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PUBLIC HEALTH HAZARD OF HEAVY METALS IN SOME
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ABSTRACT

A lotal of 60 random samples (20 each of milk- based infant formula. milk powder,
and condensed milk) were randomly collected from dlifferent localities in Alexandria
Governorate. The collected samples were analyzed for the levels of lead, cadmium. cop-
per and zinc by using Atomic absorption spectropholometer. Resulls revealed that the
mean lead levels (n the examined mik- based infant formula: milk powder and con-
densed mitk were 0.44 + 0.093. 0.23 + 0.038 and 0.12 1 0.013 ppnt. respectively. The
mean cadmium levels In the examined samples were 0.03! + 0.005. 0.1 ) + 0.027, and
0.032 = 0.005 ppm., respectively. The mean copper leoels in the examlned samples
were 0.86 + 0.094. 0.2) + 0.024, and 0.053 * 0.003 ppm. respectively. While, the
mean zinc levels (n the examined samples were 0.59 + 0.019, 0.49 + 0.014 and 0.19 +
0.007 ppm. respeclively. This stucly potnted (o protect human and anlinal from exces:
Stue intake of heauy metals.

INTRODUCTION

Environmental pollutlon with heavy metals leads Lo growing loleresl in metal contamination
of milk and milk products which represent an Imporiant part (n human dict especially for ¢hll-
dren. Heavy metals represent one of the most Impoctant groups of pollutants In food supply
(Protasowickl, 1962). The amount of different heavy melals has been Increased with the devel.
opment of human c¢lviljzation. an addillonal concermn aboul thelr concentration in domesUc and
Industrial waste products. Also. héavy metals may coataminate (ood by a leaching process be-
Lween the food and IUs contalners (Hagsted and Hubbert 1586).

The toxi¢ elements which are considered of majors (nterest In dalry products include lead and
cadmium. These metals of recognlzed toxiclly and their presence In {0od at significan( concentra-
tion Is a potentlal héalth hazard (Bauwm and Shapuon, 1997).

Lead [s one of the most Important pollutants In our environment which accumuolates in the
body due (o ILs Jow rate of eliminaton: its blological half life In bone s about 27 years (Shibamo-
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to and Bjelanés 1993). Chronic lead polsoning is characterized by neurologica) eflects Including
encephalopathy and peripheral neuaropathy. It is also affects renal tlssues produclng acute and
chronic nephropathy as well as hypertension and lJiver dysfunclon. A strcl corretation has
found between chronic exposure to low lead doses and neuropsychological impajirment In Nrst
chilghood was olten reported (Guldi et al., 1936).

Cadmlum and its salls are widely employed in numerous induslrial processing. {{ Is a compo-
nent ol many commercial products and found In nature In close associatlon with lead and Zinc
(klaassen, 1988). Cadmium Is known lo Induce chronic renal dlsease {(Madden and Flower,
2000). 1t is also a potent pulmonary carcinogen and play significant role as a cause of hyperten-
slon and osteomalacla (Friberg et al., 19886) also It [s major contributor to thyrold dlsease (Wat-
anabe et al,, 2000).

Zinc and copper are widely distributed in nalure and essentlal component of several
enzymes. Each essential metal has three leveis of biologlcal actlivity, trace level required
for optimum growlh and development. slorage tleve!l and (loxle level. These elements are
tranlocated through the food chaln to man and animal (Pound, 1975 and Pope,
1875).

Copper Is tmportant in formation of erythrocytes. developrnent of bone. central nervous sys-
temn and connective tissue. Both excess and deflciency of copper in mammalian system resull In
sertous ellects (Hoatynek et al 1963). Abnormal high liver copper level lead o varlous disease
including clrrhosis, Mediterranean anemla. haemochromolosis, yellow atrophy of liver and Wil-

son's disease (Underwood, 1977).

High level of zinc In foods may be toxde to the human body. where It causes deflciencles In
other melals llke copper [Kula and Lasto. 1986}, Toxiclty by zinc leads to Lremors, central ner-
vous system depression. bloody diarrhea and Intense abdeminal paln (Gasarett and Doulls,
1686}

Since heavy melals can not be destroyed or broken over long time by heat treatment or envi-
ronmental degradation and they are perslstent type of pollutants and translocated through food
chain to man and animal (Huang et al., 2003).

Therefore the aim of the present work s to Investlgate the environmental pollution with some
heavy metals especlally tead. cadmlum. copper angd zinc In milk- based infant formula. milk pow-
der and condensed milk and to suggest a profocol for prevention of this pollution tn Alexandria

Governorate.

Mansoura, Vet. Med. J. Vol. Vill, No. 2, 2006



A. 8. Alad and A. H. Fayed
103

MATERIALS AND METHODS
1. Collection of samples:-

A rotal of slxty representative samplcs of canped millk- based (nfant lormula; milk powder and
condensed milk (20 samples ol cach) were randomly collecled from different markels (n Alexan-
dria clty then translerred to Jaboratory for estimaton ol Jead, cadmium. copper and zinc.

2. Digestion of samples:-

The collected samples were prepared and digesled according (o AOAC {1980), Richerd and
RobinShaplro (1986) and Kbau et al., (1968).

3. Bstimation of metals:-

Lead. cadmlum, copper and 2inc were determined by using Atomic absorptlon spectrophotom-
eter (PERKIN. ELMER 2380). according to Agemala et al.. {1880) and kalrtyabomo et al,,
(1982).

RESULT AND DISCUSSION

Heavy metals are considered the main contaminants causing serlous health hazard to human
and animal populatlion through progresslve lrreversible accumulalion in Lthelr bodies as a result
of repeated consumptlon af small amount of these elements (Wheaton and lawson, 19856).

1. Lead:

Lead is considered one of the mosl hazardous pollutants (o antmal and human beings health
status. as it s a threat to man via food and drink or (nhataUon. The presence of lead (n Ue hu-
man food chain continues {o be a major health problem world wide.

The obtlained resulls revealed that the mean concentralion of lead In examined milk- based
infant formula were 0.44 + 0.093ppm. (Table 1 & Fig.1).

Guidi et al., (1996} esUmated Jead content in milk -based infant formula and found that the
mean lead level was 73-139.11 mg / kg. The author hoped mitk {ormula industry to have a more
speclfic control on lead milk content for children feeding.

Egyptian organlzation (or standardlzation (EOS. 19983) reported that the maximum permiss!-
ble limlt of lead in mllk- based Infant formula mus( be nol mare than 0.1 ppm. In present sludy
95 % of milk- based Infant formula samples were exceeded the maximum permissible (tmit (MPL)
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of lead. (Table 2 & Fig. 2). On {he other hand higher resul(s were reported by EL -Aglzy (2005).
While, lower results were obtalned by EL- Malt (2001).

The mean concentratlon of lead In milk powder samples were 0.23 + 0.038 ppm (Tablel&
Fig.1). (EOB, 1903) reported that the maxdmum permlissible limit of lead In milk powder must
be not more than 0.5 ppm. 23 % of milk powder samples were exceeded the maximum permisst-
ble Ilml{ {(MPL) of lead (Table2 & Fig.2]). Hlgher resulls were oblained by Mansour (1988), while
lower results were oblalned by Fayed (2001). The mean concentration of lead in examined con-
densed milk samples were 0,12 + 0.013ppm (Table 1 & Fig, 1). The maximum permissible limit
of lead in condensed milk samples must be not more than 0.2 ppm {IDF 1978), All condensed
milk samples were complled wilh the allowable permissible lIlmit (MPL.) of lead for human con-
surmnpllon (Table 2 & Fig. 2). Higher resulis In condensed milk were obtalned by Mansour
(19969).

The present study revealed a highly significant elevation In lead content of examined milk-
based Infant formula and milk powder collected from Alexandrina. WHO (1982) Reported that
the major source of lead In the environment resulting from manufacture and application of alkyt

fue) additives,

2. Cadmium:

Cadmlum and Its salls are widely employed In numcrous industrial processing. It's a compo-
nent of many commercial products and found In nature in close associallon with lead and zinc
(Klaassen, 1985). Also it is a toxic metal can cause abroad spectrum toxicological and blological
dysfunction (Funakoshl et al. 1985). Cadmilum accumulates with the age in body Ussue and
cause renal fatlure (Friberg et al,, 1988). And i has a significant role in the Incidence of many
other diseases such as dlabetes mellllus and hypertenston (Nishiyama et al.,19886).

The mean cadmium levels In examined milk- based Infant formula samples were 0.031 +
0.005ppm (Tablel & Fig.1). The maxdmum permlssible limit of cadinium In milk-based infant
formuta was 0.05 ppm (EOS, 16863). 50 % of milk- based Infant formula were exceeded the MPL
(Table 2). Higher results in milk-based Infant lormula were obtained by El-Aglzy (2005). Lower
results were obtained by (EL-Malt 2001).

The mean cadmium levels In examlned mitk powder samples were 0.11 £ 0.027ppm {Tablet &
Fig.1). The maximum permissible imits of cadmium In milk powder must be not more than
0.005 according to IDF (1878). All of milk powder samples were exceeded the MPL (Table2 &
Fig.2). Lower results In milk powder were reported by Fayed (2001). While. higher results
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obtalned by Mapaour (19989). The mean cadmlum level n examined condensed milk samples
were 0.032 + 0.005 ppm {Tablel & Flg.1). The maximuimn permissible limit of cadmlum (n con-
densed mlilk samples must be nol more than 0.005 ppn (IDF, 1878). All the condensed milk
samples were exceeded the maximum permissible Jimils (Table 2 & Fig. 2). Lower results in con-
deased milk were obtalned by (Mansour 1999).

(Exlund and Oskarssan 18988) examined 59 baby (ood samgples in Sweden aad found thal the
mean cadmlum levels ranged from 1.10 to 23.5 ppm.

3. Copper:

Copper Is au essential element for hiumad and animals and acl as a ¢colactor for several en-
zyme systerns Including cytochrome- oxldase and tyrosinase. Excess amount of copper in {ood
give rise (0 outbreaks of copper poisoning.

Table (1) & Fig (1) showed that the mean concentralion of copper in examined milk- based in-
fant formula was 0.86 ¢ 0.0949 ppm. EOS (1883) reported thatl the maximum permissible tmit of
copper In milk- based Infant formula must be not more than 3 ppm. All examined milk- based
Infan( formula samples were complicd with MPL (Table 2 & Fig. 2). Lower results 1n milk-based
Infant formula were reported by Amer et al.. (2006) while. higher results (45.0)mg/kg) were ob-
talned by Ayoub (2002). The high level of copper In examined milk based infant (ormula may be
due to the wide applicatlon of copper In agriculture and industry as (ungicldes and insecUcides.

The obtained resulls revealed thal the mean concentration of copper in examined milk powder
samples was 0.21 + 0.024 ppm. All examined millk powder samples complied with MPL (5 ppin)
EOQOS (1893). Higher results In milk powder were reported by Fayed (2001) while lower results
weée reported by Bl-Agizy (2005).

The mean concentration of copper in exanmined condenséed mitk samples was 0.053 ¢ 0.003
ppm (Tablel & Fig.1). The maximum permissible Imil of copper in condensed milk musl be not
more than 0.3 ppm. (Under wood, 1877). All examined condensed milk samples were complied
with MPL (Table 2 & Fig. 2). Higher results in condensed milk were obtained by Massour (1969).

Copper I8 essentlal element at low concentration but (L Is (oxdc at high levels. The daily intake
requlrements of copper are 30 pg / kg body welght for an aduit male, with larger amounts o 40
Hg / kg lor oider children and 80 ug / kg (or Infants (WHO 1873). lagestion of an excessive dose
of copper may lead to sever nausea. bloody dlarrhea, hypertension and jaundice: however, cop-
per polsoning is characlerized by kaser-flelscher ring which is a golden brown ring of accumulat-
ed copper on the comea of the eye. (Gossel and Bricker, 1880} .
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4. Zioc;

The wide use of zinc In the home and else where in the community accounts for a very high
level of zinc contaminatlon encountered In dust, water and atmosphere causing poisoning. In the
absence of an adequate dietary supply of zinc. serlous and characteristic deficiency symptoms
arise (Reilly, 1981). Table (1) & Fig (}) showed that the mean value of zinc in examined mlik-
based Infant formula samples was 0.59 + 0.019 ppm. The maxdmum permlssible limit of zinc In
mik- based Infant formula mus( be not more than 5 ppm (Dlng et al., 1863). All examined
mllk- based infant formula samples comply with the MPL. Higher results in milk-based infant
formula was obtained by Amer et al. (2008). The mean level of zinc in examined milk powder
was 0.49 + 0.014 ppm. The maxhimum permlissible llmlt of zine In milk powder samples was 40
ppm (Bulinski, 1692). Al) milk powder samples comply with MPL. Higher results in milk powder
were reparted by Fayed (2001). The mean level of zinc in examined condensed milk samples was
0.19 + 0.007 ppm. All examlned condensed milk samples comply with MPL which is 40 ppm.
(Bulinsk} et al., 1682). Higher resulls in condensed milk were obtained by Mansour (16889).

Excesslve zInc Intake displaces copper as well as iron and Interferes with copper incarporat-
ing tron (n the prophoryn compounds; hence anemia develops (Golden and Golden 1981). Acci-
dental oral zinc polsoning bas been reported In human as a result of cansuming acldle food from
galvanized contalners. The symptloms of such intoxication consist of fever, vomiting, stomach
cramps and dlarrhea {Schraeder and Balassa, 1967). ZInc Is abundant in tab water than sur-
face water due to Lt is leaching from galvanized plpes and brass (Nariagu, 1980).

High zinc to copper ratlo may result In inlerference with lipid metabaollsm. The imbalances of
the dietary zinc-copper Intake have been assoctated with hypercholesterciemia (Klevag, 1875).

To minimize the health risk of heavy metals we recommended that the following measures
must be put In consideralon to minlndee the sources of heavy metals contamination in milk and
milk products through encouragement of the use of unleaded benzene; application of good agrl-
cultural and Industrial practices; control use of pestictdes and funglcides. Milk producers and
dlstibutors should have enough Informaton about the danger of heavy melals In dalry products
on public health and from the economlc palnt of view. The dairy products should be produced
under the modem quality assurance syslcm by applicatlon of hiazard analysis critical control
points (HACCP) to ensure guality and safety of these products.
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Tabie (1): Lead, cadmium, copper and zinc levels (ppm) in examined canned dairy products.

Lead Cadrmium Copper Zinc i
Producl
_ Mean + SEM (ppm)
Milk-based infant formula | 044 +0093 | 0.031+0005| 0.86 +0.094 0.59 +0.019
Milk Powder | 0.23 + 0038 0.11 +0.027 | 0.21 +0.024 049 +0014
Condensed Milk [ 012 +0013 | 0.032 +£0.005 | 0.053 +0.003 019 +0007 |

Table (2): Number and percent of examined canned dairy products samples above maximum permissible limits.

Lead Cadmium Copper Zinc
Product . MPL | Samples above MPL | Samples above | MPL Samples above MPL | Sacnples above
MPL MPL MPL MPL
Mo % No %o No Yo Mo %o
Milk-based infant | 0.1 19 95 | 0.05 10 50 5 0 it 5 iy 0
formula
Milk Powder | 0.5 2 25 10005 20 100 5 0 0 40 0 ]
Condensed Milk | 0.2 0 ¢ 00605 20 100 | 0.3 0 0 40 0 0
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Fig. {1): Llevels of Lead. Cadmlium. Copper and Zinc¢ In examined canned dairy products {ppm).
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Flg. (2): Pcrcent of examined samples canned dalry praducts above MPL.
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