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A B S T R A C T

Heavy metals are considered a main public health hazards, they are known to accumulate in fruits, which are
heavily consumed by humans because of their unique sweet taste and potential health benefits. Therefore, the
aim of this study was to determine the possible contamination levels of cadmium (Cd), chromium (Cr), copper
(Cu), lead (Pb) and nickel (Ni) in some selected fruits obtained from four Egyptian governorates and to compare
the contamination levels with those of the recommended permissible limits. Results revealed that Pb and Cd
were absent in all fruit samples, while Cr was only detected in grapes obtained from Cairo and Fayoum gov-
ernorates and exceeded the maximum permissible limit (0.10 mg kg−1). Nickel and Cu were detected in all fruit
samples. Nickel was reduced more than copper after washing process of grapes especially in samples obtained
from Alexandria and Giza governorates. After peeling process, Cu was extremely reduced in orange samples
obtained from the following governorates in descending order Cairo, Alexandria, El-Fayoum and Giza. Estimated
daily intake of heavy metals in fruit samples were found to be higher than that of the tolerable daily intake,
indicating potential risk to human health. Therefore, to decrease the risk to human health, fruits must be washed
well before eating to decrease heavy metal concentrations.

1. Introduction

Fruits contamination by heavy metals is one of the major problems
that arise from the huge uses of fertilizers, pesticides and other che-
micals due to the pursuit for fast economic development by industrial
and new agriculture practices [1], and to fulfill the advanced demands
of food production for human consumption [2]. Heavy metals are the
main contaminants of food supply as they are considered a vital con-
cerns in food safety and quality assurance [3–7], and can be considered
as a major problems in the environment (soil, water, air) [8–10]. Heavy
metals have the ability to enter the body system through food, air, and
water. They have long biological half-time and are not biodegradable
[11].

Due to their long half-time, the bio-accumulation of heavy metals
could occur over a period of time and hence the undesirable side effects
could be due to accumulation in the different body organs [12–14].
Serious threats to human health include chronic toxicity symptoms,
kidney injury, renal failure and liver damage [15]. Due to the chronic
accumulation of heavy metals in liver and kidney of humans it cause
disruption of numerous biochemical processes, leading to cardiovas-
cular, kidney, bone and nervous diseases, which might be due to ex-
tensive consumption of Cr through food [16]. Excess consumption of
food contaminated with Cr may lead to stomach upset, skin rashes, lung

cancer, liver and kidney damage [17]. Excessive content of Pb and Cd in
food, are associated with several of diseases [18–20], as well as carci-
nogenesis, teratogenesis and mutagenesis [21,22]. In Japan, due to Pb
and Cd poisoning several lives were lost and many more established
bodily abnormalities [23–25]. Also, copper toxicity can lead to iron
deficiency, lipid peroxidation and destruction of membranes [8].
Whereas, zinc or iron deficiency, as well as enzymatic malfunctioning,
may also be a result of high level of Ni [11].

Fresh fruits are of great significance in the human health due to the
presence of vitamins and mineral salts, in addition to water, calcium,
potassium, sulfur and iron [26]. Also, fruits are essential and beneficial
for the maintenance of health, prevention and treatment of several
diseases [27]. These fruits comprise both essential and toxic heavy
metals with a wide variety of concentrations [28]. Few papers reported
the presence of heavy metals in some types of fruits, such as papayas
[29]; avocado [30]; bananas [31]; apples, oranges and bananas [28];
grapes and cherries [32] apples and plums [33]; table grapes and sour
cherry [34]; or mangoes [35]. Also, contamination of fruits by heavy
metals led to transfer these heavy metals to the common fruits juices
[36,37]. Therefore, the main objective of this study was to determine
the contamination levels of Cd, Cu, Cr, Pb, and Ni in some selected
fruits (apples, grapes, and oranges) obtained from four Egyptian gov-
ernorates and to compare the contamination levels with those of the
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recommended permissible limits. Also, to evaluate the potential risk of
these heavy metals on public health due to daily consumption of these
fruits and suggestion of possible methods for heavy metal removal.

2. Materials and methods

2.1. Sample collection and preparation

A total of 108 samples representing three different fresh fruit sam-
ples (apples, grapes and oranges) were purchased from fruit sale points
(36 samples for each fruit) in four Egyptian governorates (Cairo, Giza,
Alexandria and El-Fayoum). Cairo is located at 30°2′40″North latitude
and 31°14′9″East longitude, Giza is located at 30°01′North latitude and
31°13′East longitude Alexandria is located at 31°12′North latitude and
29°55′East longitude and El-Fayoum is located at 29.308374 °North
latitude and 30.844105 °East longitude. The sampling of the fruits was
carried out at various fruit sale points for each governorate.

The fruit samples included apples (Malus domestica), oranges (Citrus
sinensis) and grapes (Vitis vinifera) were stored under refrigeration
condition (< 10 °C) in polythene bags until analysis. In the laboratory,
surface deposits were removed [37], then the fruits were thoroughly
homogenized. Five grams of homogenized fruit samples were trans-
ferred to crucibles and dried in an oven at 105 °C for 16 h. Dry-ashing
process was carried out in an electric muffle furnace at 540 °C with a
gradual increase in temperature for 8–12 h until the sample was com-
pletely combusted (slightly colored or gray). Ashed samples were
cooled to room temperature and 1.0 ml of 36% HCl was added to cru-
cible walls. The samples were then filtered using Whatman filter paper
ashless No. 40 and stored under refrigeration condition (< 10 °C) until
a determination by atomic absorption spectrophotometer [38].

2.2. Heavy metal analysis

Standard solutions of heavy metals: Cd, Cr, Cu, Pb, and Ni were
obtained from Merck (Darmstadt, Germany). The standards were pre-
pared from the individual 1000mg/kg standard in 0.1 N HNO3.
Working standards solutions were prepared from the previous stock by
dilution using 0.1 N HNO3 till the needed concentrations for atomic
absorption spectrophotometer [39,40].

Analysis for investigated heavy metals was performed using atomic
absorption spectrophotometer (AAS) (Agilent Technologies 200 Series
AA). Maximum absorbance was obtained by adjusting the Cathode
lamps at specific slit and wavelengths. Cadmium was measured at
(0.5 nm; 228.8 nm), Cr (0.2 nm; 357.9 nm), Cu (0.5 nm; 324.8 nm), Pb
(1.0 nm; 283.0 nm), and Ni (0.2 nm; 232.0 nm). Detection limits of
heavy metals were 0.1, 0.02, 0.03, 0.1 and 0.06mg/kg for Pb, Cd, Cu,
Ni and Cr, respectively. The readings were taken from the equipment in
mg/l and the results were converted to mg/kg which is the actual
concentration of heavy metal in sample using the equation of [13].

=
×K A V
M

Whereas K is the concentration of heavy metal in samples (mg kg−1); A
is the concentration of the heavy metal in digested solution (mg/ l); V is
the final volume after digestion (ml); M is the weight of the sample (g).

2.3. Removal of heavy metals in grapes by washing

Grape samples were washed by tap water, then the samples were
kept in a hot air oven at 70–80 °C till complete dryness, then the fruits
were thoroughly homogenized and analyzed as mentioned previously.

2.4. Removal of heavy metals in oranges by peeling

Orange samples were peeled and the peeled orange samples were
thoroughly homogenized and analyzed as mentioned previously.

2.5. Estimated daily intake (EDI)

The estimated daily intake (EDI) of heavy metals was calculated as
follows:

=
×EDI Ci IR

BW

Whereas Ci is the concentration of heavy metals in fruits (mg kg−1); IR
is the average daily consumption of fruits (g/person/day), and BW is
the body weight (kg). Based on WHO [41], adults in Middle East had an
average daily consumption of 7.5, 15.8 and 31.5 g/person/day for ap-
ples, grapes and oranges, respectively. The body weight was set to
70 kg.

2.6. Tolerable daily intake (TDI)

Tolerable Daily Intake is an estimate of the amount of a substance in
food that can be taken daily over a lifetime without significant health
risk.

2.7. Statistical analysis

Statistical analysis of the data was carried out using Microsoft Excel
2010 statistical program. A one-way analysis of variance (ANOVA) was
performed. Fisher's Protected Least Significant Difference was also used
to determine the difference between different means.

3. Results

3.1. Heavy metal analysis

The concentrations of heavy metals in fruit samples that are com-
monly consumed in Egypt are presented in Tables 1–3. Cadmium and
Pb were not detected in all collected samples from the different gov-
ernorates. Chromium was only detected in grapes obtained from Cairo
and Fayoum governorates. The levels of Ni and Cu were detected in all
fruit samples obtained from the four Egyptian governorates.

Data in Table 1 revealed that Cu was detected in apple samples at a
concentration of 1.63, 0.33, and 0.89mg/kg from Cairo, Giza, and
Alexandria governorates respectively, and they exceeded the maximum
permissible limit (0.20mg/kg) [42]. Results also showed that apple
samples obtained from El-Fayoum contained Cu at a concentration of
0.14mg/kg, which is considered below the maximum permissible limit.

Nickel was also detected in apple samples at a concentration of 0.36,
0.19, 0.11 and 0.34mg/kg, from Cairo, Giza, Alexandria, and El-
Fayoum governorates respectively, whereas Ni exceeded the maximum
permissible limit (0.20 mg kg−1) in apple samples obtained from Cairo

Table 1
Concentration of heavy metals (mg/kg) in apple samples collected from four
Egyptian governorates.

Ggovernorate Heavy metals (mg/kg) (Mean ± S.E)

Cd Cr Cu Pb Ni

Cairo ND ND 1.63*± 0.22a ND 0.36*±0.12a

Giza ND ND 0.55*± 0.14c ND 0.19 ± 0.06b

Alexandria ND ND 0.89*± 0.28b ND 0.11 ± 0.03e

El-Fayoum ND ND 0.14 ± 0.03d ND 0.34*±0.11a

MRL 0.051 0.102 0.202 0.101 0.202

LoD 0.02 0.06 0.03 0. 1 0.1

S.E: standard error, (n=9), within each column means superscript with dif-
ferent letters are significantly different at the 1% level, MRL: Maximum residue
limit.

1 European commission 1881/2006-629/2008 [60].
2 WHO/FAO [42].
* Samples above MRL, ND: Not detected, LoD: Limit of detection.
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and El-Fayoum governorates. It could be noticed that apples purchased
from Cairo contained a high amount of Cu and Ni at a concentration of
1.63 and 0.36mg/kg respectively, compared to samples obtained from
other governorates.

In apple samples (Table 2), Cr was detected in grape samples only
and recorded 1.01, and 1.06mg kg−1for samples obtained Cairo and El-
Fayoum governorate respectively, and they exceeded the maximum
permissible limit (0.10mg/kg). On the other hand, Cu was detected in

apples, at a high concentration of 3.52, 0.72, 2.53, and 3.21mg/kg
from Cairo, Giza, Alexandria, and El-Fayoum governorates respectively,
and exceeded the maximum permissible limit. Nickel was also detected
in apple samples at a concentration of 0.30, 0.83, 1.78, and 0.31mg/kg
from Cairo, Giza, Alexandria, and El-Fayoum governorates respectively,
and exceeded the maximum permissible limit (0.20mg/kg) [42].

Data in Table 3 revealed the concentration of heavy metals in or-
ange samples. Orange samples were contaminated with Cu, which re-
corded 2.20, 0.64, 0.81, and 0.36mg/kg from Cairo, Giza, Alexandria,
and El-Fayoum governorates respectively. On the other hand, Ni was
also detected in orange samples at a concentration of 031, and 0.38mg/
kg from Cairo and Giza governorates respectively, whereas Ni exceeded
the maximum permissible limit (0.20mg/kg) [42]. Nickel was also
detected in orange below the maximum residue limit (0.20mg/kg) for
samples obtained from Alexandria and El-Fayoum governorates (0.16
and 0.06mg/kg).

3.2. Removal of heavy metal in grapes and oranges

Results indicated that washing of the grape samples obtained from
the four governorates reduced the level of Cu and Ni (Fig. 1). Data also
revealed that Ni was reduced more than Cu especially in samples ob-
tained from Alexandria (75.27%), Cairo (28.33%), and Giza (96.78%)
governorates, whereas in Fayoum governorate Cu (58.02%) was re-
duced more than Ni (30.64%).

Data in Fig. 2 revealed that peeling of orange samples obtained from
the four governorates reduced the level of Cu and Ni. It was also noticed
that Cu was extremely reduced by peeling of the orange samples ob-
tained from the following governorates in descending order; Cairo
(81.36%), Alexandria (54.32%), Fayoum (24.07%) and Giza (12.56%).
Peeling orange samples obtained from Alexandria and Fayoum gover-
norates had no reducing effect on Ni, whereas samples obtained from
Cairo and Giza governorates Ni was reduced by 9.67% and 22.61%.

3.3. Risk assessment of heavy metals

Estimated daily intake (EDI) for adults is shown in Table 4. The
results showed that EDI of Cu in apples recorded 0.095, 0.175, 0.015
and 0.059mg/kg/day for samples obtained from Alexandria, Cairo,
Fayoum and Giza governorates respectively. Data also showed that EDI
of Ni in grapes recorded 0.402, 0.067, 0.070 and 0.187mg/kg/day for
samples obtained from Alexandria, Cairo, Fayoum and Giza governor-
ates respectively. It was also noticed that TDI recorded 0.003, 0.040,
and 0.002mg/kg/day for Cr, Cu and Ni respectively (Table 4).

Table 2
Concentration of heavy metals (mg/kg) in grape samples collected from four
Egyptian governorates.

Ggovernorate Heavy metals (mg/kg) (Mean ± S.E)

Cd Cr Cu Pb Ni

Cairo ND 1.01*± 0.04a 3.52*± 0.74a ND 0.30*± 0.05c

Giza ND ND 0.72*± 0.07c ND 0.83*± 0.31b

Alexandria ND ND 2.53*± 0.98b ND 1.78*± 0.77a

El-Fayoum ND 1.06*± 0.06a 3.21*± 0.86a ND 0.31*± 0.08c

MRL 0.051 0.102 0.202 0.101 0.202

LoD 0.02 0.06 0.03 0. 1 0.1

S.E: standard error, (n=9), within each column, means superscript with dif-
ferent letters are significantly different at the 1% level, MRL: Maximum residue
limit.

1 European commission 1881/2006-629/2008 [60].
2 WHO/FAO [42].
* Samples above MRL, ND: Not detected, LoD: Limit of detection.

Table 3
Concentration of heavy metals (mg/kg) in orange samples collected from four
Egyptian governorates.

Ggovernorate Heavy metals (mg/kg) (Mean ± S.E)

Cd Cr Cu Pb Ni

Cairo ND ND 2.20*±0.95a ND 0.31*± 0.02b

Giza ND ND 0.64*±0.05c ND 0.38*± 0.03a

Alexandria ND ND 0.81*±0.11b ND 0.16 ± 0.05c

El-Fayoum ND ND 0.36*±0.01d ND 0.06 ± 0.02d

MRL 0.051 0.102 0.202 0.101 0.202

LoD 0.02 0.06 0.03 0. 1 0.1

S.E: standard error, (n=9), within each column, means superscript with dif-
ferent letters are significantly different at the 1% level, MRL: Maximum residue
limit.

1 European commission 1881/2006-629/2008 [60].
2 WHO/FAO [42].
* Samples above MRL, ND: Not detected, LoD: Limit of detection.

Fig. 1. Effect of washing grapes on the percentage of heavy metal reduction. Results are mean ± SE (n=9).
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4. Discussion

4.1. Heavy metal analysis

Heavy metal analysis showed the absence of Cd and Pb in all fruit
samples. These results were considered similar to those of Unaegbu
et al. [43] who reported the absence of Cd and Pb in all the fruit
samples obtained from Nigeria. Cadmium has been widely dispersed
into the environment through the air by usage of phosphate fertilizers,
pesticides, pigments, plating, plastics and various industrial uses such
as NiCd batteries [44]. Thus, indicating that our fruit samples were
grown in farms in rural areas away from industrial areas. High Cr levels
found in grapes obtained from Cairo and El-Fayoum only might be an
indication that they have originated from different growing regions or
through transport chain. The current results were in contrast to those of
Ogunkunle et al. [45] who found that fruits from selected markets in
Lagos, Nigeria, were free of Cr. It has been reported that sewage, pes-
ticides and fertilizers may release Cr into the environment [17].

The results revealed that grapes from Alexandria, Cairo and El-
Fayoum were highly contaminated with Cu. The contamination of
grapes with Cu could be due to penetration of heavy metal via the root
system into the grapevine plants which accumulates in numerous above
ground parts, especially, in the grape rachis grown in a region of in-
dustrial activities [46]. Data also revealed that apple and orange sam-
ples from Cairo governorate contained high concentrations of Cu. These
results are considered similar to those stated by Radwan and Salama
[28] who indicated that apples contained 1.47mg/kg Cu, whereas or-
anges contained 2.13mg kg−1 Cu. Meanwhile, these results were con-
sidered higher than those observed by Sobukola et al. [47] who found
that Cu content in orange samples obtained from Nigeria was
0.002mg kg-1. Copper are usually ensured through organic or artificial
fertilizers as most plants contain insufficient amounts of Cu for normal
growth [48]. Also, to maintain a healthy central nervous system for

human, Cu is an essential micronutrient to prevent anemia and inter-
related with the function of zinc and iron in the body [49].

Nickel was found at high concentration in grapes obtained from
Alexandria and Giza governorates. The current results were considered
lower than those determined by Ihesinachi and Eresiya [50]. Orisakwe
et al. [51] reported the presence of Ni in fruits sold with high con-
centrations in Owerri, South Eastern Nigeria. Nickel may be mutagenic
at levels above the maximum permissible limits [52], whereas muta-
gens are capable of causing mutations in DNA and leading to cancer. At
higher concentration, nickel toxicity is more noticeable [53]. The var-
iation in the different heavy metals concentrations through the fruit
samples and the governorates may be due to the nature of the en-
vironment in terms of the soil and the ability of the fruits to absorb
these heavy metals [54].

4.2. Removal of heavy metal from grapes and oranges

As the increased concentration of heavy metals is associated with
the cause of a number of diseases, especially renal, cardiovascular and
neurological disorders [55]. Therefore, the maximum permissible levels
for toxic metals in human food are set by national and international
regulations on food quality; thus, controlling the concentrations of
heavy metals in food should be an increasingly important factor of food
quality assurance and food safety [28,56].

Washing of grapes lead to the reduction of both Cu and Ni con-
centration, whereas Ni was reduced more than Cu in Alexandria, Cairo
and Giza governorates. Meanwhile, in El-Fayoum governorate, Cu was
reduced more than Ni. In the present study, the difference in the heavy
metal reduction was due to difference in concentration. These results
could also be attributed to the use of different fertilizers, pest man-
agement and fruit variety. These results are in agreement with those of
Igwegbe et al. [57] who found that washing of crops could lead to the
removable of high amounts of the heavy metal that may be present as

Fig. 2. Effect of peeling oranges on the percentage of heavy metal reduction. Results are mean ± SE (n=9).

Table 4
Estimated daily intake and tolerable daily intake of heavy metals.

Fruits Alexandria Cairo Fayoum Giza

Cr Cu Ni Cr Cu Ni Cr Cu Ni Cr Cu Ni

Apples ND 0.095* 0.012 ND 0.175* 0.038* ND 0.015 0.036* ND 0.059* 0.020
Grapes ND 0.724* 0.402* 0.228* 0.794* 0.067* 0.239* 0.724* 0.070* ND 0.162* 0.187*

Oranges ND 0.364* 0.072* ND 0.990* 0.139* ND 0.144* 0.027* ND 0.288* 0.171*

TDI 0.003 0.040 0.020 0.003 0.040 0.020 0.003 0.040 0.020 0.003 0.040 0.020

ND: Not detected, TDI: Tolerable Daily Intake (mg/kg/day) [61], EDI: Estimated Daily intake (mg/kg body weight/day).
* EDI above TDI.
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surface contaminants. Igwegbe et al. [58] indicated that considerable
amounts of the Pb and Cd were removed from fruits and vegetable
samples by washing proposing that the contamination was a surface
type.Peeling of oranges reduced the concentration of Cu and Ni,
whereas it was noticed that Cu was extremely reduced more than Ni.
Thus indicating that the high percentage of Cu is absorbed from the
environment in the orange peel and accordingly can be removed easily
by peeling oranges. The difference in the removal percentage of heavy
metal could be due to the difference in the concentration of heavy metal
in different orange peels. Recently, orange peel was studied for the
removal of Cu, Pb and Zn, whereas a removal efficiency was observed
[59].

4.3. Risk assessment of heavy metals

Estimated daily intake is presumed to be the daily consumption of a
heavy metal residue. On the other hand, tolerable daily intake refers to
the daily amount of a heavy metal in food that can be used by human
being for a long time with no health effects. It was concluded in our
study that some of the values of the EDI were considered higher than
those of the TDI. Therefore, there is a considered possible risk to human
health due to the consumption of fruits contaminated with high con-
centration of heavy metals.

5. Conclusion

Heavy metals Cu, and Ni were present in all fruit samples obtained
from the four Egyptian governorates. Chromium was present in grape
samples only and were above the maximum residue limits. Copper and
Ni were also present in all fruit samples above the maximum residue
limits. It was also indicated that washing of grapes and peeling of or-
ange samples greatly reduced the level of Cu and Ni. Estimated daily
intake of the fruit samples were considered higher than that of the
tolerable daily intake. Therefore, it is very important to wash fruits
before eating to decrease heavy metal concentrations and increase the
safety of human health.
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