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Abstract
To measure the levels of Zn, Mn, Cu, Pb, Cd, As and other trace elements in bodies of the
mother and the fetus and to perform correlation analysis among trace elements. Total of 180
pregnant women hospitalized between October 2008 and Apr 2009 were continuously recruited
in this study. Contents of trace element in maternal and umbilical cord blood including Zn, Mn,
Cu, Pb, Cd and As etc. were determined using inductively coupled plasma mass spectrometry
system. SPSS12.0 software was applied to establish database and conduct statistical analysis.
Median concentrations of Zn, Mn, Cu, Pb, As and Cd in maternal blood were respectively 5747.0
µg/L, 29.145 µg/L, 1410.5 µg/L, 32.105 µg/L, 4.435 µg/L , and 1.155 µg/L, and median
concentrations of corresponding element in umbilical cord blood were respectively 1793.0 µg/L,
45.489 µg/L, 464.4 µg/L, 21.625 µg/L, 2.976 µg/L, and 0.142 µg/L. Contents of Zn, Cu, Pb, As and
Cd in maternal blood were significantly higher than that in umbilical cord blood (P<0.05).
Levels of Mn in umbilical cord blood were significantly higher than that in maternal blood
(P<0.05). All 6 trace elements in maternal blood had significant positive correlation to
corresponding elements in umbilical cord blood (r: 0.169 ~ 0.378 and all P<0.05). Multiple linear
regression analysis showed that various trace elements in maternal blood were the main
determinant of corresponding trace elements in umbilical cord blood. Some trace elements in
maternal blood also had certain impact on the levels of other trace elements in umbilical cord
blood. This study showed that toxic trace elements Pb, As and Cd existed at higher level in
patients from China than developed countries, which is a problem not to be ignored. Trace
element levels in neonate were closely related to that in the mother, while levels of trace element
in maternal blood had some effects on the levels of other trace element in umbilical cord blood.
Therefore, monitoring trace element levels during pregnancy and effective treatment in case of
abnormal findings were still important components of eugenics.
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Introduction
As modern industry develops, pollution becomes worse
and lifestyle is changing. An increasing number of
environmental factors are altering our way of lives. In
particular, environmental hazards in pregnancy have
caused widespread concerns. Trace elements in the human
body can be divided into essential trace elements and
toxic trace elements. Being common toxic heavy metals
in our daily life, Pb, As and Cd etc. had been proved to
have strong toxicity on reproductive system and embryo
development by animal experiments [1-2], potentially
threatening the healthy reproduction of human being. On
contrary, Zn, Mn and Cu are essential trace elements in
the human body and some studies showed that Zn
deficiency was associated with a variety of adverse
outcomes of pregnancy [3-4] while too low or too high
concentrations of Mn also had adverse effects on
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pregnancy [5]. Furthermore, lack of Cu could cause
anemia and stunted development [6]. In recent years,
some studies tested the concentrations of some essential
and toxic trace elements in maternal blood and umbilical
cord blood of the neonate [5, 7-10]. However, more
systematic tests and analysis on these trace elements in
maternal blood and neonatal blood including both
essential and toxic race elements, as well as metal and
metalloid elements, were still few. In addition, interaction
between nutrient elements and toxic elements has become
an emerging area of research in recent years [8, 11], but
whether interaction of trace elements in maternal body
affects the placental transport of trace elements into the
fetus has not been reported. In this paper, we tested the
concentrations of 6 trace elements in maternal whole
blood and neonatal blood in Senyang area and analyzed
the maternal-fetal correlation of these elements as
reported as follows.
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Subjects and Methods
Subjects
Total of 180 pregnant women admitted into the Shenjing
hospital of China Medical University were selected
consecutively from October 2008 to April 2009, aged
21~34 years old, all singleton pregnancies and gestational
age of 37-42 weeks. Patients all received 3~10 times of
prenatal care and had no major organ diseases, no intake
of trace element supplements within the last week, natural
vaginal delivery or cesarean section, no neonatal asphyxia
or birth defects and with neonatal birth weight range of
2500 ~ 4000 g. All subjects signed informed consent.

Methods
Sample Collection
Maternal whole blood: after signed informed consent, 3ml
venous blood was collected from pregnant women at 0 ~
24h before delivery, ethylenediaminetetraacetic acid
(EDTA) was added and mixed to prevent anticoagulation.
Umbilical cord blood: after delivery, surface of the
umbilical cord was swabbed and disinfected. 3ml cord
blood was collected. Sample processing method was the
same as the maternal whole blood. Samples were stored at
-80oC refrigerator.
Sample preparation
Agilent 7500 CE inductively coupled plasma mass
spectrometry system (ICP-MS) (Agilent Inc., United
States) was used for determination and analysis of various
trace elements in the whole blood. 400 µl of 69% nitric
acid was added into 200µl of whole blood sample and
Mars-5 microwave digestion oven (CEM Inc., United
States) was used for digestion. Digested solution was
diluted to about 4.5 ml in pure water and measured on
ICP-MS. The material from CORTOX (lot HMB59311,
Kaulson Laboratories Inc., United States) was used as
quality control. In addition, measurement was repeated
for 10% of specimens.
Detected indicators
Essential trace elements Zn, Mn and Cu, as well as toxic
trace elements Pb, Cd and As were measured.
Statistical analysis
SPSS 12.0 was used to establish database and perform
statistical analysis. Distribution of all elements was

statistically described using median and the lowest to
highest quartile. Differences between maternal and
umbilical cord blood were detected using Wilcoxon
Signed Ranks Test (paired rank test) and Spearman rank
correlation analysis was used to analyze the correlation of
trace elements levels in maternal and umbilical cord
blood. Multiple linear regression (Stepwise) Analysis was
applied to analyze the effects of various maternal blood
trace elements on umbilical cord blood trace elements.
P<0.05 was set as the criteria for statistically significant
difference.

Results
Basic information
Total of 180 cases of 21-34 years old pregnant women
were included in our study, with average age of (28.4 ±
3.8) years old, average height of (162.1 ± 4.9) cm and
body weight of (74.3 ± 8.8) Kg before delivery. Fetus had
body weight of (3.455 ± 0.54) Kg and height of (50.7 ±
2.2) cm.
Distribution of trace elements and heavy metal levels in
maternal and cord blood
Normal distribution was shown for Cu level in
maternal and umbilical cord blood, but non-normal
distribution was shown for all other elements. Contents
of various elements in maternal and cord blood were
listed in Table 1. Detection rates all trace elements in
maternal blood and in umbilical cord blood were 100
%.
Correlation analysis of trace elements in maternal and
umbilical cord blood
Comparison and correlation analysis results of various
elements in maternal and umbilical cord blood were
shown in Table 1. Wilcoxon Signed Ranks Test showed
that levels of Zn, Cu, Pb, Cd and As in maternal blood
were significantly higher than in umbilical cord blood (all
P<0.05) while contents of Mn in cord blood were
significantly higher than in maternal blood (all P<0.001).
Spearman rank correlation analysis showed that levels of
all 3 essential and 3 toxic trace elements in maternal and
umbilical cord blood had significant positive correlation
(correlation coefficient of 0.169 ~ 0.378 and all P<0.05)
(Table 1).

Table 1. Content of elements in maternal and umbilical cord blood
Trace elements
Pb(µg/L)
As(µg/L)
Cd(µg/L)
Zn(µg/L)
Cu(µg/L)
Mn(µg/L)

Maternal Blood
Median Q1-Q4
21.105
7.854-35.170
4.435
3.551-6.233
1.155
0.811-1.472
5747.0
4947.0-6312.0
1410.5
1251.5-1546.8
29.145
24.525-34.775

Range
0.000-121.70
2.166-30.610
0.338-3.119
2300.0-8620.0
539.9-2636.0
14.410-70.230

Umbilical cord blood
Median Q1-Q4
21.625
8.846-27.640
2.967
2.217-4.428
0.142
0.021-0.405
1793.0
1526.0-2054.0
464.4
405.9-531.1
45.895
38.748-56.873

Range
0.000-436.300
0.000-132.90
0.000-16.780
789.0-13850.0
193.5-1967.0
17.080-158.500

Z

P*

-1.357
-7.877
-11.035
-11.285
-11.548
-10.079

0.175
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

P$

r
0.268
0.276
0.378
0.107
0.077
0.072

<0.001*
<0.001*
<0.001*
0.153
0.301
0.336

Note: Q1-Q4: lowest quartile to highest quartile; Range: minimum to maximum. * Wilcoxon Signed Ranks Test (maternal
blood vs. cord blood) $Spearman rank correlation（maternal blood vs. cord blood）
Biomed Res- India 2015 Volume 26 Issue 3

557

Qi/Du
Table 2. Effects of various trace elements in umbilical blood
Trace elements
in cord blood
Pb
As
Cd

Zn

Cu
Mn

Trace elements in umbilicalblood
affecting elements in cord blood
Cd
Cd
Zn
Pb
As
Cu
Cu
Mn
As
Zn
Mn
Cd
Zn
Cu

Unstandardized
coefficients
β
SE
24.320
1.404
7.469
1.075
-2.015
1.169
0.013
0.002
0.027
0.004
-0.001
0.001
0.001
0.000
0.004
0.002
-0.009
0.005
153.509 27.549
2.391
0.839
-125.722 -23.835
2.807
1.380
0.020
0.006

Multivariate analysis of trace elements in umbilical cord
blood:
As shown in Table 2, all trace elements in maternal blood
were the main determinants of the corresponding trace
elements in umbilical cord blood, i.e., there was a
significant positive correlation between the maternal
element and fetal element. In addition, multiple linear
regression analysis showed that maternal Zn level could
independently reduce the concentration of Cd and As in
umbilical cord blood. Maternal Pb level was negatively
correlated with the level of Cu in umbilical cord blood.
Furthermore, maternal As concentration was negatively
correlated with the Mn level in umbilical cord blood.

Discussion
This project studied the general population in Shenyang
area to conduct a systematic investigation on levels of
essential trace elements Zn, Mn and Cu, as well as toxic
trace elements Pb, Cd and As in pregnant women and
fetuses. In addition, correlation between trace elements in
the mother and the fetus was analyzed and the interaction
among trace elements was explored.
As an essential trace element in the human body, Zn plays
important roles in embryonic development of the fetus. In
this study, median Zn level in maternal whole blood was
5747.0 µg/L in Shenyang area, slightly lower than that in
Shanghai area (6312.5 µg/L) [5], but significantly higher
than the level reported in Japan (5561 µg/L) [11].
Meanwhile, umbilical cord blood Zn level (1793 µg/L) in
this study was also lower than that of Shanghai area (2250
µg/L) while higher than that of Japanese population (1955
µg/L) [11], suggesting that blood Zn level in different
regions was also different. As another essential trace
element in the body, Mn is transported between fetus and
the mother through active transport process [12]. This
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Standardized
Β
0.954
0.972
-0.208
0.332
0.211
-0.091
0.169
0.058
-0.083
0.890
0.223
-0.918
0.175
0.218

t
17.318
6.950
-1.723
8.685
6.847
-3.754
5.572
1.675
-1.786
5.572
2.848
-5.275
2.034
3.400

P
<0.001*
<0.001*
0.087
<0.001*
<0.001*
<0.001
<0.001*
0.096
0.076
<0.001*
0.005*
<0.001*
0.043*
0.001*

study showed that Mn content in the fetal body (45.895
µg/L) was significantly higher than the mother (29.145
µg/L).while average Mn levels in umbilical cord blood
was higher than that reported in Japan (umbilical cord
blood: 28 µg/L) and the United States (umbilical cord
blood: 42 µg/L) [12],while the average Mn levels in
maternal blood was lower than that reported in Japan
(maternal: 31 µg/L ) and the United States (maternal: 35
µg/L ) [12]. Cu is also an essential trace element in the
human body. Deficiency in Cu could cause anemia and
stunted growth etc. In this study, Cu level in umbilical
cord blood (464.4 µg/L) was higher than that in Canadian
area (408 µg/L), while Cu level in maternal blood (1410.5
µg/L) was significantly lower than average level in Arctic
Canadian area (2160 µg/L) [13].
In this study, median Pb level in maternal blood was
32.105 µg/L, lower than the maternal blood Pd level in
late pregnancy in Shanghai area (64.32 µg/L) [5] while
median Pb level in umbilical cord blood was 21.625 µg/L,
also significantly lower than that of Shanghai in 2001 (73
µg/L) [14]. The reason may be that Shenyang has fewer
industries directly involved Pb. However, Pb level in
Shenyang area was still relatively higher than that
reported in the United States in 2005 (mean maternal
blood Pb level of 19.3 µg/L in late pregnancy) [15].
Animal studies suggested that As and Cd had embryo
toxicity and teratogenicity [2,16] while population data
also showed that As and Cd exposure during pregnancy
might cause premature birth, stillbirth and low birth
weight [17, 18]. Median maternal blood Cd level in this
study was 1.155 µg/L, significantly higher than that
reported in Shanghai China (0.84 µg/L) [5], the United
States (0.3 µg/L) and Russia (0.29 µg/L) [8, 19], but
lower than that in Taiwan China (1.30 µg/L)
[20].Umbilical cord blood Cd level (0.142) was also
significantly lower than that reported in Shanghai China
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(0.32 µg/L) and Taiwan (0.78 µg/L). In addition, median
As level in maternal blood was 4.435 µg/L, higher than
reported in Sweden (1.0-2.4 µg/L) but lower than in
Taiwan, China (6.8 µg/L). Furthermore, As level in
umbilical cord blood (2.967 µg/L) was higher than that
reported in Shanghai China (2.84 µg/L) [5] but lower than
that in Taiwan China (7.9 µg/L) [20]. Overall, levels of
these 6 elements were within the normal reference range
in majority of subjects. However, distribution of different
element concentration had apparent individual variation,
i.e., the maximal value and the minimal value could differ
by hundreds or even thousands of folds, suggesting that
individual placenta had different barrier effects on trace
elements due to significant individual variation.
Necessary nutrients for fetal growth and development
were all obtained from the mother through placenta.
Therefore, to explore the content and difference of whole
blood trace elements in maternal and fetal body is of great
significance for the in-depth study of fetal development in
uterus and its impact factors, thereby to explore the
correlation between trace elements in the body and human
health. In this study, correlation analysis on distribution of
essential trace elements in maternal blood and umbilical
cord blood suggested that levels of essential trace
elements Zn and Cu had significant positive correlation
between maternal and umbilical cord blood, suggesting
the dependence of fetus on the mother to obtain these
elements. Lack of Zn was related to many adverse
pregnancy outcomes [3,4]. Cu involves in growth and
metabolism of cardiovascular system and promotes
synthesis of nucleic acid and protein, while Mn affects
glucose metabolism by affecting the metabolism of
insulin [21]. Therefore, pregnant women with deficiencies
in the above elements should supplement these elements
in a timely manner. Levels of Mn in maternal blood were
significantly higher than the cord blood, indicating that
Mn elements were actively transported from the maternal
body to the fetus, so in case of relatively low
concentration of these elements in maternal body, supply
of the fetus could still be prioritized through active
transport through the placenta.

multiple linear regression analysis showed that trace
element levels in pregnant women were a primary factor
to affect the level of corresponding trace element in the
fetus. In addition, maternal blood Zn level had significant
independent effect on the levels of Cd and As in umbilical
cord blood after multi-factored adjustment, which
significantly reduced the levels of Cd and As in the fetus.
This may be due to the similar chemical properties of Zn
and Cd, so there is likely an antagonistic effect between
these two. However, we do not understand the exact
mechanism of how Zn affects the placental transport of
Cd and As into the fetus [22]. In addition, our study also
found that maternal blood Pb level had independent
negative correlation to umbilical cord blood Mn level
while the levels of As in maternal blood had significant
negative correlation to umbilical cord blood Mn level.
These data should help to clarify the mechanism of how
maternal blood trace elements affect placental transport of
other trace elements in the future.
In summary, this study comprehensively analyzed the
distribution status of essential trace elements Zn, Mn and
Cu and toxic trace elements Pb, As and Cd in pregnant
women in Shenyang area. In addition, we also confirmed
that trace element concentrations in neonate and the
mother were closely related while levels of trace element
in maternal blood had certain impact on the level of other
trace elements in umbilical cord blood. Therefore,
monitoring of trace elements during pregnancy and
effective responsive measures are still an important
component of eugenics.
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