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SUMMARY

Lead levels in sixty samples of raw milk, cream, butter, kareish and
damictia cheese and yoghurt (10 samples each) that randomly collccted
from different localities in Assiut City were estimated using atomic
absorption spectrophotometer. The mean lead levels in the examined
milk, cream, butter, kareish and damietta cheese and yoghurt samples
were 0.324 +0.117, 0.348 + 0.080, 0.328 + 0.048, 0.859 + 0.114, 0.468
* 0.126 and 0.353 = 0.132 ppm, respectively. Statistical analytical
results showed a significant elevation of lead contents in the examined
samples especially in kareish cheese. Distribution of lead in some dairy
products and their resultant by-products that are manufactured from
manually contaminated milk by addition of 1.5 ppm lead acetate to the
original milk was studicd. The obtained results revealed that damictta
and kareish cheese contained the highest lead levels, which reached
about three to five times its level in other dairy products (cream, butter
and yoghurt). Higher amounts of lead were released in the resultant
butter milk, while other by products contained lower levels. Suggestive
measures o protect human beings and animals from cxcessive intake of
lead are given.
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INTRODUCTION

As early as 1968 International Dairy Federation (IDF) issued
information on heavy metal contamination of milk and dairy products
followed by further publications. Heavy metals make up one of the most
important groups of poliutants in food supply (Protasowicki. 1992). As
food-borne heavy metal intoxication is mostly limited to long-term
consumption of food products from environments that contain high level
of metals. The list of pollutants that are potentially hazardous to the
human and animal Jife has increased rapidly in the last 40 vears (Doyle
and Spaulding, 1978).

Lead is considered one of the most hazardous pollutants to animal
and human beings health status, as it is a threat to man via food and
drink or inhalation. The presence of lead in the human food chain
continues to be a major health problem world wide.

It is a cumulative poison that causes acute and chronic
intoxication. Although acute poisoning is rare, chronic poisoning is more
common and serious (Gossel and Bricker, 1990). Bioaccumulation of
lead during chronic exposure and its mobilization and secretion with
milk constitute a serious health hazard to the newly born children. The
symptoms of acute poisoning in humans are well documented. Generally
anorexia, dyspepsia and constipation are followed by an attack of colic
with abdominal pain. Lead encephalopathy is also observed in young
children. Lead toxicity is related to the levels of diffusable lead and lead
content of soft tissue and oceurs in three modes, the first is inhibition of
haemoglebin synthesis, leading to anaemia, the second cncephalopathia
by toxic effects on mervous tissues with possible permanent function
losses and third is invegetative system as while over 90% of the ingested
tead goes into bony ftissues (Carl, 1991). Also, lead potential
carcinogenic nature has been reported by Zawurska and Medras (1988).

Kokori et al. (1998) stated that 2 case of an exclusively breast-fed
S-month old girl admitted to hospital after a generalized tonic - clonic
scizure, followed by loss of consciousness for 20 min. The infant had
been previously vomiting, constipated, lost weight and became pale and
sluggish. Tt was subsequently found that the mother was using lead
nipple shields.

The provisional weekly intake of lead in food must be not exceed
than 0.05 mg/kg body weight as recommended by FAQ/WHO (1989).
However, Carl (1991) postulated that the acceptable limits ranged from
0.05-0.2 ppm.
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As milk is an unique and essential for rapid growth and healthy
development not only for the young but also forall ages, the present
work was performed to determine the lead levels in milk and some milk
products sold in Assiut City, as well as, to study the distribution of lead
in some milk products and their corresponding by products
manufactured from artificially lead contaminated milk.

MATERIAL and METHODS

A total of sixty representative samples of milk and some milk
products including; cream, butter, kareish cheese, damietta cheese and
yoghurt (10 samples of each) were randomly collected in clean
containers from different markets in Assiut City during the year 2000,
then transferred to the laboratory for estimation of lead.

Forty liters of raw milk were obtained from the dairy farm of the
Faculty of Agriculture, Assiut University, then divided into four equal
parts. Lead acetate was added to the first, sccond and third parts with a
concentration of 1.5 mg/liter, while the fourth part was kept as control.
Each part was used for manufacture of crcam, butter, kareish and
damictla cheese and yoghurt according to (Fahmy and Sharara, 1950;
Harvey and Hill, 1967 and Lampert, 1975). Milk, milk products and
their by products including the control samples were subjected for
determination of lead levels.

‘Two grams from each sample was digested and estimated for lead
by using Shimadzu  Atomic Absorption Flame Emission
Spectrophotometer AA-630-02, according to the method of Koirtyohann
et al. (1982). The detection limit of the method adopted for lead was
0.01 mg/l.

Statistical analysis:

The obtained data were analyzed by using student’s “t” test
according to Snedecor and Cochran (1974). The obtained values in this
study were compared with the Egyptian Organization for
Standardization (1993) and the maximum acceptable limit of lead (0.2
ppm) reported by Carl (1991) from different countries,

RESULTS

The obtained results were recorded in Tables (1-3) and Figures (1
and 2).
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DISCUSSION

As milk and milk produets play an important part in man’s diet
and contribute greatly to the diet of the young, therefore, concern about
the global poliution of the environment has led to many studies of the
pathway of lead in milk.

Results presented in Table 1 and Figure 1 showed that the lead
levels of the examined milk samples that randomly collected from Assiut
City ranged from 0.01 to 1.13 ppm with 2 mean value 0 0.324 = 0.117
ppm. Lower lead levels were reported by Shehata and Saad (1992), who
found that the mean lead levels were 0.019 = 0.0 and 0.245 + 0.016 ppm
in cows and buffaloes milk collected from Assiut. While, our results are
closely related to those reported by Tork (1994) and Fayed (1997) in
Alexandria; El-Prince and Sharkawy (1999) in Assiut and Dabeka and
Mekenzie (1995) in Canada. However, higher levels were estimated by
Blood and Radostis (1989) and Muller ef al. (1993).

The excretion of lead in milk was studied in cows alter an episode
of lead intoxication. A curvilinear relationship between lead in blood
and milk was found (Murthy et al., 1967). Incattle, milk lcad levels
ranged from 0.028 to 0.030 ppm and may be elevated to as high as 2.26
ppm in severely poisoned cows (Blood and Radostis, 1989). In another
study, its level in milk samples was < 0.020 to 0.130 ppm (Mitrovic et
al., 1992), while, Muller et al. (1993) showed lead contents of 6.4 and
6.8 ug/L in farm and market milk. In India, Bhatia and Choudhi (1996)
analyzed milk samples from cow, buffalo and goat for lead. Milk
collected from the area of a heavy traffic contained 4.6 - 7.2 ppm.
Thiemann et al. (1998) reported that the lead concentration in milk was
elevated after an acute lead poisoning in a herd of dairy cows. Lead
concentration in milk returned to the maximum level of 0.03 mg/liter by
42 days after poisoning.

The hygienic standards of the foreign substances contents in food
stated that, 0.1 ppm is the maximum lead content in milk (Bartik and
Piskac, 1981). The acceptable level of lead in milk was set in Britain at
0.04 mg per liter wet weight (Lumphreys, 1991). Three samples out of
ten examined milk samples (30%) exceeded the permissible acceptable
limit of Iead (0.2 ppm) reported by Carl (1991).

Concerning the examined milk products, cream samples contained
jead values ranged from 0.02 - 0.86, with a mean value 0f 0.348 1 0.080
ppm. While in butter samples, the lead levels ranged from 0,023 to 0.67
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pem with a mean value of 0.328 + 0.048 ppm. Tt is also evident from
Table (1)and Figure (1) that the lead levels in both kareish and damietta
cheese ranged from 0.042 to 1.65 and 0.025 to 1.43 ppm with mean
values of 0.859 + 0.114 and 0.468 + 0.126 ppm, respectively. Ilowever,
the comresponding values in yoghurt samples ranged from 0.04 to 1.38
with a mean value of 0.353 + 0.132 ppm.

Several previous studics indicated different levels of Iead in milk
products which sometimes lower or higher than our obtained results
(Tahvonen and Kumpulainen, 1995; Zaky et al., 1995; Guidi ctal, 1996
and Abdou and Korashy, 2001). Dabeka and Mckenzie (1995) estimated
lead evels in 64 samples of milk and some milk products, and they
found that its levels in the examined whole milk, skim milk, cream,
yoghurt, cheese and butter were 2.3, 1.5,1.9.2.8, 14.6 and 16.4 ngfg,
respectively.

Six samples (60%) of the examined kareish cheesc exceeded the
maximum permissible limits of lead in low fat cheese (0.1 mg/kg) which
recommended by the Egyptian Organization for Standardization (1993).
However, 2(20%), 2(20%), 4(40%), 3(30%). and 3(30%) of the
oxamined cream, butter, kareish and damietta cheese and yoghurt
samples exceeded the permissible acceptable limit of lead (0.2 ppm)
reported by Carl (1991).

The present study revealed a highly significant elevation in lead
content of the examined milk and milk product samples collected from
Assiut  City. This finding may be attributed to rearing of the dairy
animals near roads and direct exposurc to polluted air and water, also
contamination may occur at several stages during processing. WIIO
(1977) stated that the major source of lead in the environment resulting
from the manufacture and application of alkyl lead fuel additives.

To follow the fate of lead during manufacture of milk products,
lead zcctate was added to milk that is used to prepare samples of cream,
butter, kareish cheese, damictta cheese and yoghurt. The results listed in
Tables (2 & 3) and Figure (2) showed that the mean lead content of non
contaminated milk was 0.309 + 0.018 ppm which increased to 2.025 =
0.172 ppm after addition of 1.5 ppm lead acetate.

Lead mean valuc was 0.258 + 0.026 ppm in cream samples made
from control milk, while it was elevated to 1.073 = 0.249 ppm in
samples made from lead contaminated milk. Corresponding values for
skim milk samples obtained from such cream were 9.193 = 0.048 and
2.16 = 0.349 ppm, respectively. On the other hand, the mean lead levels
in butter and their bulter milk samples manufactured from contrel milk

183




Assiut Vet Med. J. Vol. 45 No. 90. July 2001

were 0.31 = 0.061 and 0.223 + 0.092 ppm, respectively, while in those
made from contaminated milk the mean levels raised to 1.350 = 0.192
and 3.140 + 0.174 ppm. The mean levels of lead in both kareish and
damietta cheese made from control milk were 0.446 + 0.062 and 0.433 =
0.084 ppm, respectively, while these values reached 6.250 + 0.340 and
7.203 + 0.420 ppm in such types of cheese obtained from contaminated
milk. 1t is also evident from Table (2) and Figure (2) that the mean lead
level in yoghurt made from control milk was 0.325 + 0.056 ppm and
1.932 = 0.351 ppm in yoghurt prepared from contaminated milk.

Our results revealed that, cheeses contained the highest level of
lead. Similar results were reported by Marlelta and Favretto (1983), who
found that the concentration of lead in cheese produced from lead
contaminated milk was about six times that in the original milk. The
high lead levels in cheese samples compared with those of milk samples
indicated that most of lead was bound to casein, whilc small amount was
released in whey. The casein fraction in cow’s milk contained 90-96% of
ihe total amount of lead in the diet (Hallen and Oskarsson, 1995). The
present results revealed a highly significant elevation of lead levels in
milk products manufactured from contaminated milk, large amount of
lead accumulated in some of these products, reaching about four times
that of milk. Furthermore, high amounts of lead were released in
buitermilk resulting from butter manufacture, These results emphasize
the importance of waming about the hazardous effects of this pollutant
on human being and newly born animals.

Studies involving the serial estimation of lead in milk and milk
products especially cheese must be conducted regularly to avoid its
hazardous ecffects. A certain measure of control over lead intake is
exercised by the application of tolerance levels to selected foods.

REFERENCES

Abdou, K. A. and Korashy, E. (2001): Lead. cadmium and manganese in
milk and some milk products in Upper Egypt. Assiut Vet. Med.
1., 45 (89): 336-348.

Bartik. M. and Piskae, A. (1981): Vcterinary Toxicology. !st. Ed.,
Elsevier Scientific Publishing Company, Amsterdam, Oxford.
New York, pp. 108-118.

Bhatia and Choudhi, G.N. (1996): Lead poisoning of milk-the basic
need for the foundation of human civilization. Ind. J. Pub.
Health, 40 (1): 24-26.

184



Assiut Vet Med. J. Vol. 45 No. 90, Juiy 2001

Blood, D.C. and Radostis, Q.M. 71989): Lead. In: Diseascs caused by
chemical agents in Vet, Med., 7% Ed., Bailliere and Tindal,
London. pp. 1241-1250.

Carl, M. (199]): Heavy metals and other trace elements. Monograph on
residues and contaminants in milk and milk products. Chapter 6.
International Dairy Federation, Belgium.

Dabeka, RW. and Mckenzie, A.D. (I 995): Survey of lead, cadmium,
fluoride, nickel and cobalt in food composites and estimation of
dietary intakes of these elements by Canadians in 1986-1988. J.
AOAC., 78 (4): 897-909.

Doyle, JJ. and Spaulding, JE. (1978): Toxic and essential trace
clements in meat: A review. J. Anim. Sci., 47: 398.

Lgyptian Organization for Standardization (1993): Leyptian Standard,
Maximum levels for Heavy Metal Contaminants in Food. ES.
2360-1993. UDC: 546. 19:815. Arab Republic of Egypt.

El-Prince, E. and Sharkawy, A.A. (1999): Estimation of some heavy
metals in bovine milk in Assiut Governorate. Assiut Vet. Med, J.
41 (81): 153-169.

Fahmy, A.H. and Sharara, HA. (1950): Studies on Egyptian damiatti
cheese. J. Dairy Res., 17: 312-327.

FAO/WHO, Joint Expert Committee and Food Additives (1989).
Evaluation of certain food additives and contaminants. WHO.
Technical Report. Series, No. 776, Geneva.

Fayed, A.H. (1997;: Pollution of raw milk with some heavy metals.
M.V. Sc. Thesis, Fac. Vet. Med., Alex. Univ., Egypt.

Gossel, A.1. and Bricker, J.D. (1 990): Metals. In: Principles of Clinical
Toxicology. 2 Ed. pp. 162-192, Raven press, New York.

Guidi, B.; Ronchi, S.; Mattei, . T; ripodi, A. and Ori, I, (1996): The lead
concentration in the converted and speeial - Formula milks used
in infant feeding. Pediatr. Med. Chir., May-Jan., 18(3)275-277.

Hallen, LP. and Oskarsson, A. (1995): Bioavailability of lead from
various milk diets studied ina suckling rat model. Biometals, 8
(3): 231-236.

Harvey, W.C. and Hill, H. (1967): Milk Production and Control. 4% Ed.
H. Klewis & Co. London.

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

Koirtyohann, S.R.; Koiser, M.L. and Hinderberger, E.J. (1982): Food
analysis for lcad using furnace atomic absorption and alvov
platform. J. AOAC 65:999-1004.

185




Assiui Vel Med, J. Vol. 45 No. 90, July 2001

Kokori, H.; Giannakopoulou, C.; Paspalaki, P.; Tsatsakis, A. and
Sbyrakis, S. (1998): An ancmic infant in a coma. Lancet (British
edition) 352 (9124) 284.

Lampert, LM. (1975): Modem Dairy Products. 3% Ed. Chem. Publ. Co.,
Inc. New York, pp. 227.

Marletta, G.A. and Favretto, L.G. (1983): Heavy metals in milk and
milk products. Rivista - della - Societa. Italiana - di - Scienzo -
dell Alimentazione. 13 (3): 237-242.

Mitrovic, R.; Zivkovie. D.; Nikic, D.; Stojanovic, D.; Obradovic, V.
Golubovie, R. and Todorovic, A. (1992): Lead and cadmium in
human, cow and adapted milks. Harana-1-Ishrana. 33 (3/4): 153-
155.

Muller, M; Anke, M.; Hartman, k. and Arnhold W. (1993): Lead and
cadmium contamination of milk and various milk producs.
Qualitatc Hygienc Von Lebensmitteln in Produktion und
Verarbeitung. 417-420.

Murthy, GK.; Rhea, U. and Peeier, JT. (1967): Rubidium and lead
content of market milk. J. Dairy Sci., 50: 651-654.

Prorasowicki, M. (1992): Heavy mctals content in the selected food. 3%
World Congress, Food born infection and intoxication, 16-19,
June, Berlin,

Shehata, A. and Saad, M. Nagah (1992): Lead content in milk of
lactating animals at Assiut Governorate. Assiut Vet. Med. J., 26
(52): 135-141. '

Snedecor, G.W. and Cochran, W.C. (1974): Statistical methods. 6% Ed.
Ames, lowa, State Univ. Press, USA.

Tahvonen, R. and Kumpulainen, J. (1995): Lead and cadmium contents
in milk, cheese and eggs on the Finnish market. Food Addit.
Contam., 12(6):789-798.

Thiemann, K.G.; Olm, U.; Wilhelm, A and Mirle, C. (1998): Lead
intoxication of cow and milk contamination. Tierarsziliche
Umschau, 53 (12): 742-747.

Tork, 1Y. (1994): Cadmium and lead in water, milk and animal feed.
Alex. J. Vet. Sci., 10 (1): 27-32.

WHQ (1977): Environmental Health Criteria. No. 3. Lead. WHO,
Geneva, p. 160.

186



Assiul Ver. Med. J. Voi. 43 No. 90, Juiy 2001

Zaky, Z.M.; Sabreen, M.S.; Abulfad] A. M, and Solem, D.A. 1995):
Lead, iron, copper, zinc, manganese and cadmium level in some
foodstuifs of animal origin. Cheese and Luncheon. 3 Cong.

Toxicol. Dev, Count,,

Vol. 11, pp. 261-212 (Sept. 1996).
Zawyrska, B. and Medras, K. (1988): Tumoren and storungen
desporphyrin
experimenteller, Bleiinotoxikation (1) Morphologische studien

zentrablatt fur Allgemeine und Pathologische Anatorisch., 3 : 1

stoff-wechsets  bei  Ratten

Cairo, Egypt, 19-23 Nov.. Proceedings,

mit chronischer

Table 1. Lead levels (ppm), number and percent above maximum limits
(MLs) in milk and some milk product samples that randomly
collected from different localities in Assiut City.

Samples | Lead levels (ppm) No. & pereent of |
samples above
Min. | Max. Mean + SE MLs (02 ppm)

Milk 0.010 i.13 | 0324 +0.117%* 3-30%

| Cream 0.020 | 0.86 ! 0.348 +0.080%% 2 -20%
Butter 0.023 0.67 | 0.328 + 0.048** 2-~20%
Kareish cheese 0.042 1.65 | 0.859 + 0.114** 4 —40%
Damietta cheese | 0.025 1.43 | 0.468 +0.126%* 3-30%
Yoghurt [ 0.040 | 1.38 | 0.353 2 0.132° | 3-30%

* Significant at P < 0.05 from the permissidle acceptable limit (Carl, 1991).
** Highly significant at P < 0.01.
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Table 2. Distribution of lead in some milk products that manufactured

from milk contaminated with 1.5 mg/liter lead acetate.

Samples Milk without |  Milk with
addition addition

Mean + SE Mean * SE

Raw milk 0.3094+0.018** 2.025+0.172
Cream 0.258+0.026* 1.073+0.249

| Butter 0.31+0.061%* 1.350+0.192
Kareish cheese | 0.446+0.062%* 6.250+0.340
Damietta cheese | 0.433+0.084%* 7.203+0.420
Yoghurt 0.325-0.056%* 1.932+0.351

* Significant at P < 0.05 from the permissible acceptable limit (Carl, 1991).
*# Highly significant at P<0.01.

Table 3. Distribution of lead in some milk by products that anufactured
from milk contaminated with 1.5 ppm lead acetate.

Samples Milk without addition | Milk with addition
Mean + SE Mean + SE
Skim milk 0.193+0.048* 2.16:+0.349
Butter milk 0.223+0.092* 3.14+0.174
‘Whey Kareish cheese 0.263+0.052% 0.503+0.108
‘Whey Damietta cheese 0.353+0.041%% 0.49+0.101

*  Significant at P < 0.05.
** Highly significant at P

< 0.01.
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Figure 1. Lead ievels in raw milk and some milk products
collected from Assiut City
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