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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 continuoudly 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.
M edian concentrations of Zn, Mn, Cu, Pb, Asand Cd in maternal blood were respectively 5747.0
ng/L, 29.145 pg/L, 14105 pg/L, 32105 pg/L, 4435 pg/L , and 1.155 pg/L, and median
concentrations of corresponding element in umbilical cord blood were respectively 1793.0 ug/L,
45.489 ng/L, 464.4 ng/L, 21.625 ng/L, 2.976 ng/L, and 0.142 ng/L . Contents of Zn, Cu, Pb, Asand
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 elementsin 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 levelsin 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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I ntroduction pregnancy [5]. Furthermore, lack of Cu could cause
anemia and stunted development [6]. In recent years
As modern industry develops, pollution becomes worssome studies tested the concentrations of sometedse
and lifestyle is changing. An increasing number ofand toxic trace elements in maternal blood and licabi
environmental factors are altering our way of liveds cord blood of the neonate [5, 7-10]. However, more
particular, environmental hazards in pregnancy havsystematic tests and analysis on these trace eferren
caused widespread concerns. Trace elements irutharh maternal blood and neonatal blood including both
body can be divided into essential trace elements a essential and toxic race elements, as well as nagidl
toxic trace elements. Being common toxic heavy taeta metalloid elements, were still few. In additionteiraction
in our daily life, Pb, As and Cd etc. had been ptbto  between nutrient elements and toxic elements hesnbe
have strong toxicity on reproductive system and rgmb an emerging area of research in recent years [8bil
development by animal experiments [1-2], potentiall whether interaction of trace elements in materradyb
threatening the healthy reproduction of human hetwy affects the placental transport of trace elememts the
contrary, Zn, Mn and Cu are essential trace elesngnt fetus has not been reported. In this paper, wedette
the human body and some studies showed that Zgpncentrations of 6 trace elements in maternal ehol
deficiency was associated with a variety of advers®lood and neonatal blood in Senyang area and ahlyz
outcomes of pregnancy [3-4] while too low or togthi the maternal-fetal correlation of these elements as
concentrations of Mn also had adverse effects ofeported as follows.
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Subjects and Methods statistically described using median and the lowest
_ highest quartile. Differences between maternal and
Subjects umbilical cord blood were detected using Wilcoxon

Total of 180 pregnant women admitted into the Shenj Sjgned Ranks Test (paired rank test) and Spearamdn r
hospital of China Medical University were selectedcorrelation analysis was used to analyze the adioel of
consecutively from October 2008 to April 2009, agectrace elements levels in maternal and umbilicaldcor
21~34 years old, all singleton pregnancies andajestll  pjood. Multiple linear regression (Stepwise) Aniysas
age of 37-42 weeks. Patients all received 3~10stiofe  gpplied to analyze the effects of various matebiabd
prenatal care and had no major organ diseasesitakei trace elements on umbilical cord blood trace eldmen

of trace element supplements within the last waakyral  p<0.05 was set as the criteria for statisticallyniigant
vaginal delivery or cesarean section, no neonafaiyxia difference.

or birth defects and with neonatal birth weightgarof
2500 ~ 4000 g. All subjects signed informed consent  Regylts

Methods Basic information

Sample Collection

Maternal whole blood: after signed informed consantl Total .Of 180 cases of 21-34 years old pregnant wome
venous blood was collected from pregnant women -at 0 were mcludelc(jj In our stu?]y,.vxr/]lth ?verage zige Ot;(HZS
24h before delivery, ethylenediaminetetraaceticd acig‘sd) yea_rsh:) f’ ?Z,egt?g SGE tbof (16d2.|1' N 4.1?Fz)eh d
(EDTA) was added and mixed to prevent anticoaguiati ody weight o (74.3 + 8.8) Kg before elivery. &
Umbilical cord blood: after delivery, surface ofeth body weight of (3.455 + 0.54) Kg and height of (5&
umbilical cord was swabbed and disinfected. 3m|dcor2'2) cm.

blood was collected. Sample processing method tas t

same as the maternal whole blood. Samples weredstor  Distribution of trace elements and heavy metal levels in
-80°C refrigerator. maternal and cord blood

Normal distribution was shown for Cu level in
Sample preparation maternal and umbilical cord blood, but non-normal
Agilent 7500 CE inductively coupled plasma massdistribution was shown for all other elements. @ori$
spectrometry system (ICP-MS) (Agilent Inc., Unitedof various elements in maternal and cord blood were
States) was used for determination and analysiaridus listed in Table 1. Detection rates all trace eletadn
trace elements in the whole blood. 4@0of 69% nitric  maternal blood and in umbilical cord blood were 100
acid was added into 2(Dof whole blood sample and %.
Mars-5 microwave digestion oven (CEM Inc., United
States) was used for digestion. Digested solutias w Correlation analysis of trace elements in maternal and
diluted to about 4.5 ml in pure water and measuned umbilical cord blood
ICP-MS. The material from CORTOX (lot HMB59311, Comparison and correlation analysis results of ouesi
Kaulson Laboratories Inc., United States) was uased elements in maternal and umbilical cord blood were
quality control. In addition, measurement was régeta shown in Table 1. Wilcoxon Signed Ranks Test showed
for 10% of specimens. that levels of Zn, Cu, Pb, Cd and As in maternabbl
were significantly higher than in umbilical corcbbt (all
P<0.05) while contents of Mn in cord blood were
significantly higher than in maternal blood (B#0.001).
Spearman rank correlation analysis showed thatdenfe

Detected indicators
Essential trace elements Zn, Mn and Cu, as welbxs
trace elements Pb, Cd and As were measured.

Satistical analysis all 3 essential and 3 toxic trace elements in matesind

SPSS 12.0 was used to establish database andnperfcumbilical cord blood had significant positive cdateon

statistical analysis. Distribution of all elememntas Ef:roglemlt;on coefficient of 0.169 ~ 0.378 and 0.05)
able 1).

Table 1. Content of e ementsin maternal and umbilical cord blood

Maternal Blood Umbilical cord blood 7 p' r ps

Trace elements Median Qu-Q4 Range Median  Qi-Q4 Range

Pbug/L) 21.105 7.854-35.170 0.000-121.70 21.625 834640 0.000-436.300 -1.357 0.175 0.268 <0.001*
As(ug/L) 4.435 3.551-6.233 2.166-30.610 2.967 2.2128.4 0.000-132.90 -7.877 <0.001* 0.276 <0.001*
Cd(ug/L) 1.155 0.811-1.472 0.338-3.119 0.142 0.0218®.40 0.000-16.780 -11.035 <0.001* 0.378 <0.001*
Zn(ug/L) 5747.0 4947.0-6312.0 2300.0-8620.0 1793.0 152654.0 789.0-13850.0 -11.285 <0.001* 0.107 0.153
Cu(ug/L) 1410.5 1251.5-1546.8 539.9-2636.0 464.4 468041 193.5-1967.0 -11.548 <0.001* 0.077 0.301
Mn(ug/L) 29.145 24525-34.775 14.410-70.230 45.895 4#B56.873 17.080-158.500 -10.079 <0.001* 0.072 ®.33

Note: Q;-Q.: lowest quartile to highest quartile; Range: minimum to maximum. - Wilcoxon Signed Ranks Test (maternal
blood vs. cord blood) SBSpear man rank correlation (maternal blood vs. cord blood )
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Table 2. Effects of various trace

Qi/Du

elementsin umbilical blood

Traceelements Trace elementsin umbilicalblood Unstandardized Standar dized
in cord blood affecting elementsin cord blood coefficients
B SE B t P

Pb Cd 24.320 1.404 0.954 17.318 <0.001*

As Cd 7.469 1.075 0.972 6.950 <0.001*
Zn -2.015 1.169 -0.208 -1.723 0.087
Pb 0.013 0.002 0.332 8.685 <0.001*

Cd As 0.027 0.004 0.211 6.847 <0.001*
Cu -0.001 0.001 -0.091 -3.754 <0.001
Cu 0.001 0.000 0.169 5.572 <0.001*

Zn Mn 0.004 0.002 0.058 1.675 0.096
As -0.009 0.005 -0.083 -1.786 0.076
Zn 153.509 27.549 0.890 5.572 <0.001*

Cu Mn 2.391 0.839 0.223 2.848 0.005*
Cd -125.722 -23.835 -0.918 -5.275 <0.001*

Mn Zn 2.807 1.380 0.175 2.034 0.043*
Cu 0.020 0.006 0.218 3.400 0.001*

Multivariate analysis of trace elementsin umbilical cord
blood:
As shown in Table 2, all trace elements in matebiadd

study showed that Mn content in the fetal body §85.

ug/L) was significantly higher than the mother (21
ug/L).while average Mn levels in umbilical cord btbo

were the main determinants of the correspondingetra was higher than that reported in Japan (umbilicatl c
elements in umbilical cord blood, i.e., there was éblood: 28 ug/L) and the United States (umbilical cord
significant positive correlation between the matérn blood: 42 pg/L) [12],while the average Mn levels in
element and fetal element. In addition, multipleelir maternal blood was lower than that reported in dapa
regression analysis showed that maternal Zn leseldc (maternal: 31ug/L ) and the United States (maternal: 35
independently reduce the concentration of Cd andnAs pg/L ) [12]. Cu is also an essential trace elemanthie
umbilical cord blood. Maternal Pb level was negaiiv. human body. Deficiency in Cu could cause anemia and
correlated with the level of Cu in umbilical cortbbd.  stunted growth etc. In this study, Cu level in ulabl
Furthermore, maternal As concentration was nedstive cord blood (464.4.g/L) was higher than that in Canadian

correlated with the Mn level in umbilical cord btho
Discussion
This project studied the general population in $heg

area to conduct a systematic investigation on tewdl
essential trace elements Zn, Mn and Cu, as wdlhxs

area (4081g/L), while Cu level in maternal blood (1410.5
ug/L) was significantly lower than average levehirctic
Canadian area (216@/L) [13].

In this study, median Pb level in maternal bloodswa
32.105ug/L, lower than the maternal blood Pd level in
late pregnancy in Shanghai area (64.82L) [5] while

trace elements Pb, Cd and As in pregnant women armedian Pb level in umbilical cord blood was 21.688.,

fetuses. In addition, correlation between tracenel#ts in
the mother and the fetus was analyzed and theattien
among trace elements was explored.

As an essential trace element in the human bodp|&rs
important roles in embryonic development of theigetn
this study, median Zn level in maternal whole blowak

also significantly lower than that of Shanghai 602 (73
ug/L) [14]. The reason may be that Shenyang hasrfewe
industries directly involved Pb. However, Pb level
Shenyang area was still relatively higher than that
reported in the United States in 2005 (mean malterna
blood Pb level of 19.3.g/L in late pregnancy) [15].
Animal studies suggested that As and Cd had embryo

5747.0ug/L in Shenyang area, slightly lower than that intoxicity and teratogenicity [2,16] while populatiatata

Shanghai area (63128)/L) [5], but significantly higher
than the level reported in Japan (55@#/L) [11].
Meanwhile, umbilical cord blood Zn level (1798/L) in
this study was also lower than that of Shangha &850
ug/L) while higher than that of Japanese populati®b5
ug/L) [11], suggesting that blood Zn level in ditet
regions was also different. As another essentiatetr
element in the body, Mn is transported betweensfand
the mother through active transport process [12jis T
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also showed that As and Cd exposure during pregnanc
might cause premature birth, stillbirth and low thoir
weight [17, 18]. Median maternal blood Cd levelttis
study was 1.155ug/L, significantly higher than that
reported in Shanghai China (0.84/L) [5], the United
States (0.3ug/L) and Russia (0.2%g/L) [8, 19], but
lower than that in Taiwan China (1.3Qug/L)
[20].Umbilical cord blood Cd level (0.142) was also
significantly lower than that reported in Shang@hina
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(0.32pug/L) and Taiwan (0.7§g/L). In addition, median
As level in maternal blood was 4.43%/L, higher than
reported in Sweden (1.0-2.dg/L) but lower than in
Taiwan, China (6.8ug/L). Furthermore, As level in

umbilical cord blood (2.967g/L) was higher than that

reported in Shanghai China (2.84/L) [5] but lower than
that in Taiwan China (7.9g/L) [20]. Overall, levels of
these 6 elements were within the normal refereange
in majority of subjects. However, distribution dffdrent

element concentration had apparent individual tiana
i.e., the maximal value and the minimal value califter

by hundreds or even thousands of folds, suggestiag
individual placenta had different barrier effects twace
elements due to significant individual variation.

multiple linear regression analysis showed thatetra
element levels in pregnhant women were a primartofac
to affect the level of corresponding trace elemanthe
fetus. In addition, maternal blood Zn level hadchfigant
independent effect on the levels of Cd and As iilioal

cord blood after multi-factored adjustment, which
significantly reduced the levels of Cd and As ia fhtus.
This may be due to the similar chemical propeniegn

and Cd, so there is likely an antagonistic effestiMeen
these two. However, we do not understand the exact
mechanism of how Zn affects the placental transpbrt
Cd and As into the fetus [22]. In addition, ourdstualso
found that maternal blood Pb level had independent
negative correlation to umbilical cord blood Mn éév
while the levels of As in maternal blood had sigaiht

Necessary nutrients for fetal growth and develogmernegative correlation to umbilical cord blood Mn éév
were all obtained from the mother through placentaThese data should help to clarify the mechanisrhoof

Therefore, to explore the content and differenceviodle
blood trace elements in maternal and fetal body great
significance for the in-depth study of fetal deyet®nt in

uterus and its impact factors, thereby to expldre t

correlation between trace elements in the bodyhamaan
health. In this study, correlation analysis onribistion of
essential trace elements in maternal blood and ligabi

maternal blood trace elements affect placentakpari of
other trace elements in the future.

In summary, this study comprehensively analyzed the
distribution status of essential trace elementshMm,and

Cu and toxic trace elements Pb, As and Cd in prEgna
women in Shenyang area. In addition, we also cmefil
that trace element concentrations in neonate aed th

cord blood suggested that levels of essential tracmother were closely related while levels of tratmment

elements Zn and Cu had significant positive cotimia

between maternal and umbilical cord blood, sugggsti trace elements in umbilical

in maternal blood had certain impact on the leyadther
cord blood. Therefore,

the dependence of fetus on the mother to obtaisethemonitoring of trace elements during pregnancy and
elements. Lack of Zn was related to many adverseffective responsive measures are still an importan
pregnancy outcomes [3,4]. Cu involves in growth ancomponent of eugenics.
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