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ABSTRACT 

Objective: Food safety is a major concern at present. The increasing demand of food safety 

has accelerated regarding the risk associated with food consumption contaminated by heavy 

metals. Ready-to-eat foods make up a significant proportion of the daily food intake. Metals are 

non-decomposable and are recognized as main environmental contaminants causing cytotoxic, 

mutagenic and carcinogenic effects in human and animals. Thirty seven random samples of 

ready-to-eat shawerma were collected from different restaurants located at Sohag city to 

determine their cadmium and copper contents. Cadmium and copper were determined using 

Atomic Absorption Spectrophotometer. The analyzed shawerma samples revealed that their 

content (ppm) for cadmium was ranged from 0.127-3.622 with mean of 0.899± 0.114. while 

copper content (ppm) was ranged from 1.560-31.800 with mean of 4.093±0.829. In comparing the 

obtained results with the maximum permissible limits set by different Organizations, all 

examined samples showed high Cd level (0.898 ppm) than that recommended by EOSQC (1993) 

as 0.1 ppm; WHO (2000) as 0.1 ppm; and European Commission (2008) as 0.05 ppm while only 4 

samples (10.818%) exceed the limit of EOSQC (2005) as 2 ppm. For copper, many samples 

exceed these limits where 1 sample (2.702%) higher than EOSQC (1993) limit 15 ppm and 

ESCDA (2002) limit 20 ppm and 2 samples (5.405%) were higher than European Commission 

(2006) limit 10 ppm.  
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INTRODUCTION 

Environmental exposure through food is considered as an important source of heavy 

metal in developed countries (Johri et al., 2010). Heavy metal pollutants can contaminate the 

products during processing through raw materials, cooking utensils, food packaging and spices 

used during processing of meatball, corned beef, beef burger and sausages (Raikwar et al., 2008). 

Street food vendors obtain their pots and utensils from both formal and informal manufactured 

using scrap metal obtained from diverse sources such as derelict cars, car batteries and industrial 

machinery Heavy metals from these pots could reach into the food (Mensah et al., 2002).  

 According to the Agency for Toxic Substances and Disease Registry (ATSDR, 1999), 

foods account for more than 90 percent of human exposure to cadmium (Cd) through eating 

foods containing it; low levels in all foods but highest in liver and kidney meats. Cd is a very toxic 
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heavy metal, which accumulates inside the body particularly kidneys leading to kidney stones. 

Generally, the ingestion of Cd may result in acute gastroenteritis manifested by sudden onset of 

vomition, diarrhea and abdominal pain. Moreover, Cd poisoning may result in a Itai-Itai disease 

which is characterized by severe pain, soft bones and death which may occur as a result of renal 

failure (Kazantzis, 2004).  

Cadmium is present in various materials as anticorrosive coating, pigments (specially 

red and yellow), stabilizers, material galvanization, battery components (nickel-Cd), and 

eliminated gas from motor vehicles, phosphate fertilizers, pesticides, plastics and glass. These Cd 

contamination sources are constantly introduced into environment (soil, water and air) and can 

poisoning animals when ingested and/or inhaled (Patra et al., 2005; Miranda et al., 2006; Swarup 

et al., 2007). 

Cadmium is a mineral element highly toxic to animals and humans (Swarup et al., 2007; 

Stanevičinė et al., 2008) and not essential to physiological and biochemical functions (El-Sharaky 

et al., 2007; Djuić-Ćosić et al., 2008).  Relatively low cadmium exposure may give rise to skeletal 

damage, evidenced by low bone mineral density (osteoporosis) and fractures (Alfven et al., 2000; 

Nordberg et al., 2002). Animal experiments have suggested that cadmium may be a risk factor 

for cardiovascular disease (Jarup et al., 1998). 

The IARC has classified Cd as a human carcinogen (group I) on the basis of sufficient 

evidence in both humans and experimental animals (IARC, 1993). Cd can be fetal in cases of 

acute poisoning, affect avian population by altering reproductive success behaviour, immune 

response and physiology, and may induce cancer in cases of chronic exposure (Burger and 

Gochfeld, 2000). Cd is a cumulative toxic agent with a biological half-life of 10-30 years. 

Accurately, Cd acts on sulphhydryl groups of essential enzymes and also binds to albumin, 

phospholipids and nucleic acids, interferes with oxidative phosphorylation and replaces zinc in 

enzymes so changing their activities (Bernard, 2004). 

Copper (Cu) is an important constituent in a number of different enzymes in man and 

animals; it accumulates mostly in muscle and liver acting as essential element for haemoglobin 

formation and hair keratin. However, it may be toxic for both animals and humans causing liver 

cirrhosis and liver debilitating condition in continuous ingestion. Accordingly, ingestion of 

excessive doses of Cu may lead to Wilson's disease which manifested by destruction of nerve cells, 

liver cirrhosis, aschitis edema and hepatic failure (Irfana et al., 2004). 

The physiologic roles of essential metals are well known e.g. Cu (amine oxidases, 

caeruloplasmin, dopamine hydrolase and collagen synthesis)(Marias and Blackhurst 2009). The 

physiologic roles of essential metals are due to the fact that these metals are components of 

enzymes and proteins. The deficiency of these elements could induce disease conditions e.g. Cu 

deficiency is known to induce hypertension, increase blood cholesterol (hypercholesterolemia) 

and low density lipoproteins fraction increment in blood which add to the conditions favouring 

heart attack. The intake of essential metals above threshold limits could cause toxicity problems 

(Singh and Taneja, 2010). 
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Copper is an essential trace element for animals and man. It is released into the 

environment primarily via mining, sewage treatment plants, solid waste disposal, welding and 

electroplating processes, electrical wiring materials, plumbing supplies (pipes, faucets, braces, 

and various forms of tubing) and agricultural processes. It is a common component of fungicides 

and algaecides. Agricultural use of Cu for these purposes can result in its presence in soil, ground 

water, farm animals (grazing animals like cows, etc.) and many forms of produce (ATSDR, 

1990).  

Since these metals are bio-accumulated in the tissues of plants, animals and so inside the 

human body resulting in many disorders and toxicity (even in low doses in toxic metals or large 

doses in essential metals). Thus, this study aimed to determine the level of cadmium and copper 

in ready-to-eat meals of shawerma. 

MATERIALS AND METHODS 

Samples: Thirty Seven random samples of ready-to-eat shawerma (of meat origin) were 

collected from different restaurants located at Sohag city. The samples were packed in 

polyethylene bags and directly transferred to the laboratory for determination of cadmium and 

copper. 

METHODS 
1- Digestion of samples: One gram of each sample was macerated by sharp scalpel in a screw 

capped tube. Five milliliters of the digestion mixture (60 nitric acid 65% and 40 ml perchloric 

acid 70-72%) were added to the tissue sample. The tubes were tightly closed and the contents 

were vigorously shacked and allowed to stand overnight. Then the tubes were heated for 3 hours 

in water bath adjusted at 70°C to ensure complete digestion of the samples. Finally the tubes 

were cooled at room temperature and then diluted with 25 ml distilled water, and filtered by 

using filter paper. The filtrate kept at room temperature until analyzed for cadmium and copper 

contents (Khan et al., 1995). 

2- Estimation of metals: Cd and Cu were determined in the central laboratory of Chemistry 

Department, faculty of Science by using Atomic Absorption Spectrophotometer (Buck model 210 

VGP)(Buck Scientific Inc. East Norwalk, CT (USA)(Agemain et al., 1980). 

Calculation and Quantitative determination of heavy metals: The concentrations of 

heavy metals were calculated as ppm (mg/kg) on wet weight according to the following equation: 

Metal concentration (mg/kg) wet weight = CxV/W Where C is the concentration of the metal in 

the sample extract as determined by AAS (mg/l), V is the volume of the extract (ml) and W is the 

weight of the sample (g). 

3- Statistical analysis: Data obtained were statistically analyzed using descriptive statistics 

according to SPSS 14 (2006). 

RESULTS 
The results were summarized in table (1 and 2) and figures (1-3). Cd (ppm) was ranged from 

0.127-3.622 with mean of 0.899 ± 0.114 while Cu content (ppm) was ranged from 1.560-31.800 

with mean of 4.093 ± 0.829 (Table 1 and Fig. 1). 
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  Table 1: Cd and Cu levels (mg/kg) in the analyzed ready-to-eat shawerma samples. 

Detected 

metal 

Number of 

investigated 

samples 

Minimum-Maximum  

(mg/kg, ppm wet weight) 

Mean ± S.E. Maximum permissible 

limit (ppm) of EOSQC 

(1993) 

Cadmium 37 0.127 – 3.622 0.899 ± 0.114* 0.1 

Copper 37 1.560 – 31.800 4.093 ± 0.829* 15 

   *: Means highly significant different from that of EOSQC limit at p≤0.05. 

   EOSQC: Egyptian Organization for Standardization Quality and Control. 

 

  Table 2: Number and percentage of samples of shawerma that exceed the maximum permissible limits      

   set by different authorities. 

Detected 

metal 

No. of 

samples 

Number of samples and their percentage that exceed the MPLs (mg/kg) set 

by different authorities. 

  EOSQC 

(1993) 

EOSQC 

(2005) 

WHO 

(2000) 

FSCDA 

(2002) 

European 

Commission 

(2006) 

Cadmium 37 

(100%) 

0.1* 

37 (100%) 

2* 

4(10.811%) 

0.1* 

37(100%) 

-------- 0.05* 

37 (100%) 

Copper 37 

(100%) 

15* 

1(2.702%) 

-------- ------- 20* 

1(2.702%) 

10* 

2(5.405%) 

    *: Maximum permissible limits (MPLs)(mg/kg) set by different authorities. 

    EOSQC: Egyptian Organization for Standardization Quality and Control. 

    FSCDA: Food Stuffs Cosmitics and Disinfectant Act. 

    WHO: World Health Organization. 
 

 

Fig. 1: Cadmium and copper levels (mg/kg wet weight) in examined shawerma. 

 

 

Fig. 2: Percentage of the examined samples of shawerma that exceed the 

maximum permissible limits of Cd set by different authorities. 
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Fig. 3: Percentage of the examined samples of shawerma that exceed the  

maximum permissible limits of Cu set by different authorities. 

DISCUSSION 

Heavy metals are potentially harmful to most organisms even in very low concentrations 

and have been reported as hazardous environmental, as toxic heavy metal can cause 

dermatological diseases, skin cancer and internal cancers (liver, kidney, lung and bladder), 

cardiovascular disease, diabetes, and anemia, as well as reproductive, developmental, 

immunological and neurological affects in the human body (Johri et al., 2010). Nowadays, the 

environmental pollution by heavy metals is considered as one of the most serious problems in the 

world. Emissions of heavy metals to the environment occur via a wide range of pathways, 

including air, water, soil, natural and anthropogenic sources, rapid industrialization, increase in 

road traffic, consumer habits and life style (Voutsaand and Samara, 2011). 

Food is a vital substance required by all organisms for the sustenance of life, and its 

associated functions, such as growth, development, and maintenance of the body (Iweala et al., 

2014 and Izah et al., 2015). Most food materials are derived mainly from plants (fruits, 

vegetables, cereals, tuber, grains, etc.) and animals (Izah et al., 2016). Food provides the body 

with essential resources, such as vitamins and minerals. Foods are typically classified according 

to readiness and convenience to consumption. Some are consumed without further preparation 

(i.e., ready-to-eat food) and the category that requires further processing before consumption. 

The consumption of ready-to-eat (RTE) food has increased. Iwegbue et al. (2013) attributed the 

increase in the consumption of ready-to-eat food to increased mobility, itinerary workers, and 

low home-centered activities.  

Shawerma is among the most popular of all snacks in the Arab world. Most often made 

from beef meat. It is cut into thin slices and arranged on a vertical skewer from which individual 

servings are shaved. A popular way to serve shawerma is in sandwich form, rolled into a flat 

round of bread and garnished with finely chopped tomatoes, parsley, lettuce, onions, and tahini 

(sesame) sauce. 
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CADMIUM 

The analysis of shawerma samples revealed a cadmium level ranged from 0.127 to 3.622 

mg/kg wet weight with a mean of 0.898 (table 1 and fig. 1). In comparing the obtained results 

with the maximum permissible limits set by different organizations, all examined samples showed 

high Cd level (0.898 ppm) than that recommended by EOSQC (1993) as 0.1 ppm; WHO (2000) as 

0.1 ppm; and European Commission (2006) as 0.05 ppm while only 4 samples (10.818%) exceed 

the limit of EOSQC (2005) as 2 ppm (Table 2 and Fig. 2). 

Added spices such as pepper, mustard and other common spices have been reported to 

contain significant quantities of some heavy and trace metals (Gupta et al., 2003). The high 

significant differences between the examined samples could be attributed to different breeding 

environments, variations in the daily sources of food, and the individual inherent capacity of the 

animals to excrete heavy metals. However, the higher Cd concentrations in the examined RTE 

samples than in the examined fresh samples may be due to adding cooking spices and herbs 

(garlic, onion and pepper) which contain cadmium and pesticides may be a source of cadmium as 

recorded by (Krejpcio et al., 2007).  

Presence of Cd in foods poses grave danger to public health and safety (Mohammed et al., 

2013). Cd is toxic to virtually every system in the animal body. Though Cd is almost absent in 

human body at birth, it accumulates with age. There are reports in which Cd accumulated in the 

kidney and liver over a long time that interacts with a number of minerals mainly zinc (Zn), iron 

(Fe), Cu and selenium (Se) due to chemical similarities and competition for binding stage 

(Hussain et al., 2012). It is also reported that Cd can affect calcium (Ca), phosphorus (P) and 

bone metabolism in both industrial and people exposed to Cd in general environment. 

In this study cadmium levels (ppm wet weight) in shawerma were lower than that obtained 

by Shaltout et al. (2003) as 1.741-3.861 with a mean value of 2.185,  but higher than that recorded 

by Fatin (1998) who revealed the mean value of Cd in shawerma in Kalyobia governorate was 

0.092±0.008 ppm, by Sharkawy and Amal (2003) as 0.067 ± 0.006,  by El-Tawwab (2004) as 

0.195-0.281 and 0.241±0.004, Hala and Shireen (2008) as 0.338±0.435 ppm, Essa et al. (2007) as 

0.010±0.005, Elham-Elshewey et al. (2015) as 0.03-0.58 (0.31±0.03) for rural locations and 0.04-

0.79 (0.41±0.05) for urban areas in Kalubia Governorate, Egypt. 

The development of industry and the increasing number of vehicles become some factors 

which increase pollution. The advances of technology, industrial activities and the increase in 

road traffic have led to a significant increase in environmental contamination. The presence of 

some metal pollutants is everywhere, especially Cd, this metal pollutant spread out into animal 

rations and food chain, thus it may increase the possibility of toxic effects in humans and animals 

(Farmer and Farmer, 2000; Nnorom et al., 2007; Javed et al., 2009).  

Iwegbue et al. (2008) detected Cd in chicken meat in different locations in southern 

Nigeria was ranged from of 0.01-1.27 mg/kg and Gonzalez-Weller et al. (2006) determined that of 

cadmium 1.68 ppm in chicken meat from Spain markets. 

The levels of metals in foods are of great importance because of the wide role of metal ions 

in health and diseases which include the requirement for intake of essential trace elements to the 
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toxicity associated with metal overload (Hague et al., 2008). Cd cannot be tolerated at low 

concentrations because they are exceptionally toxic to human (Suppin et al., 2006). For example, 

the toxicity of heavy metals could be by the displacement of physiologically appropriate metal: 

Cd can replace Cu and Fe in cytoplasmic and membrane proteins. Especially in divalent form, 

the free metal ions can promote the generation of superoxide and hydroxyl radical which, in 

turn, can lead to oxidative damage of lipids, nucleic acids and proteins (Marias and Blackhurst, 

2009). Cd has been linked to skeletal damage (Jarup, 2003). 

The presence of heavy metal residues particularly in fast foods is potentially hazardous to 

human specially children. 

COPPER 

Copper content in the examined shawerma samples was ranged from 1.560 to 31.800 with 

mean as 4.093±0.829 mg/kg (ppm) (table 1, fig.1). When comparing these results with the 

permissible limits set by different authorities for copper showed that many samples exceed these 

limits where 1 sample (2.702%) higher than EOSQC (1993) limit 15 ppm and FSCDA (2002) 

limit 20 ppm and 2 samples (5.405%) were higher than European Commission (2006) limit 10 

ppm (Table 2, Fig. 3). 

Copper is a common component of fungicides and algaecides and released to environment 

from sewage, plumbing supplies (pipes, tubes) so leads to their presence in soil, ground, water, 

and farm animals (ATSDR, 1990). Copper is widely distributed in nature, being used in its 

various forms, and Cu sulphate is used as pesticides, fungicides and herbicides (Lebre et al., 

2005). 

 This result may be attributed to widely use of Cu in cooking utensils and water 

distribution systems, as well as fertilizers, bactericides, fungicides, algicides and antifouling 

paints. It is also used as animal feed additives and growth promoters, as well as for disease 

control in livestock and poultry (WHO, 1998).  

The mean Cu concentrations (mg/kg wet weight) in examined ready-to-eat shawerma in 

this study was 4.093±0.829. This level is higher than that observed by Essa et al. (2007) who 

found that Cu concentrations in examined ready-to-eat  sandwiches of shawerma was 0.954 ± 

0.170 ppm, Ferreira et al. (2005) who detected copper mean value in chicken meat thigh 0.07 and 

breast 0.04 (mg/100gm), by Iwegbue et al. (2008) from different locations in Nigeria found that 

copper level was ranged from 0.01-5.15ppm in chicken meat and by Hala and Shireen (2008) who 

found The mean value of copper was 2.854 ± 2.642 ppm in shawerma. 

Copper, Mn, and Zn are added to poultry diets (premix) to enhance their weight gain and 

disease prevention (Sims and Wolf, 1994; Jackson et al., 2003). The addition of copper sulfate 

(125 or 250 mg kg -1) to broiler chicken diet enhances weight gain and feed efficiency (Miller et 

al., 1986) while Fe and Zn are supplemented to balance the ratio (Tazisong et al., 2005). 

Copper is known to be essential at low concentrations but it is toxic at high levels. 

Accordingly, ingestion of an excessive dose of Cu may lead to severe nausea, bloody diarrhea, 

hypertension and jaundice. Moreover, chronic Cu poisoning may result in what is known 
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“Wilson’s disease” which manifested by destruction of nerve cells, liver cirrhosis, ascitis, oedema 

and hepatic failure (Gosel and Bricker, 1990). 

The occurrence of Cd and Cu in this type of food may results from environmental 

contamination like gases, fumes and particulate materials containing metal which result from 

emission due to industrial activities, from contaminated air, water, and soil (which absorbed by 

plants used directly by human or used as a feed for animals) or from the raw (uncooked) 

materials used for the processing of food. 

So, the continuous consumption of sandwiches contaminated with cadmium exceeding the 

safe permissible limits may result in a potential health hazards through progressive irreversible 

accumulation in human body. 

For obtaining these ready-to-eat  meat meals with a minimal metal pollution: 

- The manufacturing of such products should be done inside the restaurants and shops 

away from the motor vehicle exhaust especially at the areas of high traffic density.  

- The presence of contaminants must be reduced more thoroughly wherever possible by 

means of good manufacturing or agricultural practices, in order to achieve a higher level of 

health protection, especially for sensitive groups of the population.  

- Due to the fact that some heavy metals have the tendency to cause irreparable damage to 

the human body, their concentration in ingested ready to eat fast foods need to the monitored. 

- Applying food safety standard on a product is very important because it relates closely to 

human’s health. Good food product has a high nutritional quality, as well as free from physical, 

chemical and biological contaminations. 

- Any maximum level adopted at Egyptian Standard level will have to be reviewed 

regularly to take account of the advance of scientific and technical knowledge and improvements 

in manufacturing or agricultural practices with the objective of achieving steadily decreasing 

levels. 
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قًاس مضتىٍ الكادمًىم والنحاس في الصاورما الجاهشَ للأكل في 

 مدينُ صىهاج

محمىد الضًد هعبير

1 

، احمد عبد الباقٌ شزقاوٍ الصزيف 

2

 

 مصز –جامعه صىهاج  -مضتصفٌ صىهاج الجامعٌ –سمًل  -1

 مصز -جامعه أصًىط -كلًُ الطب البًطزٍ –قضم الطب الصزعٌ والضمىم  -2

 :الملخص 

عينةة اةرمر و هةرىزة ل تة  تةم ه نيةر  ةع ال مةرعم ال نتاةرة  37في ىذه الدراسة تم استخدام عدد 
 -قسةم التي يةةرل ت يةةةج ة سةمىرج   تةةم تل ية  ىةةذه النينةرت جماسةةمة هيةرز ار تاةةرف الةذر  المي ةةينةةفةي  دي
 هر نو أسيمم مذلك لقيرس  ستم  الترديمم مالنلرس جير  -الن مم

 قةةةدره ج تمسةةةم 3م622م  الةةةي 127( التةةةرد يممت يتةةةرامح  ةةةع 1)مقةةةد أتيةةةرت النتةةةروي أع  سةةةتم  
 قةةةةدره ج تمسةةةةم 31م855الةةةةي  1م565( النلةةةةرست يتةةةةرامح  ةةةةع 2م  هةةةةزل فةةةةي ال  يةةةةمع )114±5م899
أع  ستم  الترد يمم في ت  النينرت يزيد  - مج نرقاة ىذه النتروي تجيعت م  هزل في ال  يمع 829±4م935
م  تةةم 2555، 1993اللةةدمد ال سةة مح جيةةر  ةةع ىيوةةة ال قةةرييس ال اةةرية ل هةةمدة مال مااةة رت  عةةمام عةةع 

 نرقاة ىذا النتروي ل ر تا  و  ع خممرة ع ي الإنسةرع نتيهةة ارسةت رار فةي اسةتياك ىةذا النةمط  ةع المنةرم 
 ت ف ال رال  الن ريو ل ر فيو  ع النسب النرلية  ع الترد يمم التى ت ث  خمراً ع ى ال ستي تيع فى  خ

فةي ىيوةة ال مااة رت  واق   ع اللد ال سة مح جة اهجرلنسجة الي عنار النلرس فقد تجيع اع  ستم  -
  ةةر يننةةي اع اسةةتياك ىةةذا النةةمط  ةةع المنةةرم  2556مارتلةةرد ا مرجةةي لنةةرم  1993مالهةةمدة ال اةةرية لنةةرم 

جا ة  ست رة يؤد  الي نقف في عنار النلرس  ع الهسةم اع لةم ي تةع ىنةرك تةمزع فةي ىةذا النناةر  ةع 
ة التةي تنةتي عنيةر جنةم ا  ةرام مخراةة فةي ال ماد الغذاوية ارخر  مىذا جدمره يؤد  الةي اطةمراجرت متي ية

 ا م ر  مالسيدات اللما   مالرهر  تجير  السع 
 لذلك تىصٌ الدراصُ بما يلِ:

ع   فلف دمر  ليذه ا من ة ل لد  ع ال  مثرت الجيوية مخراة عنار الترد يمم ل ر قد يسةججو  -
  ع إ رام تجيرة ع ي  ستي تي ىذا النمط  ع الغذال 

جرلقماعةةد مال مااةة رت التةةى تطةةنير الييوةةرت ال نت ةةو فةةى ىةةذا الاةة ع  ةةع ليةةث النسةةب ارلتةةزام  -
 ال س مح جير  ع ت ك الننرار فى  ث  ىذه ارنماط  ع ارم و 

أع تتمع ال ماد ال ستخد و فى ىذه ا من و )للمم أجقرر أم دماهةع ،  تةجات ، اطةرفرت ئذاويةو،  -
 ل س مح جير  اريرً معرل يرً التر يمم أم ع ى ا ق  فى اللدمد اجيررات( خرليو  ع الننرار الثقي و  ث  


