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INTRODUCTION

There is an increasingly global concern about the weight of 
babies at birth, as low birth weight is an important factors 
determining infant mortality and morbidity.[1] The World 
Health Organization defined low birth weight as weight at 
birth of <2500 g.[2] Most of the determinants of neonatal 
birth weight have been linked to maternal nutritional 
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status and environmental exposure to toxic metals.[3] 
Toxic metals are known to cause adverse environmental 
and health hazards such as spontaneous abortion, reduced 
birth weight and length, premature delivery, congenital 
malformation, gestational hypertension or impaired 
neurodevelopment, and altered thyroid hormone status 
of newborn.[4] In pregnant women, these metals reached 
the fetus by transplacental transfer. Studies have shown 
that lead (Pb), cadmium (Cd), and mercury (Hg) levels 
in maternal and cord blood are associated with neonatal 
birth weight.[5] However, data on the effect of maternal and 
neonatal exposure to these toxic metals in utero on neonatal 
birth weight in our setting are very scarce, as few studies had 
considered prenatal exposure to toxic metals in Nigeria.[6,7] 
Obi et al.[7] examined the levels of Cd in pregnant women 
and its association with neonatal birth weight. The authors 
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reported an increased level of Cd in women who had babies 
with low birth weight compared to those with normal birth 
weight. The other study[6] observed a positive association 
between methyl-mercury and neonatal birth weight. 
However, to the best of our knowledge, none had examined 
the levels of maternal and prenatal exposure in utero to 
multiple toxic metals (Pb, Cd, and Hg) and their possible 
association with low birth weight of babies in Nigeria. 
Reports elsewhere on the association between toxic metals 
and low birth weight of babies have not been consistent. 
Whereas some observed association between toxic metals 
and small for dates babies,[3,7-9] others failed to find any 
association.[10-12] This study was designed to determine the 
levels of Pb, Cd, and Hg in maternal and cord blood among 
pregnant women at delivery and to determine whether 
there is relationship between the levels of toxic metals and 
neonatal birth weight in Nigeria. The study may provide 
insight into the level of environmental exposure to toxic 
metals in the general population and their possible health 
hazards on pregnant women who are non-occupationally 
exposed and the newborn babies.

MATERIALS	AND	METHODS

Study	Population

Two hundred healthy pregnant women attending antenatal 
clinic were consecutively enrolled before the onset of 
confirmed labor for deliveries at Stella Obasanjo Hospital, 
Benin City. The control group comprised 100 age-matched 
non-pregnant women who were recruited from among staff 
and students of the hospital.

Ethical	Consideration

Institutional ethical approval was obtained from Ethical 
Committee of the Edo State Hospitals Management 
Board and individual inform consent was obtained 
before the commencement of study. Demographic and 
clinical information were obtained using structured 
questionnaires.

Inclusion	Criteria

Healthy pregnant women who aged 18 years and above 
expecting singleton, pregnant women who were on routine 
antenatal drugs, and pregnant women who had carried the 
pregnancy to term and delivered either by spontaneous 
vaginal delivery or cesarean section were included.

Exclusion	Criteria

The pregnant women with chronic illness such as diabetes 
mellitus, hypertension, renal failure, heart diseases, and 
thyroid dysfunction were excluded. Those who had preterm 
deliveries, abruption placenta previa, intrauterine death, 

bad obstetric history, intrauterine rupture and congenital 
anomalies of the baby, polyhydramnios, clinical signs of 
infection, and benign tumors and malignancies were also 
excluded.

Specimen	Collection

About 5 ml of venous blood was collected from the antecubital 
vein of the mother at the onset of labor and immediately after 
delivery; 5 ml of blood was collected from the umbilical 
vein of the respective maternal origin into anticoagulated 
container and labeled. The samples were kept refrigerated 
before toxic metals analysis.

Determination	of	Cadmium

The concentration of Cd in maternal and cord blood was 
analyzed with electrothermal atomic absorption spectrometer 
(Perkin Elmer analyst 800, Norwalk, USA) using method 
previously described.[13]

The matrix modifier solution was prepared by mixing 50 µL 
of 0.3 g/L of Mg (NO3)2 and 1 ml of 0.33 g/L of Pd (NO3)2, 
and 2 ml of 0.2% v/v nitric acid and 50 µL of 0.1% Triton 
X-100. Then, 1 in 7 dilution of whole blood was made with 
0.2% HNO3 and 0.1% Triton X-100 and cadmium standard 
working solution (1 µg/L) was made by dilution with 
deionized water.

The light source (hollow cathode lamp) specific for cadmium 
was inserted into the electrothermal atomic absorption 
spectrometry (ETAAS), the wavelength was adjusted to 
228.8 nm. The instrument was standardized with the standard 
blank (1% HNO3) and cadmium standard.

An aliquot of 20 µL of whole blood was injected directly into 
the graphite furnace. Equal volume of matrix modifier was 
injected into the graphite furnace.

The concentration of Cd (µg/L) was displayed on the screen 
after the runtime (4 min).

Determination	of	Lead

The concentrations of Pb in maternal and cord blood were 
analyzed with electrothermal atomic absorption spectrometer 
(Perkin Elmer analyst 800, Norwalk, USA) adopting the 
methods described below.[13] Lead standard working solution 
was diluted with deionized water. Matrix modifier solution 
50 µL of 10 g/L of NH4H2PO4 was mixed with 2 ml of 
0.2% v/v nitric acid and 0.1% Triton X-100 s. 1 in 13 dilution 
of whole blood was made with 0.2% HNO3 and 0.1% Triton 
X-100. The hollow cathode lamp specific for lead was 
inserted into the ETAAS. The wavelength was adjusted to 
283.3 nm and the instrument was standardized and calibrated 
with standard blank and lead standard.
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An aliquot of 20 µL of whole blood was injected directly into 
the graphite furnace.

Equal volume of matrix modifier solution was also injected 
into the graphite furnace. The concentration of lead in the 
sample was displayed on the screen after the runtime (3 min).

Determination	of	Mercury

Mercury was determined by inductively coupled plasma mass 
spectrometer (Agilent 7500, Norwalk, USA) using the methods 
described by Fong et al.[14] 100 µL of Hg standard was diluted 
with 5 ml of HNO3 and 1.7 ml of deionized water and mixed 
thoroughly with 200 µL internal standard. 100 µL of whole 
blood was diluted with 5 ml of HNO3 and 1.7 ml of deionized 
water and mixed thoroughly with 200 µL internal standard and 
100 µL of gold. The instrument was standardized and calibrated 
with standard blank and mercury standards. Aliquot of 20 µL of 
the prepared sample was aspirated into the quartz spray chamber. 
The result data was displayed on the screen after the run.

Statistical	Analysis

The data obtained were analyzed using Statistical Package for 
the Social Sciences program (SPSS) version 16.0 (Chicago, 
IL, USA).The values obtained in this study are presented as 
mean ± standard error of mean. Student’s t-test and analysis 
of variance were used to compare means while correlation 
coefficient was calculated using linear regression analysis. 
P < 0.05 was considered as statistically significant.

RESULTS

The results of the investigations are presented on Tables 1-4.

Table 1 summarizes the levels of Pb, Cd, and Hg in both 
maternal and cord blood. The level of Pb in pregnant women 

who had babies with low birth weight was significantly higher 
(0.20 ± 0.016 vs. 0.13 ± 0.018; P < 0.001) than in those who 
had babies with low birth weight. Similarly, the levels of Cd 
(1.07 ± 0.128 vs. 0.61 ± 0.073; P < 0.001) and Hg (0.07 ± 0.014 
vs. 0.06 ± 0.017; P = 0.022) were significantly higher in 
those who had babies with low birth weight than those who 
had babies with normal birth weight. The concentrations 
of Cd (0.31 ± 0.023 vs. 0.17 ± 0.016; P < 0.001) and Hg 
(0.025 ± 0.005 vs. 0.022 ± 0.002; P = 0.010) in cord blood 
of babies with low birth weight were higher than in those 
with normal birth weight. The level of Pb in cord blood of 
babies with low birth weight was higher but not statistically 
significant when compared to those with normal birth weight 
(0.071 ± 0.003 vs. 0.065 ± 0.004; P = 0.305).

Table 2 summarizes that statistically significant positive 
correlation was observed between cord blood Pb (r = 0.088; 
P = 0.02) and Cd (r = 0.119; P = 0.03) with neonatal birth 
weight. While the correlation between cord blood Hg 
(r = 0.009; P = 0.89) and neonatal birth weight was however 
not significant.

Table 3 summarizes that Pb (0.178 ± 0.011 vs. 0.068 ± 0.002), 
Cd (0.767 ± 0.046 vs. 0.189 ± 0.010), and Hg (0.068 ± 0.003 vs. 
0.027 ± 0.001) levels in maternal blood were significantly 
higher (P < 0.001) than the levels in cord blood. The values 
of maternal: Cord blood ratio ranges from 2.52 for Hg, 2.62 
for Pb to 4.06 for Cd.

Table 4 summarizes the mean concentration of the 
measured parameters in pregnant women at delivery 
and non-pregnant women (controls). Pb (0.18 ± 0.01 vs. 
0.29 ± 0.01) and Hg (0.07 ± 0.03 vs. 0.08 ± 0.004) levels 
in the pregnant women at delivery were significantly 
lower (P < 0.001) compared with controls. While Cd (0.77 
± 0.05 vs. 0.18 ± 0.01) level in the pregnant women was 
significantly higher (P < 0.001) compared to non-pregnant 
women (controls).

DISCUSSION

This study evaluated the levels of toxic metals (Pb, Cd, 
and Hg) in cord and maternal blood and the concentrations 
correlated with neonatal birth weight. There were significantly 
higher levels of Pb (P < 0.007), Cd (P < 0.001), and Hg 
(P < 0.022) in blood of those women who had small for 
date’s babies compared to those who had babies with normal 
birth weight. The levels of Pb (P < 0.305), Cd (P < 0.001), 

Table	1: Comparison of the levels of measured toxic 
metals in maternal and cord blood of low and normal birth 

weight babies (mean±SEM)
Measured	
toxic	metals

Birth	weight P
LBW	(n=24) NBW	(n=176)

Lead (μg/L)s
Maternal 0.20±0.016 0.13±0.018 0.007
Cord 0.071±0.003 0.065±0.004 0.305

Cadmium (μg/L)
Maternal 1.07±0.128 0.61±0.073 0.000
Cord 0.31±0.023 0.17±0.016 0.000

Mercury (μg/L)
Maternal 0.07±0.014 0.06±0.017 0.022
Cord 0.025±0.005 0.022±0.002 0.010

LBW: Low birth weight, NBW: Normal birth weight, 
SEM: Standard error of the mean

Table	2: Relationship between measured toxic metals in 
cord blood and birth weight of babies

Toxic	metals r P
Lead (ug/l) 0.088 0.02
Cadmium (ug/l) 0.119 0.03
Mercury (ug/l) 0.009 0.89
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and Hg (P < 0.001) in cord blood were higher in babies with 
low birth weight than in those with normal birth weight. The 
levels of Pb (P < 0.022) and Cd (P < 0.03) were significantly 
associated with birth weight of babies. The consequences of 
environmental toxicants on the fetus underscore the inability 
of the placental to completely protect the fetus from exposure. 
It could be due to the indirect effect of the toxicants on the 
mother and or the placenta.

To the best of our knowledge, no study has evaluated prenatal 
exposure to multiple toxic metals in Nigeria, and this is the 
first study in Benin City, Edo state; South-South Nigeria. 
The study evaluated maternal and cord blood concentrations 
of multiple toxic metals in pregnant women and the extent 
of transplacental transfer of these metals from the maternal 
circulation to the fetus.

The data presented in this study provided information 
on the levels of maternal exposure to the measured toxic 
metals and their possible association with low birth weight 
of babies in non-occupationally exposed subjects in our 
environment. It indicated that maternal-fetal transfer was 
a major source of early life exposure to toxic metals. The 
observed higher levels of toxic metals in women and cord 
blood of babies with low birth weight is consistent with 
those reported elsewhere.[5,15] Our finding however did not 
agree with some other studies.[16,17] These latter authors 
observed no significant difference between maternal and 
cord blood Pb concentrations in small for date’s babies 
and those with normal birth weight. The possible reason 
for this inconsistency may be due to the low levels of Pb 
concentration observed in their studies compared to the 
present study. However, maternal lead exposure during 
pregnancy had been reported as a risk indicator for reduced 
fetal growth,[17] and Pb is an important environmental 
pollutant which may cause several adverse fetal outcomes 
including low birth weight.[18]

Various molecular, cellular, and intracellular mechanisms 
have been advanced to explain lead toxicity. These include 
generation of oxidative stress, ionic mechanism, and 
apoptosis.[15] Of these, oxidative stress has been observed to be 
more pronounced and much more severe.[19] Lead causes the 
generation of reactive oxygen species, which result in damage 
to various biomolecules such as DNA, proteins, enzymes, and 
membrane-based lipids and it also simultaneously impairs the 
antioxidant defense system.[19] Although the mechanism by 
which Pb reduces birth weight is not fully understood, it was 
proposed to have both local and systemic effects. By local 
effect, it decreases fetal skeletal growth after been deposited 
in fetal osteocytes and systemically, it has an affinity for fetal 
thyroid tissue causing decrease in thyroid hormones levels 
which in turn cause decreased in soft tissue organ growth, 
hence decrease in birth weight.[20]

The maternal and cord blood Cd levels in this study were 
significantly higher in cord of babies with low birth weight 
than those with normal birth weight. This observation is in 
agreement with other authors[2,7-9] but disagreed with some 
other studies.[10-12] The latter did not find any association 
between Cd levels and birth weight of babies. Although 
most of these studies were done only in maternal blood, the 
positive correlation observed between maternal and cord 
blood Cd levels in this study shows that fetal Cd levels is 
dependent on maternal concentration. The possible reasons 
these authors did not observe a significant association 
between Cd exposure levels and birth weight could be 
because of low Cd exposure in the population studied. 
Cadmium had previously been reported to be associated with 
low birth weight in babies elsewhere. A significantly inverse 
correlation was earlier observed between maternal Cd and 
zinc concentration.[7] This suggests that as Cd concentration 
increases, there was a decline in maternal zinc concentration. 
Zinc is required for normal fetal development and it affects 
pregnancy outcome.[21]

Table	3: Comparison of the levels of toxic metals in maternal and cord blood samples (mean±SEM)
Parameters Lead	(ug/l) Cadmium	(ug/l) Mercury	(ug/l)
Maternal 0.178±0.011 0.767±0.046 0.068±0.003
Cord 0.068±0.002 0.189±0.010 0.027±0.001
Maternal/cord ratio 2.62 4.06 2.52
Number of pairs 200 200 200
P 0.000 0.000 0.000

SEM: Standard error of the mean

Table	4: Comparison of the levels of toxic metals in pregnant women at delivery and non-pregnant 
women (control) (mean±SEM)

Parameters Lead	(ug/L) Cadmium	(ug/L) Mercury	(ug/L)
Pregnant women on delivery n=200 0.18±0.01 0.77±0.05 0.07±0.03
Control groups n=100 0.29±0.01 0.18±0.01 0.08±0.004
P 0.000 0.000 0.000

SEM: Standard error of the mean
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Reduced uteroplacental blood flow, reduced nutrient 
transport, and placental toxicity are the proposed 
mechanisms by which Cd exerts its adverse effects leading 
to low birth weight, fetal toxicity, malformations, and 
death.[22] Cadmium competes with zinc for divalent cationic 
sites in metalloenzymes and Cd antagonizes the action of 
zinc such that a high Cd/Zn ratio is needed for toxicity.[23] 
Some authors have suggested that the toxic effects of Cd 
may be mediated by altered metabolism of zinc and copper 
since adequate availability of zinc is necessary for normal 
growth and development. Inadequate zinc or copper levels 
in fetal or early postnatal life is teratogenic, retards growth, 
and changes cognitive function.[23] It, thus, suggests that 
even when the pregnant women are taking adequate diet the 
nutrients may not be made available to the fetus. Cadmium 
also utilizes the transport pathways normally used by other 
biologically essential trace elements and hence causes death 
of cells through the disruption of important pathways like the 
electron transport chain.[24] Cadmium activates macrophages 
leading to secretion of numerous intracellular mediators, 
cytokines, and vasoactive amines.[25] These processes result 
in oxidative stress and DNA damage with their attendant 
consequences.[26] Cadmium was reported to cause cellular 
dysfunction through abnormal signal transductions[27] and 
formation of metallothioneins which retain Cd in the placenta 
to protect the fetus and disrupt placental zinc dynamics.[28,29] 
The association of maternal and cord blood Cd levels with 
low birth weight of babies is highly marked in this present 
study.

The maternal mercury level in this study was significantly 
higher than the levels in cord blood (P < 0.001). The 
observation did not agree with other authors,[6] who observed 
that the mercury values in the cord blood were significantly 
(P < 0.001) higher than their respective maternal blood. 
These observations show that there is the transfer of mercury 
across the placental barrier. Methylmercury (MeHg) easily 
pass through the placenta through active transport by amino 
acid carriers.[30,31] This is most active in the presence of 
higher concentration gradient of this metal in maternal 
circulation. The lower level in our study possibly explains 
why we observed higher maternal mercury levels than in 
cord blood. However, some authors[18] reported that the 
active transplacental transport and high affinity of MeHg to 
hemoglobin results in the bioaccumulation of this metal in 
cord blood where there is higher hemoglobin concentration 
than in maternal blood which results in higher cord to 
maternal mercury ratio in red blood cells. This could also be 
the reason for the observation of higher mercury levels in 
cord than in maternal blood.[6]

We observed also that the Hg levels in maternal and cord 
blood of babies with low birth weight were significantly 
(P < 0.05) higher than babies with normal birth weight. 
This could be one of the probable causes of small for date’s 
babies observed in this study. However, this was not the case 

with some studies.[32,33] They reported that mercury levels in 
cord blood of normal birth weight babies were higher than 
those in small for dates babies. However, recent studies have 
attributed to the differences in the concentrations of mercury 
in the various reports to maternal fish consumption habits, as 
many species contain beneficial nutrients that can compensate 
for mercury toxic effects.[32] Unfortunately, we were unable 
to assess if the results from our study were affected by fish 
species consumed due to lack of field information.

CONCLUSION

It was observed that Pd, Cd, and Hg levels were significantly 
higher in maternal and cord blood of babies with low 
birth weight when compared with those with normal birth 
weight. However, there was a positive correlation between 
these metals in cord blood and birth weight. The increased 
levels of toxic metals observed in this study may be due to 
environmental exposure from vehicular exhaust smoke and 
waste, cigarette smoking, petroleum products, as well as fish 
consumption. This is because these pregnant women were 
occupationally unexposed to these toxic metals. It is also 
evident that transplacental transfer from maternal to fetus 
may be responsible for the levels of these toxic metals in cord 
blood and their possible association with intrauterine growth 
retardation as observed. Therefore, the measurement of the 
levels of toxic metals may be considered important as part 
of the routine antenatal investigations, especially in patients 
with previous clinical history of recurrent abortion, preterm 
delivery, and small for date’s babies.
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