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INTRODUCTION

Environmental pollution with heavy metals in 
Egypt derives from rapid industrial growth, ad-

vances in agriculture fertilizers and urban human 
activities. Pollution by the metal and its by-products 
dispersion during production, recycling and disposal 
impaired health of the population. According to State 
Information Service (SIS, 2013) in Egypt; Assiut and 
Qena are agricultural as well as industrial provinces. 
Assiut host big industries such as: fertilizers, phar-
maceuticals, cement, and petrol. Qena is well known 
for Aluminium Complex Factory, which is one of the 
biggest industrial plants in the Middle East, in addi-

tion to paper, cement, natural gas, light tar, spinning 
and weaving, as well as non-woven fabric and plastics 
industries. 

Heavy metal contamination is a major problem of our 
environment and they are also one of the major con-
taminating agents of our food supply (Gholizadeh et 
al., 2009; Khairy, 2009). Uncontrolled pollution levels 
particularly in developing countries have drawn more 
attention to the heavy metal problem. Metals of ma-
jor interest in bioavailability studies, as listed by the 
U.S. Environmental Protection Agency are alumin-
ium, arsenic, cadmium, chromium, copper, mercury, 
nickel, lead, selenium, and antimony (McKinney and 
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Rogers, 1992). Lead, cadmium, aluminum and nickel 
were selected, in this study, because of their potential 
for human exposure and increased health risk. Lead 
and cadmium are among the main toxic and abundant 
metals which accumulate in food chain (Dermirezen 
and Uruç, 2006) and easily absorbed from atmospher-
ic air and from the digestive tract (Krejpcio and Tro-
janowska, 2000). Exposure to lead may cause kidney 
and nervous system problems as well as inhibit heme 
synthesis (Berny et al., 1994). However, cadmium is 
known to be an endocrine disturbing substance and 
may lead to the development of prostate and breast 
cancer as well as kidney and skeletal damage in hu-
mans (Saha and Zaman, 2012; Nordberg et al., 2002). 

Food is unquestionably the main source of aluminium 
intake. Exposure is unavoidable because of the wide 
use of this element in day-to-day life and in indus-
try. For many years, aluminium was not considered a 
health threat because of its relatively low bioavailabil-
ity. In 1965, animal experiments suggested a possible 
connection between aluminium and Alzheimer’s dis-
ease; the findings of Alfrey were the first to establish 
a connection between neurologic diseases of dialysis 
patients (Alfrey et al., 1976). In addition, Aluminum 
is well known as a neurotoxicant and has been shown 
to have deleterious effects on skeletal and hemato-
poietic systems of humans (Domingo, 1995). Nickel 
is a known hematotoxic, immunotoxic, hepatotoxic, 
pulmotoxic and nephrotoxic agent. Nickel confirms 
lethal if it surpasses the allowed amount in edibles 
(Nriagu and Pacyna, 1988). 

The World Health Organization (WHO) reported 
that about a quarter of the diseases facing mankind 
today occured due to prolonged exposure to envi-
ronmental pollution (UNEP, 2008). The number of 
Egyptian population with kidney failure, due to heavy 
metal exposure, is about 35000 and the incidence rose 
scary as it exceeding 4% at a rate of 500 patients per 
million populations (Abdalla, 2012). In addition, the 
prevalence of renal failure, liver cirrhosis, and chronic 
anaemia diseases was markedly increased among the 
Egyptian population in the last few years due to envi-
ronmental pollution with high exposure to metal poi-
soning (Salem et al., 2000). 

Poultry is a more efficient feed converter and has a 
shorter production cycle than red meat animals. Re-
sponding to increased demand, Egypt’s poultry meat 

production has trended upward over the last 40 years. 
Rising demand for poultry meat pushed poultry to 
44.3 percent of total domestic production (Taha, 
2003). Relatively low and competitive prices as well as 
dietary and nutritional properties, compared to oth-
er meats, are main factors explaining poultry meat’s 
attractiveness. The increasing demand of food safety 
has accelerated research regarding the risk associated 
with food consumption contaminated by heavy met-
als (Mansour et al., 2009). Estimation of the potential 
risks to human health through the target hazard quo-
tient method (THQ) associated with intake of heavy 
metals via consumption of poultry is a must for Egypt 
ian population safety. Although the THQ -based risk 
assessment method does not provide a quantitative 
estimate of the probability of an exposed population 
experiencing an adverse health effect, it does provide 
an indication of the risk level associated with pollutant 
exposure. This method of risk estimation has recently 
been used by many researchers and has been shown 
to be valid and useful (Akoto et al., 2014; Saha and 
Zaman, 2012; Wang et al., 2005; Chien et al., 2002). 
In Egypt, chicken muscle and liver are a major source 
of animal protein to the population and are widely 
consumed. Consequently, The Egyptian population 
face challenges related to food quality and safety. 
According to our best knowledge health risk assess-
ment of heavy metals for Egyptian population via 
consumption of poultry edibles is not reported. Ad-
ditionally, there is no available data about Al levels 
contaminating poultry muscles or liver. The present 
work aimed to determine the concentration of heavy 
metals (Pb, Cd, Al and Ni) in the liver and muscle 
of poultry collected from Assiut and Qena in Egypt. 
Although muscle tended to accumulate low concen-
trations of metals, it is important to compare their 
levels to the known guideline safe levels because mus-
cle constitutes the greatest mass of the poultry that is 
consumed. It is also necessary to assess the potential 
health risk of heavy metals to local residents by poul-
try edibles consumption.

MATERIAL AND METHODS 

Sample Collection and Preparation
Forty eight liver and thirty six muscle samples were 
collected from broiler poultry farms in Assiut and 
Qena Provinces. Assiut farms are private farms with 
capacity ranged from 3000 to 4000 birds. While, Qena 
farms are governmental farms with 15000-20000 
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birds’ capacity.  The samples were collected from 35-
42 days –old age birds. Collected samples were trans-
ported in an ice box to the laboratory then kept at 
-20°C until analysis.

All laboratory equipments and containers were washed 
with Nitric acid 10% solution prior to each use to en-
sure cleaning. About 5-6 gm of each tissue sample 
was cut into small pieces and dried in hot air oven at 
80°C until reaching a constant weight. The dried tis-
sues were homogenized and grinded to a powder. One 
gram of each dry sample was weighed, transferred 
into screw caped glass bottle and 3 ml of nitric acid 
high grade (68%) (Merck KGaA, 64271 Darmstadt, 
Germany) was added and the mixture was left over-
night at room temperature. Digestion was completed  
in a water bath at 90°C for about 1-2 hour until the 
tissue completely dissolved and the solution become 
clear (Al-Weher, 2008).  The digests was allowed to 
cool, filtered through Whatman (Ashless no. 42) filter 
paper, then transferred to 25ml volumetric flask and 
made up to mark with deionized water. Metal analysis 
(Pb, Cd, Al, and Ni) was carried out in the Central 
Laboratory of the Faculty of Veterinary Medicine; 
Assiut University using a ZEEnit 700P Atomic Ab-
sorption Spectrophotometer with Graphite Furness 
Unite (AASG). 

Sample Analysis
Aqueous standard stock solutions were prepared for 
Pb, Cd, Al, and Ni using appropriate salts (Merck 
KGaA, 64271 Darmstadt, Germany). Working cali-
bration standards of Pb, Cd, Al, and Ni were prepared 
by serial dilutions of concentrated stock solutions of 
1000 mg/L. Four working standards were prepared in 
triplicate for each metal by serial dilution of the stock 
solution. These standards and blank solution were as-
pirated into AASG as described by the manufacturers 
to obtain the absorbance of each of the samples. A 
calibration curve for the absorbance versus concen-
tration of the standard metal concentrations was pre-
pared for each metal from which calibration graph for 
each of the metals in the sample was determined as 
described by Nnaji et al. (2007). 

Quality Control and Recovery 
Determination
The detection limit for each metal was calculated as 
double the standard deviation of a series of measure-
ments of a solution, the concentration of which is dis-

tinctly detectable above, but close to blank absorbance 
measurement (USEPA, 1983). In addition, a recov-
ery study of the total analytical procedure was carried 
out for metals in selected muscle samples by spiking 
analysed samples with different concentrations of al-
iquots of metal standards (a multi-element standard 
solution) and then reanalysed the samples. All de-
terminations were replicated three times. In order to 
determine the reliability of instruments, a blank and 
known standard were run after every 10 samples. Ac-
ceptable recoveries for the metals were 104.3% for Pb; 
89.8% for Cd; 85.3% for Al and 107.1% for Ni. Heavy 
metal concentrations are expressed on a dry tissue ba-
sis and given as µg/gm dry weight (µg/g d wt). Calcu-
lated moisture content of the muscle and liver samples 
were 73.6%± 261 and 74.7± 2.7%, respectively. 

Determination of Target 
Hazard Quotients (THQ)
Health risk to Egyptian population from poultry in-
take was characterized by Target Hazard Quotient 
(THQ). This is the ratio between the exposure and 
the reference doses (RfD). Rfd represents reference 
oral dose that is an estimation of the daily exposure of 
a contaminant to which the human population may 
be continually exposed over a lifetime without an ap-
preciable risk of harmful effects (Akoto et al., 2014). 
RfD value for Pb, Cd, Ni and Al is 0.004, 0.001, 0.02 
and 1(µg/g bw/day) respectively (USEPA, 2006). The 
population will pose no risk if the ratio is less than 1 
and if the ratio is equal or greater than 1 then popu-
lation will experience health risk. The following equa-
tion is used (Chien et al., 2002):

Where THQ is the target hazard quotient; EF is ex-
posure frequency (365 days/year); ED is the exposure 
duration (70 years, average lifetime); FIR is the food 
ingestion rate (g/day); C is the heavy metal concentra-
tion in poultry (µg/g); RfD is the oral reference dose 
(mg/kg/ day); BW is the average adult body weight 
(70 kg); and AT is the averaging exposure time (365 
days/ year × number of exposure years, assuming 70 
years). 
 
Hazard Index (HI)
To evaluate the potential risk to human health through 
more than one heavy metal, the hazard index (HI) has 
been developed (USEPA, 1989). The hazard index is 
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Figure 1: Mean concentration of heavy metals Pb, Cd, Al and Ni expressed as µg/g d wt in (a) liver samples 
and (b) muscle samples from Assiut and Qena broiler farms. 
abc: means with different letters are significantly different (p<0.05)

the sum of the hazard quotients as described in the 
following equation:

HI = Σ HQ = HQ Pb + HQ Cd + HQ Al + HQ Ni

Where Σ HQ is the summation of hazard quotients 
of metals and HQ Pb; HQ Cd; HQ Al and HQ Ni 
are the hazard quotients for lead, cadmium, alumini-
um and nickel, respectively. It is assumed that magni-
tude of adverse effect will be proportional to the sum 
of multiple metal Exposures. The hazard index for the 
toxic element Pb, Cd, Al and Ni has been calculat-
ed in the present study. When the hazard index ex-
ceeds 1.0, there is concern for potential health effect 
(Huang et al., 2008).

Statistical Analysis
The data was statistically analysed using SPSS version 
19 statistical package programs. A one- way analysis 
of variance (ANOVA) was performed. Differences in 
mean values were accepted as being statistically sig-
nificant if P< 0.05. The means were separated using 
Tukey’s test. The statistical significance of the correla-
tion was reported at both P ≤ 0.01 and P ≤ 0.05levels.               

RESULTS

Heavy metals (Pb, Cd, Al, and Ni) were estimated in 
Liver and muscle samples from Assiut and Qena broil-
er farms. Figure 1 (a & b) shows the mean concentra-
tion and standard deviation of the analysed metals. 

Irrespective of the poultry source, the range in μg/g 
(dry weight) obtained for the heavy metals in liver 
samples analyzed were as follows: Al (13.6 ±5.9), Ni 
(4.1 ±2.8), Pb (2.75 ± 1) and Cd (0.66 ± 0.8). Howev-
er, heavy metal concentrations (μg/g dry weight) from 
muscle samples (breast or leg muscle) analyzed were 
as follows: Al (9.27 ± 2.8), Ni (4.78 ± 3.3), Pb (2.8 ± 
0.9) and Cd (1.6 ± 1.5). The mean concentration of Al 
in liver samples collected from both Qena and Assiut 
broiler farms was significantly higher (P<0.05) than 
the level of the other examined metals as observed 
in figure 1 (a). Additionally, it was clear that the Al 
concentration in liver samples collected from Qena 
(16.44 µg/g d wt) was significantly higher (P<0.05) 
than the concentration in liver samples collected from 
Assiut (8.44 µg/g d wt). On the other hand, Cd level 
in liver samples from Qena was 0.24 µg/g d wt and 
from Assiut was 1.41 µg/g d wt, which indicate that 
Cd levels were significantly lower than the levels of 
Pb, Al and Ni in both Assiut and Qena.

Data about the levels of Pb, Cd, Al, and Ni in muscle 
samples collected from Assiut and Qena broiler farms 
was presented in Figure 1(b). Among the tested met-
als, mean concentration of Al (10.1 µg/g d wt) was 
significantly higher (p<0.01) in muscle samples col-
lected from Qena than the other examined elements. 
While in muscle samples collected from Assiut the 
mean concentration of Ni was the highest (7.9 µg/g 
d wt) followed by that of Al (7.74 µg/g d wt). How-
ever, in muscle samples from both Assiut and Qena 
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Table 1: Estimated weekly and daily metal intakes (µg/week or µg/day w wt) for Egyptian population 
consuming poultry edibles

        Assiut   Qena 

Metals PTWI PTWI 70 PTDI Muscle Liver Edible parts Muscle Liver Edible parts

Pb
EWI
EDI

25 1750 250
 
 

6.1
0.9

1.6
0.2

 
7.6
1.1

8.3
1.2

1.3
0.2

 
9.6
1.4

Cd
EWI
EDI

7 490 70
 
 

7.4
1.1

0.7
0.1

 
8.0
1.1

2.4
0.3

0.1
0.02

 
2.5
0.4

Al
EWI
EDI

1000 70000 10000
 
 

20.5
2.9

3.9
0.6

 
24.4
3.5

27.4
3.9

8.6
1.2

 
36
5.1

Ni
EWI
EDI

35
 

2450
 

350
 
 

18.7
2.7

1.2
0.2

 
20.0
2.9

8.3
1.2

2.6
0.4

 
10.9
1.6

PTWI: Provisional permissible tolerable weekly intake (µg/kg body weight/week) according to JECFA 2004 and 2011; 
PTWI 70: PTWI for 70 kg person (µg/week); PTDI: Permissible tolerable daily intake for 70 kg person (µg/day); EWI: 
Estimated weekly intake (µg); EDI: Estimated daily intake (µg)

Figure 2: Estimated potential health risks for Pb, Cd, Al and Ni via consumption of poultry by (a) Target hazard 
quotients (THQ) and (b) Hazard index for the Egyptian population in Assiut and Qena. The population will 
experience health risk if THQ ratio for individual metal or HI for the sum of metals is equal or greater than 1 
EP: edible parts (liver and muscle)

the lowest concentration of the analysed metals was 
recorded for Cd (0.88 µg/g d wt and 2.44 µg/g d wt, 
respectively). Additionally, Al level was significantly 
higher (p<0.01) in liver samples (13.6 µg/g d wt) than 
in muscle samples (9.27 µg/g d wt), however, Cd levels 
were significantly higher (P<0.01) in muscles samples 
(1.6 µg/g d wt) than in liver samples (0.66 µg/g d wt). 

The results obtained in this study were compared 
with the maximum permissible limits for Pb, Cd and 
Ni. The Egyptian Organization for Standardization 
(EOS 1993) suggested 2, 0.5 and 10 ug/g wet weights 
as guideline limits for Pb, Cd and Ni in food, respec-
tively. The levels in this study were much below those 
limits from all samples, except for Cd, 33% and 66% 
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of liver and muscle samples from Assiut exceeded the 
Egyptian limit, respectively. The concentrations of Pb 
and Cd from liver and muscle samples in both Qena 
and Assiut exceeded the permissible limits of 0.2 µg 
Pb/g wet weight and 0.05 µg Cd/g wet weight stipu-
lated by the European Communities (EC, 2001), ex-
cept liver samples in Qena, only 73% was higher than 
the standard guideline limit for cadmium. The per-
missible limit of Ni is 4μg/g (FNB, 2010). Our results 
revealed that both liver and muscle samples collected 
from Qena and Assiut showed nickel level below the 
permissible limit.

The total dietary exposure levels of heavy metals 
(Pb, Cd, Al, and Ni) determined in this study were 
compared with the provisional tolerable weekly in-
takes (PTWIs) to assess potential health risks faced 
by consumers as shown in table 1. The PTWI rep-
resents permissible human weekly exposure to those 
contaminants associated with the consumption of the 
contaminated organs. It can be observed that the es-
timated weekly intake of the examined metals in liver 
and muscle samples as well as edible parts (liver and 
muscle) either from Assiut or Qena was below the 
PTWI. The data presented in figure 2 (a & b)showed 
that the THQ and HI value for Cd in muscle samples 
and edible parts collected from Assiut are more than 
1.0 and the highest value for HI was found in edible 
parts from Qena (1.346) and Assiut (2.662) indicat-
ing high potential risk to human health.
 
DISCUSSION 

Concentrations of Heavy Metals 
in Poultry Edibles and Comparison 
with International Dietary 
Standard and Guidelines
Heavy metals, in general, are non-biodegradable, have 
long biological half-lives and have the potential for 
accumulation in the different body organs leading 
to acute as well as chronic toxic effects (Radwan and 
Salama, 2006). Negative effects of heavy metals are 
particularly dangerous to birds, whose metabolism is 
more rapid compared to other groups of animals. They 
are, therefore, exposed to a greater threat of accumu-
lating heavy metals in their bodies (Felsmann, 1998).
The concentration average and standard deviation of 
heavy metals in poultry edibles analysed in Assiut and 
Qena are presented in figure 1 (a & b). Among the 
studied metals, Al concentration was the highest and 

Cd was the lowest in poultry edibles analysed, except 
for muscle samples from Assiut the highest metal wa 
nickel. 

Metals have been shown to accumulate in poultry 
muscle than liver except for Al. Similar observation 
was recorded by Iwegbue et al. (2008)  in Nigeria, 
which obtained  higher levels of  metals (Cd, Pb, Ni, 
Cu, and Zn) in chicken meats compared to gizzard. 
However, our result is not in agreement with some 
reports which tend to show that internal organs of 
poultry as liver and kidney accumulate Pb and Cd 
more than muscle (Zhuang et al., 2009; Falandysz et 
al., 1994; Oforka et al., 2012). In addition, the sig-
nificantly higher Pb accumulation in parenchyma-
tous organs was confirmed by Kramárová et al. (2005) 
who detected the highest Pb concentration in kidneys 
(0.115 to 0.780 µg/g) and in livers (0.177 to 1.904 
µg/g) in wild animals. Moreover, gonads, liver, kidney 
and gills, were reported to be target organs for heavy 
metal accumulation in fish and can lead to pathologi-
cal changes than in the muscle tissues (Yilmaz, 2003). 
According to Allen-Gil and Martynov (1995) the 
low levels of binding proteins in the fish muscle may 
account for their low concentrations of heavy metals. 
Distribution of pollutants among the various organs 
within an organism is not uniform but rather they ac-
cumulate in specific target organs (Terra et al., 2007). 
The amount of an element, which accumulates in the 
organs, depends on the interval of exposure, the quan-
tity of ingested element, as well as animal age and 
breed (Massányi et al., 2000). However, element tox-
icity is affected by the route and form of ingestion as 
well as by the interaction between essential and toxic 
elements (Skalická et al., 2008).

Lead and Cadmium
Pb and Cd are classified among the most toxic heavy 
metals which have no known biochemical benefits to 
animals and humans (Akoto et al., 2014). The wide 
spread industrial production of perfumes, batteries, 
oils and fats, cement-making, quarrying (especially 
limestone), and brick-making, as well as, agricultural 
discharges, sewage effluents, high ways or motor boat 
traffic, mine and smelting operations, consider main 
sources of lead in the environment. Discarded man-
ufactured materials to air, soil, water, and food have 
led to widespread human and animal intoxication 
(Humphreys, 1991; Mahaffey, 1977). The predomi-
nant sources exposure to Cd are through lubricating 
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oils, diesel oil, fertilizers and rubber car tires as well 
as, the use of fertilizers and sludge containing Cd 
(Skalická et al., 2002).  With inhalation and ingestion 
as exposure routes, animals in the environment have 
the potential to act as sentinels for lead and cadmi-
um contamination of water, air, and soil (Ceruti et al., 
2002; Bischoff et al., 2010). 

It was obvious that there is a great variation between 
guideline limits from Egypt and the international 
limits. Levels of Cd and Pb were under the permissi-
ble limits of the Egyptian Organization Standardiza-
tion (EOS, 1993) except for Cd in Assiut. However, 
Cd and Pb have concentrations greatly above the safe 
limits recommended by EC. This is of interest con-
sidering that Cd and Pb are toxic and their accumula-
tion may lead to serious health issues. The absorption 
of heavy metals varies to certain extent depending on 
various factors. Diet, rich in carbohydrates but poor 
in proteins, calcium and phosphorus accelerates ab-
sorption of lead into blood (Sanderson and Bellrose, 
1986). Moreover, Pb ingested during period of fast-
ing gets absorbed to a much greater extent than lead 
ingested with food (WHO, 1992). Clinical signs of 
acute Pb poisoning in chickens include muscle weak-
ness, ataxia, loss of appetite, marked weight loss, and 
eventual drop in egg production and/or severe anemia 
(Salisbury et al., 1958). Chronic exposures may also 
result in degeneration of motor nerves in the spinal 
cord and axonal loss in peripheral nerves, along with 
muscle atrophy and myodegeneration (Kaufer, 1979). 
Even trace levels of lead in the diet (1.0 mg/kg) can re-
sult in growth retardation (Bakalli et al., 1995). More-
over, ingested Pb resulted in elevated blood levels and 
deposition in bone, soft tissues and eggs (Trampel 
et al., 2003). In addition, the accumulation of trace 
amounts over time in humans, of particular concern is 
the potential for children to be exposed throw acute 
neurotoxic effects or abnormal neurodevelopment in 
chronic lead exposure (Canfield et al., 2003). Excess 
Pb is known to reduce the cognitive development and 
intellectual performance in children and to increase 
blood pressure and cardiovascular disease incidence in 
adults (EC, 2001). 

Cadmium is an environmental contaminant unique 
among metals because of its diverse toxic effects, ex-
tremely protracted biological half-life, low rate of ex-
cretion from the body and predominant storage in soft 
tissue (Beňová et al., 2007). Tissue Cd concentrations 

in animals are closely related to Cd levels in feedstuffs 
and the duration of Cd load (Bokori et al., 1995). Ab-
sorption and accumulation of Cd in tissue seems to 
be determined by a wide range of factors: nutritional 
and vitamin status, such as iron status, age and sex 
(Torra et al., 1995; Flanagan et al., 1978). Cd Food is 
the most important source of cadmium exposure in 
the general non-smoking population in most coun-
tries (WHO, 1992). Cd exposure may cause kidney 
damage including a tubular dysfunction, evidenced 
by an increased excretion of low molecular weight 
proteins or enzymes. Skeletal damage, first reported 
from Japan in the 1950s, called the itai-itai (a combi-
nation of osteomalacia and osteoporosis) which may 
occur in relatively low cadmium exposure, evidenced 
by low bone mineral density (osteoporosis) and frac-
tures (Staessen et al., 1999; Alfven et al., 2000; Nord-
berg et al., 2002). Animal experiments have suggested 
that cadmium may be a risk factor for cardiovascular 
disease ( Jarup et al., 1998; Nishijo et al., 1995). The 
International Agency for Research on Cancer has 
classified Cd as a human carcinogen (group I), for 
prostate and kidney cancer, on the basis of sufficient 
evidence in both humans and experimental animals 
(IARC, 1993).

It can be illustrated that Pb and Cd content of muscle 
and liver exceeded the permissible limits and higher 
than that reported by other researchers. Comparing 
our results with the previously reported metals data in 
poultry, it can be noticed that Cd and Pb levels were 
higher than those reported by Oforka et al. (2012) 
for liver and muscle in Nigeria. Cd level in poultry 
muscle reported by Falandysz et al. (1994) in Poland, 
Mariam et al. (2004) in Pakistan, Gonzalez-Weller et 
al. (2006) in Spain and Badis et al. (2014) in Algeria 
was lower than those detected in our study. 

Pb concentration from poultry muscle was higher 
than those reported by Gonzales- Weller et al. (2006), 
Iwegbue et al. (2008) and Zhuang  et al. (2009) and 
lower than the level obtained by Mariam et al. (2004)  
and Badis et al. ( 2014).

Aluminum
Al is the third most abundant elements in the earth 
crust and biological system probably evolved in the 
presence of appreciable concentrations (El-Rahman, 
2003). Exposure is unavoidable because of the wide 
use of this element in day-to-day life and in indus-
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try (Bohrer et al., 2008). Al is used to make beverage 
cans, pots and pans, airplanes, siding and roofing, and 
foil. Aluminum compounds are used in many diverse 
and important industrial applications such as alums 
(aluminum sulfate) in water-treatment and alumina 
in abrasives and furnace linings. Widespread uses of 
the metal have stimulated considerable interest in 
their toxicity. Contaminated food is unquestionably 
the main source of Al intake (FAO/WHO, 2011). 

Al has been shown to have deleterious effects on the 
central nervous, skeletal, and hematopoietic systems 
of humans (Domingo, 1995). The neurotoxicity of 
Al to patients with chronic renal disease is well es-
tablished (Daugirdas, 1994), and its presence in the 
bloodstream leads to Al accumulation in bone and 
brain causing an encephalopathy called dementia dia-
lytica. Several studies have pointed to Al as an exogen 
factor responsible for developed anemia signs both 
in experimental animals (Zaman et al., 1993; Ful-
ton and Jeffery, 1994) and patients on hemodialysis 
(Parkinson et al., 1981). Al exposure increased del-
ta-aminolevulinic acid dehydratase (delta-ALA-D) 
activity in bone marrow which promotes alterations 
on erythrocyte parameters in rats, probably as a con-
sequence of alterations in the iron status (Farinaa et 
al., 2005). Al is well known as a neurotoxicant result-
ed from accumulated Al in brain and altered amino 
acid neurotransmitters, and its accumulation has been 
suggested to be an associated phenomenon in various 
neurological disorders as dementia, senile dementia, 
and Alzheimer disease (El-Rahman, 2003). Increased 
Al exposure can be compensated for by excretion via 
intestines and normal, healthy kidneys. Kidney insuf-
ficiency was shown to result in increased Al concen-
trations in the kidneys of dialysis patients (Krüger et 
al., 1984). In a more recent study, Al is also discussed 
as an endocrine disruptor in female Nile Tilapia (Ore-
ochromis niloticus) (Correia et al., 2010).

Within the literature of specialty, we have not found 
any reference values of the concentration of Al in the 
tissues and organs taken from poultry, only from fish 
and plants. Müller et al. (1998) determined Al con-
tent of 128 items out of 12 food categories in Germa-
ny. Al was detected in Fish as well as meat and meat 
products at concentration of 3.2 and 5.4 µg/g fresh 
weight, respectively. In Spain, The more elevated Al 
concentrations were detected in food with a greater 
content of spices and aromatic herbs, pasta, certain 

vegetables and mushroom (López et al., 2002). 

The permissible Al dose for an adult is quite high 
(60 mg/ day) (WHO, 1989). There is no information 
about maximum Al levels in poultry samples in Egyp-
tian standards. Meanwhile, the concentrations of Al 
in different poultry parts in our study were below the 
WHO limit.

Nickel
Major man-made sources of nickel release are the 
combustion of coal and heavy fuel oil. Emissions 
from refineries and from refinery products (includ-
ing road tar) are particularly important because of the 
large amount of refinery fuel oil and residues burnt 
which contain nickel from the original crude oil. Oth-
er sources include emissions from mining and refining 
operations, municipal waste incineration, and wind-
blown dust. Nickel is found naturally in the earth’s 
crust (in various forms such as nickel sulphides and 
oxides), and is present in small quantities in soils, 
aquatic environments, and vegetation (USEPA, 2000).  
There is little evidence that nickel compounds accu-
mulate in the food chain. Nickel is not a cumulative 
toxin in animals or in humans. Almost all cases of 
acute nickel toxicity result from exposure to nickel 
carbonyl (Barceloux and Barceloux, 1999). The vast 
industrial use of nickel has led to environmental pol-
lution by the metal and its by-products during pro-
duction, recycling and disposal. Nickel is known he-
matotoxic, immunotoxic, hepatotoxic, pulmotoxic and 
nephrotoxic agent. Allergic skin reactions are com-
mon in individuals who are sensitive to nickel (Das 
and Buchner, 2007). Systemic contact dermatitis from 
nickel has been reported from a number of sources 
including medical devices and following experimen-
tal oral exposure (De Medeiros et al., 2008). Nickel 
can cause respiratory problems and it is carcinogenic 
(ATSDR, 2004). Nickel compounds are carcinogenic 
to human and are potent inducers of kidney and lung 
tumors in experimental animals (Lee et al., 2001) and 
induce genotoxicity and oxidative stress through the 
generation of reactive oxygen species (Lee, 2006). Ni 
level, in our study, was much higher than those re-
ported by Oforka et al. (2012) for poultry liver and 
muscle in Nigeria. 

The permissible limit of Nickel is 4 μg/g and 10 
μg/g in food according to Food and Nutrition Board 
(FNB) and Egyptian Organization for Standardi-
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zation (FNB, 2010 and EOS 1993). None of poul-
try samples was found to contain Ni concentration 
above the permissible limit recommended by standard 
guidelines.

Estimated Human Weekly/Daily Toxic 
Elements Intake from Poultry 
However, different metals show the toxicity at dif-
ferent concentration and can potentially toxic at 
sufficient high concentrations; certain metals exhib-
it toxicity even at relatively low concentration. Pro-
visional tolerable weekly intake (PTWI) depends on 
the amount, consumption period and contamination 
level of consumed food. The FAO/WHO in 2004 
established PTWI of 7 and 25 µg/kg body weight/ 
week for humans, equalling 490, 1750 µg/week for 
70 kg person (the average body weight in Egypt), re-
spectively ( JECFA, 2004). In addition, according to 
FAO/WHO in 2011 guidelines, the PTWI are 35 
and 1000 µg/kg body weight/ week for Ni and Al, 
equalling 2450 and 70000 µg/week for 70 kg person, 
respectively ( JECFA, 2011). The estimated week-
ly intake (EWI) values were calculated by assuming 
that a 70 kg individual will consume 100 g and 20 g 
of poultry muscle and liver serving/day, respectively. 
Thus, the EWI values of trace elements by an adult 
(mg/kg body weight) consuming poultry muscle and/ 
or liver were calculated using the averages posted in 
figure1 (i.e., EWI in mg/kg body weight = Mean con-
centration of element (µg /g wet weight) multiplied 
by the amount of poultry consumed/week (kg) and 
divided by the average weight of an individual (70 kg) 
(Table 1).

Hence, the total dietary exposure levels of heavy 
metals determined in this study were compared with 
PTWIs by the FAO/WHO ( JECFA, 2004 and 2011) 
to assess potential health risks faced by consumers. 
The result from Table 1 suggests that the EWI of Pb, 
Cd, Al, and Ni by a 70 kg adult consuming 820 g 
of poultry edibles/week in Assiut and Qena were all 
below the respective PTWIs recommended standard 
guidelines ( JECFA, 2004 and 2011).

Health Threat from Consuming 
Poultry in Egypt
Figure 2 (a & b) shows the estimated Target Hazard 
Quotients (THQ) for individual metals and Hazard 
Index (HI) from consumption of poultry in Assiut 
and Qena in Egypt. The THQ of Cd through the 

consumption of poultry muscle and edibles were more 
than 1, indicating that there is a potential significant 
health risk associated with the consumption of poul-
try from Assiut. Although Cd has the lowest con-
centrations among the studied metals,but  its health 
risk was highest. This may be due to lower reference 
dose in diet, which consequently increased the THQ. 
The THQ of Pb, Al and Ni is generally less than 1, 
suggesting that people would not experience signifi-
cant health risks from the intake of individual metals 
through poultry consumption. However, Pb may con-
sider one of the health risk contributors, accounted 
for 60% and 62% of the THQ from poultry edibles 
in Assiut and Qena, respectively. The potential health 
risk of Al was the lowest, which may be ascribed to its 
higher oral reference dose (Figure 2 a).

Health risk index (HI) for Cd was more than 1 for 
poultry muscle and edibles in Assiut as well as edibles 
in Qena and among them the highest value was found 
in edibles in Assiut (2.7) indicating high potential 
risk to the Egyptian consumers. When the hazard in-
dex exceeds 1.0, there is concern for potential health 
effect (Huang et al., 2008) as exposure to more than 
one contaminant may produce an additive effect on 
the consumer. 

CONCLUSIONS

Different concentrations of heavy metals were present 
in poultry edibles at the studied locations in Egypt. 
The estimated daily and weekly intake for Pb, Cd, Al, 
and Ni were well below the established PTWI/PTDI 
values recommended by FAO/WHO guidelines. 
Heavy metal levels were below the Egyptian stand-
ardization limits in all samples except for Cd. On the 
other hand, Cd and Pb levels exceeded the permissi-
ble limits stipulated by the European Communities 
nearly on all poultry samples. In addition, Cd has a 
THQ more than one for poultry edibles suggesting a 
health threat from Cd and Pb to the Egyptian popu-
lation in the studied locations in Egypt. 

RECOMMENDATIONS

There is a need for a continuous monitoring of con-
tamination level of heavy metals especially Pb and Cd 
since they can accumulate to toxic levels. Cd and Pb 
contents will be lowered by applying restrictions on 
the use of cement and limestone-making, fertilizers 
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and sludge containing metals. Efforts towards de-
creasing predominant sources exposure through lu-
bricating oils, diesel oil and rubber car tires for Cd 
as well as high ways or motor boat traffic, mine and 
smelting for Pb. It is recommended that more loca-
tions in Egypt be studied to determine their levels of 
contamination by heavy metals. Such studies should 
also look at contamination of poultry from more toxic 
elements like arsenic and mercury and organics like 
pesticides. This will help to provide a beneficial poul-
try contamination data base that could become a haz-
ard to human safety in Egypt. 

REFERENCES

•	 Abdalla MAE (2012). Water pollution and Renal 
Failure Seminar. Agricultural Engineering 
Department, Suez-Canal University Ismailia 
41522. Egypt. http://resolvedquestion.com/tube/
gn1rWQCv4B0/ppt-for-water-pollution-and-
renal-failure-by-dr-mohamed-abedallah

•	 Akoto O, Bismark Eshun F, Darko G, Adei E (2014). 
Concentrations and Health Risk Assessments of 
Heavy Metals in Fish from the Fosu Lagoon. Int. J. 
Environ. Res. 8(2): 403-410

•	 Alfrey AC, Legendre GR, Kaehyne WD (1976). 
The dialysis encephalopathy syndrome. Possible 
aluminum intoxication. New Engl. J. Med. 294: 
184-188. 

•	 Alfven T, Elinder CG, Carlsson MD, Grubb A, 
Hellstrom L, Persson B et al. (2000). Low-level 
cadmium exposure and osteoporosis. J. Bone Miner. 
Res. 15(8): 1579-1586

•	 Allen-Gil SM, Martynov VG (1995). Heavy 
metals burdens in nine species of freshwater and 
anadromous fish from the Pechora River, Northern 
Russia. The Sci. Tot. Environ. 160-161: 653-659.

•	 Al-Weher SM (2008). Levels of Heavy Metal Cd, Cu 
and Zn in Three Fish Species Collected from the 
Northern Jordan Valley, Jordan. Jordan J. Biol.Sci. 
1(1): 41- 46.

•	 ATSDR (2004). Agency for Toxic Substances and 
Disease Registry, Division of Toxicology, Clifton 
Road, NE, Atlanta, GA available at [http://www.
atsdr.cdc.gov/toxprofiles/].

•	 Badis B, Rachid Z, Esma B (2014). Levels of Selected 
Heavy Metals in Fresh Meat from Cattle, Sheep, 
Chicken and Camel Produced in Algeria. Annu.
Res. Rev. Biol. 4(8): 1260-1267.

•	 Bakalli RI, Pesti GM, Ragland WL (1995). The 
magnitude of lead toxicity in broiler chickens. Vet. 
Hum. Toxicol. 37(1):15-19.

•	 Barceloux DG, Barceloux D (1999). Nickel. Clin. 

Toxicol. 37(2): 239-258.
•	 Beňová K, Dvořák P, Fális M, Sklenář Z (2007). 

Interaction of low doses of ionising radiation 
potassium dichromate and cadmium chloride in 
Artemia franciscama. Acta Vet. Brno. 76: 35-40.

•	 Berny PJ, Cote LM, Buck WB (1994). Relationship 
between soil, dust lead and blood lead concentrations 
in pets and their owners: Evaluation of soil lead 
threshold values. Environ. Res. 67(1): 84-97.

•	 Bischoff K, Priest H, Mount-Long A (2010). Animals 
as sentinels for human lead exposure: a case report. J. 
Med. Toxicol., 6(2):185-189.

•	 Bohrer D,  Dessuy MB,  Kaizer R,  do Nascimento 
PC,  Schetinger MR,  Morsch VM,  de Carvalho 
LM,  Garcia SC (2008). Tissue digestion for 
aluminum determination in experimental animal 
studies. Anal. Biochem. 377(2): 120- 127.

•	 Bokori J, Fekete S (1995). Complex study of the 
physiological role of cadmium. I. Cadmium and its 
physiological role. Acta Vet. Hung. 43(1): 3-43.

•	 Canfield RL, Henderson CR Jr, Cory-Slechta 
DA, Cox C, Jusko TA, Lanphear BP (2003). 
Intellectual impairment in children with blood lead 
concentrations below 10 microg per deciliter. New 
Engl. J. Med. 348(16):1517-1526. 

•	 Ceruti R, Ghisleni G, Ferretti E, Cammarata S, 
Sonzogni O, Scanziani E (2002). Wild rats as 
monitors of environmental lead contamination 
in the urban area of Milan, Italy. Environ Pollut. 
117(2): 255-259.

•	 Chien, LC, Hung TC, Choang KY, Yeh CY, Meng 
PJ, Shieh MJ, Han BC (2002). Daily intake of TBT, 
Cu, Zn, Cd and as for fishermen in Taiwan. The Sci. 
Tot. Environ. 285(1-3): 177-185.

•	 Correia TG, Narcizo AM, Bianchini A, Moreira RG 
(2010). Aluminuim as anendocrine disruptor in 
female Nile Tilapia (Oreochromis niloticus). Comp. 
Biochem. Physiol. 151(4):461-466.

•	 Das KK, Buchner V (2007). Effect of nickel exposure 
on peripheral tissues: Role of oxidative stress in 
toxicity and possible protection by ascorbic acid. 
Rev. Environ. Health. 22(2): 157-173.

•	 Daugirdas JT (1994). T.S. Ing, Handbook of Dialysis, 
Little Brown, Boston.

•	 De Medeiros LM, Fransway AF, Taylor JS, Wyman 
M, Janes J, Fowler Jr JF, Rietschel RL(2008). 
Complementary and alternative remedies: An 
additional source of potential systemic nickel 
exposure. Contact Dermat. 58(2): 97-100.

•	 Dermirezen D, Uruç  K (2006). Comparative study 
of trace elements in certain fish, meat and meat 
products. Meat Sci. 74(2): 255-260.

•	 Domingo JL (1995). Reproductive and developmental 
toxicity of aluminum: a review. Neurotoxicol. Teratol. 
17(4): 515-521. 



NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

January 2015 | Volume 3 | Issue 1 | Page 68

•	 EC (2001). Commission of the European Communities 
Anonymous, Commission Regulation No 221/2002 
of 6 February 2002 amending regulation (EC) 
No 466/2002 setting maximum levels for certain 
contaminants in foodstuff. Official Journal of the 
European Communities, Brussels, 6 February 2002.

•	 El-Rahman SS (2003). Neuropathology of aluminum 
toxicity in rats (glutamate and GABA impairment).  
Pharmacol. Res. 47(3): 189-194. 

•	 EOS (1993). Egyptian Organization for 
Standardization. Maximum levels for heavy metal 
concentrations in food. ES 2360-1993, UDC: 
546.19:815, Egypt.

•	 Falandysz J, Kotecka W, Kannan K (1994). Hg, Pb, 
Cd, Mn, Cu, Fe and Zn concentrations in poultry, 
rabbit and sheep from the northern part of Poland. 
The Sci. Tot. Environ. 141(1): 51-57.

•	 Farina M, Rotta LN, Soares AA, Jardim F, Jacques 
R, Souza DO, Rocha JBT  (2005). Hematological 
changes in rats chronically exposed to oral aluminum. 
Toxicol. 209 (1): 29-37.”

•	 Felsmann MZ (1998). The level of chosen xenobiotics 
and morphological changes of internal organs in 
mallards (Anas platyrhynchos L.) and coots (Fulica 
atra L.). Doctor’s thesis, ART. Olsztyn, 10 

•	 Flanagan PR, McLellan JS, Haist J, Cherian MG, 
Chamberlain MJ, Valberg LS (1978). Increased 
dietary cadmium absorption in mice and human 
subjects with iron deficiency. Gastroenterol. 74(5): 
841-6

•	 FNB (2010). Food and Nutrition Board: Institute 
of Medicine. Cited in Ambadekar SR, Parab S, 
Bachankar A (2012). Determination of Cadmium, 
Copper, Nickel, Lead in Some Tea Samples in India. 
Inter. J. of Res. in Pharm. and Biomed. Sci. 3 (2): 
943-946.

•	 Fulton B, Jeffery EH (1994). Hemeoxygenase 
induction: a possible factor in aluminum-associated 
anemia. Biol. Trace Element. Res. 40(1): 9-19.

•	 Gholizadeh A, Ardalan, M, Mohammadi MT, 
Hosseini HM, Karimian N (2009). Solubility Test 
in Some Phosphate Rocks and their Potential for 
Direct Appication in Soil. World Appl. Sci. J. 6(2): 
182-190.

•	 Gonzalez-Weller D, Karisson L, Caballero A, 
Hernadez F, Gutierrez A, Gonzelex- Iglesias 
T, Marino M, Hardission A (2006). Lead and 
cadmium in meat and meat product consumed 
by the population in Tenerife Island, Spain. Food 
Addit. Contam. 23(8): 757-763.

•	 Huang ML, Zhou SL, Sun B, Zhao QG (2008). 
Heavy Metals in Wheat Grains: Assessment of 
Potential Health Risk for Inhabitants in Khunshan, 
China. The Sci. Tot. Environ. 405(1-3): 54-61.

•	 Humphreys DJ (1991). Effects of exposure to excessive 

quantities of lead on animals. Br. Vet. J. 147(1):18-
30. 

•	 IARC (1993). Cadmium and cadmium compounds. 
In: Beryllium, Cadmium, Mercury and Exposure 
in the Glass Manufacturing Industry. IARC 
Monographs on the Evaluation of Carcinogenic 
Risks to Humans, vol. 58. Lyon: International 
Agency for Research on Cancer. 119-237

•	  Iwegbue CMA, Nwajei GE, Iyoha EH (2008). Heavy 
metal residues of chicken meat and gizzard and 
turkey meat consumed in southern Nigeria. Bulg. J. 
Vet. Med. 11(4): 275: 280.

•	 Jarup L, Berglund M, Elinder CG, Nordberg G, Vahter 
M (1998). Health effects of cadmium exposure-a 
review of the literature and a risk estimate. Scand. J. 
Work Environ. Health. 24 (1): 1-51

•	 JECFA (2011). Joint FAO/WHO Expert Committee 
on Food Additives. [http://www.who.int/foodsafety/
chem/jecfa/about/en/index.html]

•	 JECFA (2004). Joint FAO/WHO Expert Committee 
on Food Additives, Summary of Evaluations 
Performed by the Joint FAO/WHO Expert 
Committee on Food Additives ( JECFA 1956–
2003), (First through sixty-first meetings). Food and 
Agriculture Organization of the United Nations 
and the World Health Organization, ILSI Press 
International Life Sciences Institute, Washington, 
DC.

•	 Kaufer I (1979). Chronic lead poisoning in young 
chickens. Berl. Münch. Tierärztl. Wochenschr. 
92(19): 380-383. 

•	 Khairy HM (2009). Toxicity and accumulation of 
copper in Nannochloropsis oculata (Eustigmatophycea, 
Heterokonta). World App. Sci. J. 6(3): 378-384.

•	 Kramárová M, Massanyi P, Slámecká J, Tataruch F, 
Jančová A, Gašparik J, Fabis M, Kováčik J, Toman R, 
Galová J, Jurčík R (2005). Distribution of cadmium 
and lead in liver and kidney of some wild animals 
in Slovakia. J. Environ. Sci. Health A Tox. Hazard 
Subst. Environ. Eng. 40(3): 593- 600.

•	 Krejpcio Z, Trojanowska E (2000). The effect of lead 
(II) and cadmium (II) ions on pepsin and trypsin 
activity in vitro. Bromatol. chem. toksykol. 33(1): 
43-48

•	 Krüger G, Morris T, Suskind R, Widner E (1984). 
The health effects of aluminium compounds in 
mammals. Crit. Rev. Toxicol. 13(1):1-24.

•	 Lee SH (2006). Differential gene expression in nickel 
(II)-treated normal rat kidney cells. Res. Commun. 
Mol. Pathol. Pharmacol. 119(1-6): 77-87.

•	 Lee SH, Choi JG, Cho MH (2001). Apoptosis, bcl2 
expression and cell cycle analyses in nickel (II) 
- orthodontic treated normal rat kidney cells. J. 
Korean Med. Sci. 16: 165-168.

•	 López FF, Cabrera C, Lorenzo ML, López MC 



NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

January 2015 | Volume 3 | Issue 1 | Page 69

(2002). Aluminium levels in convenience and fast 
foods: In vitro study of the absorbable fraction. Sci. 
Total Environ. 300(1-3): 69-79.

•	 Mahaffey KR (1977). Quantities of lead producing 
health effects in humans: sources and bioavailability. 
Environ. Health Perspect. 19: 285-295.

•	 Mansour SA, Belal MH, Abou-Arab AAK, Gad MF 
(2009). Monitoring of pesticides and heavy metals 
in cucumber fruits produced from different farming 
systems. Chemosphere. 75(5): 601-609.

•	 Mariam I, Iqbal S, Nagra SA (2004). Distribution of 
some trace and macro minerals in beef, mutton and 
poultry. Int. J. Agri. Biol. 6(5r): 816-820. 

•	 Massányi P, TrandŽÍk J, Lukáč N, Strapák P, Kováčik 
J, Toman R (2000). The contamination of bovine 
semen with Cd, Pb, Cu and Zn and its relation to 
the quality of spermatozoa used for insemination. 
Folia Veterinaria. 44(3): 150-153.

•	 McKinney J, Rogers R (1992). Metal bioavailability. 
Environ. Sci. Technol. 26(7): 1298-1299.

•	 Müller M, Anke M, Illing-Günther H (1998). 
Aluminum in foodstuffs. Food Chem. 61(4): 419-
428.

•	 Nishijo M, Nakagawa H, Morikawa Y, Tabata M, 
Senma M, Miura K, et al.  (1995). Mortality of 
inhabitants in an area polluted by cadmium: 15 year 
follow up. Occup. Environ. Med. 52(3): 181-184. 

•	 Nnaji JC, Uzairu A, Harrison MF, Balarabe M (2007). 
Heavy Metals in Muscles of Orochromis niloticus 
and Synodantis schall of River Galma, Zaria, Nigeria. 
Biol. Environ. Sci. J. Trop. 4(1): 181-189.

•	 Nordberg G, Jin T, Bernard A, Fierens S, Buchet JP, 
Ye T, Kong Q, Wang H (2002). Low bone density 
and renal dysfunction following environmental 
cadmium exposure in China. Ambio. 31(6): 478-481 

•	 Nriagu JO, Pacyna JM (1988). Quantitative assessment 
of worldwide contamination of air, water and soils 
by trace metals. Nature. 333: 134–139.

•	 Oforka NC, Osuji LC, Onwuachu UI (2012). 
Estimation of Dietary intake of Cadmium, Lead, 
Manganese, Zinc and Nickel due to consumption 
of chicken meat by inhabitants of Port-Harcourt 
Metropolis, Nigeria. Arch. Appl. Sci. Res. 4 (1):675-
684.

•	 Parkinson TS, Ward MK, Kerr DNS (1981). Dialysis 
encephalopathy, bone disease and anaemia: the 
aluminum intoxication syndrome during regular 
haemodialysis. J. Clin. Pathol. 34(11): 1285-1294.

•	 Radwan A, Salama A (2006). Market basket survey for 
some heavy metals in Egyptian fruits and vegetables. 
Food Chem. Toxicol. 44(8): 1273-1278.

•	 Saha N, Zaman MR (2013). Evaluation of possible 
health risks of heavy metals by consumption of 
foodstuffs available in the central market of Rajshahi 
City, Bangladesh. Environ. Monit. Assess. 185(5): 

3867- 3878.
•	 Salem HM, Eweida EA, Farag A (2000). Heavy 

metals in drinking water and their environmental 
impact on human health. ICEHM2000, Cairo 
University, Egypt, September, page 542- 556.

•	 Salisbury RM, Staples ELJ, Sutton M (1958). Lead 
poisoning of chickens. NZ Vet. J. 6(1): 2–7.

•	 SIS (2013). State Information Service your gateway 
to Egypt. http://www.sis.gov.eg/En/Templates/
Articles/tmpArticles.aspx?CatID.

•	 Skalická M, Koréneková B, Naď P (2008). Distribution 
of trace elements in liver and muscle of Japanese 
quails. Slovak J. Anim. Sci. 41(4): 187-189.

•	 Skalická M, Koréneková B, Naď P, Makóová Z (2002). 
Cadmium levels in poultry meat. Veterinarski Arhiv. 
72(1): 11-17.

•	 Staessen JA, Roels HA, Emelianov D, Kuznetsova 
T, Thijs L, Vangronsveld J, Fagard R (1999). 
Environmental exposure to cadmium, forearm bone 
density, and risk of fractures: prospective population 
study. Public Health and Environmental Exposure 
to Cadmium (PheeCad) Study Group. Lancet. 
353(9159): 1140-4. 

•	 Taha FA (2003). The Poultry Sector in Middle-Income 
Countries and Its Feed Requirements. The Case of 
Egypt. Agriculture and Trade Reports. United States 
Department of Agriculture. http://www.sis.gov.eg/
En/Templates/Articles/tmpArticles.aspx?CatID. 
[www.ers.usda.gov]

•	 Terra BF, Araújo FG, Calza CF, Lopes RT, Teixeira 
TP (2007). Heavy Metal in Tissues of Three Fish 
Species from Different Trophic Levels in a Tropical 
Brazilian River. Water Air Soil Pollution, 187: 275-
284.

•	 Torra M, To-figueras J, Rodamilans M, Brunet J, 
Corbella J (1995). Cadmium and zinc relationships 
in the liver and kidney of humans exposed to 
environmental cadmium. Sci. Tot. Environ. 170(1-
2): 53-57.

•	 Trampel DW, Imerman PM, Carson TL, Kinker JA, 
Ensley SM (2003). Lead contamination of chicken 
eggs and tissues from a small farm flock. J. Vet. 
Diagn. Invest. 15(5): 418-422 

•	 UNEP (2008). United Nations Environment 
Programme, Environmental Pollution and Impacts 
on Public Health: Implication of the Dandora 
municipal dumping site, Nairobi, Kenya. web: 
http://www.unep.org/urban_environment  

•	 USEPA (1983). Methods for chemical analysis of 
water and wastes. National Technical Information 
Service, U. S. Department of Commerce, Springfield, 
VA. 22161. 

•	 USEPA (1989). Risk assessment guidance for 
superfund. In: Human Health Evaluation Manual 
Part A, Interim Final, vol. I. United States 



NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

January 2015 | Volume 3 | Issue 1 | Page 70

Environmental Protection Agency, Washington 
(DC). EPA/540/1-89/002. 

•	 USEPA (2000). Guidance for Assessing Chemical 
Contaminant Data for use in Fish Advisories: EPA 
823-B-00-007. 3rd Ed. vol. 1, Office of Science 
and Technology and Office of water, USEPA, 
Washington, DC., USA. 

•	 USEPA (2006). United States, Environmental 
Protection Agency, Integrated Risk Information 
System, [http://www.epa.gov/iris/substS].

•	 Wang XL, Sato, T, Xing BS, Tao S (2005). Health 
risks of heavy metals to the general public in Tianjin, 
China via consumption of vegetables and fish. Sci. 
Tot. Environ. 350(1-3): 28-37.

•	 WHO (1989). World Health Organization, Evaluation 
of certain food additives and contaminants. Thirty-

third Report of the Joint FAO/WHO Expert 
Committee on Food Additives. WHO Technical 
Report series (Vol. 776, pp. 26–27). Geneva.

•	 WHO (1992). World Health Organization, Cadmium. 
Environmental Health Criteria, vol. 134. Geneva 

•	 Yilmaz, AB (2003). Levels of heavy metals (Fe, Cu, 
Ni, Cr, Pb, and Zn) in tissue of Mugil cephalus and 
Trachurus mediterraneus from Iskenderun Bay, 
Turkey. Environ. Res. 92(3): 277-281.

•	 Zaman K, Zaman W, Siddique H (1993). 
Hematological and enzymatic results of aluminium 
intoxication in rats. Comp. Bioch. Physiol. 150C(1): 
73-76.

•	 Zhuang P, Zou H, Shu W (2009). Biotransfer of heavy 
metals along a soil-plant-insect-chicken food chain: 
Field study. J. Environ. Sci. 21(6): 849-853.


	_GoBack

