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ABSTRACT 

Lead is listed as the 2nd and Cadmium as the 7th haz- 
ardous substance by the Agency for Toxic Substances 
and Disease Registry (ATSDR). Exposure to Lead 
and Cadmium above the permissible levels among 
pregnants may cause adverse effects on newborns in 
the form of Low Birth Weight and Preterm Labor, 
etc. The objectives of this study were to find out the 
level of Lead and Cadmium in maternal venous blood 
and cord blood and to find out the association of the 
levels of these metals with birth weight of babies. For 
this, the venous blood and cord blood were collected 
and quantitative estimation of Lead and Cadmium 
was carried out by Double Beam Atomic Absorption 
Spectrophotometer in 1000 women with average Body 
Mass Index. Results showed higher mean maternal 
blood Lead level (11.08 μg/dl with range of 2.6 - 21.3) 
than the normal recommended by Centre of Disease 
Control and Prevention (10 μg/dl). On the contrary, 
the mean Cadmium level was 0.095 μg/dl, which was 
below the normal value as assigned by WHO (0.1 
μg/dl). In high Lead exposure group (>10 μg/dl), 
43.7% of babies and in high Cadmium exposure 
group (>0.1 μg/dl), 46.2% of babies were found to 
have low birth weight. However, this was not statisti- 
cally significant. Further research in this area in a 
larger sample size may provide information relevant 
enough to be transferred to decision makers to im- 
plement measures to effectively reduce heavy metals 
from the environment, thereby protecting future gen- 
erations from their deleterious effects. 
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1. INTRODUCTION 

Both developed as well as developing countries are con- 

cerned with dispersion of toxic heavy metals in the envi- 
ronment. Among these, Lead (Pb) and Cadmium (Cd) 
have increasingly become the important environmental 
pollutants. Lead is listed as 2nd and Cadmium as 7th 
hazardous substance by the Agency for Toxic Substances 
and Disease Registry (ATSDR) and Environmental Pro- 
tection Agency (EPA) of the United States in 2001 [1]. 
Adverse effects of these metals may be in form of acute 
poisoning or due to chronic exposure. Chronic exposure 
may result in damaged or reduced mental and central 
nervous system functions, lower energy levels, damage 
to blood components, lungs, kidneys, liver and other vital 
organs [2]. Children and pregnant women are the most 
adversely affected segments of population. Exposure to 
Pb may cause preterm labor, intrauterine growth retarda- 
tion [3], low birth weight babies [4], abortions, intrau- 
terine deaths, still births [5,6] and poor neurocognitive 
behavior of the babies in future [6-8]. Although there are 
very limited data on the development effects of Cd in 
humans, a number of studies indicated that Cd could be 
fetotoxic during gestation, leading to low birth weight 
(LBW) [9,10], and increased incidence of spontaneous 
abortions [11]. 

Birth weight is a strong predictor of survival and of 
development outcomes in childhood including growth, 
morbidity and cognitive performance. High-level occu- 
pational Pb exposures have been associated with adverse 
pregnancy outcomes, but studies of lower level Pb ex- 
posure on birth weight in community settings have 
yielded inconsistent findings [12-14]. Also several pre- 
vious studies [10,15,16] focused on the possible toxic 
effects of environmental Cd exposure on birth weight, 
preterm labor, malformations and neurobehavioral de- 
velopment, but there was no consistent conclusion. As 
the area zone of our study is not heavily exposed to Pb 
and Cd, it may yield some results regarding effects of 
low dose exposure. Hence, the objectives of our study 
were to find out levels of Pb and Cd exposure in the 
study population, extent of transfer of these metals across 
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placental barrier and to find out if there was any associa- 
tion between Pb and Cd levels in the maternal venous 
blood with birth weight of the babies. 

2. MATERIALS AND METHODS 

The study population consisted of 1000 antenatal females 
(booked/unbooked) of average BMI, visiting Department 
of Obstetrics and Gynecology, Sir Sunderlal Hospital, 
Banaras Hindu University, Varanasi, India. They be- 
longed to eastern part of Uttar Pradesh and western part 
of Bihar states of India. This population is generally of 
low to average socio-economic status and is more prone 
to exposure to Pb and Cd through use of coal for house- 
hold and breathing cigarette’s smoke, bidi smoke and 
automobile exhaust and contaminated drinking water 
from the well and hand pumps.  

Exclusion criterion included factors that interface with 
maternal calcium metabolism like patient taking calcium 
channel blockers, hyper or hypo-parathyroid states, os- 
teoporosis, etc., medical conditions that can cause LBW 
babies, viz. anaemia, hypertension, chronic renal disease, 
etc. and obstetrical conditions that can cause LBW ba- 
bies, viz., multiple pregnancies, polyhydramnios, preg- 
nancy induced hypertension, antepartum, hemorrhage, 
pre-mature rupture of membranes, etc. 

An informed consent was taken from participants. 
Baseline information was collected on their health status, 
social and demographic characteristics. More informa-  
ion was sought about potential Pb exposures viz. use of 
Pb paints, surma (black soot), source of drinking water, 
mode of cooking (Liquefied Petroleum Gas or earthen- 
ware cooking device using coal i.e. “chulha”), tobacco 
smoking and chewing habit of mother, residence in con- 
gested inner city and exposure to automobile exhausts. 
Data were also collected on potential confounders like 
maternal age, weight and height, gestational age, parity 
of mothers, details about previous pregnancies, nutria- 
tional status, intake of iron and calcium during antenatal 
period, hemoglobin, socio-economic status of parents, 
education level of wife and husband.  

The new born birth weight was recorded without 
clothing on a UNICEF beam balance immediately after 
birth. For the purpose of analysis, low birth weight 
(LBW) babies are considered with weight less than 2.5 
kg (2500 gm). The mothers with hemoglobin <10 g% 
were considered as anemic.  

For measurement of level of Pb and Cd, about 6 ml of 
venous blood of mother and cord blood were collected 
separately from the pregnant women. Venous blood was 
collected at the time of delivery from the antecubital vein. 
Cord blood was collected from the placental end without 
milking the cord just after the third stage of labor. Soon 
after the collection, the vials were labeled and refriger- 
ated and transported to the laboratory for further analysis. 

Samples were frozen at −40˚C in the laboratory until 
quantitative estimation of Pb and Cd with Double Beam 
Atomic Absorption Spectrophotometer (AAS, SL194, 
Elico, Hyderabad) was carried out.  

For analysis, maternal venous Pb (PbVB) and cord 
blood Pb (PbCB) were categorized into two groups, us- 
ing Pb level of 10 g/dl as cut off [17], group one being 
PbVB less than or equal to 10 g/dl and group two hav- 
ing PbVB more than 10 g/dl. Similarly for Cd, group 
one is with Cd level less than or equal to 0.1 g/dl and 
group two with Cd level more than 0.1 g/dl for both 
CdVB and CdCB as the acceptable value of blood Cd 
level given by WHO (2007) is 0.1 g/dl [18]. Univariate 
distribution of potential confounders and main outcome 
variable (birth weight) and secondary outcomes were 
studied. The statistical analysis of data was done with 
SPSS 16 version using student “t” test, chi-square test 
and multivariate logistic linear and stepwise regression 
analysis.  

3. RESULTS AND DISCUSSION 

3.1. Population Characteristics  

The average pre-pregnancy Body Mass Index (BMI) of 
these subjects was 21.78 kg/m2. Among these pregnant 
women, 54% belonged to age group 25 - 30 yrs, 49.5% 
were 2nd or 3rd gravida, and 30% received education 
upto Xth standard, 68.5% consumed iron and calcium in 
their antenatal period for minimal prescribed period and 
only 16.5% women were anemic at the time of delivery. 
None of the pregnant women had a habit of smoking or 
drinking alcohol. The mean birth weight of babies of the 
participating mothers was 2683.49 gm i.e. above the cri- 
teria for low birth weight babies (Table 1). 

3.2. Environmental Lead and Cadmium  
Exposure  

Maternal blood Pb levels (PbVB) of the pregnant women 
ranged from 2.6 to 21.3 g/dl having mean as 11.08 
g/dl (Table 2), which is more than the recommended 
level of Pb by Center for Disease Control and Prevention 
i.e. 10 g/dl [17]. Recent research [18] and pooled 
analysis of seven prospective studies [8] emphasized on 
prompt consideration of further reduction of such Pb 
level. In our study, surprisingly, 625 out of 1000 (62.5%) 
subjects had PbVB above the limit recommended by 
Centre for Disease Control (10 g/dl). The mean Pb level 
recorded during our study was comparable to The Port 
Pirie Study (11.2 g/dl) [19], but much higher than the 
study in Norway (1.25 g/dl), Russia (2.92 g/dl) [20] 
and Mexico City (7.26 g/dl) [21]. The mean maternal 
venous blood Cd level (CdVB) in our study was 0.095 

g/dl, with the range being 0.059 g/dl to 0.86 g/dl   
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Table 1. Distribution of birth weight (Mean ± SD) according to various maternal variables. 

S.No. Variables No. (%) Birth weight (in g) (Mean ± SD) P-value 

1 

Maternal age groups (in yrs) 
<25 

25 - 30 
>30 

 
365 
540 
95 

 
2620.75 ± 402.46 
2729.49 ± 405.69 
2661.94 ± 478.16 

0.000 

2 

Gestational age (in weeks) 
37 - 38 
39 - 40 
41 

 
720 
235 
45 

 

 
2626.4 ± 425.91 
2781.01 ± 333.04 
2988.89 ± 456.41 

0.000 

3 

Parity 
Primi 
2 - 3 
4 

 
400 
495 
105 

 
2654.80 ± 379.15 
2712.11 ± 422.53 
2614.40 ± 518.02 

0.031 

4 

Maternal education 
Illiterate 

Upto High school 
Upto Intermediate 

Graduation and above 

 
320 
300 
200 
180 

 
2414.7 ± 390.93 
2663.3 ± 478.61 
2607.3 ± 336.06 
2812.7 ± 360.96 

0.000 

5 

Father’s Income (per month, in Rs.) 
<10,000 

10,000 - 20,000 
>20,000 

 
325 
490 
185 

 
2573.33 ± 455.66 
2606.42 ± 338.32 
2906.80 ± 416.10 

0.000 

6 
Duration of iron and calcium consumption in antenatal period 

(in days) <100 
>100 

 
315 
685 

 
2530.65 ± 398.60 
2752.66 ± 401.17 

0.000 

7 
Maternal hemoglobin at time of delivery 

<10 g% 
>10 g% 

 
165 
835 

 
2303.33 ± 350.73 
2753.32 ± 387.64 

0.000 

 
Table 2. Lead and Cadmium concentration in maternal venous 
blood and cord blood. 

Concentration (g/dl) No. Mean (g/dl) SD

Lead in venous blood (PbVB) 960 11.08 3.47

Lead in cord blood (PbCB) 875 7.37 3.05

Cadmium in venous blood (CdVB) 780 0.095 0.077

Cadmium in cord blood (CdCB) 410 0.051 0.017

 
(Table 2). The acceptable value of blood Cd level (0.1 
g/dl) given by WHO (2007) [22] is higher than those 
recorded during the present study. The mean Cd level in 
our study was also less than the study done in Daye City 
of Hubei province (0.231 g/dl) [23], in Norway (1.2 
g/dl) and in Russia (2.4 g/dl) [20]. In our study, only 
130 out of 1000 i.e. 13% subjects had Cd level above 0.1 
g/dl. These figures suggest that there is low environ- 
mental exposure to Cd in our study population.  

3.3. Amount of Lead and Cadmium Crossing  
the Placental Barrier 

Pearson’s correlation showed that concentration of Pb [r  

= 0.922; p ≤ 0.001] and Cd [r = 0.713; p ≤ 0.001] in ma- 
ternal venous blood was significantly higher than that in 
cord blood and they were positively correlated to each 
other. Similar to the study in Pittsburgh [24] (r = 0.79) 
and Mexico [21] [r = 0.544; p < 0.001], we have also 
found that placenta protects the foetus in some way from 
environmental exposure. Lead is known to cross the pla- 
cental barrier by diffusion, but how much percentage of 
Pb reaches placenta is not clear. This percentage, in our 
study, was 66.5, which was lower than that reported in 
studies in Pittsburgh (84.9) [24] and Mexico (85.4) [21], 
but the percentage of Cd crossing the placenta in our 
study was much higher (60%) than that in study in Daye 
city of Hubei province (17.14%) [23]. Unlike Pb, the 
mechanism of Cd transfer across placenta is unknown. 

3.4. Effects of Lead on Neonatal Birth Weight  

There is conclusive evidence in both human and animals 
that Pb crosses the placenta and accumulates in fetal tis- 
sues at least after 12 wks of pregnancy in human [25, 26]. 
The level of PbVB showed a U shaped pattern (Figure 1) 
i.e. a decline in lead between weeks 12 and 20 followed 
by a rise that continued throughout the remainder of 
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pregnancy [27]. PbVB increases with age, smoking, low- 
educational level, African-American race and decreases 
with history of breastfeeding and higher intake of cal- 
um [27]. 

Lead is an important environmental pollutant which 
may cause several adverse fetal outcomes including low 
birth weight. Although, the mechanism by which Pb may 
reduce birth weight is not fully known, it is supposed to 
have both local and systemic effects. By local effect, it 
decreases fetal skeletal growth after getting deposited in 
fetal osteocytes and systemically, it has an affinity for 
fetal thyroid tissue causing decrease in thyroxin levels 
which in turn causes decrease in soft tissue organ growth 
leading to decrease in birth weight [3]. 

In the present study, among low Pb exposure group 
(10 g/dl), 23.9% babies were of low birth weight 
(LBW), whereas in high Pb exposure group (>10 g/dl), 
44% babies were LBW [p = 0.000]. Similar variations of 
birth weight were found with PbCB also [p < 0.000] (Ta- 
ble 3). But after adjustment for maternal age, parity, ges- 
tational age, hemoglobin at the time of delivery and BMI, 
no significant association was found between maternal 
Pb level and birth weight of the baby. 

There are conflicting reports on effects of fetal Pb ex- 
posure on birth weight. Increase in birth weight [28,29],  
 

 

Figure 1. U shaped pattern of PbVB during 
pregnancy. 

 
Table 3. Distribution of babies according to their birth weight 
and maternal venous Pb and Cd levels. 

Weight of baby (gm) 
Variables Groups 

<2500 gm (%) 2500 gm (%) 
χ2 p-value

10 g/dl 80 (23.9) 255 (76.1) 
PbVB 

>10 g/dl 275 (44.0) 350 (56.0) 
37.88 0.000

10 g/dl 235 (33.6) 460 (66.4) 
PbCB 

>10 g/dl 115 (61.9) 65 (38.1) 
53.88 0.000

0.1 g/dl 250 (33.5) 400 (61.5) 
CdVB 

>0.1 g/dl 60 (46.2) 70 (53.8) 
2.68 0.102

0.1 g/dl 180 (45.0) 230 (55.0) 
CdVB 

>0.1 g/dl 5 (50.0) 5 (50.0) 
0.00 1.00

no effects [19,30,31] and decrease [3,20,32,33] in birth 
weight are reported as a result of Pb-exposure. 

Negligible effects of PbVB on birth weight on apply- 
ing multiple linear regression, observed during the pre- 
sent study, may be explained as under : 

Firstly, the observed level of PbVB (11.08 g/dl) was 
though higher than that recommended by CDC (10 
g/dl), perhaps not high enough to affect the birth weight 
of the babies. Clark et al. [30] also concluded that infants 
can tolerate blood Pb levels of 37 g/dl in utero without 
adverse effects on their birth weight. 

Secondly, the variability of results from previous 
studies on the relationship between maternal blood Pb 
concentration and human fetal development could be due 
in part to the inadequacy of blood Pb concentration (BLL 
or PbVB) as a marker for Pb toxicity. Bone Pb concen- 
tration [32] and plasma Pb concentration [34] are better 
markers for Pb toxicity than whole blood Pb concentra- 
tion. This suggests that the indicator of fetal Pb exposure 
must involve Pb that is available to cross the placenta. 
But since 99% of Pb in blood is bound to RBC, so Pb 
which is free to cross the placental barrier is the Pb in the 
plasma. Thus plasma Pb is a better biomarker of fetal 
toxicity than whole blood Pb. 

3.5. Effects of Cadmium on Neonatal Birth  
Weight  

According to Environmental Health Criteria of the World 
Health Organization (1992) [22], evidences in humans of 
suppression of birth weight by Cd is difficult to separate 
from the impact of smoking. Its main toxic effect in 
adults is on the kidney, producing tubular dysfunction 
characterized by enhanced excretion of renal tubular tis- 
sue enzymes, low molecular mass proteins and other 
essential metabolites such as calcium and phosphate. 
Mild tubular dysfunction has even been associated with 
heavy smoking [35]. But fortunately in the present study 
none of the 1000 subjects was smoker.  

Among low Cd exposure group (0.1 g/dl), 33.6% of 
babies were of low birth weight (LBW) whereas in high 
Cd exposure group (>0.1 g/dl), 46.2% of babies were 
LBW (Table 3). Negative correlation of Cd in maternal 
venous blood with birth weight of the babies (r = −0.067, 
p = 0.402) was recorded (Table 4). However, none of the 
above observations was statistically significant. In other 
words, CdVB didn’t affect birth weight of the babies in 
our study. Nishijo et al. [16] found no significant asso- 
ciation between maternal urinary Cd and birth weight, 
after adjustment for gestational age, suggesting that Cd 
exposure did not greatly affect fetal development, but it 
did affect pregnancy outcome viz. decrease in birth 
height, preterm deliveries, etc. Odland et al. [20] and 
Zhang et al. [23] also didn’t find any association be- 
tween Cd blood level and birth weight of the babies. On 
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the contrary, Salpietro [36] suggested that birth weight 
might be negatively influenced by Cd levels due to the 
toxic effects of the metal on the placenta. 

The reasons why we didn’t find a significant associa- 
tion between Cd exposure level and birth weight, might 
be due to relatively small sample size (n = 1000), and 
below detectable limits of Cd in nearly 1/5 of the sub- 
jects. Moreover, the Cd pollution of the present study 
area was perhaps not heavy enough to cause low birth 
weight in infants.  

Finally, on applying multiple linear regression analysis, 
it was found that 19.6% variation of birth weight was 
explained by hemoglobin and this could be further in- 
creased to 22% by adding the gestational age. By adding 
other predictor variables (PbVB, PbCB and BMI), the 
total variation explained was up to 23.4%. This shows 
that the Pb levels (PbVB & PbCB) and BMI are not the 
significant predictors of birth weight in the presence of 
hemoglobin and gestational age (Tables 4 and 5). 

4. CONCLUSIONS 

No significant association was found between level of Pb 
and Cd in maternal venous blood and birth weight of the 
babies. This could be because of lower exposure level of 
Pb and Cd and inadequacy of blood Pb level as a marker 
of Pb toxicity. 

Future research should be directed at confirming these 
findings and to develop strategies to prevent the increase 
of Pb and Cd levels in pregnant women. Government and 
society have been remarkably slow to recognize the  
 
Table 4. Univariate linear regression analysis. 

Independent 
variable 

Correlation 
coefficient (r) 

Constant (a) 
Regression 

coefficient (b) 
p-value 

PbVB −0.277 −17.209 −0.002 0.001 

PbCB −0.207 2862.412 −28.837 0.006 

CdVB −0.067 2688.934 −370.161 0.402 

CdCB −0.115 2760.900 −2699.06 0.304 

 
Table 5. Forward stepwise partial of independent variables 
regression analysis on birth weight of babies. 

Steps 
Independent 

variables 
Regression coefficient Constant 

Percentage 
variation
explained

1 
Hemoglobin 

(Hb) 
111.22 1487.85 19.6 

2 
Hb + 

Gestational age 
(GA) 

104.35 Hb + 59.59 GA −711.55 22.0 

3 
Hb + GA + 

PbVB + PbCB 
+ BMI 

99.71 Hb + 57.48 GA – 
4.75 PbVB – 12.57 
PbCB + 3.37 BMI 

−508.63 23.4 

heavy metal exposure and to respond with appropriate 
abatement programmes. Further research in this are on a 
larger scale would provide information needed to be 
transferred to decision makers to implement measures to 
effectively eliminate heavy metals from the environment, 
thereby protecting future generations from their delete- 
rious effects. 
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