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ABSTRACT

Lead and cadmium can cause severe acute and chronic health effects including reproductive effects.

Pregnant women are among the vulnerable populations. So, the aim of this study was to assess if these
metals have a role in cases of repeated abortion. Blood lead, cadmium and serum zinc and selenium con-
centrations were determined in 40 women complaining of repeated abortion as compared with 24 preg-
nant women (control). Blood lead and cadmium levels were significantly higher in cases of repeated
abortion than those of the control group whereas serum zinc and selenium were significantly lower. The
levels of lead and cadmium were also determined in abortuses of the studied cases where they were found
to be significantly correlated to their blood levels of lead and cadmium. The difference between lead lev-
els in cases and control were significantly related to risk factors as use of kohl or lead glazed ceramics,
coffee or canned food consumption, exposure to smoking, husband's occupation and anaemia. While, cad-
mium levels were significantly related to risk factors as canned food consumption, husband's occupation,
exposure to smoking and anaemia. In conclusion, routine estimation of blood lead and cadmium must be

mandatory in cases of repeated abortion. Zinc and selenium supplementation may have a protective effect

as they reduce absorption of lead and cadmium.
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INTRODUCTION

All living and non-living beings are ex-
posed to numerous chemicals persisting in
the environment. The scope of the repro-
ductive disorders thus caused in the gen-
eral population is becoming widely docu-
mented, and the possible role of these
agents present in the environment on the
incidence of these disorders has renewed
worldwide attention to review the prob-
lem (Kumar, 2008).
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Lead, cadmium and mercury are natu-
rally occurring metals, but most human
exposure occurs as consequence of human
activities. Mounting awareness and con-
cern about environmental pollutants and
their adverse health effects have led to an
increase in measures to protect the public
from avoidable exposures (McKelvey et
al., 2007).

Lead and cadmium are highly toxic
metals for humans and other mammals,
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both are pervasive in the human environ-
ment and accumulate in the human body
over life time, including prenatal life (es-
pecially lead). Apart from numerous
sources of occupational exposure to each
of the metals, the most important non oc-
cupational sources are food (especially
seafood from metal-polluted areas), water
(lead, mostly from lead pipes in contact
with soft and acidic water), air (especially
lead from gasoline in dense traffic areas),
lead based paints of housing and smoking
habits (cadmium and to lesser extent lead
from tobacco) (Telisman et al., 2000).

The World Health Organization has
shown that dietary cadmium exposure has
a very wide range. So it poses a significant
threat to the human population and envi-
ronment. Cadmium-contaminated topsoil
is considered the most likely mechanism
for the greatest human exposure through
uptake into edible plants and tobacco (Pat-
rick, 2003).

Cadmium occurs naturally in some
soils in addition to being deposited
through emissions from mining opera-
tions and fossil fuel combustion, applica-
tion of phosphate fertilizer or sewage
sludge, and disposal of cadmium contain-
ing products (Agency for Toxic Substance
and Disease Registry (ATSDR), 1999).

Only a few modern epidemiologic stud-
ies have addressed lead (Synder et al.,
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2000) and cadmium on reproductive out-
come (Telisman et al., 2000), so the present
study was designed to estimate these met-
als in abortuses and in blood of aborted
women compared to pregnant women.

PATIENTS AND METHODS

The present study was conducted on 64
women divided into two groups. The first
group included 40 women with at least
two miscarriages in the first trimester (first
14 weeks gestation), aged from 20 to 39
years, who attended Obstetrics & Gynecol-
ogy Department of Mansoura University
Hospital over one year period. They were
admitted complaining of inevitable mis-
carriage and surgical evacuation or manu-
al vacuum aspiration was required. All
women were subjected to ultrasound in-
vestigation to ensure diagnosis and ex-
clude major anomalies of the uterus. The
second group consisted of 24 females with
no history of miscarriage and they were
pregnant (controls) without problems and
their age, weight, and height were
matched with cases. None of the aborted
women or controls was receiving medica-
tion or suffering from any infection dur-
ing the study. Informed consent was taken
from all women to share in this study.
A thorough history was taken from each
woman with special emphasis on:

1- Age, residence and occupation.

2- Lead exposure risk factors question-

naire included; Usage of kohl and/
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or lead glazed ceramics; old housing
and lead pipes; husband occupation
especially workers in painting, sol-
ders, drivers; cigarette smoking of
the husband (light, moderate or
heavy according to Ferris Smoking
Index (packs of cigarettes/ day x 365
x number of years of smoking).

3- Cadmium exposure risk factors ques-
tionnaire included; Increased con-
sumption of canned foods, seafood,
coffee and exposure to smoking (pas-
sive smokers).

4- History of diabetes, hypertension, he-
patic and renal diseases.

5- History of drug or alcohol intake.

For each participant, ten ml. venous
blood were withdrawn from anticubital
vein under complete aseptic condition,
added to EDTA, into polypropylene tubes,
shacked gently for analysis of lead and
cadmium and 5 ml were separated to ob-
tain serum for zinc and selenium estima-
tion. One gram from abortuses (product of
conception) was put in a clean flask. Both
blood and abortuses kept at 4°C until as-
say.

Digestion of blood and aborted samples
were done by wet method of digestion (ni-
tric-perchloric acid) according to the meth-
od of Vanloon (1985). Analysis of lead,
cadmium and selenium was done by the
method of Stockwell and Corns (1993) by
using Perkin - Elmer 2380 Atomic Absorp-
tion Spectrophotometer (AAS cold steam
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technique in combination with flow injec-
tion system at Mansoura Faculty of Sci-
ence). Preparation of standards and sam-
ples was carried out under clean
conditions using deionized water. Analyt-
ic standards of lead, cadmium and zinc
were prepared from solutions of metal
nitrate (BDH, UK), with concentration of
1000mg/L. All chemicals and reagents
used were of ultra pure reagent grade. All
glassware and plastic ware were washed
three times with deionized water, and
then soaked in 20% nitric acid overnight.
After soaking the glassware was rinsed
three times with deionized water and
dried. Quality assurance was achieved by
measuring blank test solutions. All metal
contents were measured in duplicate (S.D.

<10%) by the working curve method.

Data were compared by using student's
t-test (to compare two groups) and Anova
test for multiple groups comparison. Chi
square (x2) was used for qualitative data
(frequency and proportion). Correlation
co-efficiency was used to test association
between variables. Significance was con-
sidered when P value is less than 0.05.
These data were run on an IBM compati-
ble personal computer by using Statistical
Package for Social Scientists (SPSS) for
windows 11 (SPSS Inc., Chicago, IL, USA).

RESULTS
Blood lead and cadmium levels were
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highly significantly higher in cases of re-
peated abortion (19.78 + 3.85 and 7.51 +
1.02 ug/dl respectively) than those of the
pregnant women (10.53 + 1.01 and 5.06 +
0.81 ug/dl respectively) whereas serum
zinc and selenium were significantly low-
er in aborted women (77.01 + 11.55 ug%
and 46.72 = 5.54 ng/ml respectively) than
those of the pregnant women (90.01 +
10.77 ug% and 63.93 + 3.03 ng/ml respec-
tively). The levels of lead and cadmium in
abortus were 3.99 + 0.743 and 1.89 + 0.26
ug / gm respectively (Table 1).

Table (2) Show the characteristics of the
studied cases.

Blood lead level was higher with statis-
tical significance in cases with positive
kohl usage, anemia, use of lead glazed ce-
ramic, coffee consumption (more than 3
cups/day), canned food consumption, re-
cent paint, husband occupation (merchant,
mechanic and painter), husband smoking
(heavy smoker) (Table 3).

Blood cadmium level was higher with
highly statistical significance in cases with
husband occupation (merchant, mechanic
and painter) and those exposed to heavy
husband smoking. There was also higher
blood cadmium level with statistical sig-
nificance in cases with canned food con-
sumption (Table 4).

Table (5) shows highly significant posi-
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tive correlations between both blood lead
(r = 0.995) and cadmium level (r = 0.984)
and their levels in abortuses (Graphs 1 &
2). There was highly significant negative
correlation between blood lead and zinc (r
=-0.792) and also between blood lead and
selenium (r = -0.840) (Graphs 3 & 4). There
was a highly significant negative correla-
tion between blood cadmium level and
zinc (r = -0.910) and also between blood
cadmium level and selenium (r = -0.836)
(Graphs 5 & 6).

DISCUSSION

Exposure to toxic metals has become an
increasingly recognized source of illness
worldwide (Patrick, 2003). However, the
effect of heavy metals such as mercury,
lead, cadmium, chromium etc. on male
and female reproduction has been studied
in detail in various experimental animal
species but data on humans are steadily
building up (Kumar, 2008).

Lead is one of the most hazardous
and cumulative environmental pollu-
tants that introduced into the environ-
ment by humans. It affects embryonic
development and functioning of repro-
ductive system (Milnes et al., 2006). Cad-
mium is considered one of the most toxic
substances in the environment due to its
wide range of organ toxicity and long
elimination half-life of 10 - 30 years (Pat-
rick, 2003).
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The results of the present study showed
high blood lead levels in aborted women
when compared to pregnant. This was in
accordance with the result of Lamadrid-
Figueroa et al. (2007) who concluded that
spontaneous abortion is related to the
plasma / blood lead ratio, which could be
due to a greater availability of placental
barrier crossing lead for a given blood
lead concentration in some women.

The observed high blood lead levels of
the studied aborted women in the present
study may be attributed to variable envi-
ronmental sources for exposure with ab-
sence of general preventive strategies
for controlling these sources. Contaminat-
ed soils from airborne pollution, use of
leaded pesticides or from paints of the ex-
terior of nearby building, use of leaded
water pipe lines and living near heavy au-
tomobile traffic using leaded gasoline (ur-
ban areas) are all factors contributing to

lead exposure among women (Klaassen,
2006).

The result of the present study revealed
a statistically significant elevation of lead
levels in women using kohl. Kohl is com-
posed of lead sulfide, so it is considered a
continuous source of lead exposure with
possible absorption from skin. Also, there
was high blood lead in aborted women
with positive husband smoking. Results of
this work are consistent with previous re-
port of positive association between pas-
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sive and active smoking and blood lead
(Mannino et al., 2005).

There was also higher blood lead level
with statistical significance in cases of pos-
itive anemia, In accordance with this re-
sult, WHO, (2000) reported that atypical
physiological states may alter the rate of
absorption of lead from the intestine into
the blood. In particular, iron and calcium
can compete for the active transport of
lead into the blood. As a result lead up-
take is greater when other minerals are
not present.

Higher blood lead level was found in
aborted women with husband occupation
(mechanic, painter and merchant). Pater-
nal exposure to lead may be related to
spontaneous abortions by three pathways;
1- Paternal lead is passed through semen
to the mother, 2- Lead in the father's work
clothes, equipments, hands, etc, is a
source of exposure for the mother, 3- Lead
burden in the father alters his sperm. The
tirst scenario would not necessarily results
in elevated maternal blood lead, while the
second would likely have such an effect
and could have been operating in our
study subjects. The third explanation may
have a role, this is consistent with Eiben-
steiner et al. (2005), Hernandez-Ochoa et
al. (2005), Jurasovic et al. (2004) and Telis-
man et al. (2007) who concluded that Lead
may adversely affect sperm shape, motili-
ty, and DNA integrity.
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The present study showed significant
positive correlation between blood lead in
aborted women and its level in in tissues
of aborted foetus. This is mainly related to
transplacental transfer (Abd El-Hameed,
2008).

Elevated cadmium levels were found in
the present work in aborted women when
compared with pregnant women. Ronco
et al., (2005 a) showed in a previous study
that placental levels of cadmium were in-
versely correlated to offspring birth
weight. Foetal growth restriction could be
related to impaired placental function
(due to toxic metals), thus inhibiting ap-
propriate transfer of essential nutrients to
the foetus, which are indispensable for life
maintenance and normal development
and growing (Osada et al., 2002). In addi-
tion, cadmium has been linked to poor hu-
man semen quality, abnormal sperm mor-
phology, decrease in sperm motility and
DNA damage (Xu et al., 2003).

Blood cadmium levels were most
strongly associated with smoking status.
A recent study by Nas et al. (2007) report-
ed that smoking has harmful effects on tu-
bal function and menstrual cycle resulting
in subsequent increased uterine contractil-
ity and failure of quiescence of the uterus.

As regards zinc and selenium levels in
the studied cases, there was a significant

inverse correlation between their levels
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and lead and cadmium levels. High levels
of cadmium in placenta induce high levels
of metallothionein (MT), a protein in-
volved in the intracellular homeostasis of
cadmium and zinc (Ronco et al., 2005 b).
Thus, additional MT not only retains cad-
mium in the placenta to protect the foetus,
but also may affect foetus-placental zinc
dynamics, which in turn may lead to re-
duced zinc bioavailability to the foetus
and thus contribute to weight impairment
(Ronco and Lianos, 2009). Zinc is an essen-
tial micronutrient for foetal growth and
for proper immune system function (Well-
inghausen, 2001).

Although lead appears to produce rela-
tive zinc deficiency, cadmium appears to
mainly affect the distribution of zinc in the
body (Telisman et al., 2000). Alteration in
the amount and/or biologic availability of
zinc in certain body compartments
through the lead and cadmium related de-
crease in the capacity of MT to provide op-

timum supply of zinc to the cell.

It's known that pregnancy, due to the
mitochondria rich placenta, is a condition
that favors oxidative stress (Myatt and
Cui, 2004). Mechanisms against reactive
oxygen species (ROS) increase during
pregnancy and protect the foetus (Casa-
nueva and Viteriy, 2003). One of the main
defense mechanisms against effects of
ROS is constituted by selenium and cop-
per/zinc-dependent enzymes, glutathione
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peroxidase (GPx) and superoxide dismu-
tase (SOP). It has been shown that those
enzymes may be inhibited by several
heavy metals. Therefore, the presence of
heavy metals in placenta may be detri-
mental for placental GPx and SOD activi-
ties and as a result the foetus is subjected
to some degree of oxidative stress which
may result in potential damage (Masso et
al., 2007). So, we hypothesize that an im-
balance of essential metals like zinc and
selenium in this study could contribute to
excessive ROS production affecting foetal
growth and development.

In conclusion, estimation of lead and
cadmium may be important in cases of un-
explained spontaneous abortion. Each
woman with unexplained spontaneous
abortion should be subjected to heavy
metals estimation. Reduction of an in-
creased heavy metal body load is manda-
tory. Chelating therapy should be done

33

cautiously in a hospital to choose the
proper agent, suitable route and to avoid
the possible side effects.

Females should be advised to opti-
mize caloric, iron and calcium intake spe-
cifically to reduce lead absorption. Supple-
mentation of zinc and selenium during
pregnancy may reduce absorption of
heavy metals reducing its deleterious ef-
fect.

Ongoing surveillance of exposure to
toxic substances is essential for identify-
ing and targeting high-risk groups, evalu-
ating interventions, tracking exposure
overtime and monitoring exposure during
emergency situations. Because lead and
cadmium are known to harm the foetus
and cross the placenta, it is critical to sup-
port efforts to track and develop methods
of intervention to reduce exposures in
women of reproductive age.

Table (1): Lead and cadmium levels among the studied cases.

Cases of abortion Controls
Parameters (n =40) (n=24) Statistical data
Mean = S.D Mean = S.D

1) Blood lead (ng/dL): 19.78 £3.85 10.53 £ 1.01 t=-8.59 P<0.0001
2) Blood cadmium (ug/dL): 7.51+1.02 5.06 £0.81 t=-6.26 P<0.0001
3) Blood zinc (ng %): 77.01 £11.55 90.01 +10.77 t=2.71 P 0.020
4) Blood selenium (ng/mL): 46.72 £5.54 63.93 +£3.03 t=9.55 P<0.0001
5) Abortus lead (ug/gm): 3.99 £0.743
6) Abortus cadmium (ug/gm): 1.89 £0.26

Significant at p < 0.05, Highly significant at p < 0.001.
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Table (2): Characteristics of the studied cases.

Parameters Cases of abortion Controls Statistical data
n=40 n =24 Test P
Age (years): Mean £ S.D 28.70 £3.28 28.75+2.93 t=0.000 1
Residence: X*=2 0.157
Urban n (%) 26 (65) 14 (58.3)
Rural 14 (35) 10 (41.7)
Occupation of the studied cases: X?=8.5 0.037
Employee n (%) 20 (50) 6 (25)
Farmer 2(5) 4 (16.7)
Housewife 14 (35) 8(33.3)
Teacher 4 (10) 6 (25)
Kohl usage: X*=1.125 0.289
Positive n (%) 26 (65) 12 (50)
Negative 14 (35) 12 (50)
Anaemia: X*=0.125 | 0.724
Positive n (%) 22 (55) 8(33.3)
Negative 18 (45) 16 (66.7)
Use of lead glazed ceramic: X*=0.5 0.480
Positive n (%) 20 (50) 8(33.3)
Negative 20 (50) 16 (66.7)
Coffee consumption: X*=0.125 0.724
Positive n (%) 20 (50) 10 (41.7)
Negative 20 (50) 14 (58.3)
Canned food consumption: X*=1.125 0.289
Positive n (%) 18 (45) 8(33.3)
Negative 22 (55) 16 (66.7)
Old houses & lead pipes:
Positive n (%) 40 (100) 24 (100)
Negative
Recent paint: X*=8 0.005
Positive n (%) 12 (30) 4 (16.7)
Negative 28 (70) 20 (83.3)
Husband occupation: X*=11.31 0.079
Employee n (%) 12 (30) 8(33.3)
Farmer 4(10) 4 (16.7)
Engineer 2(5) 4 (16.7)
Teacher 4 (10) 4 (16.7)
Mechanic 8 (20) 2 (8.3)
Painter 8 (20) 2 (8.3)
Merchant 2(55) | -
Husband smoking: X=5 0.172
Non-smoker n (%) 10 (25) 14 (58.3)
Mild smoker 8 (20) 4(16.7)
Moderate smoker 4 (10) 4(16.7)
Heavy smoker 18 (45) 2 (8.3)

Significant at p < 0.05 , Highly significant at p < 0.001. X2 : Chi square test.
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Table (3): Statistical comparison of blood lead concentrations in the different categories of
the studied risk factors.

Parameters Blood lead level Statistical analysis
(Mean = SD) Test P
Residence: Urban 20.02 + 3.68 One way Anova 0.711
Rural 19.33 +4.40 F=0.142
Occupation of the studied cases:: One way Anova 0.906
Employee 19.52 £4.08 F=0.185
Farmer 18.6
Housewife 19.77+4.14
Teacher 21.7+4.38
Kohl usage: 5.9 0.001
Positive 22.33+3.29
Negative 16.04 £1.25
Anaemia: 6.20 0.000
Positive 22.25+3.38
Negative 16.83 £1.79
Use of lead glazed ceramic: 3.63 0.006
Positive 22.36+2.79
Negative 1720 £2.95
Coffee consumption: 5.94 0.000
Positive 22.51+2.89
Negative 17.05 £2.52
Canned food consumption: 4.07 0.004
Positive 22.86 +3.16
Negative 1739 £2.20
Old houses & lead pipes:
Positive 19.78 £ 3.85
Negative | e
Recent paint: 5.08 0.004
Positive 2438 +1.87
Negative 18.83 £2.92
Husband occupation: One way Anova 0.000
Employee 16.88 £1.64 F=14.85
Farmer 1725 +1.91
Engineer 15.3
Teacher 16.65 £1.06
Mechanic 24.57+0.80
Painter 21.82 +£2.28
Merchant 25.6
Husband smoking: One way Anova 0.000
Non-smoker 16.74 £1.30 F=14.08
Mild smoker 16.15+£1.69
Moderate smoker 19.3 +£2.69
Heavy smoker 23.19+£2.61
Significant at p < 0.05 , Highly significant at p < 0.001. F : One way Anova.
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Table (4) : Statistical comparison of blood cadmium concentrations in the different categories of the
studied risk factors.

Parameters Blood cadmium level Statistical analysis
(Mean = SD) Test P
Residence:  Urban 7.59+0.78 0.887 0.409
Nural 7.34+1.43
Occupation: One way Anova 0.614
Employee 7.53+£1.01 F=0.616
Farmer 6.15
Housewife 7.57+1.18
Teacher 7.8+£0.27
Anaemia: 3.125 0.014
Positive 7.94 + 1.05
Negative 6.98 £0.73
Coffee consumption: - 1.209 0.257
Positive 8.17 +0.88
Negative 6.85 £ 0.68
Canned food consumption: 3.747 0.006
Positive 8.33£0.57
Negative 6.83 £0.77
Husband Occupation: One way Anova 0.000
Employee 6.85 +0.55 F=11.91
Farmer 6.07+0.11
Engineer 6.4
Teacher 7.2+0.68
Mechanic 8.19+£0.25
Painter 8.59+£0.53
Merchant 8.92
Husband Smoking: One way Anova 0.000
Non smoker 6.54+0.26 F=18.97
Mild smoker 6.55+0.72
Moderate smoker 7.84 +0.23
Heavy smoker 8.39+0.55

Significant at p < 0.05 , Highly significant at p < 0.001.

Table (5): Correlation test between the studied cases.

Items of comparison Correlation test

Blood lead level Abortus lead level r=0.995 , p=0.000
Blood cadmium level Abortus cadmium level r=0.984 , p=0.000
Blood lead level Blood zinc level r=-0.792 , p=10.000
Blood lead level Blood selenium level r=-0.840 , p=0.000

Blood zinc level
Blood selenium level

Blood cadmium level
Blood cadmium level

r=-0.910 , p=0.000
r=,-0.836 , p=0.000

Significant atr >0.75 and p <0.05 r : correlation test.
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Graph (2) : Correation between cadmium
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abortuses (r=0.984 & p = 0.000).

Graph (3): Correlation between blood levels
of lead and zinc in the studied
cases (r =- 0.792 & p = 0.000).
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Graph (4): Correlation between blood levels of
lead and sdenium in the studied
cases(r= -0.840 & p=0.000).
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Graph (5): Correlation between blood levels
of cadmium and zinc in the studied
cases (r =- 0.910 & p = 0.000).
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Graph (6): Correlation between blood levels of
cadmium and sdenium in the studied
cases (r =- 0.836 & p = 0.000).
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