
E

S
a

b

c

a

A
R
R
A
A

K
T
A
M
A
T

1

r
H
u
s
S
f
T
o
(
c
q

e
w
t
t
r
Z
f

v

0
d

Journal of Hazardous Materials 167 (2009) 647–652

Contents lists available at ScienceDirect

Journal of Hazardous Materials

journa l homepage: www.e lsev ier .com/ locate / jhazmat

valuation of trace element contents of dried apricot samples from Turkey

ibel Saracoglua,∗, Mustafa Tuzenb, Mustafa Soylakc

Erciyes University, Faculty of Education, 38039 Kayseri, Turkey
Gaziosmanpasa University, Faculty of Science and Arts, Chemistry Department, 60250 Tokat, Turkey
Erciyes University, Faculty of Art and Science, Department of Chemistry, 38039-Kayseri, Turkey

r t i c l e i n f o

rticle history:
eceived 7 November 2008
eceived in revised form 30 December 2008
ccepted 6 January 2009

a b s t r a c t

The trace and toxic elements (TEs) were determined in apricot samples by flame and graphite furnace
atomic absorption spectrometry, prior to microwave-assisted acid digestion. Among all determined TEs,
iron was found to be the dominant elemental ion as compared with other TEs in apricots followed by zinc
and manganese ions. The concentration of essential TEs were observed in the range of 10.4–80.1, 0.92–6.49,
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0.97–8.27, 2.96–12.0 �g g−1, 4.76–28.9 �g kg−1 and 0.32–0.64 �g g−1 for iron, copper, manganese, zinc,
chromium and selenium ions, respectively. While the toxic elemental contents were observed in the
range of 0.02–0.72, 0.72–3.77, 2.30–5.83 and 0.08–0.22 �g g−1 for cadmium, lead, nickel and aluminium
ions, respectively. The results were compared with the literature reported values.

© 2009 Elsevier B.V. All rights reserved.
urkey

. Introduction

About 30 elements are recognized as essential to life. Some are
equired in macronutrient amounts in essentially all forms of life:
, Na, K, Mg, Ca, C, N, O, P, S and Cl. The others occur in trace or
ltratrace quantities. Fe, Cu, and Zn are at the top end of this “trace”
cale. The other elements required are Li, B, F, Si, V, Cr, Mn, Co, Ni, As,
e, Mo, W, and I. The trace and ultratrace elements most important
or human cellular functions are Fe, Cu, Zn, Mn, Co, Cr, V and Se.
here are about 4–6 g of iron ion, 2–3 g of zinc ion, and only 250 mg
f copper ion in human body. Cobalt is an essential trace element
TE) required for normal metabolism of Vitamin B12. There is one
obalt atom in this vitamin; the latter is present in only 2–5 mg
uantity in the human body [1].

Elements such as iron, copper, zinc and manganese are essential
lements since they play an important role in biological systems,
hereas lead and cadmium are non-essential elements as they are

oxic, even in traces [2]. The essential elements can also produce
oxic effects when the element intake is excessively elevated. In
ecent years it has become clear that transition metal such as Cu,

n, Mn, Cr, Co and Se are essential for normal development and
unction of human cells.

It has long been known that fruits constitute a rich source of
itamins and minerals [3]. The major part of the edible portion

∗ Corresponding author. Tel.: +90 352 4378834; fax: +90 352 4378834.
E-mail addresses: saracs@erciyes.edu.tr, ssarac@hotmail.com (S. Saracoglu).

304-3894/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2009.01.011
of fresh fruits contains 75–95% water. Fruits principally con-
tain citric, tartaric and malic acids, with pH varying between
2.5 and 4.5. Other constituents of fruits include cellulose and
woody fibers, mineral salts, pectin, gums, tannins, coloring mat-
ters and volatile oils [4]. However, in the advent of recent heavy
metal contamination of the environment, the analysis of TE in
seasonal fruit samples has gained considerable importance due
to health considerations. As with many other fruits, numerous
investigations on apricot because of the nutritional importance
of this fruit have been carried out on focusing mainly on their
acids, amino acid, minerals including metals and vitamin contents
[3–9].

Kayseri is located in the middle Anatolia Region of Turkey
(38.42◦N, 35.28◦E). Kayseri is an industrial agricultural city in the
central Anatolia—Turkey and has a population of one million. The
climate in Kayseri is dry with hot summers and cold winters. Tem-
perature ranges between 20 and 40 ◦C, average values being 30 ◦C
during summer and −5 ◦C during winter. Various samples (honey,
mushroom and spices) have been analyzed with respect to TEs in
this region [10–12].

There has been no report, to our knowledge, on the TE levels
in apricot samples cultivated in Kayseri. It was therefore necessary
to assess the approximate levels of TEs in local fruits grown during

summer and consumed in large bulk. This study is important, espe-
cially in the advent of the fast industrialization and urbanization
whereby serious threats of environmental pollution are on their
way, making it still more binding to evolve an abatement program
for toxic TEs in edible fruits.

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:saracs@erciyes.edu.tr
mailto:ssarac@hotmail.com
dx.doi.org/10.1016/j.jhazmat.2009.01.011
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. Experimental

.1. Samples

In this study, 10 samples of apricots were analyzed for their TE
ontent. Apricot samples were harvested from gardens in Kayseri,
urkey, during July 2006. The samples were placed in glass con-
ainers and transported to the laboratory. The pits of apricots were
eparated, and apricots were dried at room temperature for 3 days.
he dried samples were homogenized using an agate homogenizer
nd stored in polyethylene bottles until analysis. The areas of the
tudy were selected from different potential pollution sources and
npolluted areas.

.2. Reagents

Analytical reagent-grade chemicals were employed in the
reparation of all solutions. Doubly distilled deionised water (Milli-
Millipore 18.2 M� cm−1) was used in all experiments. The HCl,

NO3 and H2O2 were of suprapure quality (Merck, Darmstadt, Ger-
any). All the plastic and glassware were cleaned by soaking in

ilute nitric acid (1 + 9) and were rinsed with distilled water prior
o use. The standard solutions of investigated analytes for cali-
ration procedure were produced by diluting a stock solution of
000 mg L−1 of the investigated element supplied by Sigma. 10 �L
.015 mg Pd and 0.010 mg Mg(NO3)2 as matrix modifier was added
o 20 �L sample in the determination of selenium ion. 20 �L sample
nd 5 �L Mg(NO3)2 were used in the determination of aluminium
on.

.3. Apparatus

A Perkin Elmer Analyst 700 model (Norwalk, CT, USA)
tomic absorption spectrometer (AAS) equipped with a deu-
erium background corrector was used for the determination of
Es. Measurements of Fe, Cu, Mn, Zn and Ni ions were car-
ied out in an air/acetylene flame. The determination of Se,
d, Pb, Cr and Al ions were performed with graphite furnace
tomic absorption spectrometer (GFAAS). Argon as inert gas was
sed in studies with graphite furnace. Certified reference mate-
ials (CRM) were digested in a Milestone Ethos D model closed
ystem microwave oven (maximum temperature 300 ◦C, max-
mum pressure 1 × 107 Pa). Teflon reaction vessels were used
n all digestion procedures. The reaction vessels were cleaned
y using 5 mL of concentrated nitric acid before each diges-
ion.

.4. Digestion procedures

.4.1. Conventional wet acid digestion (CWD)
An acid digestion method induced by electric hot plate was used

n order to discover the total content of TEs and also for comparative
urposes. About 0.2 g of triplicate samples of certified sample while
.0 g of apricot samples, in 50 mL Pyrex flasks and added 5–16 mL of
freshly prepared mixture of concentrated HNO3–H2O2 (6:2, v/v)

nd stood for 10 min, then the flasks were covered with watch glass
nd digested at 60–70 ◦C for 4 h, till the clear transparent digests
ere obtained. The final solutions were collected in polyethylene
ask, for the determinations of TEs understudy by AAS.

A blank extraction (without sample) was carried out through the
omplete procedures. The concentrations were obtained directly

rom calibration graphs after correction of the absorbance for the
ignal from an appropriate reagent blank.

The resulting solutions obtained from both methods were ana-
yzed by FAAS and GFAAS by delivering 10 �L aliquots and 10 �L
ppropriate modifiers to the atomizer. The concentrations were Ta
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btained directly from calibration graphs after correction of the
bsorbance for the signal from an appropriate reagent blank.

.4.2. Microwave digestion
A microwave-assisted digestion procedure was carried out, in

rder to achieve a shorter digestion time. Weighed triplicate 0.2 g
f certified samples and 1.0 g of real samples in reaction vessels
100 mL in capacity) directly, added to each flasks 8 mL of a freshly
repared mixture of concentrated HNO3–H2O2 (6:2, v/v) and stood
or 10 min. Digestion conditions for the microwave system were
pplied as 2 min for 250 W, 2 min for 0 W, 6 min for 250 W, 5 min
or 400 W, 8 min for 550 W, vent: 8 min. After cooling, the resulting
olutions were diluted up to 10.0 mL in volumetric flasks with 1 M
NO3. Blank digest was carried out in the same way.

. Results and discussion

The certain TEs are very important for human biology [13–15].
ood and water are the main sources of essential elements; these
re also the media through which we are exposed to various
oxic elements. A number of serious health problems can develop
s a result of excessive uptake of dietary TEs. Furthermore, the
onsumption of contaminated food can seriously deplete some
ssential nutrients in the body causing a decrease in immunological
efenses, intrauterine growth retardation, impaired psycho-social
ehavior, disabilities associated with malnutrition and a high
revalence of upper gastrointestinal cancer [16]. From the above
nowledge it is clear that analysis of TEs in food is important for
uman health.

Both the detection limit (based on three times the standard devi-
tions of the reagent blank) and the characteristic masses (based
n 0.0044 absorbance) were calculated for the investigated ana-

yte ions. The detection limit values of the investigated elements
or flame AAS were found to be 0.013, 0.019, 0.011, 0.010 and
.025 mg L−1 for Cu (II), Zn (II), Fe (III), Mn (II) and Ni (II) ions, respec-
ively. The characteristic mass values were Al: 17 pg, Cd: 10 pg, Pb:
1 pg, Cr: 15 pg and Se: 22 pg in graphite furnace AAS. In the pre-
ision test, the average R.S.D.% for all analytes was in the range of
–10%.

Performance of digestion procedures using CWD and microwave
igestion prior to the determination with AAS of some TEs in apri-
ot samples was compared in presented work. The results are given
n Table 1. The slightly high TE levels were obtained when the

icrowave oven was used. The approximate time required for wet
nd microwave digestions were 4 h and 31 min, respectively.

For the validation of both analysis and digestion, a CRM of apple
eaves (NIST SRM 1515) was used. The CRM was employed to check
he correctness of digestion methods. The certified and observed
alues for the CRM were given in Table 2. As can be seen that quan-
itative recoveries of Cu (II), Mn (II), Fe (III), Zn (II), Pb (II), Ni(II), Cr
III) and Al (III) were obtained by both digestion methods. When
he microwave digestion method was used, recovery value for Se
on was quantitative, while for CWD method, 70% and 85% of the
ecoveries for Se and Cd, respectively, were obtained. The underly-
ng reason for getting these results might be that these elements are
olatile. The low recovery for volatile elements in the digestion by
he CWD method arising the heating vessel in the open air for long
ime (4 h). Therefore, this method is not proper for the digestion of
amples to measure of Se, Hg, Cd. Whereas the recoveries of these
lements were quantitative when microwave digestion procedure
as used.
In light of these results, the microwave digestion procedure
as chosen for the digestion of all the apricot samples, because of

horter required time and higher recovery and easier than CWD. If
he analyzed concentration levels of the most common matrix con-
tituents of CRM and the accuracy of the presented methods are
s Materials 167 (2009) 647–652 649

considered together, it can be concluded that the proposed method
is free from interferences of various constituents.

The concentrations of investigated elements in apricot samples
were determined on a dry weight basis and given in Table 3.

The concentrations of essential TEs were observed in the
range of 10.4–80.1, 0.92–6.49, 0.97–8.27, 2.96–12.0 �g g−1,
4.76–28.9 �g kg−1 and 0.32–0.64 �g g−1 for iron, copper, man-
ganese, zinc, chromium and selenium ions, respectively. While the
toxic elemental contents were observed in the range of 0.02–0.72,
0.72–3.77, 2.30–5.83 and 0.08–0.22 �g g−1 for cadmium, lead,
nickel and aluminium ions, respectively. Among all determined
TEs iron was found to be the dominant elemental ion as compared
with other TEs in apricots followed by zinc and manganese ions.
It is known that adequate iron in a diet is very important for
decreasing the incidence of anemia. Iron deficiency occurs when
the demand for iron is high, e.g., in growth, high menstrual loss,
and pregnancy, and the intake is quantitatively inadequate or
contains elements that render the iron unavailable for absorption
[17]. Zinc is an essential metal for the normal function of various
enzyme systems. Zinc deficiency which can be comprehensible
with the stain of fingernail occurs when the intake of zinc with
meat and its products is quantitatively inadequate. The deficiency
of zinc particularly in children can lead to loss of appetite, growth
retardation, weakness, low spirited, stagnation in sexual growth.

The FAO/WHO has set a limit for TEs intakes based on body
weight. For an average adult (60 kg body weight), the provisional
tolerable daily intake (PTDI) for iron, copper and zinc are 48, 3 and
60 mg, respectively [18].

Copper is the third most abundant TE in human body, with
vitamin-like impact on living systems. Small amount of copper is
found in the human body (50–120 mg), but it plays a critical role in
a variety of biochemical processes. Copper is known to be vital for
many biological systems. Copper forms part of at least 13 different
enzymes, and its presence is needed for each if they are to function
properly. These enzymes such as cytochrome oxidase, tyrosinase,
cytocsidase, monoamine oxidase promote energy production, pre-
vent anemia and bone disease, battle cell damage and assist in fetal
and infant development [19]. In addition, copper is necessary for
proper metabolism of iron, maintenance of connective tissue, pig-
mentation of skin and hair, maturation of hoof tissue, and many
other functions [20]. The lowest and highest contents of copper
ion in apricot samples were found as 0.92 �g g−1 and 6.49 �g g−1,
respectively. The average concentration of copper ion in our
apricot samples is higher than apricot of USA (0.1851 �g mL−1)
[21].

Manganese is one of the vital important elements. Manganese
is both to be in structure of some enzymes and active to some
enzymes. The mean of manganese ion contents in apricot samples
was 4.68 �g g−1. Barnes reported that the average concentration
of Mn in apricot of USA, 0.273 �g mL−1 [21]. The levels of Mn (II)
ion in our samples are higher than in apricots of USA. The Insti-
tute of Medicine recommends that intake of manganese from food;
water and dietary supplements should not exceed the tolerable
daily upper limit of 11 mg per day [22]. The intake of Mn in our
investigated samples is below the tolerable daily upper limit of
11 mg per day. The US National Academy of Sciences recommended
2.5–5 mg per day manganese [23] and, the WHO (World Health
Organization) recommended 2–9 mg per day for an adult [24].

The lowest and highest levels of iron ion in apricot samples
were found as 10.4 and 80.1 �g g−1, respectively. Apricot was also
good sources of Fe. Zahoor et al. reported that Fe concentrations

in apricot sold in supermarket of Pakistan were 11.9 mg kg−1 [4].
The concentrations of Fe ion in different spices, dry fruits and plant
nuts commonly consumed in Pakistan were found in the range of
142–285 �g g−1 [25]. Ghaedi et al. reported that the level of Fe (III)
ion was found as 0.568 �g g−1 in orange juice of Iran [26]. The level
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Table 2
Analysis with wet and microwave digestion methods of NIST SRM 1515 apple leaves (�g g−1), N = 3.

Element Certified value CWD Recovery (%) Microwave digestion Recovery (%)

Cu 5.64 5.25 ± 0.50 93 5.40 ± 0.25 96
Mn 54 51.3 ± 4.3 95 53.6 ± 2.7 99
Fe (83)a 78.9 ± 5.6 95 81.5 ± 4.2 98
Zn 12.5 11.9 ± 1.1 95 12.3 ± 0.8 98
Se 0.05 0.035 ± 0.003 70 0.048 ± 0.002 96
Cd 0.013 0.011 ± 0.001 85 0.012 ± 0.001 92
Pb 0.47 0.45 ± 0.04 96 0.46 ± 0.03 98
Ni 0.91 0.86 ± 0.07 95 0.89 ± 0.05 98
C
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r (0.3)a 0.29 ± 0.02
l 286 272 ± 15.4

a Value in bracket is not certified value.

f iron ion in apricot samples from Turkey is higher than Fe contents
n apricot of Pakistan and in orange juice of Iran. The maximum iron
on level permitted for food is 15 mg kg−1 according to Turkish Food
odex [27]. Iron ion levels in the most of analyzed apricot samples
ere found to be higher than legal limits.

Zinc is an essential TE for human health; it has been recog-
ized as a co-factor of the superoxide dismutase enzyme, which

s involved in protection against oxidative processes [28]. The con-
entration of Zn (II) ion in apricot was found in the range of
.96–12.0 �g g−1. The study thus showed that apricot was rich
ource of Zn ion, an element which supports many enzymatic reac-
ions in the human body. The Zn (II) concentration in our apricot
ample is higher than in the apricots of Pakistan by Zahoor et al.
4]. Sattar et al. reported that the lowest and highest levels of Zn (II)
on were found as 64.2 and 65.8 �g g−1 in spices, dry fruit and plant
uts from Pakistan, respectively [25]. Alam et al. reported that the
verage weekly intake of Zn (II) ion from Samta vegetables is esti-
ated to be 25 mg [28]. The concentration of Zn ion was reported as

.33 �g mL−1 in apricot juice in USA by Barnes [21]. The maximum
evel of zinc ion permitted for food is 5 mg kg−1 according to Turkish
ood Codex [27]. The levels of zinc ion in analyzed apricot samples
ere found to be higher than legal limits. The maximum tolerable
aily intake of Zn is 0.3–1 mg kg−1 [29]. Our values for Zn (II) ion in
nderstudy apricot samples were above the WHO’s values.

Selenium is recognized as an essential micronutrient in animal
nd humans. Selenium, functioning as part of glutathione peroxi-
ase, has been recognized as a cellular antioxidant in addition to

ts protecting function against heavy metal toxicity [30]. Moreover,
t plays important biological roles as antioxidant, as a regulator of
hyroid hormone metabolism and as hear functional regulator, as
ell as rheumatism illness preventive [31,32]. Low concentrations
f selenium can cause anomalies in organisms while high concen-
rations are toxic. It has been pointed out that the selenium ion
oncentrations in the range 2–8 mg g−1 in foods are harmful [33].
he highest selenium ion content was 0.64 �g g−1, whereas the low-
st selenium ion contents were 0.32 �g g−1. The concentration of

able 3
race element contents of apricot samples, N = 3.

ample number Concentrations (�g g−1)

Cu Mn Fe Zn Se

1 2.42 ± 0.16 7.53 ± 0.38 80.1 ± 3.5 12.0 ± 1.1 0.47 ± 0
2 1.94 ± 0.18 4.82 ± 0.27 51.7 ± 2.6 10.5 ± 0.9 0.34 ± 0
3 0.92 ± 0.07 7.40 ± 0.66 73.8 ± 5.5 5.71 ± 0.42 0.41 ± 0
4 1.13 ± 0.10 4.59 ± 0.30 69.1 ± 3.7 9.59 ± 0.70 0.64 ± 0
5 6.49 ± 0.45 3.75 ± 0.32 64.7 ± 4.9 5.61 ± 0.42 0.32 ± 0
6 4.19 ± 0.32 3.73 ± 0.35 63.2 ± 5.1 6.09 ± 0.35 0.33 ± 0
7 1.82 ± 0.14 4.21 ± 0.29 33.9 ± 2.3 6.38 ± 0.50 0.32 ± 0
8 4.15 ± 0.35 1.57 ± 0.10 36.3 ± 2.9 9.29 ± 0.61 0.43 ± 0
9 4.63 ± 0.40 8.27 ± 0.51 35.1 ± 3.2 5.13 ± 0.32 0.35 ± 0

10 3.17 ± 0.28 0.97 ± 0.08 10.4 ± 0.9 2.96 ± 0.16 0.39 ± 0

a Cr (�g kg−1).
97 0.30 ± 0.02 100
95 283 ± 11.6 99

Se ion was reported as 0.219 �g mL−1 in apricot juice from USA by
Barnes [21]. The Se content of dried apricot is higher than fresh
apricot in USA. Munzuroglu et al. reported that levels of selenium
ion were 3–4-fold higher in dried fruit than in fresh fruit [3]. The
adequate daily dietary selenium intake ranges from 50 to 200 �g,
with an average value of 55 �g for adult humans [34]. Daily intake
of selenium in Turkey has been reported as 30 �g/day [35]. Bioavail-
ability of selenium in food samples is affected by its chemical form
and also by other dietary factors such as total protein, fat and heavy
metal contents.

Cadmium is a highly toxic metal with a natural occurrence in soil,
but it is also spread in the environment due to human activities. It
is easily taken up and accumulated by plants and crops through the
root systems [28]. The concentration of cadmium ion was observed
in the range of 0.02–0.72 �g g−1 with mean value 0.17 �g g−1 in
investigated apricot samples. The concentration of Cd (II) ion was
found in the range of 0.09–0.21 mg kg−1 in apricot of Pakistan by
Zahoor et al. [4]. The results in present study agree with study in
Pakistan.

Lead is like to be Cd that has no beneficial role in human
metabolism, producing progressive toxicity. Exposure to lead is of
concern mainly because of its possible detrimental effects on intel-
ligence [28].

Lead can reach humans through air, water and food. Lead is accu-
mulating in bones and it can take in place of calcium. Lead creates
health disorders such as sleeplessness, tiredness, hear and weight
loss. WHO has established a provisional tolerable weekly intake for
lead of 0.025 mg kg−1 of body weight [36]. The lead ion content in
apricot samples investigated was 1.91 �g g−1 as average value. The
level of Pb (II) ion was reported as 1.66 mg kg−1 in apricot of Pakistan
by Zahoor et al. [4]. Sattar et al. reported that the concentration of

Pb ion in spices, dry fruit and plant nuts from Pakistan was in the
range of 6.6–9.2 �g g−1 [25]. The level of Pb (II) ion in our samples
is lower than Pb levels in foodstuffs of Pakistan.

Furthermore, the minimum and maximum concentrations of
nickel ion were 2.30 �g g−1 and 5.83 �g g−1, respectively. Zahoor et

Cd Pb Ni Cra Al

.02 0.22 ± 0.02 2.50 ± 0.17 3.66 ± 0.14 16.9 ± 1.1 0.10 ± 0.01

.03 0.15 ± 0.01 2.51 ± 0.23 4.05 ± 0.25 12.9 ± 0.9 0.13 ± 0.01

.04 0.13 ± 0.01 2.46 ± 0.15 4.33 ± 0.18 28.9 ± 1.5 0.11 ± 0.01

.05 0.05 ± 0.01 0.77 ± 0.05 3.51 ± 0.26 15.1 ± 1.2 0.15 ± 0.01

.03 0.06 ± 0.01 0.76 ± 0.06 4.13 ± 0.35 10.6 ± 0.8 0.22 ± 0.02

.02 0.08 ± 0.01 3.77 ± 0.18 2.30 ± 0.10 4.95 ± 0.30 0.20 ± 0.02

.03 0.72 ± 0.01 2.35 ± 0.14 3.10 ± 0.25 6.69 ± 0.50 0.12 ± 0.01

.04 0.02 ± 0.01 2.49 ± 0.18 4.38 ± 0.40 5.32 ± 0.35 0.14 ± 0.01

.02 0.05 ± 0.01 0.80 ± 0.06 5.83 ± 0.37 5.78 ± 0.40 0.10 ± 0.01

.03 0.25 ± 0.02 0.72 ± 0.05 2.93 ± 0.22 4.76 ± 0.32 0.08 ± 0.01
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l. reported that the levels of Ni (II) ion were found as 7.50 mg kg−1

n apricots of Pakistan [4]. The average concentration of nickel ion in
he present study (3.82 �g g−1) is lower than those value reported
n apricot of Pakistan. Trace amounts of nickel may be beneficial as
n activator of some enzyme systems, but its toxicity at higher lev-
ls is more prominent. It accumulates in the lungs and may cause
ronchial haemorrhage or collapse [37]. The WHO recommends
00–300 �g g−1 nickel for daily intake [24]. However, the amount of
ickel ingested daily can reach 900 �g after consumption of foods
ich in nickel [38].

Chromium is an essential TE that plays essential role in our
ife and health [39]. Chromium is important for glucose tolerance
n human body. It works with insulin to facilitate the uptake of
lucose into cells. In individuals with impaired glucose tolerance,
uch as those with diabetes, hypoglycemia, and obesity, supple-
entation with chromium is of paramount importance. Without

hromium, blood sugar levels stay elevated because the action of
nsulin is blocked so that glucose is not transported into the cells
or energy production [40]. Data from US Government sources show
hat the great majority of Americans get less chromium in their daily
iets than the amount recommended by nutrition experts (the RDA
ommittee recommends 50–200 �g of chromium/day) [22]. The
verage concentration of chromium ion of apricot was 11.2 �g kg−1.
he similar result was obtained from apricot samples of USA
0.0134 �g mL−1) [21]. Reported Cr values for apricot samples in the
iterature (6.43 and 3.23 mg kg−1) [4] are higher than those found in
he present study. The estimated requirement for chromium ion in
umans is about 1 �g/(kg day), but only 1–3% of trivalent chromium

on is absorbed. In the USA, chromium intakes range from 20 to
0 �g/day, with plasma levels from 0.05 to 0.50 �g L−1. The Food
nd Nutrition Board of the NAS/NRC states that a safe, adequate
ntake of chromium for an adult is 50–200 �g/day [41].

Aluminium ion contents of apricot samples were found in
he range of 0.08–0.22 �g g−1. Aluminium is not considered to
e an essential element in humans. Exposure of aluminium
as been implicated in a number of human pathologies includ-

ng encephalopathy/dialysis dementia, Parkinson disease and
lzheimer’s disease [42,43]. The permissible aluminium dose for
n adult is quite high (60 mg per day) [44]. The main sources of alu-
inium ion for the human organism are foods and drinking water.
luminium ion is present in food naturally, from its addition as food
dditives, and through contact with Al used in food preparation and
torage [45].

According to the results (Table 3), the TE contents in the sam-
les studied depend on the pollution of growing environment of
nalyzed species. TE content of apricot in sample 1 was found as
enerally higher than other area, because of traffic density at this
lace.

. Conclusions

The analysis of TEs contents of plant samples from environment
s an important analytical chemistry [46–48]. Local, seasonal fruits
re in general a good dietary resource, especially in macro- and
icro-nutrients. The sources of these elements in the local fruits

ould be traced back to soil, fertilizer, water, or environmental metal
ollution. The present study also showed that the apricot is a rich
esource of Fe and Zn. Hence this fruit may be used as supplement in
eficiency symptoms in patients suffering from ailment directly or

ndirectly related to the disturbed metabolism involving these two
etals. The local fruits pose a threat to local consumers in terms
f toxic elements, especially Pb. The study showed that levels of
d (II) ion in apricots are well below the safe limit laid down by
he WHO, whereas the Pb (II) and Ni (II) ions levels in apricots
re above the safe limit, according to permissible limit of WHO.
isparate viewpoints regarding the significance of heavy metal con-

[

[

s Materials 167 (2009) 647–652 651

tamination have resulted in varying regulatory approaches towards
safeguarding human and environment health.
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