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In the present study five heavy metals were analyzed in the milk samples of cow, buffalo and goat. The
level of Pb was found to exceed the maximum permissible limit (0.02 pg/g) set by Codex Alimentarius
Commission in 53% milk samples. In 44% milk samples the level of Cd was found to exceed the
permissible limit (0.0026 pg/g) set by International Dairy Federation (1979). The mean levels of Ni, Cu
and Co were found in the normal ranges. The data for estimated daily intake of heavy metals through
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milk showed that infants are most prone towards heavy metal toxicity due to the higher rate of milk
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INTRODUCTION

Heavy metals in milk are reported from all around the
globe but most of the studies reporting heavy metals
level higher than the permissible limits are from the
developing countries like Pakistan (Lutfullah et al., 2014),
Iran (Rezaei et al., 2014), Egypt (Abdelkhalek et al., 2015)
and Nigeria (Ogabiela et al., 2011). The heavy metals may
enter inside the animal body through feed, drinking water
or sometime through vapors or dermal contact (Batool et
al., 2016; Raikwar et al., 2008). In case of processed milk
the heavy metals may also enter through different machines
involved in the processing and distribution (Anetta et al.,
2012; Riaz et al., 2015).

The toxic impacts of heavy metals on human health
include skeletal damages, renal failure, cell damages,
osteoporosis, cancer of lungs and blood, hormonal
disturbances, gastrointestinal problems and anemia (Ismail
et al., 2015; Arora et al., 2008; Kanumakala ef al., 2002;
Kumar et al., 2007). The toxic impacts of heavy metals on
human health proliferate due to the ubiquitous, non thermo
degradable and non biodegradable nature of heavy metals
(Ismail et al., 2014).

The aim of current study was to assess the level of
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Toxicity, Milk, Vulnerable, Infants.

heavy metals in milk. In the present study, five heavy
metals including lead (Pb), cadmium (Cd), cobalt (Co),
nickel (Ni) and copper (Cu) were analyzed in milk samples
obtained directly from the farms of four districts of Punjab
province. Moreover, the estimated daily intake (EDI) of
these metals through consumption of milk by various age
groups was also calculated.

MATERIALS AND METHODS

Sample collection

Milk samples of three lactating animals including
cows, buffalos and goats were collected during July 2014
to February 2015 from four districts of Punjab Province
including Dera Ghazi Khan, Sahiwal, Rahim Yar Khan
and Bahawalnagar. A total of 540 milk samples were
collected (goat: 120, cow: 240, buffalo: 180). The milk
samples were collected from the farms situated near
the cities. The samples were collected in clean glass
bottles directly from the farms to avoid the chances of
after milking contamination. The samples were stored
in ice during transportation and were immediately sent
to the laboratories of Department of Food Science and
Technology, Bahauddin Zakariya University, Multan
where stored at -20°C until further analysis.

Sample digestion and analysis
Wet digestion method of Richards (1968) was
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employed for the digestion of milk samples for which 10
ml of HNO, was added to 1 ml of milk in a 100 ml conical
flask and heated at 80°C for 20 min. After cooling down
to room temperature Sml of perchloric acid was added
to the flask and heated at 180°C until the volume was
reduced to 2-3 ml. The digested milk samples were diluted
with deionized water upto 50 ml. For metal analysis the
prepared samples were loaded on atomic absorption
spectrophotometer by using a mixture of air and acetylene
for flame production.

Instruments and chemicals

The chemicals used during experiments were
purchased from Merck chemicals (Darmstadt, Germany)
and were of analytical grade while the standard solutions
of various metals were supplied by CPA chemicals (CPA
chemicals Itd., Stara Zagora, Bulgaria). Sample drying and
digestion were performed through hot air oven (Memmert
UNB 200, Munich, Germany) and hot plate (Lab Tech
EH 35A plus, Beijing, China), respectively. Flame atomic
absorption spectrophotometer (Thermo Scientific 3000
Series, Waltham, MA, USA) was used for the quantification
of heavy metals in milk samples.

Quality control

For measuring the limit of detection (LOD) twelve
blanks were digested in the same way as the milk samples
and their concentrations for Pb, Cd, Co, Ni and Cu were
recorded by analyzing through flame atomic absorption
spectrophotometer. The LOD values for each element
were recorded as three times the standard deviation (SD)
of twelve blanks (3.3 SD/b). The LOD values recorded
for Pb, Cd, Co, Ni and Cu were 0.5, 0.1, 0.2, 0.7 and 3.2
ng/kg, respectively. The recovery percentages for various
elements were calculated by spiking known amounts of
standard solutions in milk samples. The concentration
of various elements in non spiked milk samples were
measured as control. Analyses were performed in
triplicate and their mean values were recorded as final
concentrations. The experiments were repeated if found
with higher than the limit of 1% repeatability. Following
formula was used for measuring the recovery percentages
of spiked milk samples:

Conc.spiked milk - concentration in non spiled milk
x 100

Recovery % = g
~ ! spiked amount

The recovery percentages for Pb, Cd, Co, Ni and Cu
were found as 94.5, 95.3, 92.8, 96.4, 97.1%, respectively.

Estimated daily intake through milk
The estimated daily intake (EDI) values of heavy
metals through milk were calculated by adopting the

procedure proposed by Cano-Sancho ef al. (2010). The
daily intake values of milk for different age groups were
calculated through a food frequency questionnaire. For
male and females, five different age groups were selected
for calculating the values of EDI. Following formula
was used for calculating the EDI values of heavy metals
through milk:

Milk intake (kg/day) = Heavy metal content in mill {ug/kg)
Average individual weight (k=)

Statistical analysis

For the statistical evaluation of data the software
Statistix 8.1 (Statistix Inc., Florida, USA) was used.
One way analysis of variance (ANOVA) was used for
comparison purposes followed by the least significant
difference (LSD) test. The probability level selected for
statistically significant differences was P <0.05. Mean and
SD values were calculated by using Microsoft Excel (2007
version).

RESULTS AND DISCUSSION

Heavy metals concentrations in the milk samples
from four different districts of Punjab Province of
Pakistan are presented in Table I. The statistical analysis
showed significant differences in the concentrations of
various heavy metals within different districts and animal
species. The heavy metal concentrations in milk samples
of different animal species were in the order of cow >
buffalo > goat while in case of area wise distribution,
metal concentrations were in the order of Rahim Yar Khan
> Bahawalnagar > DG Khan > Sahiwal.

Pb is one of the most toxic heavy metals and its level in
milk and milk products is increasing day by day due to the
uncontrolled urbanization and industrialization (Swarup
et al., 2005). Milk samples in this study were found to
have Pb concentrations in the range of 0.007 — 0.041
ug/g with a mean concentration of 0.021 pg/g. Highest
Pb concentration was detected in buffalo milk samples
from Sahiwal while the least was recorded in the goat milk
samples from Rahim Yar Khan. The maximum permissible
limit for Pb in milk given by the Codex Alimentarius
Commission (2011) is 0.02 pg/g. A comparison of our
results with this standard limit showed 53% milk samples
were exceeding the permissible limit. Sayed et al. (2011)
measured the level of Pb in milk samples from Egypt
and found the mean level of 0.327 pg/g, which is much
higher as compared to present study. The mean level of Pb
reported in cow milk samples from Iran (Najarnezhad and
Akbarabadi, 2013) is 0.012 pg/g which is slightly lower as
compared to our study and a much lower Pb level in milk
is reported in Korea (0.004 pg/g) by Khan et al. (2014)
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Table 1.- Heavy metals (ng/g) in milk samples from different districts of Punjab Province.

Area Animal type Pb Cd Co Ni Cu

DG Khan Goat 0.009+0.0021 0.0023+0.003<¢ 0.131+0.002¢ 0.013+0.001¢" 0.091+0.002°
DG Khan Cow 0.014+0.003¢" 0.0041+0.001° 0.087+0.025¢ 0.044+0.018¢ 0.076+0.011¢
DG Khan Buftalo 0.024+0.001<¢ 0.0071+0.001? 0.103+0.024° 0.049+0.020¢ 0.082+0.009«
Sahiwal Goat 0.021+0.002°% 0.0013+0.000¢% 0.093+0.0021 0.035+0.003¢ 0.043+0.004¢
Sahiwal Cow 0.033+0.006° 0.0026:0.001° 0.041+0.009 0.018+0.004% 0.048+0.005¢
Sahiwal Buftalo 0.041+0.005° <0.0001 0.067+0.008" 0.026+0.005° 0.021+0.007*
Rahim Yar Khan Goat 0.007+0.002¢ 0.0041+0.002° 0.099+0.002°f 0.067+0.001% 0.141+0.003°
Rahim Yar Khan Cow 0.014+0.003¢" 0.0033+0.004% 0.187+0.006° 0.083+0.008* 0.093+0.022°
Rahim Yar Khan Buftalo 0.018+0.0014 0.0043+0.002° 0.143+0.004° 0.017+0.007% 0.087+0.019°
Bahawalnagar Goat 0.016+0.002f <0.0001 0.063+0.003" 0.009+0.003" 0.018+0.003f
Bahawalnagar Cow 0.028+0.007% 0.0014+0.001¢ 0.117+0.030¢ 0.073+0.009° 0.041+0.003¢
Bahawalnagar Buftalo 0.024+0.009«¢ 0.0023+0.001¢¢ 0.009+0.027 0.062+0.006° 0.082+0.004°
Total Mean 0.021 0.003 0.095 0.041 0.068

Pb, Lead; Cd, Cadmium; Co, Cobalt; Ni, Nickel; Cu, Copper.

and in Spain (0.005 pg/g) by Sola-Larrafiaga and Navar-
ro-Blasco (2009). The mean level of Pb reported in Hun-
gary (0.023 pg/g) by Poti et al. (2012) is almost in line
with our study.

Cd toxicity in humans may lead to kidney failure as
well as liver and skeletal disorders (Zaidan et al., 2013).
The mean Cd level of milk samples detected in present
study was 0.003 pg/g with a range of <0.0001 — 0.0071
pg/g (Table I). The maximum limit for Cd in milk reported
by International Dairy Federation (1979) is 0.0026 ng/g.
Comparing our results with this limit, 44% milk samples
were found to exceed the limit.

The mean Cd level of milk samples is also higher than
the maximum permissible limit. The mean levels of Cd
reported in bovine milk from Egypt by Enb et al. (2009)
and from Nigeria by Ogabiela et al. (2011) are 0.086 pg/g
and 0.131 pg/g, respectively, which are much higher as
compared to the current findings. The Cd level reported
from Poland (Pilarczyk ef al., 2013) and Croatia (Bilandzi¢
et al.,2011) are 0.004 and 0.003 pg/g respectively, which
are almost in line with our study. However, a very low Cd
level is reported in Spain (0.0004 pg/g) and Korea (0.002
ng/g) by Sola-Larraiaga and Navarro-Blasco (2009) and
Khan et al. (2014), respectively, indicating a better control
of Cd in these countries.

Co being a part of vitamin B,, is considered an
essential element for normal human growth. However, in
excess amounts it can disturb the reproductive system and
thyroid glands (Nordberg ef al., 2007) and is also reported
as a probable carcinogenic compound by TARC (1991).
The mean Co concentration in milk samples found in the

present study was 0.095 pg/g and was in the range of 0.009
— 0.187 pg/g. The mean concentration of Co detected in
present study is much lower than the earlier reported by
Patra et al. (2008) (0.19 ng/g) from India however, it is
higher than reported from Korea (0.006 pg/g) and Spain
(0.005 pg/g) by Khan ef al. (2014) and Rey-Crespo et al.
(2013), respectively.

Ni being a cofactor for a number of hormones and
enzymes is considered as essential element for humans.
However, the excessive intake may result in cell damage,
impaired reproductive system, altered hormonal and
enzymatic activities, oxidative stress and neurotoxicity
(Nordberg et al., 2007; Doreswamy et al., 2004; Das et
al.,2008). The mean Ni concentration found in the present
study was 0.041 pg/g with a range of 0.009 — 0.083 pg/g
(Table II). The upper intake level of Ni through dietary
sources is 0.1-1 pg/g (Food and Nutrition Board, 2001).
None of the milk samples was found to exceed this limit.
Therefore, milk only is not able to breach the upper intake
level for Ni in the people of sampling districts. The mean
level of Ni in milk samples reported from Korea (Khan et
al., 2014) and Nigeria (Ogabiela et al., 2011) were 0.153
and 2.631 pg/g, respectively, which are much higher as
compared to our findings. The level of Ni reported in milk
samples from France (Noél et al., 2012) and Spain (Rey-
Crespo et al., 2013) is 0.055 and 0.026 pg/g, respectively;
these findings are in complete agreement with our results.

Cu is an essential element for skin and blood vessel’s
strength, for the production of myelin and hemoglobin
and for the proper functioning of enzyme systems (Harris,
2001; Osredkar and Susta, 2011). However, the excessive
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Table I1.- Estimated daily intake of heavy metals in Punjab Province.

Age group No. of Mean weight Milk intake pg/kg/day
(Years) consumers (kg) (kg/day) Pb Cd Co Ni Cu
1-3 Male 32 11.43 0.521 0.946 0.150 4.330 1.884 3.126
Female 21 9.52 0.342 0.745 0.118 3.413 1.485 2.464
4-5 Male 24 20.21 0.587 0.603 0.095 2.759 1.201 1.992
Female 22 16.24 0.321 0.410 0.065 1.878 0.817 1.356
6-9 Male 19 30.71 0.312 0.211 0.033 0.965 0.420 0.697
Female 21 25.21 0.286 0.235 0.037 1.078 0.469 0.778
10-15 Male 26 48.76 0.242 0.103 0.016 0.471 0.205 0.340
Female 24 41.85 0.204 0.101 0.016 0.463 0.201 0.334
16> Male 102 62.54 0.234 0.078 0.012 0.355 0.155 0.257
Female 98 54.61 0.182 0.069 0.011 0.317 0.138 0.229

For abbreviations see Table 1. Tolerable upper intake levels for Pb and Cd are 3.57 and 0.8-1.0 pg/kg/day, respectively while the upper intake levels for
Cu, Ni and Cu are not established yet so they are compared with their normal reported ranges in milk.

intake of Cu may lead to immunity disorders, dermatitis,
impaired nervous system, gastrointestinal and neurological
problems (Storelli et al., 2007; Barn et al., 2014).The mean
Cu concentration detected in present study was 0.068 pg/g
and was in the range of 0.018 — 0.141 pg/g (Table I). The
maximum limit for Cu in milk proposed by IDF (1979)
is 0.01 pg/g. Comparing our results with this limit 100%
milk samples were found to exceed the permissible limit.
However, this limit seems to be outdated as the normal
range for Cu in milk proposed by Puls (1994) is 0.1 — 0.9
ng/g, none of the milk samples was found to exceed this
normal range.

The mean concentration of Cu found in present study
is almost in line with the earlier reported from Spain (Sola-
Larranaga and Navarro-Blasco, 2009) and Kazakhstan
(Konuspayeva et al., 2011). In Egypt, Malhat et al. (2012)
reported 1.451 pg/g Cu in milk, while in Croatia the level
of Cu in milk samples reported by Bilandz"ic” et al. (2011)
is 0.917 ng/g, these values are much higher as compared
to our findings.

The data for EDI of various heavy metals is presented
in Table II and was in the order of Co > Cu > Ni >Pb> Cd.
Maximum EDI values were found for infants (1-3 year)
while the least were recorded for the adults ( >16 year), due
to the highest and lowest intake levels of milk by infants
and adults, respectively. The heavy metal found with
highest daily intake was Co (4.33 ng/kg/day), while the
least was found for Cd (0.011 pg/kg/day). The EDI values
for Pb and Cd for adults reported from Egypt by Salah
et al. (2013) are 64.4 and 158.5 pg/kg/day, respectively,
which are several folds higher as compared to our findings.
In Saudi Arabia, the EDI values of Pb, Cd and Cu through

milk were calculated for adults and were found as 0.3-0.4,
0.4-0.6 and 4.4-5.9 pg/day (Farid et al., 2004). The EDI
values for Pb and Cu are almost in line with the present
study while those for Cd are higher than our findings. The
tolerable upper intake level for Pb and Cd are 3.57 and
0.8-1.0 pg/kg/day, respectively (Tripathi et al., 1999).
Although, the EDI values for Pb and Cd calculated in the
present study are lower than the upper limits but still they
have the potential to result in serious problems as other
dietary and non dietary factors also contribute in the
calculation for total daily intake of heavy metals.

CONCLUSION

Increased urbanization and industrialization has
resulted in elevated level of heavy metals in milk and milk
products. Milk samples in present study were found to have
Pb and Cd levels higher than the permissible limits, while
the levels of Co, Ni and Cu were in normal or safe zones.
The EDI values were also found in the normal ranges.

ACKNOWLEDGEMENT

This research article is a part of the PhD studies of
Mr. Amir Ismail, carried out under the supervision of Dr.
Muhammad Riaz, Institute of Food Science and Nutrition,
Bahauddin Zakariya University, Multan-Pakistan. Higher
Education Commission of Pakistan is highly acknowledged
for providing research funding under the project No. 20-
1932 titled “safety status of street vended raw milk in
Southern Punjab”.



Heavy Metals in Milk 1417

Statement of conflict of interest
Authors have declared no conflict of interest.

REFERENCES

Abdelkhalek, A., Elsherbini, M. and Gunbaej, E.E.,
2015. Assessment of heavy metals residues in milk
powder and infant milk formula sold in Mansoura
City, Egypt. Alexandria J. Vet. Sci., 47: 71-77.
https://doi.org/10.5455/ajvs.200728

Anetta, L., Peter, M., Agnieszka, G. and Jozef, G., 2012.
Concentration of selected elements in raw andultra
heat treated cow milk. J. Microbiol. Biotechnol. Fd.
Sci., 2: 795-802.

Arora, M., Kiran, B., Rani, S., Rania, A., Kaura, B.
and Mittala, N., 2008. Heavy metal accumulation
in vegetables irrigated with water from different
sources. Fd. Chem., 111: 811-815. https://doi.
org/10.1016/j.foodchem.2008.04.049

Barn, P., Nicol, A.M., Struck, S., Dosanjh, S., Li, R. and
Kosatsky, T., 2014. Investigating elevated copper
and lead levels in school drinking water. Environ.
Hith. Rev.,, 56: 96-102. https://doi.org/10.5864/
d2014-006

Batool, F., Igbal, S., Tariq, M.1., Akbar, J. and Noreen,
S., 2016. Milk: Carrier of heavy metals from crops
through ruminant body to human beings. J. chem.
Soc. Pak., 38: 39-42.

Bilandzi¢, N., Pokic’, M., Sedak, M., Solomun, B.,
Varenina, 1., Knez Evic’, Z. and Benic, M., 2011.
Trace element levels in raw milk from northern and
southern regions of Croatia. Fd. Chem., 127: 63-66.
https://doi.org/10.1016/j.foodchem.2010.12.084

Cano-Sancho, G., Marin, S.J., Ramos, A., Peris-Vicente,
J. and Sanchis, V., 2010. Occurrence of aflatoxins
M1 and exposure assessment in Catalonia (Spain).
Rev. Iberoam. Micol., 27: 130-135. https://doi.
org/10.1016/j.riam.2010.05.003

Codex Alimentarius Commission, 2011. Report of
the 50th session of the Codex committee on food
additives and contaminants. Hague: Codex
Alimentarius Commission.

Connell, D.W. and Miller, G.J., 1984. Chemistry of
ecotoxicology pollution. John Wiley and Sons,
New York, USA.

Das, K.K., Das, S.N. and Dhundasi, S.A., 2008. Nickel,
its adverse health effects & oxidative stress. Indian
J. med. Res., 128: 412-425.

Doreswamy, K., Shrilatha, B., Rajeshkumar, T. and
Muralidhara, 2004. Nickel-induced oxidative stress
in testis of mice: evidence of DNA damage and
genotoxic effects. J. Androl., 25: 996—1003. https://

doi.org/10.1002/j.1939-4640.2004.tb03173.x

Enb, A., Abou-Donia, M.A., Abd-Rabou, N.S., Abou-
Arab, A.A K. and El-Senaity, M.H., 2009. Chemical
composition of raw milk and heavy metals behavior
during processing of milk products. Glob. Vet., 3:
268-275.

Farid, S.M., Enani, M.A. and Wajid, S.A., 2004.
Determination of trace elements in cow’s milk in
Saudi Arabia. J. King Abdulaziz Univ., 15: 131-140.
https://doi.org/10.4197/Eng.15-2.9

Food and Nutrition Board, 2001. Dietary reference
intakes (DRIs) recommended intakes for individual
elements. http://iom.edu/Activities/Nutrition/
SummaryDRIs/~/media/Files/Activity%20Files/
Nutrition/DRIs/New%20Material/SDR1%20
Values%20SummaryTables%2014.pdf  (accessed
12/19/2012).

Harris, E.D., 2001. Copper homeostasis: the role of
cellular transporters. Nutr. Rev., 59:281-285. https://
doi.org/10.1111/j.1753-4887.2001.tb07017.x

IARC, 1991. Int. Agen. Res. Cancer. Monogr. Ser., 52:
263-472.

IDF Standard, 1979. Metal contamination in milk and
milk products. Int. Dairy Fed. Bull., Document no.
A. Doe37

Ismail, A., Riaz, M., Akhtar, S., Ismail, T., Ahmad, Z.
and Hashmi, M.S., 2015. Estimated daily intake
and health risk of heavy metals by consumption of
milk. Fd. Addit. Contam. Part B, 8: 260-265.

Ismail, A., Riaz, M., Akhtar, S., Ismail, T., Amir, M.
and Zafar-ul-Hye, M., 2014. Heavy metals in
vegetables and respective soils irrigated by canal,
municipal waste and tube-well waters. Fd. Addit.
Contam. Part B, 7: 213-219. https://doi.org/10.108
0/19393210.2014.888783

Kanumakala, S., Boneh, A. and Zacharin, M., 2002.
Pamidronate treatment improves bone mineral
density in children with Menkes disease. J.
Inherit. Metab. Dis., 25: 391-398. https://doi.
org/10.1023/A:1020103901969

Kennish, M.J., 1992. Ecology of estuaries anthropogenic
effects. CRC Press, Boca Raton, Florida, USA, pp.
494.

Khan, N., Jeong, I.S., Hwang, .M., Kim, J.S., Choi, S.H.,
Nho, E.Y., Choi, J.Y., Park, K.S. and Kim, K.S.,
2014. Analysis of minor and trace elements in milk
and yogurts by inductivel coupled plasma-mass
spectrometry (ICP-MS). Fd. Chem., 147: 220-224.
https://doi.org/10.1016/j.foodchem.2013.09.147

Konuspayeva, G., Jurjanz, S., Loiseau, G., Barci, V.,
Akhmetsadykova, S., Meldebekova, A.A. and Faye,
B., 2011. Contamination of Camel Milk (Heavy


https://doi.org/10.5455/ajvs.200728
https://doi.org/10.1016/j.foodchem.2008.04.049
https://doi.org/10.1016/j.foodchem.2008.04.049
https://doi.org/10.5864/d2014-006
https://doi.org/10.5864/d2014-006
https://doi.org/10.1016/j.foodchem.2010.12.084
https://doi.org/10.1016/j.riam.2010.05.003
https://doi.org/10.1016/j.riam.2010.05.003
https://doi.org/10.1002/j.1939-4640.2004.tb03173.x
https://doi.org/10.1002/j.1939-4640.2004.tb03173.x
https://doi.org/10.4197/Eng.15-2.9
http://iom.edu/Activities/Nutrition/SummaryDRIs/~/media/Files/Activity%20Files/Nutrition/DRIs/New%20Material/5DRI%20Values%20SummaryTables%2014.pdf
http://iom.edu/Activities/Nutrition/SummaryDRIs/~/media/Files/Activity%20Files/Nutrition/DRIs/New%20Material/5DRI%20Values%20SummaryTables%2014.pdf
http://iom.edu/Activities/Nutrition/SummaryDRIs/~/media/Files/Activity%20Files/Nutrition/DRIs/New%20Material/5DRI%20Values%20SummaryTables%2014.pdf
http://iom.edu/Activities/Nutrition/SummaryDRIs/~/media/Files/Activity%20Files/Nutrition/DRIs/New%20Material/5DRI%20Values%20SummaryTables%2014.pdf
https://doi.org/10.1111/j.1753-4887.2001.tb07017.x
https://doi.org/10.1111/j.1753-4887.2001.tb07017.x
https://doi.org/10.1080/19393210.2014.888783
https://doi.org/10.1080/19393210.2014.888783
https://doi.org/10.1023/A:1020103901969
https://doi.org/10.1023/A:1020103901969
https://doi.org/10.1016/j.foodchem.2013.09.147

1418 A. Ismail et al.

Metals, Organic Pollutants and Radionuclides) in
Kazakhstan. J. environ. Protect., 2: 90-96. https://
doi.org/10.4236/jep.2011.21010

Kumar, S.R., Agrawal, M. and Marshall, F,
2007. Heavy metal contamination of soil and
vegetables in suburban areas of Varanasi, India.
Ecotoxicol. environ. Saf., 66: 258-266. https://doi.
org/10.1016/j.ecoenv.2005.11.007

Lutfullah, G., Khan, A.A., Amjad, A.Y. and Perveen,
S., 2014. Heavy metal contamination of soil and
vegetables in suburban areas of Varanasi, India. Sci.
World J., 1-5. https://doi.org/10.1155/2014/715845

Malhat, F., Hagag, M., Saber, A. and Fayz, A.E., 2012.
Contamination of cows milk by heavy metal in
Egyptian bull. Environ. contam. Toxicol., 88: 611-
613.

Najarnezhad, V. and Akbarabadi, M., 2013. Heavy
metals in raw cow and ewe milk from north-east
Iran. Fd. Addit. Contam. Part B, 6: 158-162. https://
doi.org/10.1080/19393210.2013.777799

Noél, L., Chekri, R., Millour, S., Vastel, C., Kadar,
A., Sirot, V., Leblanc, J. and Guérin, T., 2012.
Li, Cr, Mn, Co, Ni, Cu, Zn, Se and Mo levels in
food stuffs from the Second French TDS. Fd.
Chem., 132: 1502-1513. https://doi.org/10.1016/.
foodchem.2011.12.009

Nordberg, G.F., Fowler, B.A., Nordberg, M. and
Friberg, L.T., 2007. In: Handbook on the toxicology
of metals (3rd ed.). Academic Press Inc., USA.

Ogabiela, E.E., Udiba, U.U., Adesina, O.B., Hammuel,
C., Ade-Ajayi, F.A., Yebpella, G.G., Mmereole,
U.J. and Abdullahi, M., 2011. Assessment of metal
levels in fresh milk from cows grazed around
Challawa Industrial Estate of Kano, Nigeria. J.
Basic appl. Sci. Res., 1: 533-538.

Osredkar, J. and Susta, N., 2011. Copper and zinc:
Biological role and significance of copper/zinc
imbalance. J. clin. Toxicol., 3: 1-18. https://doi.
org/10.4172/2161-0495.S3-001

Patra, R.C., Swarup, D., Kumar, P., Nandi, D., Naresh,
R. and Ali, S.L., 2008. Milk trace elements in
lactating cows environmentally exposed to higher
level of lead and cadmium around different
industrial units. Sci. Total Environ., 404: 36-43.
https://doi.org/10.1016/j.scitotenv.2008.06.010

Pilarczyk, R., Wojcik, J., Czerniak, P., Sablik, P,
Pilarczyk, B. and Tomza-Marciniak, A., 2013.
Concentrations of toxic heavy metals and trace
elements in raw milk of Simmental and Holstein-
Friesian cows from organic farm. Environ. Monit.
Assess., 185: 8383-8392. https://doi.org/10.1007/
s10661-013-3180-9

Poti, P, Pajor, F., Bodnar, A. and Bardos, L., 2012.
Accumulation of some heavy metals (Pd, Cd and
Cr) in milk of grazing sheep in North-East Hungary.
J. Microbiol. Biotechnol. Fd. Sci., 2: 389-394.

Puls, R., 1994. In: Mineral levels in animal health:
Diagnostic data (2nd ed.). Sherpa International
Clearbrook, BC.

Raikwar, M.K., Kumar, P., Singh, M. and Singh, A.,
2008. Toxic effect of heavy metals in livestock
health. Vet. World, 1: 28-30. https://doi.org/10.5455/
vetworld.2008.28-30

Rey-Crespo, F., Miranda, M. and Lopez-Alonso,
M., 2013. Essential trace and toxic element
concentrations in organic and conventional milk
in NW Spain. Fd. Chem. Toxicol., 55: 513-518.
https://doi.org/10.1016/j.fct.2013.01.040

Rezaei, M., Dastjerdi, H.A., Jafari, H., Farahi, A.,
Shahabi, A., Javdani, H., Teimoory, H., Yahyaei,
M. and Malekirad, A.A., 2014. Assessment of
dairy products consumed on the Arakmarket as
determined by heavy metal residues. Health, 6: 323-
327. https://doi.org/10.4236/health.2014.65047

Riaz, M., Amir, M., Akhtar, S., Farooq, A., Ismail,
A., Ismail, T., Hameed, A., 2015. Bacteriological
analysis of street vended raw milk in Multan.
Pakistan J. Zool., 47: 568-571.

Richards, L.A., 1968. Agriculture Handbook No. 60:
Diagnosis and improvement of saline and alkaline
soils. IBH Publications Company, New Delhi,
India.

Salah, F.A., Esmat, I.A. and Mohamed, A.B., 2013.
Heavy metals residues and trace elements in milk
powder marketed in Dakahlia governorate. /nt. Fd.
Res. J., 20: 1807-1812.

Sayed, E.M.E., Hamed, A.M., Badran, S.M. and
Mostafa, A.A., 2011. A survey of selected essential
and heavy metals in milk from different regions of
Egypt using ICP-AES. Fd. Addit. Contam. Part B,
4:294-298. https://doi.org/10.1080/19393210.2011
.639093

Sola-Larrafiaga, C. and Navarro-Blasco, 1., 2009.
Chemometric analysis of minerals and trace
elements in raw cow milk from the community of
Navarra, Spain. Fd. Chem., 112: 189-196. https://
doi.org/10.1016/j.foodchem.2008.05.062

Storelli, M., Barone, M., Garofalo, G. and Marcotrigiano,
G.0., 2007. Metals and organochlorine compounds
in eel (Anguilla anguilla) from the Lesina lagoon,
Adriatic Sea (Italy). Fd. Chem., 100: 1337-1341.
https://doi.org/10.1016/j.foodchem.2005.10.071

Swarup, D., Patra, R.C., Naresh, R., Kumar, P. and
Shekhar, P., 2005. Blood lead levels in lactating


https://doi.org/10.4236/jep.2011.21010
https://doi.org/10.4236/jep.2011.21010
https://doi.org/10.1016/j.ecoenv.2005.11.007
https://doi.org/10.1016/j.ecoenv.2005.11.007
https://doi.org/10.1155/2014/715845
https://doi.org/10.1080/19393210.2013.777799
https://doi.org/10.1080/19393210.2013.777799
https://doi.org/10.1016/j.foodchem.2011.12.009
https://doi.org/10.1016/j.foodchem.2011.12.009
https://doi.org/10.4172/2161-0495.S3-001
https://doi.org/10.4172/2161-0495.S3-001
https://doi.org/10.1016/j.scitotenv.2008.06.010
https://doi.org/10.1007/s10661-013-3180-9
https://doi.org/10.1007/s10661-013-3180-9
https://doi.org/10.5455/vetworld.2008.28-30
https://doi.org/10.5455/vetworld.2008.28-30
https://doi.org/10.1016/j.fct.2013.01.040
https://doi.org/10.4236/health.2014.65047
https://doi.org/10.1080/19393210.2011.639093
https://doi.org/10.1080/19393210.2011.639093
https://doi.org/10.1016/j.foodchem.2008.05.062
https://doi.org/10.1016/j.foodchem.2008.05.062
https://doi.org/10.1016/j.foodchem.2005.10.071

Heavy Metals in Milk

cows reared around polluted localities; transfer of
lead into milk. Sci. Total Environ., 347: 106-110.
https://doi.org/10.1016/j.scitotenv.2004.12.055
Tripathi, R.M., Raghunath, R., Sastry, V.N. and
Krishnamoorthy, T.M., 1999. Daily intake of heavy
metals by infants through milk and milk products.
Sci. Total Environ., 227: 229-235. https://doi.

1419

org/10.1016/S0048-9697(99)00018-2

Zaidan, H.K., Al-Terehi, M., Al-Mamoori, A.M.J., Al-
Shuhaib, M.B.S., Al-Saadi, A.H. and Gathwan,
K.H., 2013. Detection some trace elements in
human milk and effect of some factors on its
concentrations. J. biol. med. Sci., 1: 6-12.


https://doi.org/10.1016/j.scitotenv.2004.12.055
https://doi.org/10.1016/S0048-9697(99)00018-2
https://doi.org/10.1016/S0048-9697(99)00018-2

