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Lead exposure among the general population of

Duhok governorate, Kurdistan region, Iraq
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ABSTRACT This study was carried out to establish baseline data on lead exposure in a sample of the general
population from Duhok governorate, Iraq in 2011. A cross-sectional study was made of blood lead levels of 820
individuals and of dust and of air lead levels in urban, suburban and rural residential areas. Mean blood lead
(BPb) value in the overall sample was 7.3 (SD 2.8) ug/dL, range 1.6-17.0 pg/dL; significant differences were found
with respect to age, area of residence, altitude and distance from a gasoline generator. The prevalence of toxic
levels of lead (BPb >10 pg/dL) was 22.8% overall and 2.4% in children. People living in suburban areas (39.7%) and
<50 m from a gasoline generator (93.1%) were exposed to high environmental lead levels. A linear relationship
was found between BPb and air lead levels (r = 0.8). While lead exposure does not constitute a great health
problem foradults in our community, 2.4% of the children had toxic lead levels and measures to reduce exposure
to environmental heavy metals should be considered.

Exposition au plomb dans la population générale du gouvernorat de Duhok, dans la région du Kurdistan (Iraq)

RESUME La présente étude a été menée pour établir une base de données sur I'exposition au plomb d'un
échantillon de la population générale du Gouvernorat de Duhok (Irag) en 2011. Une étude transversale a été réalisée
sur la concentration sanguine de plomb chez 820 personnes ainsi que sur les taux de poussiére et de plomb dans
l'air des zones résidentielles urbaines, suburbaines et rurales. La concentration moyenne de plomb dans le sang
de I'échantillon global était de 7,3 ug/dl (E.T. 2,8 ; extrémes 1,6-17,0 pg/dl) ; des différences significatives ont
été retrouvées en fonction de I'age, du lieu d'habitation, de ['altitude et de la distance par rapport a un groupe
électrogene a essence. La prévalence de niveaux toxiques de plomb (concentration moyenne de plomb dans le sang
>10 pg/dl) était de 22,8 % dans I'ensemble de I'échantillon et de 2,4 % chez les enfants. Les personnes vivant dans
des zones suburbaines (39,7 %) et a moins de 50 m d'un groupe électrogene a essence (93,1 %) étaient exposées a
des niveaux élevés de plomb dans I'environnement. Une relation linéaire a été retrouvée entre la concentration
moyenne de plomb dans le sang et les niveaux de plomb dans I'air (r= 0,8). Alors que I'exposition au plomb ne
constitue pas un probleme de santé majeur pour les adultes de notre communauté, 2,4 % des enfants présentaient
des concentrations de plomb toxiques. Des mesures de réduction de cette exposition aux métaux lourds dans
I'environnement doivent étre envisagées.

'Department of Clinical Biochemistry; *Department of Family and Community Medicine, College of Medicine, University of Duhok, Duhok, Iraqg.
(Correspondence to S.A. Al-Dabbagh: samimaldabbagh@yahoo.com).

Received: 29/08/11; accepted: 02/11/11

974




e el el

Introduction

Exposure to low doses of lead is par-
ticularly harmful to children, whose
neurological development may be per-
sistently and irreversibly affected [1-3].
Exposure to lead causes a number of
diseases in later age groups, including
mild mental retardation, as shown by
loss of IQ points, as well as increased
blood pressure, anaemia and gastro-
intestinal effects. Several other disease
outcomes have been associated with
exposure to lead [4,5]. The only effica-
cious method of avoiding these toxic
effects is to control the population’s ex-
posure to lead by eradicating its sources,
which are not always obvious. Hence it
is essential to know the level of exposure
of the population so that the necessary
control measures can be established.

In Irag, most studies on lead expo-
sure have been conducted in exposure
risk groups [6]. However, considering
that there are still many gasoline power
generators and vehicles using leaded
petrol in the country, it is possible that
high lead levels exist in the general
population living in areas of heavy traf-
fic and high emission of lead into the
atmosphere. Therefore, this study was
carried out to establish baseline data on
blood and environmental lead levels in
asample of the general population from
the Duhok governorate area.

Setting and sample

A cross-sectional study design was con-
ducted on 820 individuals who were not
occupationally exposed to lead. They
were apparently healthy individuals of
both sexes with an age range from 1
month to 64 years. All had no history of
chronic illness or of personal or family
history of lead exposure.

The sample size was calculated
according to the World Health Or-
ganization formula to be around 767
[7]. Individuals living in 3 distinct

living areas (urban, suburban and ru-
ral) were included in this study. The
urban areas were in Duhok city, the
main urban areain the centre of Duhok
governorate. The city is located in a
valley between 2 mountains and areas
were chosen at different altitudes in the
valley: low (540— < 560 m), moder-
ate (560— < 630 m), and high (> 630
m). The suburban areas chosen were
districts 60 km west of Duhok, 100
km east of Duhok and 70 km north
Duhok. The rural areas chosen were
5 villages situated in the districts of
Duhok governorate where there were
no municipality and no industrial
sources of lead pollution. Among the
individuals selected, 420 were urban
living in different parts of Duhok city,
300 were living in suburban areas and
100 were living in rural areas. Urban
samples were collected from Azadi
main secondary care hospital and the
primary health centre in Duhok, sub-
urban samples were collected from the
local hospital while rural samples were
collected directly from in the village
main hall.

Data collection

A pre-tested questionnaire was de-
signed to obtain information on age,
sex, residence, cigarette smoking and
current occupation.

Samples

Since blood lead estimation is eas-
ily affected by contamination suitable
precautions were taken to avoid any
contamination and a trace-element-free
technique was used during the handling
and analysis of blood samples. Venous
blood samples (5 mL) were withdrawn
from each individual under study and
transferred to EDTA tubes for the esti-
mation of blood lead level.

For determination of environmental
dust lead levels roadside dust samples
were collected from different residential
areas (urban, suburban and rural) using

methods specified by the manufacturer
of the test kit.

For determination of environment
air lead levels roadside air samples were
collected from the same urban and ru-
ral areas investigated. A low flow-rate
sampler with maximum flow rate of 6
m*/24 hours was used. This sampler
was equipped with a pump, a counter, a
3.7 cm disk holder and fitted with glass
fibre filter (Whitman GF/A). The col-
lection time was 72 hours in the urban
areas and 144 hours in the rural areas.

Verbal consent for participation and
approval to supply blood samples for
testing was obtained from the parents
of the children and from the adults, af-
ter the nature of the study had been
explained to them. The study protocol
was approved by the local scientific and
ethical committees.

Analysis

Blood lead was analysed by flame
atomic absorption spectrophotometer
(Perkin Elmer) using a standardized
procedure published by the company.
Radiation source absorbance was
measured at a wavelength of 283 nm,
using a band pass of 0.7 nm. Briefly
EDTA-blood was precipitated with
20% trichloroacetic acid (TCA) so-
lution. The supernatant solution was
aspirated directly to the spectropho-
tometer and the samples were run in
batches using standard lead solution
of 10, 25 and 50 pg/dL to correct the
sensitivity of the instrument. A reagent
blank was prepared by mixing an equal
volume of 20% TCA with deionized
water. The blank gave a reading of 1 ug/
dL and this value was subtracted from
the reading of the samples examined.
A pooled normal blood was run with
every batch and gave areading of 12 pg/
dL. Serial replication of aliquots from
a pooled blood sample and an internal
control standard were used to check the
precision and accuracy of the analytical
method. The coefhicient of variation for
lead in pooled blood samples was 3.5%
(n=30). Values for the internal control
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standards (Radian Corporation) were
calculated between every 10 samples
in the rack of samples with each new
batch. Samples which did not differ by
more than 2% of the standard value
were considered acceptable. All samples
were analysed in triplicate and results
referred to the standard curve previ-

ously prepared.

The dustleadlevelsin each area were
estimate using a standard lead test kit
(Abbott Laboratories). This test utilizes
a patented leach method for testing and
gives semi-quantitative results which
indicate the approximate lead release
in samples. After the comparison of the
resultant colour produced, the concen-
tration of lead is shown into parts per
million (ppm).

For the air samples, lead from the
Whitman glass fibre filter was extracted
with 5% nitric acid. Similar to the blood
samples, the lead concentration was
estimated by direct aspiration into
the flame of the atomic absorption

spectrophotometer. The air lead con-
tent was calculated from the American
Society for Testing Materials formula

[8].

Assessment of lead exposure

The highest values for toxic levels of BPb
lead according to the recommenda-
tions of the Centers for Disease Control
and Prevention [9] were selected as the
cutofts for this study: > 10 pg/dL in
children and > 25 pg/dL in adults. Dust
lead levels > 5 ppm was considered as
the cutoff value for low level of lead
exposure whereas a level of < 25 ppm

indicated high level of lead exposure.

Statistical analysis

Data were translated into a computer-
ized database structure. Statistical analy-
ses were computer assisted using SPSS,
version 13. The correlations between
blood lead level (BPb) and air lead
level was estimated by linear regression
analysis.

La Revue de Santé de la Méditerranée orientale

Blood lead level

The mean BPb value in the total sam-
ple was 7.3 ug/dL [standard deviation
(SD) 2.8 ug/dL], range 1.6 to 17.0 pg/
dL. The mean BPb concentration in
adults (ages 17-64 years) was 8.6 (SD
3.3) ug/dLandin children (ages> 1-16
years) was 5.3 (SE 1.9) ug/dL, a differ-
ence which was statistically significant
(P < 0.01). Mean BPb levels of males
(8.6 (SD 3.5) pg/dL] were significantly
higher than those of females [4.7 (SD
14) ug/dL] (P < 0.01). The mean BPb
concentration in those living in rural
areas [4.2 (SD 1.2) pg/dL] was signifi-
cantly lower compared with the urban
and suburban groups, who had mean
levels of 6.9 (SD 3.0) ug/dL and 9.1
(SD 32) pg/dL respectively (P < 0.001
forall) (Table 1).

Comparing the mean BPb level of
urban males (1 = 320) and females (n
= 100) showed higher values for males

Table T Mean blood lead levels in the study population according to age, sex and residence

Blood lead concentration (ug/dL)

P-value?

Age of children (years)
<1
<5
5-9
10-16
All
Age of adults (years)
17-9
30-39
40+
All
Sex
Male
Female
Residence area
Urban
Suburban
Rural
Total

Mean (SD)
22 3.3(0.7)
46 4.3(0.5)
66 5.5(1.4)
73 6.2(2.4)
207 5.3(1.9)
349 77 (2.9)
168 9.2(3.2)
96 11.1(2.9)
613 8.6 (3.3)
541 8.6 (3.5)
279 4.7 (1.4)
420 6.9 (3.0)
300 9.1(3.2)
100 4.2(1.2)
820 73(2.8)

Range
<0.001°
1.6-4.4
1.8-5.0
21-7.8
2.5-10.1
1.6-10.1
<0.001
3.3-13.0
3.8-14.9
5.8-17.0
3.3-17.0
<0.001
2.7-17.0
1.6-94
<0.001
1.6-15.0
4.0-17.0
21-7.6
1.6-17.0

“Analysis of variance; "Age group <1 year versus 10-16 years.

SD = standard deviation.
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(7.6 (SD 3.7) pg/dL] than females [4.4
(SD 0.6) ug/dL)] (P < 0.001). How-
ever, the difference was smaller and
non-significant comparing rural males
(n=54) and rural females (1 = 46) [4.5
(SD 1.8) pg/dLversus 3.9 (SD 0.5) pg/
dL] (P>0.05).

Current guidelines for lead poison-
ing consider cut-offs for toxic levels
when BPb levels are > 10 pg/dL for a
child and > 25 pg/dL for an adult. We
found 5/207 children (2.4%) had BPb
level > 10 pg/dL, whereas 182/613
adults (29.7%) had BPb level 10-25
ug/dL. Therefore out of the total tested,
187 (22.8%) individuals had toxic BPb
levels > 10.0 pg/dL (Table 2).

BPb levels according to distance in
which participants living from a gasoline
generator and altitude are shown in Ta-
ble 3. The mean BPb levels of individu-
alsliving in areas 100-149, 50-99 and >
50 m distance from gasoline generators
were 3.3, 6.8 and 9.6 ug/dL respectively
(P <0.001 for all). BPb levels were also
significantly higher in individuals of
living at low altitudes compared with
moderate or high altitude levels (P <
0.001).

Dust lead level

Table 4 presents the distribution of the
study sample according to median dust

lead values found in the areas where
they lived. The highest proportion of
people living in areas with lead level
in the range 25-50 ppm was found in
those living in suburban areas (39.7%),
at low altitudes (62.8%) and < SO m
from a gasoline generator (93.1%).

Air lead level

Table S shows the mean lead levels in
environmental air. Mean lead levels
were significantly higher in urban ar-
eas than suburban and rural areas (P <
0.001). The mean blood lead levels of
participants were positively correlated
with mean lead levels in air (r = 0.8, P
<001).

Discussion

The BPb level is commonly used as an

indicator of lead exposure in humans
[10]. Among the individuals in the pre-
sent study, mean BPb concentration in
adults was 8.6 ug/dL and in children
was 5.3 pg/dL. The results suggest
that, overall, individuals in our study
had BPb levels within the acceptable
limit reported by others (7.3 ug/dL)
[11]. Previous studies in other parts
of Iraq found higher BPb levels in the
population [12,13]. For example, a

study conducted on 629 elementary-
school children in Baghdad found a
mean BPb level of 139 pg/dL [14]; this
value was higher than ours, probably
due to the origin of their samples, which
were taken mainly from the centre of
the city. Furthermore, several studies
on children in the Eastern Mediter-
ranean region (EMR) indicated high
levels of lead exposure. For example,
an investigation of environmental lead
concentrations in Cairo indicated that
the BPb levels of children ranged from
144 pg/dL forthose < 1 yearold to 10.8
ug/dL for those aged 56 years old, and
that approximately 64% of children had
BPb levels > 10 pg/dL. Similar findings
have been reported from Pakistan and
Saudi Arabia, as well as other countries
in the EMR [15]. However, our results,
in comparison, reflected a lower level
of exposure, probably due to the geo-
graphical nature of the residential areas,
the low number of vehicles, no indus-
trial emissions and low occupational
exposure [16].

With respect to BPb levels, our re-
sults overall showed higher values in
urban individuals living near gasoline
generators or at low altitudes. Other
studies concur with this observation
of higher values in urban areas with
greater atmospheric contamination by

Children
<1 22
<5 46
5-9 66
10-16 73
All 207
Adults
17-29 349
30-39 168
40+ 96
All 613
Total 820

Table 2 Distribution of blood lead levels in the study population according to age

Blood lead concentration (ug/dL)

5-10
No.
22 100.0 0
36 78.3 10
36 54.5 30
20 274 48
114 551 88
89 25.5 172
17 10.1 93
0 0.0 60
106 173 325
220 26.8 413

%

0.0 0 0.0
21.7 0 0.0
45.5 0 0.0
65.8 5 6.8
42.5 5 24
49.3 88 25.2
55.4 58 34.5
62.5 36 37.5
53.0 182 29.7
504 187 22.8
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Table 3 Blood lead levels according to distance from gasoline generators and individuals' living altitude levels (n = 420)

Variable

Distance from gasoline generator (m)
<50
50-99
100-149
Altitude
Low (540->560 m)
Moderate (560-> 630 m)
High over (= 630 m)

Blood lead concentration (ug/dL)

Mean (SD)
158 9.8 (3.5)
140 6.8 (1.5)
122 3.3(1.4)
163 9.1(4.4)
189 6.3(2.2)
68 3.3(1.9)

Range

4.0-15.0
2.7-12.7
1.6-11.8

<0.001

3.7-15.0
2.3-11.8
1.6-7.6

<0.001

“Analysis of variance.
SD = standard deviation.

Table 4 Distribution of study population by median dust lead concentration in their area of residence

Dust lead concentration (ppm)

>5-10 >10-25 >25-50
No. % No. % No. %
Residence area
Urban 420 9 21 156 371 153 36.4 102 24.0 10-25
Suburban 300 0.0 27 9.0 154 51.3 19 39.7 10-25
Rural 100 18 18.0 55 55.0 27 27.0 0 0.0 5-10
Distance from gasoline generator (m)
<50 158 0.0 0 0.0 1 7.0 147 93.0 25-50
50-99 140 0.0 0 0.0 47 33.6 93 66.4 25-50
100-149 122 0.0 6 4.9 113 92.6 3 2.5 10-25
Altitude
Low 317 0.0 37 1.7 81 25.6 199 62.8 25-50
Moderate 369 0.8 82 22.2 109 29.5 175 47.5 10-25
High 134 5.2 34 254 90 672 3 2.2 10-25

P < 0.01, Kruskal-Wallis: urban and suburban versus rural; distance from gasoline generators < 50 m and 50-99 m versus 100-149 m, low and moderate altitude

versus high altitude.

Table 5 Mean lead levels in air of the urban, suburban and rural residential areas

Area Total
No.

Urban 34

Suburban

Rural

Air lead concentration (ug/m?)

Mean (SD) Range

3.80(0.51) 1.30-7.02
2.29(0.24) 2.04-2.52
0.44(0.06) 0.37-0.55

SD = standard deviation.

the metal [ 17], and in crowded areas in
which exposure to lead is higher owing
to the greater number of gasoline gener-
ators and vehicles. The results obtained
for prevalence of intoxication were
also similar, since a greater prevalence

was observed in individuals residing in

downtown areas and those living near
gasoline generators.

Regarding age and sex, we found a
tendency towards increased BPb levels
with higher age, probably due to higher
exposure to lead from the contami-
nated atmosphere owing to increased

outdoor activity. A statistically signifi-
cant difference was found in the mean
lead levels of males and females. Other
authors have also demonstrated lower
lead levels in females, below the toxic
limit [18]. In fact, none of the females
in our series had BPb levels within the
elevated range (> 10 pg/dL). How-
ever, large numbers of males had BPb
values > 10 pg/dL. This could be also
attributed to increased outdoor activity
and to cigarettes smoking (none of the
females in this study reported being a
cigarette smoker).

Blood lead level determination is
the method currently recommended
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for lead exposure assessment [19]. The
use of dust and air lead assessment has
been previously recommended as ad-
ditional markers for lead source and
exposure [20]. We found a tendency
towards increased BPb values with in-
creasing level of exposure indicated by
dust and air levels. In our sample, 57.8%

of individuals were living in areas with
dust lead levels 25-50 ppm and most
of them in urban and suburban areas of
high air lead levels.

We conclude from our results that
lead exposure does not constitute a great
health problem for the adult population

of our community, since average blood

lead levels were below toxic levels and the
prevalence of intoxication was similar to
that reported in other studies. Neverthe-
less, 2.4% of the children had toxic levels
oflead and measures to reduce exposure
to environmental heavy metals should
be considered, especially in urban areas
where children are particularly at risk.
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