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Abstract

Objectives: Minerals such as zinc, copper, selenium, calcium, and magnesium are essential for normal human development
and functioning of the body. They have been found to play important roles in immuno-physiologic functions. The study is
to evaluate the distribution and correlation of nonessential (lead) and essential elements in whole blood from 1- to 72-month
old children.

Methods: The cross-sectional study was performed in 1551 children. Six element concentrations, including copper (Cu),
zinc (Zn), calcium (Ca), magnesium (Mg), iron (Fe) and lead (Pb) in the blood were determined by atomic absorption spec-
trometry. Distributions and correlations of trace elements in different age groups were analyzed and compared. A Pearson
correlation controlled for age and gender was used to assess the relationship of non essential (lead) and essential elements.
Results: Levels of copper and magnesium were 18.09 + 4.42 umol/L and 1.42 £+ 0.12 mmol/L, respectively. 6.04% of all
children showed copper levels below the normal threshold, the levels of Magnesium were stable in different age groups.
Though the overall mean blood zinc and iron concentrations (61.19 = 11.30 pmol/L and 8.24 + 0.59 mmol/L, respectively)
gradually increased with age and the overall deficiency levels (24.1% and 36.0%, respectively) decreased with age, zinc and
iron deficiencies were still very stable. Controlling for gender and age, significant positive correlations were found when
comparing copper to zinc, calcium, magnesium, and iron((r = 0.333, 0.241, 0.417, 0.314 ,p < 0.01); zinc to magnesium and
iron (r = 0.440, 0.497p < 0.01); and magnesium to Calcium and iron(r = 0.349, 0.645, p < 0.01). The overall mean blood lead
levels (41.16 + 16.10) were relatively unstable among different age groups. The prevalence of lead intoxication in all children
was 1.3% .Calcium levels decreased gradually with age, with an overall concentration of 1.78 £ 0.13 mmol/L.
Conclusion: Significant negative correlations were also noted between Pb and Zn, Fe (r = -0.179, -0.124.p < 0.01) .The
importance of calcium deficiency and supplementation is well realized, but the severity of iron and zinc deficiency is not
well recorded. The degree of lead intoxication in all the children studied was low; The established reference intervals for Cu,
Zn, Ca and Mg provide an important guidance for the reasonable supplementation of essential elements during different
age groups.
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Introduction

Calcium(Ca), iron(Fe), Magnesium (Mg) and zinc(Zn)
are the predominant nutritional essential metals. Lead
(Pb) exposure is the inherent accompaniment of econ-
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omy development and is inevitable for human beings.
Elevated blood lead level is confirmed as multi target
toxicant with effects on the gastrointestinal, hemato-
poietic, cardiovascular, nervous, immune, reproductive
and excretory system'® Neurotoxicity is the most severe
toxic effect of lead. Children are the most vulnerable
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and affected group to lead exposure. The developing
nervous system is thought to be far more vulnerable to
the toxic effects of lead than the mature brain’. There-
fore, Pb poisoning is now recognized as a grave envi-
ronmental health threat to children. Cu, Zn, Ca, Mg
and Fe, which are important metal cofactors for many
enzymes and proteins, are essential for health, as they
play important role in human metabolism'"". In hu-
mans, particularly children, with dietary intake of cal-

cium, iron and zinc are associated with elevated blood
lead level'%.

The relationships between these essential trace ele-
ments and Pb is less well understood. Deficiencies of
nutritional essential metals can increase the hazard of
lead exposure by enhancing absorption and toxicity of
dietary lead"”. The deficiency of zinc, iron, coppet, and
calcium increases the absorption and toxicity of lead by
interfering with the biological and physiological func-
tions of the body'.Absorption of Pb appeared to be
higher in children who have a lower dietary intake of
Fe, Ca or Zn; thus, dietary insufficiencies may contrib-
ute to Pb absorption'. One study on the interaction of

lead and some essential trace metals reported that lead
was negatively correlated with calcium and iron'®. Re-
cent researches showed that lead can be influenced by
the status of some essential trace metals in children'”.

In the present study, in order to understand the detailed
situation of trace elements in children, we estimated
whole blood Pb, Cu, Zn, Ca, Mg and Fe levels by an
atomic absorption spectrometry of 1551 children aged
1- to 72-month in Nanjing, China. The associations be-
tween blood Pb levels and other nutritional elements
were investigated to show the prevalence of Pb intoxi-
cation in children and to offer support for trace element
supplementation as a means of combating poisoning by
certain heavy metals.

Materials and methods

Characteristics of subjects

Healthy children age 1- to 72-month were recruited in
the study from January 2011 to September 2012. About
one third of them were selected randomly from kin-
dergartens in six districts of Nanjing , and the rest con-
sisted of children who recruited from the child health
center of our hospital for physical examination.

Fig. 1 Map of the Study area
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A total of 1554 subjects were included. Three subjects
were excluded: one for leukemia ,one for Mediterrane-
an anemia, one for congenital heart disease. A total of
1551 healthy children were recruited for the study. All
the children and their parents were residents of Nan-
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jing in the Jiangsu province. Inclusion criteria were the
following::

(1) no history of mellitus, hypertension, cardiovascular
disease, liver disease, metabolism system, thyroid diseas-
es, nutritional deficiency diseases, or other diseases that
could affect the concentrations of selected elements.
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(2)no supplements (i.e., Cu, Zn, Ca, and Mg) have been
given during the course of the childrens' life.

(3) no ongoing treatment affecting the concentrations
of the selected elements.

(4) living in Nanjing, Jang su Province.

All participants were given informed consent. The in-
vestigation was carried out according to the principles
of the declaration of Helsinki.

After disinfecting the skin, approximately 2 mls of
blood were drawn from the vein into a sodium hepa-
rin vacuum blood collection tube. The blood (80 pL)
was then added to a tube containing diluent solution..
Venous sampling is the preferred method for meas-
uring blood Pb levels. The experimental protocol was
reviewed and approved by committee for the experi-
mental work of Nanjing maternity and child health care
hospital affiliated to Nanjing medical university

Elemental analysis

Whole blood Pb levels were analyzed using an atom-
ic absorption spectrometer (283.3 nm) equipped with
a tungsten atomizer (BH2100, Bo hui, Beijing, China);
Cu, Zn, Ca, Mg and Fe levels were analyzed by flame
atomic absorption spectrometry (BH5100, Bo hui, Bei-
jing, China) using hollow cathode lamps (324.7, 213.9,
422.7, 285.2 and 248.3 nm for Cu, Zn, Ca, Mg and Fe,
respectively). To reduce the risk of contamination,
only pre-tested, trace element-free material was used
for sampling and storage. All analyses on whole blood
were performed in the same laboratory. Quality con-
trols were assured by analyzing certified reference ma-
terials from general administration of quality, inspec-
tion and quarantine of the People's Republic of China

(GBW(E)090033, 090034, 090035 and 080211 for lead
and cadmium, GBW(E)080915, 080916 and 080917
for copper, zinc, calcium, magnesium and iron). Ref-
erence values were as follows: Cu: 11.8— 39.3 pmol/L,
Ca: 1.55-2.65 mmol/L, Mg: 1.12-2.06 mmol/L, Fe:
7.52— 11.82 mmol/L, Pb: 0-100 pg/L, and Zn: (0-12
months) 58-100 pmol/L; (12-24 months) 62-110
wmol/L; (24-48 months) 66-130 umol/L; and (48-72
months) 76.5-140 pmol/L. “Deficiency” was defined
as values below the normal threshold. Iron deficiency
includes: iron depletion(ID), iron deficient erythropoie-
sis(IDE), iron deficiency anemia(IDA).

Intoxication levels are as follows: Pb: 2100 ug/L, These
reference values were based on the U.S. Centers for dis-
ease control criteria for Pb poisoning.

Statistics analysis

Statistical data wasanalyzed using the statistical pack-
age SPSS 12.0 (SPSS Inc., Chicago, 1L, USA). Data are
expressed as the mean * standard deviation (SD). A
univariate analysis was performed with a t-test and chi-
square test. For statistical comparison of Cu, Mg, Fe,
Zn, Ca, Pb levels between multiple groups, analysis of
variance was performed by a one-way (ANOVA). The
correlations of toxic and essential elements were ana-
lyzed by a Pearson correlation controlled for age and
gender. p-value < 0.05 was considered significant.

Results

A total of 1551 healthy children (male=835; fe-
male=716) from January 2011 to September 2012 were
recruited for the study. The mean age of the children
studied was 22.0 £14.0 months, and 53.8% of the sub-
jects were male. The mean level of Pb was 41.16 *
16.10 pg/L.

Table 1.Comparison of nonessential (lead) and essential element levels in the blood from

different age groups

Pb Cu Zinc Ca Fe Mg
Group (months)  Num (ug/L) (umol/L) (umol/L) (mmol/L) (mmol/L) (mmol/L)
342 4422+ 1441 15.10+3.42a 48.14+8.71 1.84 +£0.12 7.20+0.51 1.27+0.11a
1(1-6) a
I (7-12 443 43.17+1543  19.12+425 58.17+9.14b 1.82+0.10 8.37+0.54 1.44+0.12
111 (13-24) 325 40.51+15.07 1941+5.14 64.11+11.21b 1.80 £0.09 8.69 £ 0.62bb 1.47+0.12
IV (25-48) 241 46.84+2130 1849+527  67.02+14.30 1.74 £ 0.18¢ 8.81+£0.51 1.47+0.13
Vv (49-72) 200 31.51+14.20 1837+4.01 70.24 £ 13.15b 1.71 £0.18¢ 8.14 £0.74b 1.49+0.13
Total 1551 41.16+16.10  18.09+4.42  61.19+11.30 1.78+0.13 8.24 £0.59 1.42+0.12

a Compared with Group<49 months ,P<0.05
b Compared with Group in the last previous, P<0.05
¢ Compared with Group<6 months, P<0.05
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The prevalence of lead intoxication in all children was
1.3%. (Table 2). Compared with Pb concentration de-
termined in subjects <49 months, the concentration of
Group V Pb(31.51 £ 14.20 pug/L) was lower (p < 0.01).

The mean blood Cu level was 18.09 £ 4.42 yumol/L.
Compared to the levels determined for the subjects
>0 months, the mean blood concentration of Group I
Cu (15.10 £ 3.42 ymol/L) was a significantly lower (p
<0.05) (Table 1). Overall, 6.04% of the children had Cu
levels below the normal threshold; 10.3% of children in
Group A had below normal levels(Table 2).

The overall mean blood Zn concentration was 61.19 *
11.30 pmol/L. Levels of Zn increased gradually with
age, with significant differences present between the
youngest (Group I: 48.14 = 8.71umol/L) and the oldest
(Group V: 70.24 + 13.15 umol/L) children (p < 0.05)
(Table 1). 24.1% of whose were Zn deficient, and the
prevalence of Zn deficiency decreased with age from
41.1% to 13.3%; however, Zn deficiency was still very
common. (Table 2).

The overall mean blood Ca concentration was 1.78 &
0.13 mmol/L. The level of Ca gradually decreased with

age, from 1.84 £ 0.12 mmol/L to 1.71 £ 0.18 mmol/L
(Table 1). Overall, 6.06% of children had low serum
calcium level, and the prevalence of Ca deficiency grad-
ually increased with age from 3.8% to 11.4%. (Table 2).
The overall level of Mgwas 1.42 £ 0.12 mmol/L. Group
I had an Mg concentration of 1.27 * 0.11mmol/L,
which was significantly lower than the level determined
for subjects >6 months (p <0.05) in whom Mg levels
were stable (Table 1). No Mg deficiency was found in
any of the age groups (Table 2).

'The overall mean blood Fe level was 8.24 £0.59 mmol/L.
Fe levels gradually increased with age from7.20 £ 0.51
mmol/L to8.14 £ 0.74 mmol/L (Table 1). Overall,
36.6% of the children we studied showed Fe deficien-
cy, Although the incidence of Fe deficiency decreased
with age from 59.2% t022.4% gradually, Fe deficiency
was still very common in children. (Table 2).

The percentages of children with blood Cu, Zn, Ca, Mg
and Fe levels below the normal threshold or Pb levels
above the normal threshold in the various study popu-
lations are shown in Table 2.

Table 2 Percentages of children above/ below normal thresholds in the various study populations.

Zinc#  Ca<l.55  Mg<l.12
(umol/L) (mmol/L)  (mmol/L)
Group Pb>100 Pb>70 Cu<11.8 Fe<7.52
(months Num (ng/L) (ng/L) (umol/L) (mmol/L)
1(1-6) 342 0.9% 3.4% 10.3% 41.1% 4% 0 59.2%
II (7-12) 443 0.8% 12.1% 4.00/, 31.30 4.90, 0 43.79,
1I(13-24) 325 0.7% 16.3% 49% 21.2% 3.8% 0 31.9%
IV(25-48) 241 4.1% 20.0% 8.1% 13.3% 6.2% 0 22.8%
V (49-72) 200 0 15.00, 2.9 13.80/ 11.40/, 0 22.404,
Total 1551 1.3 13.369, 6.040, 24.104, 6.06%, 0 36.00,

Zn#: (0-12 months) 58—100 pumol/L; (12—-24 months) 62—110 pmol/L; (24—48 months) 66—130 umol/L; and (48—

72 months) 76.5-140 pmol/L

Element correlations

After controlled for age and gender ,we found that
there were significant positive correlations between Zn
and Mg, Fe (r = 0.440, 0.497p < 0.01), Cu and Zn, Ca,
Mg, Fe (r = 0.333, 0.241, 0.417, 0.314 p <0.01),Ca and
Mg (r = 0.349, p < 0.01) and Mg and Fe (r = 0.645, p <
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0.01). Significant negative correlations were also noted
between Pb and Zn Fe (r = -0.179, -0.124.p < 0.01) .

Correlations between trace elements and age were also
significantly different. A negative correlation was noted
between Pb, Ca and age (r = -0.397, - 0.267, p < 0.01).
Positive correlations were observed between age and
Zn , Fe, Mg, (0.438, 0.10, 0.152, p < 0.01) (Table 3) .
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Table 3 Correlation relationships between nonessential
(lead) and essential element concentrations and age.

Pb -0.397
Ca -0.267
Zn 0.438
Fe 0.100

Mg 0.152

0.000
0.000
0.001

0.008
0.005

Discussion

The impact of lead toxicity on children is especially se-
vere for their living behaviors . The data of this study
show that the levels of Pb in different age groups was
unstable .Based on the U.S. centers for disease control
criteria for Pb poisoning". The mean blood Pb level in
children was lower than the values reported in Shan-
dongin 2012* and in sub-Saharan African*. Nanjing is
now a low epidemic risk area. However, in our study, ap-
proximately 13.36% of all the children had a blood Pb
level 270 pg/L. Therefore, a careful inspection of chil-
drens' homes for environment sources of Pb is impor-
tant in protecting them from continual exposure. Lead
is a ubiquitous, toxic metal. In general, young children
are exposed to it through environmental dust and paint,
paint chips from lead-based paint, water contaminated
by lead (leaching from valves, fixtures), pottery and ce-
ramics, toys, cosmetics, and etc®. Possible explanations
for the aforementioned are rapid in urban construction
and increased motor vehicles in recent years in Nanjing,
On the other hand, children are the most susceptible
population due to the following reasons: (1) It is highly
absorbed in the air of children than of adults (2) chil-
dren absorb more environmental lead because of their
hand-mouthing living behaviors;

In our study, we also found that the highest intoxication
rate of Pb was in Group IV, which was consistent with
the report from Beijing and Chengdu®?. Because of
their special features like the ability to hand-to-mouth
behavior, walk, oral exploratory habits etc. accounting
for children in this age group, they are easily poisoned
.Cu, Zn, Ca, Mg and Fe are the predominant nutritional
essential metals. Our data showed that blood Zn lev-
els gradually increased with age, which was consistent
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with previous reports™. The main reason for this is that
diet and gastrointestinal digestion and absorption ca-
pacity improved with age, although these capacities are
still not well developed in young children*.. Therefore,
the need for Zn supplementation in children's food re-
quires greater attention. The levels of Fe also gradually
increased with age, with a mean blood Fe concentration
of 8.24 £0.59 mmol/L, which is lower than the reference
mean of 9.67 mmol/L. Fe deficiency was widespread in
children. Overall Fe deficiency gradually decreased with
age, averaging 36.6%, which is consistent with previous
studies®. A high incidence of anemia is often found
in this age group, the incidence of anemia reported by
World Health Organization is 52% The obvious reason
for anemia is Fe deficiency during this period. Ca levels
gradually decreased with age, but deficiency of Ca was
not common in our study, demonstrating that the im-
portance of Ca and the supplementation is necessary,
Our results indicated correlations between age and Ca,
Zn, and Fe (- 0.267, -0.397,0.438 , respectively). Con-
sidering the importance of these nutritional essential
metals, the supplementation of trace elements during
growth is significative for children. One inadequacy of
the study was that family socioeconomic and dietary
information were not available. Further researches on
supplementation of trace elements were needed.

Previous reports shows that deficiencies in nutritional
essential metals can increase the hazards of Pb expo-
sure by enhancing the absorption of dietary Pb'". Pb is
absorbed mainly in the digestive and respiratory tracts
and shares the same ion transport channel in the intes-
tinal epithelium with Ca, Fe, Zn .Competitive inhibi-
tion can occur in the process of intestinal absorption,
which will result in a lack of these elements in the body.
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In our study, only a negative correlations was also not-
ed between Pb and Fe and deficiencies of Zn and Fe
were very common, which was consistent with previous
studies in the literature® . . No significant correlations
between Pb and Zn was noted. The interaction between
toxic(lead) and essential elements should be careful-
ly studied. The present study indicated that significant
positive correlations existed between Cu and Zn, Cu
and Ca, Cu and Mg /Cu and Fe. It was also significantly
positively correlated to Zn /Mg and Zn /Fe, and Mg to
Ca and Fe. These studies of the above have shown that
the relationship between the trace elements is near.

Conclusion

In summary, the new reference values will be helpful in
assessing the health. A balanced diet that includes more
foods rich in Fe, Ca and Zn is needed to compensate
for an inherent lack of nutrients for children .To raise
national health levels, the lead and essential elements
levels in children should be monitored and lead pre-
vention should be prioritized in health care. Health care
organizations should carry out a series of measures to
reduce lead exposure. However, further long-term fol-
low-up researches are still needed.
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