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ABSTRACT 

A total oj 60 random samples (20 each oj mUk- based inJant Jonnula. milk powder. 

and condensed milk) were randomly coHected from different localities in Alexandria 

Governorate. The collected samples were analyzedjor tile leuels oj lead. cadmium. cop

per and zinc by using Atomic absorption spectrophotometer. Results revealed that the 

mean lead levels in the examined mUk- based infant formula; milk powder and con

densed milk were 0.44 .± 0.093. 0.23.± 0.038 and O. I 2 .± 0.0 13 ppm. respectively. The 

mean cadmium levels (n Ule examIned samples were 0.031 .± 0.005,0.11 ± 0.02 7. and 

0.032 ± 0.005 ppm, respectively. The mean copper /.cwels in the examined samples 

w ere 0.86 ± 0.094. 0.2) .± 0.024, and 0.053 .± 0.003 ppm, respect"iueiy. While, tile 

mean zinc levels in. the examined samples were 0.59.± 0,0 19, 0.49 .± 0 .014 and 0.19 .± 

0.007 ppm. respectively. This stud!) poillted lJJ protect human and an imal from exces

siue intake ofheauy metals. 

INTRODUCTION 

101 

Environmental polluUon with heavy mela1s leads to growtng interest in metal contamination 

of milk and milk products which represent an Important part In human diet especially for chil 

dren. Heavy metals represent one of the most Important groups of pollutants In food supply 

(Protasowickl. 1992). The amount of different heavy metals has been Increased with the devel

opment of human civilization, an additional concern about their concentration In domesUc and 

Industrial waste products. Also. heavy metals may contamln~te food by a leaching process be

tween the food and It's containers (Hags ted and Hubbert 1986). 

The toxlc elements which are considered of major Interest In dairy products Include lead and 

cadmium. These metals of recognized toxicity and thei r presence In food at slgniOcan t concentra

tion Is a potential health hazard IBaum and Sbaonon, 1997). 

Lead Is one of the most Important pollutants In. our environment whIch accumulates In the 

body due to Its low rate of ellml naUon; Its blologlca l half life In bone Is about 27 years (Shlbamo-
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to and Bjclanes 1993). Chronic lead poisoning Is charactertzed by neurological effects Including 

encephalopathy and pe riphera l neuropathy. It Is also affects renal tissues produci ng ac ute and 

chroniC nephropathy as well as hypertension and liver dysfunction. A strtct correlaUon has 

found between chronic exposure to low lead doses a nd neuropsychological Impainnenl In Orst 

Childhood was often reported (Guidl et at .. 1996). 

Cadmium and Its salts are wtdely employed In numerous industrial processing. It Is a compo

nent of many commerCial products a nd found In nature In close association wtUl lead and Zinc 

(klaasscn, 1985). Cadmium Is known to Induce chronic renal disease (Madden and Flower, 

2000). It Is also a poten t pulmonary carcinogen and play slgnlflcant role as a cause of hyperten

sion and osteomalacia (Friberg et al. , 1986) a lso It Is major contJibutor to thyroid disease (Wat

anabe et al., 2000). 

Zinc and copper are widely distributed In nature and essenUal component of severaJ 

enzymes. Each essenUal metal has three levels of biological activity. trace level reqUired 

for optimum growth and development. storage level and toxic level. These elements are 

traniocated through the food chain to man and animal (Pound. 1975 and Pope, 

1975). 

Copper Is Important In fonnaUon of erythrocytes, development of bone. central nervous sys

tem and connective tissue. Both excess and deficiency of copper In mammal1an system result In 

serious e ffects (Hostynck. et a1 1993). AbnonnaJ high liver copper level lead to various disease 

Including cirrhosis. Mediterranean anemia, haemochromotosls . yellow atrophy of liver and Wil 

son 's disease (Underwood. 1977). 

High level of zinc In foods may be toxic to the human body. where It causes deficiencies in 

other metals llke copper (Kula and Lasto. 1986). ToxiCity by zinc leads to tremors. centra l ner

vous system depreSSion. bloody diarrhea and Intense abdominal paln (Gasarett and Doulls, 

1996). 

Since heavy metals can not be des troyed or broken over long time by heat treatment or envi

ronmental degradaUon and they are persistent type of pollutants and translocated through food 

chain to man and animal (Huang et al .• 2003). 

Therefore the aim of the present work is to InvesUgate the env1ronmeotal pol lution with some 

heavy metals especially I~d. cadmium. copper and zinc In milk- based In fan t formul3. milk pow

der and condensed milk and to suggest a protocol for prevel).Uon of this pollution tn Ale.'<.andrta 

Governorate. 
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MATERIALS AND METHODS 

1. Collection of samples:-

A total of sixty representative samples of canned mllk- based Infant formula; mJlk powder and 

condensed milk [20 samples of each) were randomly collected from different markets In Alexan

dria city then transferred to laborato ry for estimation of lead. cadmium. copper and zinc. 

2. Dlgestion of samples:-

The collected samples were prepared and digested according to AOAC (1980). Richerd and 

RublnShapiro (l986) and Khan et at .. (1995). 

3. Estimation of metals:· 

Lead. cadmium. copper and zinc were detennlned by using Atomic absorption spectrophotom

eter (PERKJN. ELMER 2380). according to Agemain et al .. (1980) and kairtyahnn et aI., 

(1982). 

RESULT AND DISCUSSION 

Heavy metals are considered the main contaminants causing serious health hazard to human 

and animal populallon through progressive In'everslble accumulation In their bodies as a result 

of repealed consumpUon of small amount of these elements (Wheaton aDd lawson. 1985). 

1. Lead: 

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 InhalaUon. The presence of lead In the hu

man food chain continues to be a major healUl problem world wIde. 

The obtained results revealed that the mean concentraUon of lead In examined mllk- based 

Infant fonnula were 0.44 ± O.093ppm. (Table I & Fig. I). 

Guidi et aI., (1996) estimated lead content In milk ·based infanl fonnula and found that the 

mean lead level was 73-139.11 mg / kg. The author hoped milk formula Industry to have a more 

specific control 01) lead milk content [or children (eedlng. 

EgypUan organization [or standardization IEOS. 1993) reported that the max.1mum permissi

ble limit of lead In mllk- based infant formula n:tust be not more than 0.1 ppm. in present study 

95 % of milk- based Infant formula samples were exceeded the maximum permissible IImll (MPL) 
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of lead. (Table 2 & fig. 2). On the other hand higher results were reported by EL -Agizy (2005). 

While. lower resu lts were obtained by £L- Malt (2001). 

The mean concentraUon of lead In milk powder samples were 0.23 ± 0.038 ppm (Table I & 

Fig.!) . (E08. 1993) reported that the maxtmum pennlss lble limit of lead In milk powder must 

be not more than 0.5 ppm. 25 % of milk powder samples were exceeded the maximum permissi

ble limit (MPL) of lead ITable2 & flg.2). Higher resulls were obtained by Mansour (1999). while 

lower results were obtained by Fayed (2001) . The mean concentration of lead in examined con

densed milk samples were O.l2 ± O.013ppm (Table I & Fig. 1). The maximum permissible limit 

of lead In condensed milk samples must be not more than 0.2 ppm (lDF 1979). All condensed 

milk samples were complied wlUl the allowable pennlsslhle limit (MPt..) of lead for ~uman con

sumption (Table 2 & Fig. 2) . Higher results In condensed milk were obtaIned by Mansour 

(1999). 

The present study revealed a highly slgn lOcant eJevaUon In lead content of examined mllk

based Infant fOnTIula and milk powder collected from AJexandrlna. WHO (1982) Reported that 

the major source of lead In the environment resultlng from manufacture and appllcauon of alkyl 

fuel additives. 

2. cadmJum: 

Cadmium and Its salts are widely employed in numerous Industrial processing. It's a compo

nent of many commercial products and found In nature In close assoclaUon v.rtth lead and zinc 

(Klaassen, 1985). Also it is a toxic metal can cause abroad spectrum toxicological and biological 

dysfuncUon (Funako8hi et aJ. 199~), Cadmium accumulates with the age In body Ussue and 

cause renal failure (Friberg et al .• 1986). And It has a significant role In the Incidence of many 

other diseases such as diabetes mellitus and hypertension (NishIyama et aJ ., 198B). 

The mean cadmium levels In examined milk- based infant formula samples were 0.03 1 ± 

0.005ppm (fable I & Fig. 11. The maximum permissible limit of cadmium In milk-based Infant 

fonnula was 0,05 ppm (EOS. 1993). 50 % of mllk- based Infant formula were exceeded the MPl. 

ITable 2). Higher resulls In milk-based Infant fonnula were obtained by EI-Agizy (2005), Lower 

results were obtained by (EL-Malt 2001) . 

The mean cadmium levels In examined milk powder samples were 0.11 :t O.027ppm (Tablel & 

fig. I). The maximum permissible limits of cadmium In milk powuer must be not more than 

0.005 according to IDF (1979). All of milk powder samples were exceeded the MPL ITable2 & 

Ffg.2). Lower results In milk powder were reported by Fayed (2001). While, higher results 
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obtained by Mansour {l999). The mean cadmium level In examined condensed milk samples 

were 0.032 ± 0.005 ppm rrablel & Fig.}). The maxJmum permissible limit of cadmium In con

densed milk samples must be not morc than 0.005 ppm (IDF. 1979). All the condensed milk 

samples were exceeded Ule maximum permissible IImllS ITable 2 & Fig. 21. Lower resulls in con

densed milk we.-e obtained by (Mansour 1999). 

(Eklund and Oskarssan 1999) examined 59 baby food samples In Sweden and found that the 

mean cadmium levels ranged from 1.10 to 23.5 ppm. 

3. Copper: 

Copper Is an essential element for huma,; and animals and act as a cofactor for several en

zyme systems Including cytochrome- oxidase and tyrOSinase. Excess amount of copper In food 

give rise to outbreaks of copper poisoning. 

Table (1) & Fig III showed that the mean concentration of copper in examined mllk- based In

fant fonnula was 0.B6 ± 0.094 ppm. EOS (1993) reported that the maximum pennlsslble Umit of 

copper In mllk- based infant fonnula must be not more than 5 ppm. All examined mllk- based 

Infant formula samples were compllcd with MPL (Table 2 & Fig. 2). Lower results In milk-based 

Infant fonnula were reported by Amer et al .. (2006) while, higher results 145.01 mg/kg) were ob

tained by Ayoub (2002). The high level of copper In examined milk based Infant fonnula may be 

due to the wide application of copper in agriculture and Industry as fungicides and InsecUcldes. 

The obtained resulls revealed that tile mean concentration of copper In examined milk powder 

samples was 0.21 ± 0.024 ppm. All examined milk powder samples complied with MPL (5 ppm) 

EOS (19~3). Higher results In milk powder were reported by Fayed (2001) while lower results 

were reported by EI-Agizy (2005). 

The mean concentration of copper In examined condensed milk samples was 0.053 ± 0.003 

ppm (Table I & F'tg.I). The maxJmum pennlsslble limit of copper In condensed milk must be not 

more than 0.3 ppm. (Under wood. 1977). All examlned condensed milk samples were complied 

with MPL ITable 2 & Fig. 2). Higher results In condensed milk were obtained by Mansour (1999). 

Copper Is essential element at low concentrallon but It Is toxic at high levels. The dally Intake 

requirements of copper are 30 ~g / kg body weight for an adult male. with larger amounts of 40 

~g / kg (or older children and BO ~g / kg for Infants (WHO 1973). Ingestion of an excessive dose 

of copper may lead to sever nausea. bloody diarrhea, hypertension and Jaundice; however, cop

per poisoning Is characterized by kaser·nelscher ring which Is a golden brown ring of accumulat

ed copper on the cornea of the eye. (Gossel and Bricker, 1990) . 
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4. Zinc: 

The VJ1de use of zinc In the home and else where In the community accounts for a very high 

level ofzlne contamination encountered In dust. water and atmosphere causing poisoning. In tile 

absence of an adequate dietary supply of zinc. serious and characlerlstlc ddlclency symptoms 

artSe (Reilly. 1991). Table (I) & Fig (I) showed that the mean value of zinc In examined mllk

based Infant formula samples was 0.59 ± 0.019 ppm. The maximum permissible limit of zinc In 

mllk- based Infant formula must be not more than 5 ppm (Ding et aI •• 1993). All examined 

milk- based Infant Cannula samples comply with the MPL. Higher results In milk-based Infant 

formula was obtained by Amer et al. (2006). The mean level of zinc in examined milk powder 

was 0.49 ± 0.014 ppm. TIle maxlmum permissible limit of zinc In milk powder samples was 40 

ppm (Bulinskl, 1992). All milk powder samples comply with MPL. Higher results In milk powder 

were reported by Fayed (2001). The mean level of zinc In examined condensed milk samples was 

0. 19 ± 0.007 ppm. AJI examined condensed milk samples comply with MPL which Is 40 ppm. 

(Bulinakl et al .. 1992) . Higher results In condensed milk were obtained by Mansour (19.99) . 

Excessive zinc Intake displaces copper as well as Iron and Interferes with copper incorporat

ing Iron In the prophoryn compounds: hence anemia develops (Golden aDd Golden 1981). Acci

dental oral zinc pOisoning has been reported In human as a result of consuming acidic food from 

galvanized containers. The symptoms of such intoxication consist of fever. vomiting. stomach 

cramps and diarrhea (Schraeder and Balassa. 1967). Zinc Is abundant In tab water timn sur

face water due to It Is leaching from galvanized pipes and brass (Nariagu. 1980) . 

High zinc to copper ratio may result In Interference wah lipid metabolism. The 'Imbalances of 

the dietary zlnc·copper Intake have been associated with hypercholesterolemia {Klevag. 19751. 

To minimize the 11ealth risk or heavy metals we recommended that the following measures 

must be put In conslderaUon to mlnlmJze tile sources of heavy metals contamlnaUon In milk and 

milk products through encouragement of the use of unleaded benzene: application of good agri

cu ltural and Industrial practices: control use of pes llcldes and fungiCides. Milk producers and 

dlstrtbutors should have enough Information about the danger of heavy metals In dairy products 

on publiC health and from the economic point of View. The dairy products should be produced 

under the modem quality assurance system by applica tion of hazard analysis critical control 

points (HACep) to ensure quality and safety of these products. 
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4. Zinc: 

The wide use of zinc In the home and else where In the community accounts for a very high 

level of zInc contaminatIon encounlered In dust, water and atmosphere causing poisoning. In the 

absence of an adequate dietary supply of zInc. serious and characteristic ddklency symptoms 

arise (Reilly. 1991), Table (1) & Fig 0) showed that the mean value of zinc In examined mllk

based Infant formula samples was 0.59 ± 0.0 19 ppm. The maximum permissible lImll of zinc In 

milk· based Infant formula must be not more than 5 ppm (Ding et al., 1993). All examined 

mllk- based Infant fonnula samples comply with the MPL. Higher results in milk-based Infant 

formula was obtained by Amer et al. (2006). The mean level of zinc in examined milk powder 

was 0,49 ± 0.0 l4 ppm. 111e maxlmum permissible limit of zinc In milk powder samples was 40 

ppm (B ulln ski , 1992). AJI milk powder samples comply with MPL. Higher results In milk powder 

were reported by Fayed (2001). The mean level of zinc In examined condensed milk samples was 

0.1 9 ± 0.007 ppm. All examined condensed milk samples comply wJth MPL which is 40 ppm. 

(BuUnski et aI., 1992). Higher results 1n condensed milk were obtained by Mansour (1999J. 

Excessive zinc Intake displaces copper as well as Iron and Interferes with copper incorporat· 

ing Iron In the prophoryn compounds: hence anemia develops (Golden and Golden 1981). Acci

dental oral zinc poisoning has been reported In human as a result of consuming acIdic food from 

galvanized containers. The symptoms of such Intoxlcatlon consist of (ever, vomiting, stomach 

cramps and diarrhea (Schraeder and Balassa, 1967). Zinc Is abundant In tab water than sur

face water due to It Is leaching from galvanized pipes and brass (Nariagu. 1980). 

High zInc to copper ratio may result In Interference w1th lipid metabolism. The "Imbalances of 

the dietary zlnc·copper Intake have been assocIated with hypercholesterolemla (Klevag. 1975). 

To mlnlmLze the healUl risk of heavy metals we recommended that the followlng measures 

must be put in conslderaUon to mlnlml~e Ule sources of heavy mclals contaminaUon In milk and 

milk products through encouragement of the use of unleaded benzene: application of good agrt

cultural and Industrial practices: control use of pesUcldes and fungicides. Milk producers and 

dlstr1butors should have enough InfonnaUon about the danger or heavy metals In dairy products 

on public health and from the economic point of vLew. The dairy producLs should be produced 

under the modem quality assurance system by application of 11azard analysis critical conlrol 

points (HACCP) to ensure quality and safety of these producls. 
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~ Table (1): Lead, cadmium, copper and zinc levels (ppm) in examined canned dairy products. 
~ 

Lead Cadmium 
Product 

Copper Zinc 

Mean + SEM (ppm) 

Milk-based infant formula 0.44 + 0.093 0.031 ± 0.005 0.86:': 0.094 0.59 ± 0.019 

Milk Powder 0.23 + 0.038 0.11 + 0.027 0.21 + 0.024 0.49 + 0.014 

Condensed Milk 0.12 + 0.013 0.032 + 0.005 0.053 + 0.003 019 + 0.007 

; , 

.-----

Table (2): Number and percent of examined canned dairy products samples above maximum permissible limit-so 

Lead Cadmium Copper Zinc 

Product 
MPL Samples above MPL Samples above MPL Samples above MPL Samples above 

MPL MPl MPl MPL 

No % No % No % No % 

Milk-based infant 0.1 19 95 0.05 10 50 5 0 0 5 0 0 

formula 

Milk Powder 0.5 5 25 0.005 20 i 100 5 0 0 40 0 0 

Condensed Milk 0.2 0 0 0.005 20 100 0.3 0 0 40 0 0 
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Fig. (1): Levels of Lead. Cadmium, Copper and Zinc In examined canned dairy products (ppm). 

t3 Mlk -based in/ant formula .. Mlk powder B Condensed m I I~ r 

lead Cadmium Copper 

Fig. (2) : Percent of examined samples canned dalry products above MPL. 
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