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ABSTRACT 

A total of ISO samples of restaum.nt and street vended fastf()(Xjs including shaw* 
erma. sausage.hamburger.kojta and Uver sandwiches (15 sampI.e.c; of eoch) were col

lected from d4ferent restaurants and street rendars in Ale..xwtdria. gooemorote to deter
mtne the Levels of ht?cwy metals (cadmtum. lead, mercury .copper, nickel and zinc,), . 
The results reueWed that tellels of heauy meta1 residues: in all Lite e.xwnined sa.mptes 
lVern' wUhtn the Egypti(ln standard penntsslble Umlts with the exception of levels oj 
cadmiwn and lead ,wh1ch were above the limits in street vendedjood $ampi.es ,At the 
same time, leueis Of heavy metals in street vended food samples were sfgnifican.d.y 

hight!r than levels of heavy metals lit restaurant food samples, Concemillg , cadmiwn 

(Cd) and lead (Pb). the highest levels (O.256±O. 191. 1.489±!J.767) were Irt I1uer sand· 

wiches" respect:l.uety. In case of c:npper (CuJ and nickel (N'~, the highest levels 

(0.379;;.0. J 34 • 0.197±O.098) were Irt koj!a sandWiChes .• respectively. Regord.lrtg. mer· 

cwy(Hg) and ztnc(Zn). the hlghest mean concentrations (0.408±O,145. 2.862±O,200.) 

H7 

lNTRODUCTION 
1ncreaslng industrialisaUon has been ac

companied thrQughout Ule ~'OI'ld by the ex
traction and dlstributlon of mInerai substanc
es from their natural depOSits. FoUowtng 
concentration. many of these have undergone 
chetn1cal changes through technical process
es and finally pass. finely dispersed and 1n so
lutions. by way of effluent. ~-age. dumps 
and dust, into the \\'dter, the earth and the air 

and thus toto the food chaln.These include 
heavy metals (Lauren, • 2009,. 

Heavy metals are metals which have a high 
atomlc mass, Including. for example, cadmJ
um, lead. mercury and arseo1c, heavy metals 
are usually toxic in low amounts and are 

therefore a potentIal health hazard. Metals 
can occur In a variety of foodstuffs of plant 
and anlmal ortgin. Mostly, they arlse lndlrect
Iy In foodstuffs from the environment . e,g, 
they are in soli that the crop is grown in, ur 
on the grass that a cow 15 eating or in the wa· 
ter in which a fish 15 Jiving, As SUCh, once 
they become incorporated Into the food they 
cannot be removed, Control of rnw materials 
Is, therefore, the only mechanism for ensuring 
that levels do not become unsafe, There Is a 
risk to crops and an1ma.ls themselves from 
metals in the environment (e.g. they can kill 
plants and reduce ytelds) and to humans from 

eatlng crop and livestock products. Metals 
which can be partkularly hannfuJ to animals 
and man include lead, cadtn1um, arsenic. 
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mercury. copper. selenium and molybdenum. 
These elements can accumulate in primary
products that are otherwise growing satisfac
tortly, but sun affect antmals and man (lrfa:~ 
WI., et al •• 2004), 

Fast foods are ready to~eat foods or bever~ 

ages, which includes many types of foods 
ranging from cereal and fruits tv cooked 
meats and drtnks, It is usually prepared andJ 
or sold in streets and other s1m1lar public 
piaces, such as: pavements, roadways, back 
alleys Qf markets. school premises ,bus and 
railway stations, beaches. parks and other 
puhlic spaces ~Meneah. et at .• 20(2). 

A possihle souree of heavy metal eontamJ~ 
nation In fast foods Is loeally manufactured 
metal pots. in which street foods are cooked 
and stored. The small-scale enterprtses that 
manufaeture these ports are thought to add 
lead to the aluminium, to reduce the melting 
temperature to that Within the capaelty of 
thetr furnaces. Other sources of lead may he 
al.rbome (leaded petrol)' water stored 1n metal 
tanks, 1ngredients and soU. Low. but non
hazat'dOU5. levels of the heavy metal cadmium 
was detected in many street vended food sam
ples, Therefore., the purpose 0( this study Is 

to detemtlne the levels of some heavy metal 
residues in fast foods [shawerma, sausage, 
hamburge., kofta and liver sandv.1ches) col

lected from different restaurnnts and street 
vendors In Aiexandrta governorate. 

MATERIALS AND METHODS 
A total of 150 samples of restaunmt and 

street vended fast foods tshawerma. sausage. 
hamburger. kofta and liver sandWiches) (15 

samples of each) were collected randomly 
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from different restaurants and street vendors 
in Alexandria governorate. Samples ~-cre 

transported in an insulated ice box to the la
boratory and analyzed fo. hea"Y metals. The 
principle of the minerals delennination tn~ 

volved the prodUCtion of actdic solution of the 
inorganic elements. after removing Jnlerfer
nng matertals by chelation solvent using am
monium pyrrol1dine di~thio carhamate iAPDC) 
and methyl isobutyl ketone (MIBK] After that 
minerals concentrations were determined by 
using flame atomic ahsorption spectropho
tometer modt'l perkln Elemer 2380 at wave 
length's specific to each element (RIchard .• 

1986l. 

Cadmium., lead. copper., ruckel, and tinc 
were determined by Hydrochlo.ic-nitrtc (HCl· 
HNOa) acid leaching method ustng flame 
atomic absorption spectrophotometer model 
Perkin Elemer 2380 (Richard., 1986). Thc 
prinCiple of mercury( HgJ determination meth
od depends on the conversIon of all the me.
cury p.esent In the sample Into the tno.ganlc 
form by wet oxidation and It's reduction to the 
metallic state. Then, the release of mercury 
from the solu tlon as vapour using a stream of 
al. followed by tt's determination by nameless 
atomie absorption spectrophotometer (APHA/ 

AWWAI992). 

RESULTS AND DlSCUSSlON 
Improvements In the food production and 

processing technology had increased the 
cltances of contamination of rood wtU, various 
environmental pollutants. especially heavy 
metals. Ingestion of these contaminants by 

animals causes deposItion of residues In 

meat. OVer the past few decades, both devel
oped and dL"VeJoptng countries have experi~ 
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enced equally Ufe and food style changes that 

have led to an increased demand for pro
cessed foods. Some heavy metals get deposit

ed In food as residues dur1ng processing 
When the resIdue levels go beyond the pre

scrtbed standards, they cause deleterious ef
fects on human health, especlally when con~ 

surned continuously. (WHO. 1987), 

Table (1) showed the statistical analytical 

results of heavy metals in restaurant food 

samples(ready to ea.tJroUected from Alexan

dna governorate, It was found that the hIgh
est levels of cadmium was found in Over sand

v.1ches with a mean value of 0,0561;0.035 

while the lowest was In hamburger with a 
mean value of O.02±O.OLrespectIVely, Con

cerning lead, KoCta showed the highest mean 

concentration (O.631±O.078 ) while shawenna 

had the lowest (O,31U±O,059), respectively. In 

case of mercury, the hIghest mean concentra

tion (O.35B±O.086) was in liver sandwiches, 

while the lowest (O.216±Q,061} was In ham

burger. Regarding. copper. nIckel and zInc. 
the highest mean cOncentraUons (O.220± 

O.OB!'. O.147±O.04B. 1.B34±0.716) were in 

sausage. liver and sausage. respectively v.1th 

no signlflcant difference between means of 

copper In liver. shawen:na and hamburger. At 

the same time. there was a highly stgniflcant 

difference between means of Zn In shawerma 

and the same 18 true for sausage, hamburger" 

there were also a highly Significant difference 

between means of cd.pb and Zn in kofta sand~ 
wiches (Table, 1), 

It was found that there was a slgn1ft~ 

cant dIfference between means of lead and 

Niclre1 in shawenna, between pb. Hg. Cu and 

Nt in sausage, between pb, Hg, and Nt tn 
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hamhurger, between Hg.Nl In kofta and he

tween pb. Nt tn liver sandwiches, respectively 

[fable. 1). 

It was reported that the mean values of 

cadmium. copper. lead. zinc. and nickel con~ 

centrations In sausage and meat are quite 

variable such as. Zn {20-159 g/lOOgml. NI 

(8.224 g/lOOgml. Cd (0.77·1.04 g/IOOgm). 

CU (7.18-10.01 g/IOOgm). and Pb (11.5-13.5 

g/lOOgro), The order of the levels of the trace 

elements in the studied samples of sausage 

and meat was Zn > Nl > Pb > eu > Cd. {DIlek 

and. KadJrlye •• 2006.: Moeller.et aI ... 2003 

and Aboll-Arab. 2OO1}. 

Coni, et al •• (1996) found that liver of 

cows had higher levels of cadmium, copper. 

lead and mercury than tile liver of sheep and 

goat. 

AbQu~Arab+ 2001 found that the lead con

tent of sausage was higher than that of the 
meat used for lis production. presumably due 

to the sptces used in sausage production 

tAhou-Arab.200I}. 

Our results indicated that levels of cadmi

um and lead tn aU restaurant food sarnples{ 

shawenna, sausage,hamburger, koita and liv

er sandwiches) were Within tbeEgyptlan stan

dard pennJsstble l1m1ts (O.lp.p.m. Ip.p.m .. re~ 

specUvely). (table 1) (EOS .. I993). These 

results were coinctde v.1th Monica .• Romaa.,. 
20011, who found that cadmium and lead 

leves of raw dry meat products(beef,sausagej 
obt.a1ned as Industrial meat products at 3 fac~ 

tortes tn the Brasov area in Romanta were 
within the standard pem11sstbie' llm1ts {Monl~ 

ca.. Roman •• 2006}, 

Vol. XI. No.2. 2009 



Me~ Kamal lbrahim Ragab and Nabila F. Soliman 

It was tIlusterated that the mercury levels 
in restaurant food samples (shawenna. sau~ 
sage, hamburger, kofta and liver sandWiches) 

colleeted from Alexandria governorate wcr~ 
within the Egyptlan standard permissIble bro

Its (0.5 p.p.m) Table !I). (£OS .• 19931. These 
results disagreed With Zar81d. et aI .. (1997) 
who reported that the mercury levels in llver 
of cattle exceeded the accepted hyglenJc stan~ 

dards lZarsld. et aI •• 19971 and agreed with 

Swsao., M. A.. 2008, who round that levels of 

mercury In meat and ltver collected from 
slaughtered a.nImals In AlexandI1a were With
in the Egyptian standard permissible limns 
(Swsan •• 2008). 

The main sources of mercury contamina

tion may be industrial wastes, pestiCides and 
funglcldes. The mercury escapes into the air 

and soil and get accumulated In fodder plants 
and hence, In anImal tissues. (Zarsld. et aI •• 
1997) 

Our results Indicated that levels of copper, 
and YAnc in restaurant food samples (shawer
ma, sausage, hamburger. kofta and bver 
sandW1ches) were Wlth1n the Egyptian stan
dard pennia.lble limits 13.5p.p.m .. 40p.p.m.) 
(E08.. 1993). table(l}, The${: results was 
agreed with Swean •• 14. A.. 2008. who found 
that levels of copper, and Zinc In meat and 
liver collected from slaughtered animals in 

Alexandrta were WithIn the Egyptian standard 
permiSSible limits ISW ....... 2(08). 

'l1le statistical analytical results of heavy 
metals tn street vended food samples(ready 
to eatJ collected from Alexandrta governo
rate were recorded in Table (2}, ConcernIng 
cadmium and lead. the highest levels 
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(O.256±O.191, L489±O.767 )were In liver with 

a highly signil1cant difference between means 
of cadm1um and lead in lIver, Our results 
showed that cadmium and lead coneentra
tion.., In all the samples of street vended foods 
were higher than the Egyptian standard per~ 
m1SSible ltmtts (0.1 p.p.ro, Ip,p.m .• respect1ve~ 
Iy) (EOS., 1993). These results was in agree

ment \\-1th Aranha. 1994, who found that the 
liver of beef showed the highest concentration 
Qflead {1.25 ppmlwhleh exceeded the pennis~ 
sible llm!t of I ppm IANZFA) (Araaha, 19941 

and disagreed With Swsa.n .• M. A.. 2008. who 
found that the highest concentration of cad
m1um" lead (0,223 p,p.m ... 0,024 p,p,m., reM 
spccUveJy )were in U\'CT.. collected from 
slaughtered anImals in Alexandrta and the 
levels were within the Egyptian standard per· 
mi.slble llm!ts IS_ .. 2008). 

Our results showed that there was a sign!f~ 
Icant dUIerence between means of mercury 
and Nickel in sausage .. between cadmium, 
mereury in hamburger, and between cd,ph In 
kofta, At the same tbne. there was no sig
nificant dtfference between means of mercu
ry, copper and NIckel In shawenna and be

tween means of mercury and copper in liver 

Table 121. 

Thcre was a highly sJgn1flcant dlllerence 
bet;w>een means of cd. pb and Zn in shawer
rna, and the same is true for sausage, Uver 
and kofta whUe, there was a highly stgntftcant 
dlfferent.'e between means of, pb, Nt and Zn in 

hamburger and there was also a highly slg
ntftcant dilferenee between means of Ni and 
Zn 10 kofta. 

It was found that the cadmium levels to 
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the lIvers of cattle of Poland were above the 

action level. (Roga. et al.. 1996 and Stoyke. 
.t aI,. 1995), 

ContamInation of meat products with cad· 

mlum might occur in three ways, Qne from 
animals grazing on lands spread with sewage 
sludge or phosphate fertilizers and another 

from anImals. grazing on lands contaminated 
with Industrial cadmlum effiuent • The cadmi

um-contaminated mineral components of 
commercia1 feeds and phosphate fcrt.ili1:ers 

were found to have strong correlation to oon
centratioos In animal tissues. Cadmium from 
Ute soil could reach man through vegetables, 
mllk and meat (Stell8trom and LonsJo. 
1974). 

It was reported that the lead mean con
centration of lean meat of beef was higher 
than the penn1SStble limlt of lppm {ANZFA). 

(Aranha. 1994). 

It was found that the mean ooncentratioos 
of lead and cadmium in Venezuelan meat 

samples were 0.28 mg ~l dry weight and 
0,18 mg kg..l dry weight (Tab.·n, .t aI., 
1995). 

Lead Is known to induce reduced cognitive 
development and intellectual perfonnance in 
chUdren and increased blood pressure and 
cardiovascular disease in adults. It is also as
sociated with cancer and Infertility, Lead 

could cause adverse effects on the renal and 
nervous systems and cross the placental bar
ner and havtng potential toxic effects on the 
fetus (CommJ.ulon of' the European Com
munities. 2001~ Tltormaa. 1995: WHO. 
2003 an4 Puescbcl. et al., 1996). 
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Osltarsoon, .t aI., (1992) reported a high 

lead concentration (SOO ug kg~ 1) In beef after 
accldental exposure to lead Oskarsson, et at., 
(1992). 

Vreman, et aL. (1988) found higher con~ 
ccntratlons of lead In the muscle of dairy 
cows raised on pasture than tn the muscle of 
dairy cows kept indoors V:relILUl. et al., 
(1988), 

Hwnphreye. (19BI) reviewed the effects of 

lead in animals and reported that due to Its 
slow rate of eltm1rultlon. hannful levels of lead 

could accumulate in tissues alter prolonged 
exposure to even low quantities of iead, The 

most hazardous heavy metal monitored on 
lhe SWine farms in the dJstrlct of Hodonin, 

Czech Republk In 1994-1999 was lead. the 
major source of which being paint coats con
taining more than 0,6 g lead kg-l. mJneral 

components of comrnerdal feeds. scrap lead 
batteries put away in bams and lead-coated 
guide bars of electric lines (t}lrleh. et al ..• 
2001). 

It was Jndlcated that the highest mean 
concentration of mercury (o.408:t0.145) was 

in Uver sandWiches from street vendors. The 
results revealed that levels of mercury resl
dues In all the street vended foods wcre 
within Egyptlari standard permlsSlble llmJts 
table(2i. These results agreed with samek. et 
aL. (1997) who found that the highest mean 
concentration of mercury Oess than 0.01 
p,p,m.} was 1n bed and thts level was within 
the standard pennissible UmUs Samek. et 
a1,. (1997). 

The main sources of mercury contamlna-
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Uon may be industrial wastes. pestiCides and 
fungicides. The mercury escapes tnto the air 

and soU and get accumulated in fodder 
piants and hence, In animal tissues. (Irfana _, 

ct aI., ZOO.?). 

Table (2) showed that the highest levels of 
copper and nickel (O.379±O.134. O.197±Q.098) 
were In kofia., respectlvely, In case ()f Zinc, 

the highest mean concentration (2,B62,±O,200) 
was in sausage. Our ~ults Indicated that 
levels of mercury, copper. rocket and ZInc in 
aU the samples of street vended foods were 
withIn th~ Egyptian standard permissible Um
Its table (2]. 

The maJn source of contamJnation of foods 
wHh copper was copperware used to store ffi' 

cook foods. Copper, although not essentially 
toxic. cmlld cause public health hazards tn 
high concentrations In humans. 19~30 mg of 
orally Ingested copper from . foods stored In 

copper vessels might cause intestinal dl5e()m· 
fort.. dizzJness and headaches, whlle excess 
accumulation of copp~r in liver may result in 
hepatltIs or cirrhosis and In a hemolytic crisIs 
slmUar to that seen in acute copper poisoning 
{RaJmane. et at •• 1986 and Brito. ct aI,. 

1000). 
Copper 1s essential component of various 

enzymes and It plays a key role In bone for
mation, skeletal mineralization and in main
taining the integrtty of the connective tissues. 
It Is essential element but Its concentration 
in the livers of mutton suggests that It may 
not be used frequently and get accumulated 
in large concentratlons. (lrfaDa.. et aI., 

20041. 

It 'WaS found that levels of Zinc {microgm/ 
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gmJ in hamburger, sausage. hamburger regu
lar and hamburger deluxe sandWiches collect:. 
ed from franchIsed chains In Utah in Maxico, 

were 26:±5. 23± 6, 31±7 and 36±IQ" respec
tively (II1rK., ct aL. 1001). 

Abou-Arah (200 1) found Zn and Pb in dif· 
ferent types of meat products in concentration 
ranges of 7.3~Ll mg kg"l and 0.010 .... 0. 001 

mg kg"!, respectlvely, Abou-Arab (2001), 

Jo""f. et aL, (1097) reported that the 
highest concentration of zinc was tn the liver 
and the lowest was in meat tlssue of cattle. 
The low concentration of zinc may be attrtbut
ed to zinc dt'.ficlent soUs, consequently the 
fodder/cereals avaIlable to cattle are deficient 
of zinc, Perhaps, this Is one of the reasons for 
Jow tiSsue content of zinc. (Jozef. et aI., 

1997l. 

The levels of ntckel. were detertn!ned In 
samp1es of meat, liver from cattle from Swed

ish slaughter houses. 1be mean levels of niek
el were found to be in the range <O.OlO,,(),015 

rug/kg. regardless of the type of tlssue. (Lars 

Jorbeml. ct'at •• 120081. 

SJ.m.aJr.ova. et aL. U99S) reported a Zinc 
level upw 83,2 mg kg'1 In beef. {Sbnatova, 

et aL. 19931 . 

Food and diets high in protein were found 
to ha\--e Wgh zin(: (oats. et at ••• 1972). The 
major sourCe of readily bioavailable zinc 1n 
theUS diet is beef (Welahand aDd lla.J:1JtOQ, 

1982). 

Highest copper concentration was found in 

the llver of mutton (318.82 ppm) and towest 
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15,Olppml in the lean meat of mutton. The 
copper concentration in the Uvers of mution 
wat} higher than the permissible llmit of 200 

ppm IANZFAl (Irlima " ct aI .. 2004). 

IJukhacheva and. Bezel (1995J found high 

levels of copper and zinc in the liver of beef, 
Mu):bacheva an4 Bue1. (1995), 

1t was Illustrated that frozen commercial 
IXlrk products£ham and sausage) obtained 
from retail outlets of Chinna cIty. had copper 
leVet~ or 0,37 mg kg-l and 0.536 rug lqrl .• re~ 
spectIvely .while .• the eadm1um levels were 
0.230 mg kg-!, 0.238 mg kg"l,. respectively.!n 

case of lead., levels were 1.966 rug kg-I and 

1.352 rug kg"l., for ham and sausage .• respec· 

tlvely. At the same time. ZIIlC levels were 
34.813 mg kg-I and 35.718 rng Iqrl .. respee

tively. (SanofbJ .• et al .• 2008. Larkbt. et at .• 
1954 ..... d Brito. et al., 1990). 

lb\Jmane, ct at., (1986) reported high con

centration of copper in salami samples (13.8 

ppm) However none of the samples In this 
study had copper content exceeding the MPL 

(20 ppm) prescrtbed by MFPO (1973) in meat 
products, RaJma.ne. et at .• (1986). 

It was found that tile I:ltreet vended food 
samples showed significantly higher levels of 
heavy metals than restaurant food samples 
ITable 3) . The high levels may be due to the 
conditions under which street vended foods 
are sold, there 15 concern that food may be 
contaminated by heavy metals. These contam
Inants may come from the utensUs, raw ma

terials, or transport methods used and may 
also occur due to tile lack of appropriate stor
age facilities. 

153 

OUr results indicated that levels of hea'\>y 
metals in street V{'.nded food samples were 

v.ilhin the Egyptian standard pennlsstble lim

its with the exception of cadmium and lead 
whieh exceeded the limits ITable 3). This was 
attrtbuted to possIble leachIng from the uten
sIls. Further tests showed that lead from the 
pots obtained from lnformal manufacturers 
could leaeh tnto the food. These pots are 
manufaetured using serap metal that could 
come from diverse sources such as derelict 
cars, car battertes and industrtal machlnery, 
wh1eh are obviously not suitable for use 'With 
foods (McDSah .. ctal., 20(2). 

A study carried out in Accra revealed that 
street food vendors souree their pots and oth
er utensils from both formal and Infonnal 
manufacturers I retaIlers. Interviews with 
vendors in Harare showed that some of their 
utensIls eome from tnfonnal sourees. This 
was attrtbuted to the fact that when police 
raid these vendors, they usually eonflscate 
their wares, IncludIng the pots and utensils. 
For fear of losing their more expensive pots. 
the vendors resort to using infonnalJy fabri
cated pots, thereby exposing consumers to 
the possibility of food cOntamination by 
heavy metals (Mensah. et aI •• 2002). 

PIimary contamination of meat products 
with heavy metals may be due to the contami
nation of meat JtseU. Secondruy contam1na.~ 

tlon may occur due to processIng and addi
tion of splees., like pepper whieh eontalns 
higher levels of lead ;:.2.5ppm (Larklue •• et 
aI., 1954). 

It was found that the highest zinc concen
traUon (66.26 ppm) was tn the lean meat of 
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beef. All the v-.uucs in the study samples were 
below the permissible llmit (150 ppm) set by 
Australia New Zealand Food Authotity (ANZ~ 
FA). 

COCLUSIONS 
AND RECOMMENDA'lYONS 

In conclusion. the present study Indicated 
that levels of heavy metals in restaurant and 
street vended food samples were Within the 

Egyptian standard permissible lImits except 
levels of cadmium and lead tn street vended 
food samples were exceeded the llmlts. hence, 
there Is a need for CQncerted efforts to Im~ 
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prove the safety of street vended foods " The 
food handlers need more Information on food 
safety, which can be d1ssem1nated through 
various media outlets such radios. television. 
posters and bJllboaros, The street food ven
dors themselves cOncede that there is need to 
re-emphaslze the important points of the hy~ 
gtenJc handling of food through on~Slte train~ 
Lng and regular vis1ts from the health inspec

tors.food vendors should be encouraged to 
operate from designated places and local au' 
thoritles should provide the necessary infra, 

structure In order to improve the safety of 
street vended foods, 
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