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In utero exposure to cadmium
pollution in Cairo and Giza
governorates of Egypt
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ABSTRACT Serum cadmium levels at delivery were maasured in a consecutiva sample of 100 mothar—
infant pairs in Egypt using venous blood from mothers and umbilical cord blood from neonates. The serum
cadmium levels of mothers ranged from 0.4 to 2.2 pg/L (mean 0.73 pg/L) and of infants from 0.2 to
1.5 ue/L {mean 0.66 ug/L). Infant cadmium levels were about 70% of maternal leveis in most pairs, Serum
cadmium was significantly higher in mothers and babies passively exposed to tobacco smoke. Five-minute
Apgar scores were negatively correlated with cord blood cadmium levels. The cadmium levels did not differ
between subjects from Cairo and Giza or according to urban, suburban or rural areas. Thus, in utero
exposure to cadmium was evident and wider-scale studies on its iong-term effects are recommended.

Exposition in uterc & la pollution par le cadmium dans les gouvernorats du Caire et de Giza en
Egypte

RESUME La concentration sérique de cadmium lors de 'accouchement a été mesurée dans un échantillon
consécutif de cent paires mére-enfant en Egypte en utilisant le sang veineux des méres et le sang du cordon
ombilical dea nouveau-nés. La concentration sérique do cadmium des méres était comprise entre 0,4 ot
2,2 pgyl. (moyenne 0,73 ug/L) et celle des enfants entre 0,2 et 1,5 ug/L (moyenne 0,66 ug/L). La concentration
de cadmium chez les nouveau-nés était d'environ 70 % de celle des méres dans la plupart des paires. Le
cadmium sérique était significativement plus élevé chez les méres et les bébés exposés ala fumée de tabac.
Le score d' Apgar & cing minutes était corrélé de maniére négative avec la congentration de cadmium dans
le sang du cordon. La concentration de cadmium ne différait pas entre ies sujets du Caire et de Giza, ouen
fonction des zones urbaines, suburbaines ou rurales. Par conséquent, l'exposition in utero au cadmium était
évidente, et de plus larges études sur les effets & long terme sont recommandées.
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Introduction

The worldwide expansion of industrialization
and the inappropriate methods of waste dis-
posal in some countries have led to an in-
creased risk of human exposure to heavy
metals. Cadmium is widely used in many in-
dustries. As a component of many alloys it is
used in the manufacture of electroconductors
and in electroplating. It is present in ceramics,
pigments, dental prosthetics, plastic stabiliz-
ers and storage batteries. It is also a by-prod-
uct of zinc smelting and is used in the
photographic, rubber, motor and aircraft in-
dustries. Cadmium is emitted in industrial
fumes and may contaminate the water supply
in industrial areas {/]. It is a potentially neuro-
toxic pollutant [2] that is claimed to cause a
slowly progressive and irreversible renal tu-
bular dysfunction as well as respiratory com-
plications [ 3].

Previous studies from other countries
such as Sweden, Turkey, Singapore and Tai-
wan have documented the transplacentai

transfer of heavy metals including cadmium’

[4-7]. Hossny and colleagues {8], in their
study of exposure to cadmium pollution of
children in Cairo city and its suburbs, reported
that venous blood cadmium levels were higher
among neonates whose body weights and
heights remained below the fifth percentiles
for age. However, the relation between birth
weight and cadmium levels in umbilical cord
blood did not reach statistical significance in
the study of Odland and associates {9].

We aimed to measure cadmium levels in
mother—-infant pairs at delivery in order to
evaluate the exposure of pregnant women and
their fetuses to this dangerous metal.

Methods

The study was conducted on 100 mothers
and their live-born babies who were en-
rolled consccutively at delivery from the

Obstetric Department of Ain Shams Uni-
versity and the Al-Galaa Maternity Hospital
in Cairo. The study sample comprised 59
mothers from Cairo and 41 from Giza gov-
ernorates.

The maternal history was taken to es-
tablish: residency (urban, suburban or ru-
ral), maternal smoking status, as reported
by the mother [smoker, passive smoker
{defined as having at least one houschold
member who smoked) or non-smoker],
perinatal problems, morbidity or mortality
in other babies and history of abortion. The
neonatal factors recorded were: sex, gesta-
tional age, birth order, mode of delivery
(vaginal or caesarean) and Apgar score at
five minutes. The weight, crown-heel
length, and skull circumference were mea-
sured at birth. Babies were also examined
for congenital anomalies or any morbidity.

Blood was collected hy venepuncture
from mothers and from the umbilical cord
of babies at delivery. The serum was sepa-
rated hy centrifugation at 2000 x g and cal-
lected in clean metal-free tubes;
haemolysed samples were discarded. Esti-
mation of serum cadmium was performed
in the Department of Community and Oc-
cupational Medicine, Ain Shams University,
using flameless atomic ahsorption spectro-
photometry (Perkin-Elmer 460, USA) [10].

The results were statistically analysed
via a standard computer program (Staristi-
ca software package, StatSoft, Tulsa,
Oklahoma, USA) using Student (r), Wil-
coxon rank (z) and correlation coefficient
(r) tests. The data are presented as mean x
standard deviation. Probability (P) values
were considered significant if less than

0.05.

Results

The serum cadmium concentrations of the
100 mothers ranged from 0.4 to 2.2 pg/l.
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with a mean value of 0.7 + 0.3 pug/L. The
corresponding levels of their infants ranged
from 0.2 to 1.5 pg/L with a mean of 0.7 =
0.2 mg/L. The individual concentrations of
the cord blood cadmium were about 70%
of those of the maternal serum in most
pairs. The difference between the mean
values of mothers and babies was not sta-
tistically significant (¢« = 1.89, P » 0.05).

On comparing serum cadmium levels
according to maternal smoking status, the
mean cadmium concentration was signifi-
cantly higher in the 61 mothers who were
passively exposed to tobacco smoke (0.8 =
0.31 ug/L) compared with the 38 non-
smokers (0.6 + 0.14 pg/l). Again, infants
of passive smokers had cord blood cadmi-
um concentrations that were significantly
higher (0.7 x 0.19 ug/L.) than those of non-
smokers (0.5 £ 0.14 ug/L) (Figure 1). Only
onc mother admitted that she was an active
smoker and her own (1.9 ug/L} and her in-
fant’s (1.5 pug/L} cadmium levels were rela-
tively high.

The mean serum cadmium concentra-
tions of the 59 mothers and babies from

Cairo (0.7 £ 0.3 pg/L) were similar to the
41 subjects trom Giza (0.8 £ 0.4 pug/L; P >
0.05). The cadmium levels in the cord
blood of Cairo infants (0.6 = 0.3 ug/L)
were also similar to those of Giza infants
(0.7 £ 0.2 pg/L; P = 0.03). Mure subjects
lived in suburban (r = 64) than urban (n =
32) areas; only four subjects lived in purely
rural arcas. There was no relationship be-
tween residential classification and serum
cadmium levels.

The scrum cadmium concentrations in
infants showed a negative correlation with
their five-minute Apgar scores; thus the
higher the cord blood cadmium level the
lower the Apgar score (P < 0.05) (Figure
2). A positive correlation was also seen be-
tween the maternal and infant serum cad-
mium levels {r = 0.85, P < 0.05). There
was no significant variation of the serum
cadmium levels in mothers or babies ac-
cording to perinatal obstetric history, sib-
ling morbidity and mortality or mode of
delivery (vaginal or cacsarcan). Morcover,
the serum cadmium level could not be relat-
ed by correlation coefficient to the birth or-

B Passive smokers (n = 61)

12 {1 Non-smokers (i = 38}
~ qg| 0792031
2 T 0732019
2 0.57 £ 0.14 T
g 08 0.52 £ 0.14
S =z
E 06 T :
g . T -L I
[5]
g 04
g
» 02
0
Mothers Infants
z2=4.4 z=51
P<0.0Mm P <0001

Figure 1 Serum cadmium concentrations of mothers and infants according to

maternal smoking status
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Figure 2 Negative correlation between infants’ umbilical cord serum
cadmium concentrations and Apgar scores at five minites

der, gestational age, birth weight, crown—
heal length or skull circumference of the
neonates (P > 0.05).

Discussion

The mean serum cadmium levels of moth-
ers in this study were comparable to that of
the cord blood of their babies. However,
the individual concentrations of the cord
blood cadmium were about 70% of those
of the maternal scrum in most pairs. This
finding agrees with a Swedish study on the
placental transfer of cadmium [4]. Galicia-
Garcia and coworkcers [{7] suggested the
existence of a placental barrier for cadmi-
um in their study on 49 mothers and neo-
nates from Mexico City.

None of the studied mothers was occu-
pationally exposed to cadmium. Their ex-
posure thereforc probably rcsulted from
the general environment. Air pollution with
cadmium comes mainly from industrial
tumes in the vicinity of homes or from 1o-

bacco smoke indoors. The oral route is an-
other important means of exposure and is
due mainly to water and food pollution
[1/2,13]. At 0.73 pg/l. the mean serum cad-
mium of the studied mothers was high
compared with a relevant study by
Krachler and associates [5], who reported
an average of 0.3 pug/L in the sera of moth-
ers at delivery. The umbilical cord serum
level in their series (0.2 pg/L) was also
lower than in our study {0.66 ug/L). Stud-
ies on whole blood reveal different results,
with levels ranging from 0.26 ug/L in
methers from Singapore [6] up to 1.3 pg/L
in mothers from Taiwan and 0.78 ug/L in
cord blood of their babies [7]. A relevant
study on sub-Arctic and Arctic populations
of Norway and Russia showed levels of 2.2
nmol/L and 1.8 nmol/L in maternal and cord
blood samples respectively [9].

The mother—infant pairs in our study
were living either in Cairo or Giza gover-
norates, both places which contain plants
and factories emitting industrial fumes. The
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serum cadmium levels did not vary accord-
ing to the city of residence or urban/rural
residential classification cither in mothers
or infants. Zielonka and Wodzien [14] re-
ported that schoolchildren living in rural ar-
cas ol Poland had higher levels of urinary
cadmium than urban citizens, Poland and
other countries of Central Europe have
been (ound to have higher cadmium pollu-
tion levels than Western European coun-
tries [2]. In Egypt many industries are
located in Cairo and Giza. Other sources of
exposure in our study might be through
drinking water, which distributes cadmium
remnants into homes; certainly cadmium
pollution from industrial waste might be
expected in the River Nile. Although expo-
sure to cadmium pollution from drinking
water has been considered unimportant in
parts of the world such as Canada [/2], it
was found to be a significant risk in somec
areas of Poland [14]. The cadmium content
of agricultural crops varies according to
the specics, scason and level of soil con-
tamination. Even glazed ceramic food con-
tainers have been found to release cadmium
into acidic foods [75].

Environmental tobacco smoke provides
another source of exposure to cadmium,
which is known to be deposited and con-
centrated in the leaves of the tobacco plant
[16). Therefore, active and passive smok-
ers are more cxposcd to cadmium than
non-smokers. In this study the serum cad-
mium levels of mothers and infants pas-
sively cxposed to tobacco smoke were
significantly higher than the corresponding
values for non-smokers. Moreover, the
only mother who was an active smoker had
high serum cadmium levels in her own and
her neonate’s serum, denoting significant
cxposure. Willers and associates {/7] stud
ied the relationship between urinary coti-
nine as an indicator of exposure to nicotine
and blood levels of some heavy metals in

cluding cadmium. The serum cadmium
was strongly associated with the urinary
cotinine level. Children with high serum
cadmium showed impairment of pulmo-
nary function tests and the authors related
this phenomenon to cxposurc to cnviron-
mental tobacco smoke. Another study on
cadmium levels in mother-newborn pairs
found that the most important cnvironmen-
tal factor seemed to be smoking. Even so,
the authors reported a significant increase
in cadmium lcvels during pregnancy among
nen-smoking mothers, probably from in-
dustrial sources [4]. A similar finding was
reportcd by Chia and associates {6] who
observed significant levels of exposure to
cadmium even in non-smoking men and
wOomen,

The umbilical cord blood cadmium con-
centrations were negatively correlated with
babics’ Apgar scores at five minutes. This
may suggest that cadmium pollution af-
fects the well-being of babies immediately
following birth. Such a finding might be
simply explained by the direct vasocon-
strictive effect of cadmium on the placental
blood vessels disturbing the thromboxane
A2/prostacyclin ratio and contributing to
some sort of placental insufficiency. Be-
cause it 1s associated with renal impairment
[1] and alteration of pulmonary function
t77], cadmium exposure during pregnancy
would be expected to raise the necessity
for neonatal resuscitation following birth.
Other reported effects of cadmium during
pregnancy include maternal hypertension,
placental vasoconstriction and neurotoxici-
ty [2,18]. The relation between cadmium
and Apgar scoring might also be a direct
consequence of tobacco smoke exposure.
Passive smoking, as documented by cord
blood cotinine levels, did alter the Apgar
scores and birth weights of neonates in the
study of Hossny and associates [79]. This
might be explained by the vasoconstrictive
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effect of tobacco smoke on stem villous
arteries compromising the fetal placental
blood flow [20]. The strong relation be-
tween tobacco smoke and cadmium levels
may suggest that the Apgar score defect
obscrved in our study could be a result of
exposure to either or both factors together.
Wider-scale studies are needed to separate
the effect of these pollutants on pregnancy
outcome.

It is worth mentioning that maternal se-
rum or cord blood cadmium levels could
not be correlated to the growth parameters
of the infants such as the birth weight,
length and skull circumference. A study on
50 consecutive mother—infant pairs from
three Russian and three Norwegian com-
munities failed to find any correlation be-
tween maternal blood cadmium and birth
weight [9]. However, the effect on growth
might again need to be assessed in larger
scale studies.

Conclusions and
recommendations

We recommend further studies on the long-
term effects of in urero exposure to cadmi-
um pollution and on the objective relation
between cadmium levels and tobacco
smoke exposure. Field studies on cadmium
distribution in the Egyptian environment
would be worthwhile, so too would be the
estimation of serum cadmium levels in var-
icus age groups in all localities of Egypt.
We also suggest that exposure of fetuses to
the hazards of cadmium pollution could be
decreased through systematized scientifi-
cally-based efforts towards proper disposal
of cadmium waste and reduction of indus-
trial emissions as well as the prevention of
smoking in public places.
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