, O.;
Ololade, I.A. and Adebayo, E.A. (2009):
Toxicological evaluation of the effect of water
contaminated with lead, phenol and benzene
onliver, kidney and colon of Albino rats. Food
Chem Toxicol., 47: 885-7.

4. AkanJ.C, Abdulrahman.F.I, Sodipo.O.A and
Chiroma. Y. A (2010): Distribution of Heavy
Metals in the Liver, Kidney and Meat of Beef,
Mutton, Caprine and Chicken from Kasuwan Shanu
Market in MaiduguriMetropolis, Borno State,
Nigeria. Res. J. Appl. Sci. Eng. Technol., 2(8): 743-
748.

5.  Akoto.O, Bortey-Sam.N, Nakayama.S.M.M,
Ikenaka. Y, Baidoo.E, Yohannes.Y.B, Mizukawa.
H, Ishizuka. M. (2014): Distribution of Heavy
Metals in Organs of Sheep and Goat Reared in
Obuasi: A Gold Mining Town in Ghana. Int. J.
Environ. Sci. Toxic. 2(4) pp.

6.  Andrieu, S.(2008): Is there a role for organic trace
element supplements in transition cow health. Vet.
I, 176:77-83.

7.  Ambushe. A. A, Hlongwane. M. M, McCrindle. R.
I, and McCrindle. C.M.E (2012): Assessment of
Levels of V, Cr, Mn, Sr, Cd, Pb and U in Bovine
Meat. S. Afr. J. Chem., 65, 159-164.

8. ATSDR, (2004): Agency for Toxic Substances and
Disease Registry, Division of Toxicology, NE,
Atlanta.

9. Badis,B; Rachid,Z and Esma,B (2014): Levels of
selected heavy metals in fresh meat from cattle,
sheep, chicken and camel produced in Algeria.Ann.
Res. Rev. in Bio 4: 1260-1267.

10. Bala A., Saulawa M. A., Junaidu A. U., Salihu M.
D., Onifade K. I.,Magaji A. A., Anzaku S. A,
Faleke O. O., Musawa A. 1., Mohammed M.,
Muhammad L. U., Ubangari M. M., Ifende V.
1.(2012): Detection of cadmium (Cd) residue in
kidney and liver of slaughtered cattle in Sokoto
Central Abattoir, Sokoto State, Nigeria] Vet Adv,
2: 168-172.



Journal of American Science 2015;11(5)

http://www.jofamericanscience.org

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bala A., Suleiman N., Junaidu A. U., Salihu M. D.,
Ifende V. 1., Saulawa M.A., Magaji A. A., Faleke
0. 0., Anzaku.S. A.(2013):

Detection of Lead (Pb), Cadmium (Cd), Chromium
(Cr) Nickel (Ni) and Magnesium Residue in Kidney
and Liver of Slaughtered Cattle in Sokoto Central
Abattoir, Sokoto State, Nigeria. Int. J. of Livestock
Research 3:77-81.

Busceme, I., Prieto, A., Araujo, L. and Gaozalez, G.
(1997): Determination of lead and cadmium content
in the rice consumed in Maraca Ibo, Venezuela.
Bull. Environ. Contam. Toxicol., 59: 94-98.
Dallatu. Y. A, Abechi. S. E, Abba. H, Mohammed.
U., Sand Ona. E.C. (3013): Level of heavy metals
in fresh and canned foods consumed in North
Central Nigeria. Scho. J. of Agri.Sci, 3: 210-213.
De Madureira, P.R.; De Capitani, E.M.; Vieira,
R.J.; Sakuma, A.M.; Toledo, A.S. and Mello, S.M.
(2009):

Lead poisoning due to gunshot bullet in contact
with cerebrospinal fluid: Sao Paulo Med 1J.,
127(1):52-4.

Dong, Z.; Wang, L.; Xu, J.; Li, Y.; Zhang, Y.;
Zhang, S. and Miao, J. (2009): Promotion of
autophagy and inhibition of apoptosis by low
concentrations of cadmium in vascular endothelial
cells. Tox. In. Vit., 23(1):105-10.

Egyptian Organisation for Standardization (EOS)
(1993): Egyptian Standard for requirement of Fresh
meat. No.63. Min of Ind, Cairo. Pp.5-11.

Eltahir, Y.E, Ali, H.M, Mansour, M.H. and
Mahgoub, O. (2010): Serum mineral contents of the
Omani racing Arabian camels (Camelus
dromedaries). J. Anim. Vet. Adv., 9:764- 770.
Emin, O.0.; Hayati, Y.; Yasar, E.; Cevik, T.A. and
Gunfer, T. (2010): The Effects of Copper Sulfate on
Liver Histology and Biochemical Parameters of
Term Ross Broiler Chicks. Biological Trace
Element Research, 133: 335-341.

FAO/WHO, (2000): Report of the 32nd Session of
the codex committee of the food additives
Contaminants. Beijing People’s Republic of China,
March 20-24.

FAO/WHO,(1989):Joint expert committee on food
additives (WHO).Technical Report Series No. 778.
Evaluation of certain food additives and
contaminants, Geneva.

Graig, D.S and Wayne, C. (1984): Simple
automated wet digestion of animal tissues for
determination of seven elements by atomic
absorption spectroscopy. Tec. Com., 107:115.

4/5/2015

54

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Humphreys, D.J. (1991): Effects of exposure to
excessive quantities of lead on animals. Br. Vet. J.,
147: 18-30.

Karen, E. S. and Thomas, M. B. (1996): Principles
of toxicology: Environmental and industrial
applications. 2nd Edition.P336-343.

Khalafalla, F.A., F.H. Ali, F. Schwagede and M.A.
Abd-El-Wahab, (2011): Heavy metal residues in
beef carcasses in Beni-Suef abattoir, Egypt.
Veterinaria Italiana, 47: 351-361.

Knapp, R.G. and Miller, M.C.(1992): Clinical
epidemiology and biostatics. Harwalpuplishing,
Pennsylvania.

Lin, G.Z.; Peng, R.F.; Chen, Q.; Wu, Z.G. and Du,
L. (2009): Lead in housing paints: an exposure
source still not taken seriously for children lead
poisoning in China. Environ Res., 109: 1-5.
Malinowska, E. and Szefer, P. (2007): Investigation
of the contents of essential elements in nuts,
almonds and dry fruits. Rocz Panstw Zakl Hig., 58:
339-43.

Mehmood.A, Adil.R, Sarfraz, Abdul Qudoos and
Akbar. F. (2014): Appraisal of some heavy metals
in organ meat fromnon-industrialized Areas of
Faisalabad, Pakistan. Glo. Vet. 12 (1): 98-103.
Mohamed. A.S.A (2000): Monotoring of heavy
metals in livers of cattle, camel and sheep.Vet.
Med. J. 60.

Nwude DO, Okoye PAC, Babayemi JO (2010):
Heavy metal level in animal muscle tissue. A case
study of Nigeria raised cattle. Res. J. Appl. Sci., 5:
146-150.

Ohsawa, M. (2009): Heavy metal-induced
immunotoxicity and its mechanisms. Yakugaku
Zasshi., 129: 305-19.

Pullen, M.M. (1990): Residues. in Meat and Health
(Advances in Meat Research), (Pearson, and
Dutson, (Eds.) 6, pp.135-154.

Elsevier Science Publisher LTD, Amsterdam,
Holland.

Purnama.A, Zakaria.F, Kusumaningrum.H.D and
Hasan. S (2014):Selected minerals in meat of cattle
grazing in mine revegetation Areas and safe
consumption for human.Food Science and Quality
Management. 40, 100-106.

Tokarnia, C. H., J. Dobereiner, P. V. Peixoto
(2000): Outbreak of copper poisoning in cattle fed
poultry litter. Vet. Human Toxicol. 42, 92-95.
United Stated Environmental Protection Agency
(U.S. EPA), (2003): Pollution Inventory data on
discharges of metals to water. The Environment
Agency Privacy Policy.



