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ABSTRACT
The aim of this study was to screen children 1-12 years of age for lead exposure living around
automobile and battery repair workshops. A total of 190 children living in one kilometer areas
around the automobile and battery repair workshops were selected from houses and schools. These
were divided into two groups: group A comprised of the children living around the automobile
repair workshops and group B comprised of the children living around the battery repair workshops. Among the 190 children, 115 (60.5%) were males and 75 (39.5%) were females. The mean
age of the children was 8.7 years. Majority of the children was less than 4 years of age (55.8%).
The blood lead levels were between the range of 1.3 - 34.2 µg/dl (mean 11.4 µg/dl). Children living
around the battery repair workshops (mean ± SD 12.85 ± 6.02) had high blood lead levels (p
0.020) as compared to the children living around the automobile repair workshops (mean ± SD
10.19 ± 6.13). There was a significant negative correlation of blood lead levels and haemoglobin
(r = - 0.400 and p 0.001). Children living around automobile and battery repair workshops had
significantly high blood lead levels according to WHO and CDC criteria. Blood lead level (BLL) is a
good screening and diagnostic test for the assessment of lead exposure in children living in lead
contaminated high risk areas.
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INTRODUCTION
Lead poisoning also known as Plumbism is a significant public health problem world wide and is
one of the greatest environmental threats to children. Children living around the automobile and
battery repair workshops are continuously exposed
to the lead. The lead concentration in whole blood is
commonly used to monitor exposure to lead in the
children. According to World Health Organization
(WHO) and Centre for Disease and Control (CDC),
blood lead level (BLL) of more than 10µg/dl is an
indicator of significant lead exposure in children.1,7,10-13,23,21,25,26,29 The manufacturing and repair
of lead batteries and automobile repair workshops
are among the most common sources of occupational lead exposure. Lead batteries are widely used
in automobiles, forklifts, golf carts, backup power in
the computer, solar and telecommunication Industries. Inefficient production and recycling operations release a big amount of lead into the environment. During the repairing and recycling of the batteries, lead is melted and resulting fumes are released in the air and also remaining lead is thrown
into the open ground which is a big source of lead
exposure6'18. Similarly lead is also released in the
surrounding environment by the automobile repairing of the engine parts and radiators repair works16.
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Lead and its compounds may enter the environment
from these industrial and occupational sources and
may contaminate the drinking water, air, dust and
food. The workers of these occupations take lead to
their homes as lead may cling to their cloths, hair
and other parts of the body.2,4,15 Children who are
repeatedly exposed to environment containing lead
as they are living in closed vicinity of automobile
repair workshops and battery manufacturing and
recycling shops19. These children are more at risk of
lead poisoning by inhaling the contaminated air,
drinking the lead contaminated water and while
playing on this lead contaminated soil. Young children are more vulnerable to lead toxicity as they
absorb more lead as compared to adults19. Prolonged exposure to lead insidiously affects the different
organs and systems in the body resulting in hematopoietic, cardiovascular, hepatic, renal and neurological dysfunctions with biochemical changes in the
body. Lead exposure is negatively correlated with
haemoglobin and RBC count.14,27 The kidneys are
particularly susceptible to toxic effects of lead and
may result in nephropathy, proximal tubular damage, glomerular sclerosis, interstitial fibrosis and lowered glomerular filtration rate 3'17. Effects on cardiovascular system including hypertension, coronary heart disease, stroke, and peripheral arterial
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disease were also reported.20,22 Exposure to lead has
revealed mixed pattern of serum liver enzymes depending on BLL. However, many researchers reported the lead associated liver injury in occupational
workers with raised alanine aminotransferase
(ALT), alkaline phosphatase (ALP) and lactate
dehydrogenase (LDH) activity.2,9 Prevention of adverse health effects induced by occupational exposure to lead depends on the capability to detect the
changes at an early stage when these are still reversible. Lead toxicity is a persistent health problem for
children living around the automobile and battery
repair workshops in developing countries including
Pakistan. Little is known about the body lead status
and adverse health effects in our lead exposed children. Blood lead level (BLL) is considered as a screening and diagnostic test for accurate assessment of
lead exposure in children living in lead contaminated high risk areas. Fortunately lead poisoning is
a preventable and treatable disease. By taking some
precautionary measure this disease can be eradicated. Thus this study was planned to find out the frequencies of increased BLL in children. We also measured the effect of increased blood lead levels on
hematological parameters and liver functions in
children living around the automobile and battery
repair workshops.
MATERIALS AND METHODS
This cross sectional study was carried out in high
risk lead contaminated areas containing lot of automobile and battery repair workshops and these workshops were continuously contaminating the soil,
water and surrounding air with lead. A total of 190
children of both male and female sexes ranging
from 1-12 years of age were included in this study.
Children living in one kilometer areas around the
automobile and battery repair workshops were randomly selected from houses and schools. These
were divided into two groups: group A comprised of
children living around the automobile repair workshops and group B comprised of the children living
around the battery repair workshops. Before taking
the blood samples from children, all the parents of
the children gave their consent in writing on the
form. Five ml blood was obtained by veinpuncture
and equally divided into two tubes. The first 2.5 ml
sample was transferred in a vacutainer containing
EDTA K3 anticoagulant for blood lead determination and complete blood counts (CBC). The remaining 2.5 ml blood sample was transferred in serum
separating tube (SST).
Blood lead was analysed by using Metexchange
Reagent kit manufactured by ESA Magellan Biosciences with the help of Anodic Stripping Voltammetry (ASV) 3010B ESA Lead Analyzer (Bannon
and Chisolm, 2001). Complete blood count was esti-
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mated by Sysmex XS-1000i haematology analyzer
(Japan). Plasma ALT was determined according to
IFCC method by using ALT kit, manufactured by
Pioneer diagnostic USA on Metrolab 2300 Chemistry Analyzer.
Data Analysis

The data was analysed by using standard SPSS software version-16.0. Mean ± SD is given for the quantitative variables and Frequencies and percentages
are given for qualitative variables. Two- independent sample t test was applied to observe group
mean differences. Pearson correlation was applied
to observe correlation between quantitative variables. Pearson chi-square was applied to observe
associations between qualitative variables. A pvalue of <0.05 was considered as statistically significant.
RESULTS
There were 62 (39.5%) children in group A and 128
(60.5%) in group B. There were 115(60.5%) males
and 75 (39.5%) females. The majority of the children included in this study were less than 4 years of
age that was 55.8% of total subjects, 24.7% ranged
between 4-8 years and 17.5% children were between
8-12 years of age.
The children living around automobile and battery repair workshops had significantly high blood
lead levels mean 11.4 µg/dl (1.3 - 34.2 µg/dl). Among the 190 children, 98 (51.6%) had blood lead
levels more than the CDC and WHO recommended
levels (> 10 µg/dl). Among the 98 children with
high BLL, 61 (32.1%) children had BLL between 10
and 15 µg/dl, 24 (12.6%) children had between 15
and 20 µg/dl and 13 (6.8%) had BLL more than 20
µg/dl indicating severe lead poisoning (Fig. 1).
Children living in close vacinity of the battery
repair workshops (mean ± SD 12.85 ± 6.02) had
high blood lead levels (p < 0.020) as compared to
the children living around the automobile repair
workshops (mean ± SD 10.19 ± 6.13) (Table 1). Male
children had raised blood lead levels as compared to
the female children the same area p < 0.008 and <
0.001 for the children living around the battery repair workshops and living around the automobile
repair workshops respectively (Fig.3).
Young children exposed to lead had significantly raised blood lead levels as compared to the
elder children Mean ± SD of blood lead level in children younger than 4 years of age was 10.9 ± 5.3.
Children between the ages of 4-8 years had Mean ±
SD of the blood lead level 13.1 ± 6.7. Mean ± SD of
lead in children elder than 8 years was 10.7 ± 6.9
(Fig 2). We observed significant negative correlation
of blood lead levels (BLL) and hemoglobin r -= 0.400 and p<0.00 (Fig. 4).
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Comparison of Blood Lead levels & Hematological parameters of children living around the Automobile and Battery repair workshops (n=190)
Group A
Mean ± SD

Group B
Mean ± SD

p–
Value

12.78 ± 1.16

12.2 ±.94

0.039

WBC ×
103/µl

8.34 ± 1.82

8.80± 2.11

0.095

RBC ×
106/µl

4.89 ± .69

4.77 ± .48

0.170

Hct (%)

41.97 ± 5.93

36.75 ±3.27

>0.001

MCV (fL)

85.37± 11.3

77.06 ± 7.63

0.004

MCH (pg)

27.76 ± 7.39

26.37 ±5.51

0.576

MCHC
(g/dL)

31.19± 2.19

33.42 ± 1.25

>0.001

Platelets ×
103/µl

304.15 ± 76.9

350.87 ± 85.92 0.711

Lead (µg/dl)

10.19 ± 6.72

1.0 - 10

10.1 - 15

15.1 - 20

> 20

Lead Groups (µg/dl)
Fig. 1: Frequency distribution of blood lead level in lead
exposed children (n = 190).

60

12.03 ± 6.02

0.020

Total
N = 190
%

Group A
N = 62
%

1 – 10

92 (48.4%)

41 (66.1%)

51 (39.8%)

10.1 – 15

61 (32.1%)

11 (17.7%)

50 (39.1%)

15.1 – 20

24 (12.6%)

7 (11.3%)

17 (13.3%)

> 20

48.42

32.11

Table 2: Association of blood lead level in children living around the automobile and battery repair workshops.
Lead
Groups
(µ
µg/dl)

6.84

12.63

Hemoglobin
(g/dl)

13 (6.8%)

3 (4.8%)

Pearson Chi-square = 12.5

Group B
N = 128
%

10 (7.8%)
p = 0.006

DISCUSSION
Lead is one of the oldest known toxic metals for
man and is ubiquitous in industrial environment.
Among most common sources of occupational lead
exposure are the manufacturing and repair of lead
batteries and automobile repair workshops. Lead
and its compounds can enter the environment from
Biomedica Vol. 25 (Jul. - Dec. 2009)
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these industrial and occupational sources and may
contaminate the drinking water, air, dust and food.
Elevated blood lead levels in children living around
automobile and battery repair workshops have been
documented in many countries.6,16,18
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Fig. 2: Figure 2: Bar chart of blood lead levels in different age groups.
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Fig. 3: Bar chart of blood lead levels in sex groups.
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lead (µ
µg/dl)
Fig. 4: Scattered plots of blood lead level and hemoglobin.

The children living around automobile and battery repair workshops had significantly high blood
lead levels ranging between 1.3 - 34.2 µg/dl with a
mean level of 11.4 µg/dl. High blood lead levels in
these children could be due to the inhalation of lead
contaminated air and drinking of lead contaminated
water. The parents of these children were working
in these workshops and were taking lead to their
homes. The children predominantly were from
families with low socioeconomic status and had
poor hygienic and household facilities. Elevated
blood lead levels in children living around automobile and battery repair workshops have been documented in many countries.6,16,18
We observed that children living around the
battery repair workshops had high blood lead levels
as compared to the children living around the automobile repair workshops (p <0.020) and Mean ±
SD was 10.19 ± 6.13 and 12.85 ± 6.02 respectively
for battery repair workshops and automobile repair
workshops.
In our study, at both the settings i.e. near automobile and battery repair workshops, boys were at
greater risk of lead poisoning than girls. The mean
blood lead level was consistently low for girls than
mean level among the boys living in the same area.
In boys and girls living around the automobile repair workshops the mean blood lead levels were
10.5 µg/dl and 8.4 µg/dl respectively. Similarly the
mean blood lead levels in boys and girls living
around battery repair workshops were 13.4 µg/dl
and 10.6 µg/dl respectively. This gender difference
was also found in BLL screening among children
living in Russia and United State.8,24. Young children are more vulnerable to lead toxicity as com-
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pared to the adults. Because they absorb more lead
as compared to the adults due to “hand to mouth
habit” and take lead in their mouths from contaminated sources.19
Haematological system is one of the most sensitive targets for lead toxicity and our study results
supported this view. Similar findings were reported
in many previous studies.l4 Lead causes anemia by
inhibiting heme and globin synthesis.5,23,28 We observed significant negative correlation of blood lead
levels (BLL) and haemoglobin (mg/ld) r = - 0.400
and p <0.00 showing that as lead level increases
haemoglobin decreases or as lead level decreases,
haemoglobin increases.
It is concluded that children living around
automobile and battery repair workshops had significantly high blood lead levels. Blood lead level
(BLL) is a good screening and diagnostic test for
accurate assessment of lead exposure in children
living in lead contaminated high risk areas.
Increased lead body burden causes impairment
of multiple body functions including haematological
and hepatic dysfunction in children living around
the automobile and battery repair workshops. Elevated blood lead levels are negatively correlated
with haemoglobin levels in lead exposed children.
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