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ABSTRACT

Battery manufacturing workers are occupationally exposed to lead (Pb), which is a highly toxic heavy metal. The
aim of this study was to investigate the blood lead levels (BLL) of 30 battery manufacturing workers and find the
correlation between BLL, micronucleated cell (MNC) frequency, binucleated cell (BNC) frequency in buccal mucosal
cells and malondialdehyde concentrations in serum. 30 subjects of the BMW group, exposed to lead, and 30 control
subjects, matched with the exposed subjects with respect to age, socio-economic status, sex, diet, smoking and
drinking habits, were monitored for this study. BLL was found to have highly significant difference between both
the groups (P < 0.001). The serum MDA levels were observed at significantly higher levels (6.76 £ 3.26) for the
exposed group as compared to the control group (2.10 £ 1.02; P< 0.001). Buccal micronucleus test showed that
both MNC and BNC frequencies were higher among the workers, in comparison to the control subjects. A positive
correlation has been found between BLL and all the parameters. Our results indicate an increased health associated
risk for workers occupationally exposed to lead.
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INTRODUCTION the nervous system, resulting in severe damage, particularly

in children under the age of six. Lead has been classified as
Lead (Pb) is a toxic heavy metal. It is a common 2 possible human carcinogen by the International agency
environmental and occupational contaminant, widely  for research on cancer.!! Stoia ez al.,*! showed an increased
distributed around the world.V It is widely used in the ~ micronucleus mean score of a non-ferrous metallurgical
manufacture of batteries, varnishes and paints. Lead is toxic ~ plant workers, compared to controls (6.0 £ 2.328% vs.
even at very low exposure levels and it interferes with a  2.7£0.978%; P <0.001). Exposure to lead can be through
number of body processes, affecting multiple body systems. ~ soil, water and air. Although, acute lead poisoning is rare
Exposure to levels of lead higher than 1.20 uM/I may pose ~ but a long-term low environmental exposure to lead is still
a genetic risk.1?! Children absorb and retain more lead than ~ a public issue.

adults for a given exposure. Lead impairs the development of
Occupational exposure to lead poses a serious threat to

~ Accessthisarticleoniine the health of industrial workers. Battery manufacturing

Quick Response Code: Website: industries are one of the major sources of occ.upatiOI.lal
exposure to lead. Most of the lead used in these industries

www.toxicologyinternational.com is of the ‘secondary’ type, which has been recycled from

lead-acid batteries.[*! Lead smelting and manufacture

DOI: of lead alloy battery grids is a major source of lead

10.4103/0971-6580.111550 oxides.l®) Whenever ingested via food, lead is absorbed by

the gastro-intestinal tract. Lead inhibits the activities of

Address for correspondence: Dr. Pooja Chadha, Department of Zoology, Guru Nanak Dev University, Amritsar, Punjab, India.
E-mail: poojachadha77@yahoo.co.in

95 Toxicology International Jan-Apr 2013/ Vol-20 / Issue-1



Singh, et al.: Lead intoxication in battery workers

several enzymes of heme biosynthesis. 8-aminolevulinic acid
dehydratase (ALAD) is one of the genes that gets inhibited,
leading to alterations in heme biosynthesis. [ Contaminated
air inside the battery manufacturing units poses a high risk
of air-borne lead exposure. According to the World Health
Organization (WHO), for each 1 mg/m?® increase in the
concentration of lead in air, the blood lead value increases
by approximately 1.6 mg/dl. After absorption, lead enters
the blood stream and almost 95% of it binds to the red
blood corpuscles.l”! It then reaches almost all the organs
of the body, including the kidneys, heart, intestines, bones,
reproductive system and nervous system causing severe
damage.

Various studies have established the use of the micronuclei
test to find out the genotoxicity of different substances.
Micronuclei (MN) and other nuclear anomalies such as
nucleoplasmic bridges (NPBs) and nuclear buds (NBUDs)
are biomarkers of genotoxic events and chromosomal
instability.®! Roth ez al.,°! found significantly higher
micronucleated cell counts than controls in workers exposed
to car paints and lead. The micronuclei test is a sensitive,
non-invasive, cost efficient and reliable test to locate
chromosomal mutations.[*!

There has been a growing interest in the levels of the reactive
oxygen species in various occupational studies. Lead causes
oxidative stress by stimulating the production of reactive
oxygen species (ROS) and reducing the antioxidant
defence system of the cells.'"! Malondialdehyde (MDA)
is a widely accepted biomarker for lipid peroxidation.!*?!
MDA is a major reactive aldehyde resulting from the lipid
peroxidation and its measurement in clinical samples is
useful in the evaluation of oxidative stress. The workers of
battery repair garages belong to an increased risk group and
should be continuously monitored for health problems. !
The present study was carried out to assess the genotoxicity
and oxidative stress due to lead in battery manufacturing
workers, using the buccal micronucleus test and estimation
of serum malondialdehyde.

MATERIALS AND METHODS

Subjects

24 male and 6 female workers, of the age group 19-60 years
(36.90 £ 12.78 yrs.), occupationally exposed to lead
in a battery manufacturing industry were accepted
as subjects for the present study. Administrators or
transporters were not included in this study. Another
group of 30 individuals (23 males and 7 females), of age
group 17-60 years (37.80 £ 13.34 years), matched to the
exposed subjects with respect to sex, socio-economic status,
age, diet, smoking and drinking habits was considered as
the control. The subjects were divided into 4 groups on
the basis of their age. They were also grouped according

to their smoking and drinking habits to find the effect of
these confounding factors on genotoxicity and oxidative
stress levels. The subjects consuming more than 5 cigarettes
per day were considered as smokers and subjects taking
more than 125 ml of alcohol per day were considered to
be drinkers.

Data collection

Prior to sampling, the workers and controls were asked to
complete a questionnaire, with information about their
name, age, sex, smoking and drinking habits, diseases,
drug intake, duration of exposure in the present industry,
exposure history, working conditions and use of personal
protection equipment, along with the consent to participate
in this study. The information collected from the subjects
was recorded for coding the samples.

Blood sampling and serum separation

Blood sampling was done on the last working day of
the week to allow maximum exposure for the exposed
subjects. 4 ml of venous blood samples from both exposed
and control subjects were collected in fresh, clean glass
tubes. Out of each sample, 1 ml of the whole blood was
separated with heparin for the blood lead analysis and
was kept at 4°C in a chiller box till further processing.
Rest of the blood (3 ml) was allowed to clot for half an
hour and then centrifuged at 3,000 rpm for 15 min. The
clear supernatant was collected by micropipettes and used
tor MDA estimations. All the required precautions were
taken during this procedure to avoid any kind of sample
contamination. The serum samples were sent to the lab
within 3 hours for subsequent MDA estimations.

Buccal cell sampling

After rinsing the mouth twice, buccal epithelial cells were
collected by scraping the inner lining of the mouth with
a wooden spatula, for analysis of micronucleated cells.
Samples of the exfoliated cells of the buccal mucosa were
obtained from both exposed and control subjects and were
smeared on clean glass microscope slides. The samples from
the exposed group were taken at the end of their work shift
on the last working day of the week.

Determination of serum malondialdehyde

Lipid peroxidation in the form of serum MDA levels was
measured according to the method described by Satoh.['?]
To 0.5 ml serum, 2.5 ml of 20 mg/dl trichloroacetic acid
was added and the tube was allowed to stand for 10 mins
at room temperature. After centrifugation at 3,500 rpm
for 10 min, the supernatant was decanted. The precipitate
was washed with 0.05 M sulphuric acid. Then, 2.5 ml of
0.05 M sulfuric acid and 3.0 ml of 0.2 mg/dl thiobarbituric
acid (TBA) in 2 M sodium sulfate were added to this
precipitate and the solution was heated in a boiling water
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bath for 30 min. After cooling, the resulting chromogen
was extracted with 4.0 ml of n-butyl alcohol by vigorous
shaking. The organic phase was separated by centrifugation
at 3,000 rpm for 10 min and absorbance of the supernatant
was measured spectrophotometrically (UV-Visible-117
Spectrophotometer; Systronics) at 530 nm, using
1,1,3,3-tetracthoxy-propane as standard. MDA was
expressed as nmol/ml.

Buccal micronucleus test

The buccal cell smears were fixed in a solution of methanol
and acetic acid (3:1) on clean microscope slides. The
slides were placed in 1 M HCI at room temperature for
5 min. Then they were incubated at 60°C for 5 min. After
cooling, the slides were rinsed in deionized water at room
temperature for 3 mins. The slides were stained with
aceto-orecein and counterstained with fast green. The slides
were rinsed three times in absolute ethanol (2 mins), air
dried and examined under light microscope. The criterion
of scoring the cells with MN was applied as described
by Tolbert et al.'* Tivo thousand cells per subject were
analyzed for recording the number of micronucleated
cells (MNC). Binucleated cells (BNC) were also observed
and counted.

Blood lead levels

Whole blood samples from the BMW group were procured
during morning hours on the last working day of the week
for analyzing lead levels with atomic absorption spectroscopy.
Preparation of the blood samples for blood lead levels (BLL)
were done as per the method given by Palmer et al.1' The

concentrations of blood lead were quantified as pug/dl.

Statistical analysis

Mann Whitney U test was used to find out the significance
of the differences in the means of all the parameters in BMW
and control groups. Analysis of variance (1 way and 2 way
GLM) was used to find out the effect of confounding factors
and the interactions of the confounders and the sub-groups
on the results. Pearson correlation was used to find out the
correlation between BLL and all the parameters. P < 0.05
was considered as the significant level for the statistical
analysis. All statistical analyses were performed using the
program Minitab v. 16.1.0 for windows.

RESULTS

In the present study, the BMW group consisted of
30 subjects (24 males and 6 females) having a mean
lead exposure of 9.77 £ 5.62 years. Only 3 subjects used
handkerchiefs on their faces as a protective measure. No
particular equipments like masks or gloves were used by
any of the subjects. General characteristics of control and
exposed population are given in Table 1.

Our results indicate a significant increase in the number
of MNC and BNC in the buccal mucosa cell smears of
BMW group as compared to controls (4.20 + 2.69 and
1.70 £ 1.51 vs. 1.26 £ 1.48 and 0.70 + 0.87 respectively;
P <0.001). Table 2 shows the highly significant increase in
blood lead levels (BLL) in the BMW group as compared to
controls. We found a positive correlation in between BLL
and MNC frequency (r=0.591; P <0.001) as well as BLL
and BNC frequency (r = 0.460; P < 0.01) among exposed
subjects [Figures 1 and 2]. The results also indicate a highly
significant increase in the values of MDA concentrations
in the BMW group as compared to controls (6.76 + 3.26
vs. 2.10+1.02; P <0.001). The higher standard deviation
values may be attributed to the varied dietary habits
of the exposed subjects. Figure 3 shows the positive
correlation (r=0.895; P<0.001) between BLL and MDA
concentrations in blood among the exposed subjects. The
positive correlation clearly justifies the higher mean values
of MNC and MDA and the harmful effects of lead on the
health of the workers. In controls, the correlation between
BLL and all the parameters was insignificant.

When the effect of duration of exposure was studied on the
BMW group, the highest mean values for MNC, BNC and
MDA were found out to be in the highest exposure
duration group of 16-20 years (5.60 *+ 3.29, 3.00 = 1.00
and 10.86 * 2.70 respectively). Values of MNC and MDA
were found to increase (P < 0.001) with the increasing
duration of exposure [Figure 4] except for BNC (1 way
ANOVA, P =0.127).

To study the effect of age, both the control and exposed
groups were further divided into 4 age groups [ Table 3]. The
results showed a significant increase in the MNC frequency
only in the exposed sub-groups (26-40 and 41-50 years) as
compared to the controls (P <0.01). Age groups of 41-50

Table 1: General characteristics of subjects of control and exposed groups

Group Sex Mean age (mean+SD) Mean Protection Smoking status Drinking status
(years) exposure (years) equipment
Male Female U N.U. S N.S. A N.A.
Control n=30 23 7 37.80+13.34 10 20 12 18
76.6% 23.3% 17-60 -
Exposed n=30 24 6 36.90+12.78 9.771£5.62 3 27 13 17 16 14
80.0% 20.0% 19-60 2-20

U=User, N.U.=Non-user, S=Smokers, N.S.= Non-smokers, A=Alcoholic, N.A.=Non-alcoholicw
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Figure 1: Relationship between blood lead concentration and
micronucleated cell frequency among lead exposed workers (Correlation
coefficient, r=0.591; P<0.001)
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Figure 3: Relationship between blood lead and serum malondialdehyde
concentrations among lead exposed workers (Correlation coefficient,
r=0.895; P<0.001)

Group n MNC/2000 BNC/2000 MDA BLL
cells cells (nmol/mL) (ug/dL)

Control 30 1.26%+1.48 0.70%0.87 2.10+1.02 5.43+1.94
0-5 0-3 0.92-4.87 2.45-8.77

Exposed 30 4.20+2.69** 1.70+1.51* 6.76+3.26** 57.17+£18.4**
0-10 0-4 2.17-14.52 22.45-95.45

*P<0.01, **P<0.001, when compared with control subjects, values are expressed
as MeantSD, MDA=Malondialdehyde, BLL=Blood lead levels, BNC=Binucleated
cell, MNC=Micronucleated cell

and 51-60 years showed a significant increase in BNC
frequency (P < 0.05). MDA was significantly increased in
all the age groups (P < 0.01). In BMW group, age had a
significant effect on the values of BNC and MDA (1 way
ANOVA; P < 0.01) whereas MNC were not found to
increase with age (P> 0.05). The interaction between age

120

y = 16.867x + 43.201
00 R?=02125

=
@
=1
. .
. s

.

BLL (ug/dl)
2

.

R

&
=)

20

[} 0.5 1 1.5 2 2.5
BNC (per 2000 cells)

Figure 2: Relationship between blood lead concentration and
binucleated cell frequency among lead exposed workers (Correlation
coefficient, r = 0.460; P<0.01)
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Figure 4: Average values of micronucleated cells, binucleated cells and
malondialdehyde in different exposure groups of exposed population

Group Age groups n  MNC/2000 BNC/2000 MDA
(years) cells cells (nmol/ml)
Control (n=30) 15-25 6 0.83+0.98 0.50+0.83 1.3610.49
26-40 13 1.15+1.46 0.61+0.65 1.7610.56
41-50 6 0.83+1.16 0.83+1.32 2.4610.94
51-60 5 2.60+1.94 1.00+1.00 3.4411.27
Exposed 15-25 8 2.6242.13 0.25+0.46 4.60+2.37**
(n=30) 26-40 9 4.67+3.16** 1.44%1.50 6.15+1.96%**
41-50 7 4.28+1.79** 2.57+1.13* 6.73+2.63**
51-60s 6 5.50+3.08 3.00£1.09* 10.63%3.63**

*P<0.05, **P<0.01, ***P<0.001, when compared to control subjects, values
are expressed as MeantSD, MDA=Malondialdehyde, BNC=Binucleated cell,
MNC=Micronucleated cell

groups and group was insignificant for MNC frequency
and MDA values. The interaction was significant only for
BNC (2 way ANOVA; P=0.03).
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Exposed smokers and drinkers had a significantly higher
mean MNC, BNC and MDA values as compared to
the controls [Table 4]. The smoking-group interaction
is significant for BNC and MDA (P < 0.05) but
not for MNC (P = 0.246) as analyzed by the 2 way
ANOVA (GLM). In our studies, drinking habits were not
found to significantly increase any of the parameters (2 way
ANOVA; P> 0.05).

DISCUSSION

In the present study, the exposed group showed a
significantly increased frequency of micronucleated buccal
cells as compared to the control group (4.20 + 2.69 vs.
1.26 £ 1.48; P < 0.001) and a positive correlation with
BLL [Figure 1]. This clearly proves the genotoxic effect
of lead on the workers of battery manufacturing industry.
The results are in conformity with the findings of Roth
et al. and Khan et al.,1'%! while working on car and battery
repair workers exposed to paints and lead. Kasuba ez al. 7!
found similar results in battery-manufacturing workers.
Significant higher numbers of micronuclei in lymphocytes
were also reported by Minnozzo et al., Palus et al., Stoia
et al., Grover et al. %8211 in lead exposed workers. On the
contrary Cassini et al.,*? reported no differences among
frequency of micronuclei in lymphocytes between workers
exposed to lead containing paints and control subjects.

We found a significant increase in the mean values of BNC
in BMW group as compared to the controls. Similarly,
Vaglenov et al.,'** reported significantly increased numbers
of binucleated cells with MN (BNMN) in peripheral
lymphocytes in lead exposed workers. Increased tail
lengths in comet assay were found by Grover et al. and
Minozzo et al. "2 (Z = 7.7056; P < 0.0001) in lead
exposed workers. Danadevi e al. ,[**! reported significantly
higher percentage of DNA damaged cells (44.58%) in

Group  Sub-groups n MNC/2000 BNC/2000 MDA
cells cells (nmol/ml)
Control  Smokers 10 1.90+1.85 0.50+0.70 2.02+1.05
n=30  Non-smokers 20 0.95+1.19  0.80+0.95  2.14+1.03
Alcoholic 12 1.50t1.56 0.41+0.90 1.84+0.92
Non-alcoholic 18 1.11+1.45 0.88+0.83 2.2711.07
Exposed Smokers 13 5.4612.66** 2.38+1.38** 8.15+3.72%***
n=30
Non-smokers 17 3.23+2.35**  1.1741.42 5.71142.49%**

Alcoholic 16 4.50+2.47**
Non-alcoholic 14 3.85+2.98**

1.56%1.36*
1.85+1.70

7.1613.23***
6.31+3.35%**

*P<0.05, **P<0.01, ***P<0.001, when compared to control subjects, values
are expressed as Mean+SD, MNC=Micronucleated cell, BNC=Binucleated cell,
MDA=Malondialdehyde

secondary lead recovery plant workers versus control
subjects (21.14%). Zuhair et al., Shaik and Jamill52®!
reported significantly higher frequencies of chromosomal
aberrations among lead exposed workers.

Our results also indicated a highly significant increase in the
values of serum MDA concentration in the BMW group
as compared to controls (6.76 £ 3.26 vs. 2.10 + 1.02;
P < 0.001) which is in conformity with Patil ez al. !¢ as
found in battery manufacturing workers, Mohammad!?¢]
in painters, Permpongpaiboon et 4/.,?”! in lead exposed
workers, Oktem et al. 1! in adolescent auto repair workers
and Xu ez al.,1* in lead exposed mice. Our study indicates
a positive correlation (r=0.895) between BLL and serum
MDA in exposed subjects. This result is in conformity with
Patil et al. 1 who found a positive correlation (r = 0.45,
P < 0.02) between blood lead and serum MDA level
in battery manufacturing workers group (Pb-B range
25.8-78.0 micrograms/dl). Kasperczyk et al.,3" reported
higher (56%) MDA concentrations in seminal plasma of
workers highly exposed to lead.

CONCLUSIONS

The battery manufacturing workers, occupationally
exposed to lead, showed a significant increase in the
mean buccal MNC frequency, BNC frequency and serum
MDA concentrations as compared to the controls. All
these parameters showed a positive correlation with BLL.
The findings of the present study strongly points out the
genotoxic exposure of the battery manufacturing workers
to lead. This occupational lead exposure is in small amounts
but accounts for serious health risks. Thus, exposure to
lead should be avoided, as far as possible, using proper
protection equipment.
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