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Abstract

Background: Although the level of exposure to many toxic metals decreased recently, the adverse effects of these
metals on children’s growth and development remain a serious public health issue.

Methods: The present study was conducted in three teaching hospitals affiliated with Tehran University of Medical
Sciences (Tehran, Iran) from Sep 2012 to Mar 2013. To study the relationship between metals and childhood growth,
concentrations of zinc and several potentially toxic metals (lead, cadmium, antimony, cobalt, and molybdenum) were
measured in scalp hair for 174 children, aged 20 to 36 months.

Results: The hair concentrations of cobalt were significantly (P<0.05) higher in children at the lower percentile of
weight than in higher-weight children (0.026 = 0.04 vs. 0.015 £ 0.01 pg/g, respectively). Hair contents of lead, cobalt,
and antimony wete significantly higher (P<0.05) in gitls than in boys (8.08 * 8.7 vs. 4.92 + 5.6 ug/g for lead, 0.026 £
0.03 vs. 0.16 £ 0.02 ng/g for cobalt, and 0.188 = 0.29 vs. 0.102 £ 0.12 ug/g for antimony). There wete also significant
correlations between lead and other metals in the children’s hair.

Conclusion: Gender may play a significant role in absorption and/ot accumulation of metals. It should be considered
when we study metal toxicity in children.

Keywords: Metal, Children, Gender, Growth, Weight, Hair

Introduction

Childhood exposure to toxic metals is a serious
public health problem in many developing coun-
tries (1) and usually, involves exposure to a mix-
ture rather than individual metals (2). Thus, it is
critical to investigate metals interactions due to
mixed metals exposure has been reported to in-
crease the risk of adverse effects on children’s
growth and development (3). However, few epi-
demiological surveys have studied multiple metals
exposure and their interaction in children.
Personal characteristics, such as age and sex, have
been reported to influence metals’ metabolisms,
which may induce metal toxicities (4-9).
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This may occur via synergism in the production
of reactive oxygen species, cytokine pathway ac-
tivation, and cytochrome P450 enzyme activity
(5). For instance, glutathione (an antioxidant
agent) plays a central role against biotic stress in
coping with different metals (6, 7), especially
when a multiple metal exposure occurs (8). Epi-
demiological (9, 10) and experimental (rats) (11)
studies have shown significant differences in le-
vels of glutathione and superoxide dismutase be-
tween female and male subjects, which may lead
to differing in protection against oxidative stress
(12).
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Studies on preschool children found considerable
numbers of underweight children (7.5% to 20%)
(13-16) and children of short stature (6.6%) (13)
in Iran compared to international data (17), with
a significant difference between boys and girls
(16). The reasons for Iranian children growth
problem is not fully understood yet. Although
socioeconomic status and subsequent diets insuf-
ficiency may play an important role, other factors,
such as genes, gender, and environmental pollu-
tion, may be involved as well. Iranian infants are
exposed to relatively high levels of metals from
industrial activities, via polluted air and soils (18,
19) or through breast milk (mean lead level of 2.4
ug/dL) (20). In addition, a recent study in Iran
reported higher levels of metal in the first haircut
of newborn than the mothers’ hair (157 vs 87
ug/kg for cadmium, 246 vs 198 ng/kg for met-
cury, 14313 vs 11776 ug/kg for copper, and
408207 vs 52022 pg/kg for aluminum, respec-
tively) (21), which can suggest a free pass of these
metals via umbilical cord to the fetuses.

Serial blood measurements may offer a better
estimation of the body burden of metals than a
single measurement, but they are usually imprac-
tical. Instead, measuring metals in hair samples
offers advantages for routine clinical screening
and diagnosis as an alternative to blood and urine
sampling (22-24), which can present information
on exposure over a long period of time and non-
invasive sample collection.

The present study measured concentrations of
metals (lead, zinc, cadmium, antimony, cobalt,
and molybdenum) in children’s scalp hair to eva-
luate metal effects on children’s weight gain.

Materials and Methods

Study participants

The present study was conducted in three teach-
ing hospitals affiliated with Tehran University of
Medical Sciences (Tehran, Iran) from Sep 2012 to
Mar 2013. The study included 174 children aged
20 months to 3 yr.

The Ethical Committees for the Vice-Chancellor
of the Research Department and Institutional
Review Board of Tehran University of Medical
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Sciences approved the study design and proce-
dures. The study was conducted under the super-
vision of the Maternal, Fetal & Neonatal Re-
search Center, Tehran University of Medical
Sciences. The study purpose and procedures were
fully explained to the children’s parents, and the
study was conducted with their informed con-
sent. Participation in the study was strictly volun-

tary.

Questionnaire and measurements
Information about participants’ characteristics
was gathered using a structured questionnaire
developed for this study (see Appendix for main
items). Anthropometric variables were obtained
from growth chart records. Children were
weighed when wearing underwear only, using a
standard balance beam scale. With the children in
standing position, height was measured to the
nearest 0.1 cm using a rigid stadiometer tested for
accuracy.

Collection and analysis of hair samples

For removing external contamination from child-
ren’s hair, mothers were asked to wash the child-
ren’s hair with shampoo or soap, then rinse with
plenty of tap water (at least five minutes) imme-
diately prior to sampling. None used any type of
hair treatment. After cutting children’s hair
(about 3 cm from the child’s scalp; 2-5 g), the
sample was placed in a plastic pack and trans-
ferred to the laboratory for metals analysis.

For analysis, hair samples were weighed (5-10
mg) and put into Teflon perfluoroalkoxy bottles,
and 0.4 ml of concentrated nitric acid (ultrapure
grade, Tama Chemicals Co., Kawasaki, Japan)
was added. The bottles were left overnight at
room temperature (18-28 °C). The sample mix-
ture was then digested with 0.2 ml of hydrogen
peroxide (ultrapure grade, Tama Chemicals Co.,
Kawasaki, Japan) using a microwave oven (MLS-
1200 MEGA, Milestone Srl, Bergamo, Italy). This
process was done in five steps using various
power levels set at 250, 0, 400, 650, and 250 W
for 6, 1, 6, 6, and 6 min, respectively. Next, the
volume of the digested sample was adjusted to
1.0 ml using ultrapure water. After dilution with
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0.5% nitric acid solution, subsequent measure-
ments for metal concentrations were done by
inductively coupled plasma mass spectrometry
(ELAN 6000, PerkinElmer, Waltham, MA, USA)
using multi-element standard solutions XSTC-
13B and XSTC-622 (SPEX CertiPrep, Metuchen,
NJ, USA). Each measurement was repeated three
times, and the average of the three measurements
was used for statistical analyses. For instrument
calibration throughout the measurements, at least
10% of the analyses were external standards, and
5% were blank (pure water).

Data analysis

Children weight gain (kg) was calculated by sub-
tracting the children’s weight at 18 months old
from their birth weight recorded on the growth
chart. Pearson correlation coefficients were used
to study relationships between metals. Student’s
t-tests were calculated to investigate differences
in metal concentrations between relatively high
and low weight gain children (<50th and >50th
percentile) at 18 months of age. The same statis-
tical test was employed to compare metal concen-
trations between boys and girls. We employed

ANOVA test to compare children’s hair levels of
metals among the city districts. Multiple regres-
sion analysis was used to examine the relation-
ships between metal levels and children’s weight,
controlling for possible confounding variables
(maternal age, weight, height, and child’s age and
sex). Statistical analyses were performed using
SPSS (IBM SPSS, Armonk, NY, USA), and statis-
tical significance was determined using P<0.05.

Results

Three children (two boys and one girl) weight
were at less than percentile five and nine children
(3 boys and 6 girls) weight were higher than per-
centile 95, according to the World Health Organ-
ization (WHO) classification for 18 months old
children, separately for boys and girls. Student’s
t-test showed that children with relatively lower
weight at 18 months (<50th percentile) had sig-
nificantly higher levels of cobalt in their hair than
children with higher weight (mean * SD 0.026 *
0.04 and 0.015 * 0.01 pg/g, respectively,
P=0.021) (Table 1).

Table 1: Comparison of metal levels in children’s hair according to percentiles of children weight at 18 months old

(n=138)%
Weight percentile <50 > 50 P-value
n= 70t n = 68t
Hair level of (ug/g)
Lead 6.77 £ 6.9 514+ 49 NS
Zinc 122 £ 76 123 £ 58 NS
Cadmium 0.110 £ 0.14 0.08 7+ .07 NS
Antimony 0.159 £ 0.24 0.110 £ 0.17 NS
Cobalt 0.026 + 0.04 0.015 + 0.01 < 0.021
Molybdenum 0.091 £ .05 0.099 = .10 NS
Child age (month) 27.2£5.0 29.0 £ 4.6 0.031
Maternal
Age (y1) 251+ 4.6 25.8 £ 4.1 NS
Weight (kg) 61.8 +12.8 65.1 £9.0 NS
Height (cm) 157.2 £ 7.1 160.2 £ 60.1 0.041

1.36 missing data (due to unreliable metal measurement according to standards and blank or, missed data on sub-

jects’ characteristics)
T Mean * SD; Student t-test
NS: none significant
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There was not the same result for children’s
weight percentiles at the birth, 6 and 12 months
old. Multiple regression analysis showed no sig-
nificant relationship between children’s weight
and hair concentration of cobalt when adjusted
for covariates (data not shown). Hair concentra-
tions of lead, cobalt, and antimony were signifi-
cantly higher in girls than in boys (8.08 £ 8.7 vs.
4.92 + 5.6 ug/g for lead, 0.026 £ 0.03 vs. 0.16 £

0.02 pg/g for cobalt, and 0.188 £ 0.29 vs. 0.102
+ 0.12 pg/g for antimony, respectively, P<0.05)
(Table 2).

There was a significant negative correlation be-
tween lead and zinc in children’s hair (r=—0.4306,
P<0.001) (Fig. 1). However, lead showed signifi-
cant positive correlations with potentially toxic
metals (cadmium, antimony, cobalt, and molyb-
denum) in children’s hair (Fig. 2).

Table 2: Comparison of metal levels in children’s hair, weight, and height between boys and gitls (n = 155)#

Boys Girls P-value
n = 741 n = 817
Hair level of (ug/g)
Lead 492+ 5.6 8.08 £ 8.7 0.008
Zinc 124 £ 56 117 £ 72 NS
Cadmium .086 + .09 118+ .12 NS
Antimony 102 + .12 188 = .29 0.017
Cobalt 016 £ .02 026 £ .03 0.029
Molybdenum .088 £ .05 108 £ .10 NS
Child
Age (month) 263 %71 27.1£5.7 NS
Birth weight (kg) 411 £ 406 343+ 3.0 NS
Birth height 50.6 £2.9 49.2£3.0 0.003
Weight at 6 months (kg) 7.87£0.8 73%0.8 0.001
Height at 6 months (cm) 672+32 6551 3.5 0.002
Weight at 12 months (kg) 9.8+09 9.2£0.9 0.001
Height at 12 months (cm) 752+ 34 73.8£3.0 0.002
Weight at 18 months (kg) 112+ 1.1 105£1.3 0.001
Height at 18 months (cm) 81.7 3.3 80.1 £ 3.4 0.006
Weight gain (kg) 6.97 + 49 7.04 + 3.25 NS
Maternal
Age (year) 25,7+ 4.0 252145 NS
Weight (kg) 624 +10.5 65.0 £ 11.1 NS
Height (cm) 159.7 £ 6.7 158.1 + 6.5 NS

119 missing data (due to unreliable metal measurement according to standards and blank or, missed data on subjects’ characteris-

tics) // 1 Mean £ SD; Student #test // NS: none significant

Among 22 districts of Tehran, the most of study
participants live in the district 17 (southwest, n=32)
and the district 4 (northeast, n=29). There was not
a significant difference between the children scalp
hair metals levels or children’s weight with the dis-
trict of living in the city (data not shown).

Discussion
The present study found that relatively lower-

weight children had higher levels of cobalt in
their hair than children who weighed more at 18

Available at:  http://ijph.tums.ac.ir

months old. However, this difference disap-
peared when we adjusted for other variables in
multiple regression analysis.

Children’s hair levels of some potentially toxic
metals were approximately twice as high in girls
as boys. Overall, girls also displayed lower weight
than boys (Table 2). Although, the present study
multivariate statistical analysis failed to demon-
strate finding about cobalt and children weight,
other study showed the content of metals in body
fluids differences between the short stature child-
ren and the healthy children (25).
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Fig. 1: Pearson correlation between concentrations of lead and zinc in children hair
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In the other word, gender influencing was re-
ported on metals effect on body weight and/or
body mass index (26). For instance, longitudinal
studies in Bangladesh have shown that exposure
to inorganic arsenic through drinking water dur-
ing pregnancy and the postnatal period (meas-
ured in urine at 18 months) is correlated with de-
creased size at birth (27) and a lower childhood
growth rate (at 18-24 months) (28), and the ef-
fect is more pronounced in girls than in boys.
Similar findings regarding gender were observed
in China, when comparing children based on ar-
senic levels in their drinking water (2 ng/L arsen-
ic content vs. 190 pg/L) (29). Thus, gender may
play an important role in metal toxicokinetics and
accumulation, and consequently, in metal toxici-
ties in children (30-32).

As the current study results, accumulation of tox-
ic metals was showed (33-34) vary according to
participants’ gender (36-37). An Italian study on
children (aged 11-13 yr) reported higher levels of
many elements (cadmium, cobalt, copper, zinc,
and so on) in scalp hair of girls than in boys (38).
In addition, many studies have revealed higher
blood levels of manganese, copper, arsenic, cad-
mium, and selenium in females than males (39-
41). Similar to hair and blood, a study has shown
increased level of urinary cadmium in females
than in males (35). On the other hand, some stu-
dies on children have reported no gender differ-
ence (42) or even lower blood levels of metal
(lead) in girls than in boys (36,43,44). It is diffi-
cult to explain why metals levels were higher in
girls than boys. However, it could be related to
female vulnerability to absotb metals and/or a
sex-related metabolic difference of metals (45),
such as a higher bone release of metals (lead) in
exchange with calcium, in female (46). In average,
girls have a shorter growth period than boys due
to complete their skeletal growth generally earlier
and faster than boys (33, 39, 40).

In the present study, zinc showed a significant
negative correlation with lead. Similar findings (in
hair and blood) have been also reported in eatlier
studies (47-49). Perhaps, there is a competition
between lead and zinc from absorption to the site
of effects, as co-administration of zinc supple-
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ments and lead in experimental study revealed a
reduction in lead absorption and accumulation in
organs (50-53). Therefore, zinc may have a pro-
tective effect against lead, mediating by competi-
tion to various binding sites (54), such as metal-
binding proteins (e.g., metallothioneins) (55), and
zinc allosteric sites (50).

The sources of metal exposure for the study par-
ticipants were not known. However, hair concen-
trations of metals in the children may be affected
by biological, personal, and environmental fac-
tors (57). Among these, environmental pollution
(mainly anthropogenic) could be the main source
of exposure in Tehran, as the city has considera-
ble numbers of industrial sources. Although con-
centrations of many elements are lower in resi-
dential zones than in industrial areas, some ele-
ments are present in the same (arsenic and zinc)
or even higher levels (manganese, antimony, and
copper) in these zones (18). Similarly, children
who live near a high traffic road were exposed to
higher levels of metals than those who did not
(58), but the present study information about
participants’ inhabitation did not include distance
from roads. Some heavy metal contents were re-
ported to be higher along the city roads (i.e.,
cadmium, 4 mg/kg; lead, 669 mg/kg; zinc, 614
mg/kg) (19) than the acceptable levels in natural
soils (cadmium, 3 mg/kg; lead, 100 mg/kg; zinc,
300 mg/kg) (59). Therefore, the study parttici-
pants may be exposed to potentially toxic metals
mainly via industrial activities and vehicle exhaust
fumes.

There were some limitations of the current study.
First, the children’s hair samples were collected at
different ages (20-36 months old), while weight
was taken from medical records from birth to 18
months old. Second, we did not wash the hair
samples before analysis. Third, we had limited
information on the children’s diets and the fa-
thers’ anthropometric characteristics. The moth-
ers were asked to provide details of the fathers’
anthropometric characteristics, but the data were
not sufficiently reliable to include in the statistical
analyses. Finally, the current study did not
measure metal levels in the tap water or in the air
of Tehran.
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Conclusion

Children with relatively low weight gain had
higher level of cobalt, which the finding disap-
peared when adjusting for covariates. In addition,
girls showed higher levels of toxic metals than in
boys. This may suggest that gender plays an im-
portant role in the absorption and/or accumula-
tion of metals. The study also revealed significant
correlations among measured metals in the child-
ren scalp hair. Thus, the future studies should be
conducted on mix metals set and should consider
gender as an important factor in metals toxicity.
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