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ABSTRACT

Forty one white bread samples were collected from street in different
Egyptian local markets located in six governorates in Egypt during 2005. The samples
were subjected to heavy metals analysis to determine lead (Pb), cadmium (Cd), and
copper (Cu) levels. The bread samples were digested by wet digestion method, using
conc. nitric acid (65 %) and measured by Atomic Absorption Spectrometer (AAS).
Thie results revealed that all tested samples were contaminated with at least one
element of the three investigated elements. Data showed that Cd and Cu were the
most frequently detected elements, where the contamination percentage was 100%.
However, Pb detected in 73.2% of the total number of samples analyzed. The highest
mean concentration values of Pb and Cu were detected in bread samples collected
from Qaluobiya governorate. However, the iowest mean values of Pbh and Cu were
detected in the samples collected from Miufiya and Et Sharkiya governorates,
respectively. The highest concentration level of Cd detected in bread sampies
collected from Cairo governorate; while, the lowest mean value recorded in samples
collected from El Sharkiya governorate. Also, diefary exposures to Pb, Cd, and Cu
clements were mathematically estimated to evaluate the risk to consumer due to their
dietary intakes. The estimated weekly intakes (EWI s} of Pb, Cd and Cu for a 60 kg
adult consuming 1507.1 g of white bread per week were 1.34, 0.3, and 42.7 (ug/kg
hody weight /week), respectively, which contribute 5.4%, 4.3%, and 1.22% from their
respective provisional tolérable weekly intake values (PTWls) (Pb: 25; Cd.7; Cu 3500
ug/kg body weight/iweek).

INTRODUCTION

Heavy metals are among the most frequently encountered
contaminants in the environment. Several reports have focused on the
residues of numerous heavy metals in foodstuffs (Cabrera et al., 1995;
Llobet et al., 1998). Other reports have delineated on the contammation of
the cereal products, including bread with heavy metals. (Hubbard and
Lindsay, 1979) reported that the major route of man’s exposure to heavy
metal was ingestion. Even in the case of lead where the use of leaded
petrol products ambient lead levels higher than other heavy metals
pollutants, direct inhalation contributes iess to the total body burden than
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ingested lead. The main contributors, therefore, to heavy metals in the body
were the foods consumed.

In Egypt, bread is a major component of people’s diets. The per
Capita consumption of bread is-among the highest in the world, and bread
is one of the few commodities still on the government'’s subsidy list (Ahmed
et al., 2000). Local bread is produced in a number of different types of
bakeries. In cities, most of the bakeries are either fully or partially
automated. Solar and natural gas are main sources-of energy used to
operate these bakeries, although a considerable number of bakeries are
using mazout, a heavy fraction of petroleum product (fuel no. 6). Electricity
operated bakeries are also available, though in relatively small numbers.
On the other hand, bakeries in the country side are less well equipped and
many of them are fueled with agricultural and municipal solid waste. The
levels of some heavy metals in bread and cereal have been studied in
different parts of the world because of the paramount importance of these
food materials and the heavy reliance of some societies on them (Devos et
al., 1990; Lodovici et al., 1995). On the other hand and despite the high
magnitude of bread consumption in Egypt, meager attempts were
conducted to mape out the concentration levels of these contamlnants in
bread (Youssof, 1999)

The aim of this study was to determine the levels of Cu, Pb, and Cd
in white bread collected from streets where bread is sold in the open and
exposed to various air borne contaminants from different governorates in
Egypt. Moreover, the daily intake of three investigated élements based on
consumption was ascertained.

MATERIAL AND METHODS

A total of forty one white bread samples collected from streets in
different iocal markets located in six governorates in Egypt (Calro Giza,
Minufiya, ismalia, Sharkyia, and Qalyubiya) during 2005,

Sampling:

Ten loaves of each bread samples were cut into small pieces and
mixed thoroughly to determine the cadmium, lead, and copper levels in the
different bread samples.

Apparatus and Equipments:

- Atomic absorption spectrometer (AAS) (Analytical technology, INC.
Unicam 929) equipped wnth graphlte furnace with autosampler and flame
atomic absorption.

Method of analysis:
- An analytical method of (NMKL, 1991) was selected for
determination of Pb, Cd, and Cu where it is suitable for all kinds of food
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types. Wet digestion is recommended for samples from which easily
volatizing like Pb, and Cd.
1. Digestions:

Three gram of homogenized bread samples-were transferred to glass
digestion flasks with 10 ml of conc. HNO3. The solutions were boiled for 72
hours, depending on the sample matrix. The nitric acid solution was
evaporated, and the residue was fransferred with 0.3- N HNO3 into 25 mi
volumetric flasks. The reagent blank was prepared as sample stating from
the wet digestion step.

2. Determinations:

Lead and cadmium were determined by Electro thermal (AAS),
using Deuterium famp for background correction, cuvette atomization and
argon gas. A mixture of NH4H2P0O4 and Mg (NO3)2 were used as matrix
modification. However, Cu was determined by flame atomic absorption
using Deuterium lamp for background correction and air -acetylene gas.

Typical furnace parameters for lead and cadmium in AAS are given in
the following table.

Step Tﬁ,’g;’ " Time (sec.) Ramp (°Clsec) ?;f/g:’,;’
Drying 120 40 30 (Cd), 10 (Pb) 2
Ashing 800 20 50 2

Atomization 1800 3 0 0
Cleaning 2500 3 0 2
Cooling 20 5 0 2

3. Quality Assurance procedures:

The criteria of quality assurance of Codex Committee are foliowed
to determine the performance of the analytical method. Recovery
percentages, accuracy, limit of determination and coefficient of variation
(CV %) were determined for the tested elements using bread samples.
Blank samples were fortified individually with 0.1, 0.03 and 4 mg/kg of Pb,
Cd, and Cu, respectively and analyzed with every set of samples. The
average recoveries of Cd, Pb, and Cu from bread samples are 85%, 102%
and 86%, respectively. The relative standard deviation (CV %) of Cd, Pb,
and Cu are 10%, 6.9% and 14.5%, respectively. The limit of determination
is 0.002 mg/kg for Cd, 0.04 mg/kg for Pb and 0.1 mg/kg for Cu. The
measurement uncertainty including random and systemic error (on 95%
confidence level) for all three elements is less than +20%.
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RESULTS AND DISCUSSION
Table (1) shows the minimum, maximum, mean of Cd, Pb, and Cu,
contaminated samples with each element monitored in 41 samples of bread
- collected from different Egyptian local markets located in six governorates
during 2005.

The results revealed that all analyzed samples, collected from
different governorates, contaminated with at least one of the three
investigated elements, and contamination percentage was 100%. Cadmium
and copper wére the most frequently detected elements in analyzed
samples, where the contamination percentage was 100%. However, lead
(Pb) detected in only 73.2% of the total samples analyzed.

Lead (Pb) was present in the environment because of air, soil, and
water pollution. Major sources of lead are exhaust fumes from cars,
industrial gases and liquid effluents, some phosphate fertilizers and
pesticides. Today, foodstuff and water are the basic sources for daily lead
intake for adults and children. As from table (1), the mean lead values in
bread samples, collected from six governorates, were ranged from 0.04 to
0.23 mg/kg. The highest mean concentration recorded in the samples
collected from Qaluobiya governorate (0.17 mg/kg). However, the lowest
mean value (0.04 mg/kg) detected in samples collected from Minufiya
governorate. The highest contamination percentage of Pb detected in the
bread sampies collected from Cairo governorate, where 90.5% of all
samples coliected from Cairo were contaminated with Pb. The most
probable sources of contamination for lead transferred to bread structure
may be the wheat flour and tap water used in bread production or may be
due to the environmental poilution with lead. The main sources of the lead
pollution in the environment may be ‘industrial production processes and
their emissions, road traffic with leaded petrol, the smoke and dust
emissions of coal and gas fired power stations.

Cadmium is a metal as toxic as lead. It is such a cumulative poison, and
mainly accumulated in kidney and liver in human beings. Food and
especially bread are the major source for cadmium intake of human body
(Tati et al. 1976; Biddle, 1982; Dunnick and Fowler; 1988; Robards and
Worsfold, 1991). The minimum, maximum, and the mean concentrations of
Cd in bread samples collected from different governorates are summarized
in table (1). Data showed that all bread samples collected from all six
governorates were contaminated with Cd contaminant, and the mean
cadmium values were varied between 0.006 and 0.015 mg/kg. The highest
mean cadmium value was found as 0.015 mg/kg in bread samples obtained
from Cairo governorate. However, the lowest mean value was recorded in
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samples collected from El Sharkiya governorate. The contamination with
Cd may be due to the biosphere contamination due to its emission in the
industrial processes such as batteries, metal melting and refining, coal and
oil-fired power stations, electroplating plants, etc.

Copper {Cu) has been recognized as an essential element for many
years, due to its presence in important proteins and enzymes. High levels
of Cu can cause acute toxicity. Human deaths have been known to occur
from deliberate ingestion of large quantities of copper sulfate. As shown in
the table (1), all bread samples collected from six governorates were
contaminated with Cu, and the mean copper levels were ranged between
1.13 and 2.3 mg/kg. The highest mean value of the samples was detected
in samples collected from Qaluobiya governorate. While, the lowest mean
concentration recorded in the samples collected from ElI Sharkiya
governorate. The copper came mainly from the erosion of overhead cables
by railway traffic. In addition, as for the other heavy metals, ferrous and non
ferrous metal production processes, the treatment of waste, sand
combustion are all, to varying degrees, major sources of copper in the
environment. ,

Numbers of studies were carried out to determine the lead, cadmium,
and copper contents in bread samples. In Finland, the lead, cadmium, and
copper contents were found as 8-16 ug/kg, 14-30 pg/kg, and 1.5-3.2 mg/kg
in different bread types (Tahvonen and Kumpulaninen 1994a; Tahvonen
and Kumpulaninen 1994b). In case of comparison of these values with
those obtained from our study, it was determined that mean lead value is
53.3 (ug/kg) higher than Finland and the mean cadmium value (12 pg/kg)
was lower than those obtained in Finland, In addition, the mean copper
value (1.7 mg/kg) of this study is in the range that of Finland The lead and
cadmium contents were found as 64.6+18.8 pg/kg, 49.4+14.1 ug/kg in
white bread samples in Greece (Tsoumbaris and Tosukali, 1994), which is
less from the present data. In Turkey, the lead, cadmium and copper
contents were found as 28:6 pg/kg, 4 ug/kg, and 0.7 mg/kg (Demirézii, et.
al. 2003), which were less than the present data. The lead content was
found as 257.3 ug/kg, in Egypt, (Iskander et. al., 1992,
murcottj@who.int.Ahmed et al., 2000). In case of comparison of these
values with those obtained from our study, it was determined that mean
lead value is less than the previous studies conducted in Egypt. However,
the mean cadmium value was higher than that of Egypt
Dietary exposure to Cd, Pb, and Cu: .

* The daily intake of an element from food consumptlon is dependent
on the element concentration in food and an amount of food consumed. The
Global Environment Monitoring System / Program (GEMS/Food, 2003)
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recommended daily consumption of 215.3 g of white bread per day in the
Middle Eastern. The estimated weekly intakes (EWT) values shown in table
(2) were calculated by assuming that a 60 kg individual will consume 215.3
g of bread per day. Thus, the EWI values table (2) of trace elements by an
adult (ug/kg body weight) consuming of 1507.1 g of bread /week equal to
mean concentration of element (pg/kg) multiplied by the amount of bread
consumed per week (Kg) and divided by the average weight of an individual
(60 Kg). The results in table (2) showed that the estimated weekly intakes
(EWI s) of Pb, Cd and Cu were 1 34, 0.3, and 42.7 (pg/kg body weight
/week), respectively, which contribute 5.4%, 4.3%, and 1.22% from their
respective provisional tolerable weekly intake values (PTWI) recommended
by the expert committee on food additives (}omt FAO /WHO Expert
Committee on Food Additives, 2004). The PTWIs in pg/kg body weight are
as follows: Cd: 7; Pb : 25, and Cu: 3500. '

The provisional tolerable daily intake values established from (Joint
FAO/WHO Expert Committee on Food Additives, 2004) for the adults that
have 60 kg, body weight is 214 ug for Pb, 60 ug for Cd, and 30 mg for Cu.
In calculations made by taking the mean, median, and maximum of each
metal obtained in our study and the weight values, give the following results
for each metal (table 2). The table showed ‘that all the estimated daily
intakes values (EDIs) and rate percentage (%) in mean, median, and
maximum metal levels basis were below their respective provisional
tolerable daily intakes values, So there is no health risk from the
consumption of white bread and bread has no 31g1nﬁcant role in the dietary
intakes of heavy metals

Conclusion:

The levels of trace metals in 41 samples of white bread collected from
different local markets located in six governorates in Egypt were determined
the results from this study suggested that:

e All bread samples analyzed were contaminated with at least one element
of the three investigated elements. -

e Cadmium and copper were the most frequently detected elements, where
the contamination percentage was 100%. However, Pb detected i in 73.2% of
the total number of samples analyzed. -

e The highest mean concentration value of Pb and Cu detected in bread
samples collected from Qaluobiya governorate Whﬂe the lowest mean
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values of Pb and Cu were recorded in samples collected from Miufiya and

El Sharkiya governorates, respectively.

¢ The highest concentration level of Cd detected in bread samples collected

from Cairo governorate; however the lowest mean value recorded in El
Sharkiya governorate.

e The estimated weekly intakes values (EWI s) of Pb, Cd and Cu from

weekly consumption of 1507.1 g of white bread pose no risk since they

were lower than the respective established provisional tolerable weekly

intakes of these elements. Also, the estimated daily intakes values (EDIs)

and rate percentage (%) in mean, median, and maximum metal levels basis

were below their respective provisional tolerable daily intakes values, So

there is no health risk from the consumption of white bread and bread has
no significant role in the dietary intakes of heavy metals.

Table (1): Minimum, Maximum, Mean in (mg/kg), number and
percentages of Contaminated samples and the analyzed
metals residues in bread samples collected from different
governorates in Egypt during 2005.

Toldne.  Confaminates °°"“’“"‘:§f Mean,
' of samples Elements elemen Min, Max, In
Commodity  Govemorales  gompag saheemenl 1y imoka)  inimgke)  (mokg
malyzed T —_— )
No. % No. %
Bread Caino P A 10 = B 05 0 T R Y
cd 2100 0.004 0.11 0.015
Cu 7100 113 26 174
Giza 9 9 09 Pb 5 558 0.04 0084 0055
‘ o 3 M 0.004 002 0000
Cu 5 100 13 341 197
Minufiya 2 2 100 Fb 1 5 0.04 .04 0.04
cd 7 1m0 0.008 4.01 0,008
Cu 7 113 7 144
Qalyubiya 3 11w Ph 7 867 0.1 0.23 017
ol 3100 0.004 0M3 (000
Cu 31 14 36 23
ismalia 4 4100 Pb 2 80 0.04 007 005
cd 3 100 0.002 0013 0008
Cu 3 29 185
Sharkiya 2 2 1 Pb 1 50 0.1 0.11 0.1
. ¢d 2 0 0.004 0008 0006
Cu 2 100 14 115 113
Total no, of a a0 Pb w732 :
samples Cd 41 100
Cu a1
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Table (2): Estimated daily intakes (EDI) and estimated weekly intakes (EWI) by adults consuming

bread
The estimated values in wet weight Daily estimated intake values -
basis n &0~ The dally Rate s Estimated
{(ugikg} in {pg'kg body weight) intake value P‘ro.villgpal ) mekry_
establishsd o intakes in
Metal from JECFA | m::' (;vm] t‘t:mufhodym Athol
" Calculsted  Calculated  Calculated In Calculstad  Cak Caloulated s £ g PTWI
ean Median Maxlmum valug from valus from value from (ugidayl60kg  valuetrom  valuefrom  wvalue from welght) calculated
maan madian maximun body weight} mean macdian maximum from mean
Pb 513 L] 230 1148 ) 8.61 49.52 24 54 4 2394 25 134 54
Ccd 12 ] 119 258 194 ) 23.88 80 43 383 08 I 0.3 43
Ca 1800 1700 - 3606 r.54 386 mt 0000 : 13 122 28 3500 427 122

** The dietary Intake of each metal was calculated by multiplylng the concentration of these metals. in bread by the welghts of that group
Consumed per capita (215.3 g/person/day) (GEMS/Food Regional Diets, 2004). Food consumption of whlte bread in Middle

Eastern Is 215.3 (g/person/day).

*** The rate (%) of each metal was caiculated by division the estimated Intake to the daily intake value establlshed from JECFA and by
multiplying by 100.
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