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ABSTARCT

The aim of this study was to assess the content of selected essential metals (Fe, Zn, Cu and Cr)
and some toxic metals (Pb and Cd) in raw cow's milk collected from different Egyptian areas and
during different periods (Jan.-Feb., May-Jun. and Sep.-Oct.} of one year 2009. Seventy two
samples of raw milk were analyzed using ICP-AES for the quantitative determination of metals in
this matrix. As regards essential metals, the highest average concentrations are those of Fe
(3.860 mg kg™ and Zn (1.209 mg kg™, while the lowest average concentrations are
(0.945 mg kg™ and (0.238 mg kg) for Cu and Cr, respectively. With regard to toxic metals the
average concentrations for Pb and Cd were 0.327 mg kg™ and 0.007, respectively. The highest
trace metals accumulation levels for Cd, Cr, Fe and Cu are found in milk samples collected from
Shubra while samples from Menofia and Tanash are high in Pb and Zn, respectively. According
to the classification on the basis of their metal contents, the highest trace metal accumulation levels
were during Jan.-Feb. for Cd, Cr and Zn. However, the period of May-June the content of Pb, Cu
and Fe were the highest. Whereas samples during Sept.-Oct. is characterized by their lowest metal
content. The cbtained results showed significantly differences at p<0.05 in levels of trace elements
determined in milk samples except Cd and Cr which may be attributed to seasonal variation or
geographical station.
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INTRODUCTION

Milk 1s a primary source of nutrients in diets all around the world (Buldini ef al., 2002).
Attention has been focused on milk as it is nearly almost the perfect single foodstuff specially for
children, however lactating cattle may exposed to high quantities of toxic metals in the
environment by air, water and ingestion of polluted feeds. Fortunately, these animals act as a very
efficient biclogical filter against heavy metal contamination. Where, it 1s valid when the animals
are grazing near motor ways and road with heavy car traffic (Carl, 1991).

In the last few years, the contamination of milk is considered as one of tha main dangerous
aspect (Abou Ayana ef al., 2011).

Duruibe et al. (2007) suggested that biotoxic effects of heavy metals depend upon the
coneentrations and oxidation states of heavy metals, kind of sources and mode of deposition. Severe
exposure of Cd may result in pulmonary effects such as emphysema, bronchiolitis and alveolitis.
Renal effects may also result due to subchronic inhalation of Cd (European Union, 2002;
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Young, 2005). Pb toxicity causes reduction in the haemoglobin synthesis, disturbance in the
functioning of kidney, joints, reproductive and cardiovascular systems and chronic damage to the
central and peripheral nervous systems (Ogwuegbu and Muhanga, 2005). Higher concentration
of Zn can cause impairment of growth and repreduction (Nolan, 1983).

Metal toxicity creates multisystem dysfunction, which appears to be mediated primarily through
mitochondrial damage from glutathione depletion (Neustacdt et al., 2007).

Typically, a food product can be correlated with its geographical localisation, the quality of raw
material and the production techniques (Brescia ef al., 2005). By their spread speed in biosphere
and increasing concentrations heavy metals are considered to be among the most hazardous
pollutants (Staniskiene and Garaleviciene, 2004),

Inarganic or aggregated forms of chemical substances (metalloids, heavy metals etc.) in feed
and food represent a severe risk for their long term toxicological effects. Heavy metals are widely
dispersed in the environment. The toxicity induced by excessive levels of some of these elements,
such as chromium (Cr), cadmium (Cd), lead (Pb) and mercury (Hg), are well known
{(Llobet et al., 2003).

The metals, namely Cu and Zn, are essential micro nutrients and have a variety of biochemical
functions in all living organisms. While Cu and Zn are essential, they can be toxic when taken in
excess; both toxicity and necessity vary from elementto-element (Tripathi ef al., 1999).

The concentrations of dangerous elements in the environment grow with the increase of urban,
agricultural and industrial emissions. The almost ubiquitous presence of some metal pollutants,
especially Cd and Pb, facilitates their entry into the food chain and thus increases the possibility
of them having toxic effects on humans and animals (Licata et al., 2004). The present study was
aimed to elucidate any possible relationship among areas and time of year of samples collection and
levels of essential and toxic metals in raw cow’s milk.

MATERIALS AND METHODS

Sample collection: Seventy two 500 mL samples of raw milk were collected in different periods
of one year (2009) (Jan.-Feb., May-June and Sep.-Oct.) from farms the 7 areas named in Table 1.
These areas are characterized by different elevations and ecological features.The collected samples
were homogenized and packed in polyethylene bags and stored below -20°C prior to analysis.

Reagents and solutions: All reagents were of analytical reagent grade unless otherwise stated.
Double-deionized water was used for all dilutions. HNO, and H,O, were of suprapure quality.
Samples (0.5 g) were digested with 7 mL of HNO, (65%) and 1 mL of H, O, (30%) in Advanced
Microwave Digestion for 31 min and diluted to 100 mL with deionized water (Birghila et al., 2008).

Apparatus and condition: A blank digest was carried out in the same way (digestion conditions
for microwave system were: 2 min for 250 W, 2 min for 0 W, 6 min for 250 W,5 min for 400 W,
8 min for 550 W, vent: 8 min, respectively). This procedure was preferred because of its higher
accuracy with respect to both time and recovery values. Analysis of trace elements in milk samples
was by inductively coupled plasma atomic emission spectrometry (ICP-AES) using 1CAP 6000
Series; Thermo Scientific.

Statistical analysis: A randomize complete block design with two factors was used for analysis
all data with three replications. The treatment means were compared by least significant differences
(LS D) was used for mean separation at p<0.05 test as given by Snedecor and Cochran (1978).
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RESULTS AND DISCUSSION

The conecentration levels of the essential metals (Fe, Zn, Cu and Cr) and the toxic metals
{Cd and Pb) were measured in the seven different areas during different peried in the same year
are given in Table 1. The results obtained show considerable differences among the levels of trace
elements in raw milk samples collected from different areas of the same seasons. Kven the areas
and seasons have an influence on the levels of heavy metals pollution in raw milk. Statistically
significant higher differences were detected in the samples of Fe, 7Zn,Cu and Pb values while no
statistically significant differences were cbhserved in the samples of Cr and Cd. The highest trace
metals accumulation levels for Cd, Cr and Fe are found in milk samples collected from Shubra,
during the period of Jan.-Feb. for Cd and Cr, May-June for Fe while samples from Menofia and
Tanash had high levels in Pb, Cu and Zn, respectively during the period of May-Jun. but “n for
Pb and Cu were the highest during Jan-Feb. The large variance and some high levels of
contamination could be attributed to the environmental condition as they are chosen for as
indicated regions seem to be more industrialized than the other regions.

Figure 1 shows the changes in essential metals (e, Zn, Cu and Cr) (mg kg™ in milk samples
during different periods of the same year. The iron concentration of the samples varied from
3.130 to 5.093 mg kg™! as shown in Table 1. The highest average values were found during
May-June. Shubra displayed the highest average values of areas (Fig. la)that agree with
El-Gendy et al. (2007), who reported that sample collected during warm or hot months contained
higher level of Fe than that of cold months. While, these values were higher than Florea ef al.
{2006), who recorded that the concentration level of Iron content in milk samples were 38.21 pg
100 g. Iron can represent a problem in dairy technology because of its catalytic effect on oxidation
of lipids with development of unpleasant smell, bounding preferably proteins and membrane
lipoproteins of milk fatty globule (Lant et al., 2006),

The average zinc concentrations ranged from 0.695 to 1.826 mg kg (Table 1). Even areas and
seasons had an influence and the levels of Zn values with significant differences. The highest
polluted levels was found in Jan.-Feb. period in Tanash and Helwan, respectively. Also it 1s
noticeable that the highest level was found during winter months and lowest one was for spring
sample (Fig. 1b). These values were lower than those reported by Abou-Arab (1991), who recorded
the variation in Zinc content in milk samples collected from great Cairo over one year ranged from
4.1 to B.45 ppm with an average 4.2 ppm. Also it 1s noticeable that the highest level was found

Table 1: Content, of essential and toxic metals (mg kg™%) in milk samples from different areas

Essential metals Toxic metals

Location Fe n Cu Cr Pb cd
Helwant 4.021+1.516% 1.600+0.545% 0.908+0.047% 0.295+0.169* 0.278+0.009" 0.006+0.0032
Tanasht 4.029+1.121% 1.826+0.425* 1.234+0.1652 0.178+0.020* 0.412+0.020% 0.005+0.001
Shubrat 5.093+1.297* 1.677£0.313% 1.194+0.333 0.350+0.107* 0.577+£0.0282 0.018+0.0027
Menofia 3.613+£2.286° 0.82420.145°%¢ 0.61420.355° 0.259+0.1322 0.614+0.202% 0.004+0.0022
Mansoura 3.130£0.620" 0.695:0.323¢ 0.67420 .476° 0.123+0.0692 0.135+0.069° 0.004+0.0022
Awseem 34151317 0.807+0.250¢ 0.821+0.278% 0.130+0.017* 0.138+0.070° 0.005+0.001°
Gharbia 3.722+1 437 1.037+0.735%¢ 1.173 £0.3762 0.334 +£0.0452 0.141+0.071° 0.013+0.0022
Mean 3.860+1.370 1.209+0.392 0.945+0.332 0.238+0.121 0327+ 0.124 0.007+0.004
MRIL* 0.037 0.328 0.01 0.02 0.0026

* According to IDF Standard (1977). tIndustrial areas
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Fig. 1: Content of essential metals (a) Fe, (b) Zn, (c) Cu, and (d)Cr (mg kg™) in raw milk samples
from different areas collected during Jan-.Feb., May-June and Sept..-Oct..

during winter months and lowest one was for spring sample. However, this disagree with
Crrek ef al. (1994), who found that zine concentration in investigated samples of cows milk were
slightly higher during summer than winter. On the other hand, these values were lower than the
values recorded by Morsy (1991) for cow’s milk (5.4 ppm). The maximum value were higher than
Birghila et af. (2008) who reported that Zinc values were 0.98 ppm. However, these values were
higher than IDF Standard (1977) which recommended that MRL for Zinc in milk is 0.328 mg kg™'
A possible source of contamination of zincin milk is the use of metal cans and processing equipment
(Jarrett, 1979). Depending on the period of the year and the region collected.
The average copper concentration varied between 0.614-1.234 mg kg
{Table 1). It noticeable that the season had most effect than areas on pelluted level by Cu hence
the highest concentration was found during May-June period and the highest areas was Tanash
follwed by Shubra and Gharbia (Fig. lc). Both areas and seasons had statistically significant
differences in the samples of Cu values levels. these values were higher than IDF standard (1977)
which recommended that MRL for Copper in milk is 0.01 mg kg™". Possible contamination of milk
with copper can occur from animal feed, high copper content of water also from copper bearing and

~1 in the samples

copper alloys used in equipment (Mitchell, 1981).

Table 1 shows the average chromium centent in the samples was 0.123-0.350 mg kg™, The
results obtained show that even areas and seasons have no significant differences effect on
Cr values. The lowest and highest Chromium concentrations were found in Manscura and Shubra,
respectively and the highest concentration was found during Jan.-Feb. period (Fig. 1d). These
values were higher than recorded by Coni et al {1996), who found that the average content of
chromium in raw milk was (0.014 pg g™ dry weight). And alsc were higher than Qin et al. (2009),
who reported that Cr content were significantly higher in Chinese commercial milks
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Fig. 2: Content of Toxie metals (a) Pb and (b) Cd (mg kg™) in raw milk samples from different
areas collected during Jan.-Feb., May-June and Sept-Oct.

(0.17+0.05 mg kg™, than in Japanese commercial milks (0.09+0.03 mg kg™"). The major possible
source of chromium in dairy products 1s the contamination from used refrigeration brines and
detergents containing compounds of chromium (Jarrett, 1979).

Regarding the toxic elements, the average lead content of samples was between
0.185-0.614 mg kg™ (Table 1). Even the areas and seasons had significant differences effect on Pb
concentration. The lowest and highest lead concentrations were found in Mansoura and Menofia,
respectively and the highest concentration of it was found in May-June period. And the lowest.
was during Sep.-Oct. (Fig. 2a). In contrast, El-Awamry (1994) found that the milk samples taken
during the winter months contained higher levels of Pb than that collected during summer months.
The high level of lead in milk may result from industrial air pollution in these regions. These results
were higher than Tajkarimi ef al. (2008), who recorded that the mean level of lead content was
7.9 ng mL with a range froml1to 46 ng mL . These results were higher than MRL recommended
by the CE Regulation no. 2001/466{The European Communities, 2001) establishes a limit for Pb
in milk (MRL = 0.02 mg kg™ w.w).

For cadmium the average varied between 0.004-0.018 mg kg in the samples (Table 1). Both
the season and areas had no significant differences on Cd levels. The lowest and highest cadmium
concentrations were found in Menofia and Shubra, respectively. And the highest concentration was
found during Jan.-Feb. period (Fig. 2b). These results were higher than Lant et al. (20086), who
found that cadmium was absent in milk. The IDF Standard (1977) recommended that the level of
0.008-mg kg cadmium is regarded as normal for unpolluted milk while the level of 0.015 mg kg™
is considered as polluted. The contamination of milk with cadmium might be du to use of cadmium
in the manufacture of pesticides and in seme fertilizers and referring of zine and other metals.
Generally the most likely sources of contamination of milkk by the buffalo and cow ingesting
cadmium from fodder and water.

For an average adult (60 kg b.wt.), the Provisional Tolerable Daily Intakes (PTDI) for lead,
iron, copper and zinc are 214 pg, 48 mg, 3 mg and 60 mg, respectively (Yuzbasi ef al., 2003).

CONCLUSION
According to the result obtained it could be observed that three sets of samples from Shubra,
Menofia and Tanash seemed to show a higher level of contamination. This may be attributed to
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seasonal variation and or geographical station. Both seasons and areas have significant higher
differences at p<0.05 influence on the levels of heavy metals (Fe, Zn, Cu and Pb) pollution in raw
milk samples except Cr and Cd.
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