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/
Abstract

Introduction: Human exposure to lead has significant public health problems. Occupational exposure of lead has shifted
from industrial sources to battery repair activities. Battery technicians are at risk of exposure to lead via inhalation of
fumes, oral ingestion and skin absorption.

Objectives: To assess and compare blood lead and haemoglobin levels of battery technicians and local government office
workers in South-western Nigeria

Methods: A cross-sectional study with multi-stage sampling was used to compare battery technicians and office workers
in Lagos State. A structured interviewer-administered questionnaire was used for data collection while blood samples were
collected for lead and haemoglobin measurements. Chi-squared test, Mann-Whitney U test, Fisher’s exact test and Student
t-test were used to test for significance at p<0.05.

Results: A total of 150 battery technicians and 150 office workers participated in the study. The battery technicians were
less educated and earned less but had more years of working experience (p<0.001) when compared to office workers. The
median (range) blood lead value for battery workers was 9.0 (1.0-24.0) pg/dl compared to office workers 0.3 (0.01-3.2)

ng/dl, which was statistically significant. The age of office workers was associated with their blood haemoglobin level.

Conclusions & Recommendations: Blood lead level of battery technicians was significantly higher than that of the office
workers but their haemoglobin levels were non-significant. A switch to repair of non-lead batteries, changing the work
process by enclosing the battery during repairs, more trainings on lead exposure reduction, use of personal protective
devices and regular biological monitoring of lead may control elevated lead level among battery technicians.
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Introduction

Human exposure to lead is either through
occupational or environmental sources. Occupational
exposure to lead has shifted from manufacturing
industries to battery repair and recycling activities
carried out by technicians (1). Battery technicians
engage in dismantling and washing lead battery cells
in water (2). During this work, they are inadvertently
exposed to excess inhalation of lead fumes and oral
ingestion and skin absorption of lead particles (3).
Lead is a toxic metal with multi-systemic toxic effects
at a very low level of exposure affecting
hematopoietic and other body systems (3).

Lead exposure is estimated to account for 21.7 million
years lost to disability and death (disability-adjusted
life years or DALYs) worldwide due to long-term
effects on health, including 30% of the global burden
of idiopathic intellectual disability, 4.6% of the global
burden of cardiovascular disease and 3% of the global
burden of chronic kidney diseases (4). Using World
Health Organization data on burden of disease,
international and national exposure data revealed that
lead contributed about 100-900 DALY per million
people, which was classified as moderate public
health significance (5).

In the developing countries, evidence showed that
unsound lead-acid battery recycling causes severe
pollution and serious public health implications in
many African cities (6-7). Kenyan government shut
down a lead-acid battery recycling facility in
Mombasa based on the fact that at least five workers
have died from lead poisoning (6-7). Lead exposure is
estimated to account for 143,000 deaths per year with
the highest burden in developing regions (1, 8)
including Nigeria. In Nigeria, artisanal mining of lead-
rich gold ores in Zamfara States affected thousands of
artisans and community dwellers including more than
2000 children left with permanent disabilities (9-10).

In Nigeria, using the WHO exposure limit for lead

exposed workers, a study carried out in Ibadan and

Lagos revealed elevated lead levels (2). Lead poses
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grave problems for battery technicians which affect
their health, the health of family members and the
society at large. Their exposure to lead could cause
sickness absence from work, loss of productivity and
earnings and loss due to cost of treatment of these
diseases. Within the ambit of literature search, the
descriptive studies carried out in Lagos have been
largely among automobile mechanics and only a few
specifically among battery technicians. Some of these
had been carried out many decades ago while others
have failed to investigate health problems of lead on
these workers. These battery technicians are exposed
gradually to lead fumes without having any idea of the
toxic effect of materials they handle or inhale (11).
They are also ignorant of what measures to take to
prevent them. There are no workplace regulations in
place for lead exposure in Nigeria (12). This study
assessed blood lead and haemoglobin (Hb) levels and
associated factors among battery technician work in

southern Nigeria.

Methods

This study was carried out in Lagos State, which is one
of the smallest states in Nigeria representing about
0.4% of the entire geographical area of the country
with a geographical size of 3,577 km? (13). Lagos had
a population of 9,113,605 people in 2006 (13).
According to the United Nations, by the year 2015,
based on 6% growth rate, Lagos had become third
largest mega-city in the world (13). Lagos is the
commercial city of Nigeria where most of the nation's
wealth and economic activity are concentrated. The
city has one of the largest and most extensive road
networks in West Africa. In 2011, about 332,884
newly registered motor vehicles and motorcycles with
781,545 renewed motor vehicles and motorcycles,
giving a total of 1,114,429 vehicles were recorded to

travel on these roads (14).

A comparative cross-sectional study was employed in
two working groups in Lagos State of South-western
Nigeria. One group consisted of battery technicians

who had registered with the Nigeria Association of
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Battery Technicians Lagos State chapter and worked
for at least one year. Workers too ill to participate or
absent during the period of data collection were
excluded from the study. In addition, female workers
and engineering department staff of the local
government were excluded on account of gender
homogeneity and possible exposure to lead,
respectively. The other working group included local
government office workers with no history of
occupational exposure to lead. They were selected
from the same area as the battery technicians to nullify
any difference in environmental exposure between the
two groups. The local government was also chosen for
access to sizable number of workers unexposed to lead
metal. Only grade level six and below (junior office
workers with similar socio-economic status and level
of education) workers who had worked for at least a

year were eligible to participate in this study.

The sample size was determined using 5% level of
significance (at), 80% power, and Z, and Z g as 1.96
and 0.84, respectively. Based on previous studies (2),
number of participants in the battery technician group
(exposed) was taken as 20; standard deviation (SD) of
their mean blood lead level as 14.94 (2); number in the
unexposed group as 20; SD of their blood lead level as
10.27 (2); and effect size (the smallest difference
between the means that would be clinically
meaningful) as 12.5-45.6 pg/dl. This amounted to a
minimum of 138 battery technicians and 138 office
workers. Multi-stage sampling method was used to
select battery technicians (16) while all local
government office workers within the selected areas
and branches were recruited for the study.

Twenty questionnaires were pretested at another
location not selected for the study to determine if the
questions are clear and comprehensive enough to
address the set objectives and necessary adjustments
were made. Questionnaires were subsequently
administered to battery technicians and office workers
to collect socio-demographic, occupational and
lifestyle history. Anthropometric measurements and
blood samples were also collected during working

230

Open/) Access

hours in designated office or area approved by Local
Government authority. Two medical laboratory
scientists and four assistants were trained by the
investigator to assist with data collection. Each
questionnaire was filled within an average period of
20 minutes. The validity of electronic weighing scale
and the stadiometer were ascertained by reference
weights of known mass before measurement daily.
Height and weight were measured using the standard
protocol recommended by International Society for
the Advancement of Kin anthropometry (ISAK) (17).
Body mass index (BMI) was calculated as body
weight divided by height squared and expressed as
kg/m?,

Five and two ml of blood was collected from each
participant into EDTA bottle for blood lead level and
Hb analysis, respectively. All the sample bottles were
labelled using codes on the questionnaire for
identification to match the participants. Sample bottles
for lead analysis were stored in cold boxes with ice
packs. The samples were dispatched for analysis at the
end of each day. Sharps were discarded in a safety box
and glove were discarded into yellow bags then
brought back to Lagos University Teaching Hospital,
Lagos for proper medical waste management. All the
samples collected from both groups were sent to the
Department of Chemistry of the University of Lagos
laboratory on the same day for analysis by two
laboratory scientists. Blood lead was analysed using a
graphite-furnace electro-thermal atomic absorption
(PerkinElmer-A Analyst-200).

Care was taken to prevent contamination from the

spectrophotometry

environment of blood specimens during sample

preparation and analysis.

Quality control was ensured by randomly selecting
four samples which was sent to Graceful Prime
Diagnostics Ltd. and results were consistent with that
of the University of Lagos chemistry laboratory.
Haemoglobin parameters such as Hb level and packed
cell volume were carried out in Aids Prevention
Initiative of Nigeria (APIN) laboratory in Lagos
University Teaching Hospital, Lagos.
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Data analysis

Data were analysed using Statistical Package for the
Social Sciences (SPSS) version 20. Blood lead and Hb
levels were tested for normality using Kolmogorov-

Smirnov test. Differences between proportions and

means of variables were carried out using Chi-squared
test, Mann-Whitney U test or Fisher exact test for
significance with 5% level of significance. A
regression analysis was also carried out to define the

relationship between the variables.

Table 1: Socio-demographic and characteristics of respondents

Open/) Access

Variable Battery technicians  Office workers Test statistic df p
(n=150) (n=150)

Age group (years)

21-30 17 (11.3) 10 (6.7)

31-40 47 (31.3) 38 (25.3)

41-50 49 (32.7) 61 (40.7) $=8.26 4 0.08

51-60 20 (13.3) 31(20.7)

> 60 17 (11.3) 10 (6.7)

Mean (SD) 43.85(11.6) 45.1 (10.3)

Marital status

Single 17 (11.3) 24 (16.0)

Married 126 (84.0) 122 (81.3) V=5.6 3 0.11%*

Divorced 1(7.0) 3(2.0)

Separated 6 (4.0) 1(0.7)

Level of education

No formal education 8(5.3) 4 (2.7)

Primary 72 (48.0) 46 (30.7)

Secondary 63 (42.0) 56 (37.3) ¥=21.53 3 <0.001

Tertiary 7(4.7) 44 (29.3)

Estimated income (Naira)

<18,000 54 (36.0) 33 (22.0)

18,000 - 37,999 57 (38.0) 57 (38.0)

38,000 - 57,999 32 (21.3) 42 (28.0) ¥=12.59 5 0.02*

58,000 - 77,999 3(2.0) 12 (8.0)

78,000 - 97,999 2 (1.3) 4(2.7)

> 98,000 2 (1.3) 2 (1.3)

Years of work

0-9 29 (19.3) 53 (35.3)

10-19 49 (32.7) 59 (39.3) =18.46 2 <0.001

20 and above 72 (48.0) 38 (25.3)

Median (Range) 18.5 (4.0-50.0) 11.5(2.0-35.0) 7=5.27 <0.001

Daily work hours

0-8 43 (28.7) 106 (70.7)

>8 107 (71.3) 44 (29.3) ¥*=52.92 1 <0.001

Median (Range) 10.0 (0.02-16.0) 8.0 (2.0-24.0) 7=4.58 <0.001
‘ Had training on first aid 52 (34.7) 42 (28.0) =1.55 1 0.21

* Fisher exact test; Z=Mann-Whitney U test; x2=Chi-squared test
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Results

A total of 150 battery technicians and 150 local
government office workers were interviewed. The age
distribution varied with 32.7% of the battery
technicians and 40.7% of the office workers being
within 41-50 age group. The battery technicians had
significantly more years of experience and daily
working hours than office workers. They also had
more training on first aid but did not show a significant
difference (Table 1).

Open/) Access

The battery technicians showed a wide blood lead
level distribution while the office workers did not.
This difference was significant (p<0.001). Their
median (IQR) blood lead value was also extremely
high 9.0 (10.3) (pg/dl) compared to 0.3 (0.6) (ng/dl)
of the office workers (p<0.001). In contrast, there was
no significant difference in the Hb level of the two
groups (Table 2).

Table 2: Blood lead and haemoglobin levels of respondents

Variable Battery technicians  Office workers  Test statistics  df p
(n=150) (n=150)

Blood lead level (ug/dl)

0.00 - 4.99 45 (30.0) 150 (100.0)

5.00-9.99 33 (22.0) 0(0.0) ¥=161.54 3  <0.001

10.00 - 19.99 56 (37.3) 0(0.0)

>20.00 16 (10.7) 0(0.0)

Median lead (IQR) 9.0 (10.3) 0.3 (0.6) 7=-14.8 <0.001

Haemoglobin level (mg/dl)

Severe anaemia (Hb < 8.0) 3(2.0) 0(0.0)

Moderate anaemia (8.0-10.9 Hb) 42.7) 1(7.0)

Mild anaemia (11.0-12.9 Hb) 20 (13.3) 24 (16.0) =4.64 0.18*

Normal (> 13.0 Hb) 123 (82.0) 125 (83.3)

% Anaemia of public health 18.0 16.7

significance

Median Hb (IQR) 14.35 (2.0) 14.75 (2.1) 7=-1.01 0.31

* Fisher exact test

A significant association of higher blood lead level
(>5.0 pg/dl) was noted in older battery technicians
compared to the young counterparts. There were
however no significant associations of higher blood
lead level with their marital status, level of education,
income, year of work, daily work hours and BMI
(Table 3).
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With regards to Hb, elderly workers (27.8%) among
the battery technicians had a low Hb level compared
to the younger workers (18.2%). However, this was
not statistically significant (p=0.5). In contrast, among
the office workers, the middle aged (21.4%) had a
significantly low Hb level than young workers (4.9%)
(p=0.04) (Table 4).
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Table 3: Association of blood lead levels (BLL in pg/dl) with socio-demographic/occupational characteristics

of battery technicians (N=150)

Variable BLL <5.0 BLL >5.0 1 df p

Age group (years)

<40 15 (27.3) 40 (72.7)

40-59 19 (24.7) 58 (75.3) 9.53 2 0.009
>60 11(61.1) 7 (38.9)

Marital status

Single 4 (23.5) 13 (76.5)

Ever married 41 (30.8) 92 (69.2) 0.38 1 0.54
Education

No formal education 3 (37.5) 5(62.5)

At least primary 42 (29.6) 100 (70.4) 1 0.69*
Estimated income (Naira)

< 18,000 15 (27.8) 39 (72.2)

18,000 and above 30 (31.2) 66 (68.8) 0.2 1 0.66
Years of work

0-9 6 (20.7) 23 (79.3)

>10 39 (32.2) 82 (67.8) 1.48 1 0.22
Daily work hours

0-38 13 (30.2) 30 (69.8)

>8 32(29.9) 75 (70.1) 0.02 1 0.97
Body mass index (kg/m)

<25.00 37 (33.3) 74 (66.7)

25 and above 8(20.5) 31 (79.5) 2.26 1 0.13

*Fisher exact test

A logistic regression was performed among battery

technicians to ascertain the effect of socio-
demographic, occupational and lifestyle factors on the
likelihood of having elevated blood lead levels (Table

5).

The model explained 55.9% (Nagelkerke R?) of the
The probability of blood lead level
decreased with older age while it increased with years

variance.
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of working and level of education.

For office workers, a model explained 23.4%
(Nagelkerke R?) of the variance of Hb levels. The
probability of low Hb decreased with age while it
increased with BMI. No model was statistically
significant when compared to null for lead level
amongst office workers (Table 5).
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Table 4: Association of haemoglobin (Hb in g/dl) between socio-demographic /occupational characteristics of

respondents
Variable Battery technicians Office workers
Hb <13.0 Hb >13.0 1 p Hb<13.0 Hb>13.0 r p
Age group (years)
<40 10 (18.2) 45 (81.8) 2(4.9) 39 (95.1)
40 - 59 12 (15.6) 65(84.4) 1.62 0.52% 21 (21.4) 77(78.6) 625  0.04*
>60 5(27.8) 13 (72.2) 2 (18.2) 9(81.8)
Marital status
Single 3(17.6) 14 (82.4) 2 (12.5) 21 (87.5)
Ever married 24 (18.0) 109 (82.0) 1.00%* 22 (17.5) 104 (82.5) 0.77*
Level of education
No formal 3(37.5) 5(62.5) 1(25.0) 3(75.0)
At least primary 24 (16.9) 118 (63.1) 0.14 24 (16.4) 122 (83.6) 0.52*
Estimated income
< 18,000 12 (22.2) 42 (77.8) 6 (20.7) 23(79.1)
18,000 and above 15 (15.6) 81(84.4) 1.02 0.31 19 (15.70 102 (84.5) 0.58*
Years of work
0-9 6 (20.7) 23(79.3) 8(15.1) 45 (84.9)
>10 21(17.4) 100 (82.6)  0.18 0.68 17 (17.5) 80 (82.5) 0.15 0.7
Daily work hours
0-8 7(16.3) 36 (83.7) 17 (16.0) 89 (84.0)
>8 20 (18.7) 87 (81.3) 0.12 0.73 8(18.2) 36 (81.8) 0.1 0.75
Body mass index
(kg/m?)
<25 24 (21.6) 87 (78.4) 18 (19.6) 74 (80.4) 1.44 0.23
25 and above 3(7.7) 36(92.3) 3.79 0.05 7(12.1) 51 (87.9)

*Fisher exact test

Discussion

The median (range) blood lead level among battery
workers compared to office workers was statistically
significant. Majority of battery technicians had blood
lead levels greater than 5 pg/dl. The study conducted
among lead workers and unexposed group in Jimma,
Ethiopia, reported doubled the above-mentioned
values for blood lead levels for exposed workers (11).
This may be due to their working in an enclosed
settings (garage); hence, the lead concentration in such
places is higher than what is exposed to at road side,
as observed in the study on automobile technicians in
Lagos State (18).
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High mean blood lead values as high as 112.5
(SD=14.24) and 93.85 (SD=16.70) pg/dl respectively
had been reported among battery technicians in Lagos
and Ibadan cities of Nigeria years back (2). In 2010,
another study carried out among lead workers at Ile-
Ife, Nigeria reported extremely lower mean blood lead
level of 6.81 (SD=2.61) pg/dl (19). This was attributed
to the fact that Nigeria, alongside other countries of
Sub-Saharan Africa, achieved a complete phase-out of
leaded gasoline around 2005 with the help of United
Environmental Protection Agency (19, 20). Airborne
lead has been reported to be the major source of human

exposure to lead in developing countries, of which
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90% is from leaded gasoline (21). The remaining 10%
accounts for occupational exposure and other
environmental sources in addition to gasoline. The
NHANES  (National Health and
Examination Survey), USA revealed that a 50% drop

Nutrition

in the use of leaded petrol had resulted in a 30% drop

in mean blood lead levels among people between 1976

Open/) Access

and 1980 (22). This further supports the substantial
reduction of high blood lead levels of both groups in
the study compared to blood lead levels reported in
earlier decades. Moreover, Ethiopia, alongside other
Sub-Saharan African countries attained total freedom
from lead petrol in 2005 (20).

Table 5: Factors associated with blood lead level amongst battery technicians and haemoglobin level amongst

office workers

95% CI for Exp (B)
Factors B SE Significance  Odds ratio
Lower Upper

Blood lead level among battery technicians
Age (years) -0.256 0.099 0.01 0.77 0.64 0.94
Body mass index (kg/m™) 0.295 0.151 0.05 1.34 1.0 1.81
Years of working 0.277 0.100 0.005 1.32 1.09 1.6
Working hours -0.508 0.264 0.06 0.6 0.36 1.01
Had training 0.313 1.001 0.76 1.37 0.19 9.72
Cigarette smoking (years) -0.033 0.042 0.43 0.97 0.89 1.05
Education group 2.306 1.086 0.03 10.03 1.19 84.37
Cigarette smoking (stick) 0.004 0.022 0.84 1.0 0.96 1.05
Haemoglobin among office workers
Age (years) -0.086 0.027 0.001 0.92 0.87 0.97
Body mass index (kg/m™) 0.135 0.068 0.05 1.15 1.0 1.31
Smoking status

Ex-smoker 0.592 0.654 0.37 1.81 0.5 6.52

Current smoker 2.854 1.535 0.06 17.36 0.86 351.96
Alcohol consumption habit

Former drinker -0.87 0.529 0.1 0.42 0.15 1.18

Current drinker 0.196 1.168 0.87 1.22 0.12 11.99

A significantly higher blood lead level was also
reported from Manila, Philippine amongst lead
exposed workers compared to unexposed workers
(23). The comparison was between battery workers
and radiator workers. The blood lead level of battery
workers was almost twice of that in radiator workers.
This significance was corroborated by other studies
from Jordan (24), Iran (25, 26) Karachi, Pakistan (3)
and Kurnool, India (27). It can be alluded that battery
technicians that repair and recharges are more at risk
of elevated blood lead compared to those that only
charges battery. The study on correlation between iron
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deficiency and lead intoxication among battery
workers revealed a significant association (28).

The prevalence of anaemia among both battery
technicians and office workers was of moderate type.
There was no statistically significant difference
between their median Hb values. Similar results were
reported from Macedonia (29) and from Bangladesh
demonstrating a level of 11.4 (SD=0.75) pg/dl (30).
This could be due to proportionately high blood lead
level among these workers. In contrast, the study
conducted among battery technicians in Manila,

Journal of the College of Community Physicians of SriLanka



Ozomata EA & Ogunnowo B. JCCPSL 2024, 30 (4)

Philippine revealed a blood lead value >40 pg/dl and
(Hb <13 g/dl for males) (23). This high percentage
maybe due to elevated blood lead level compared to
reference study which recorded 24.00 ng/dl as the
highest blood lead level. The study carried out in Iran
showed mean Hb value within normal range (25),
which might be due to relatively young study
population with few working years of working and
few years of exposure to battery lead. Similar results
which were significant emanated from another study
(26). However, the mean lead level from a study on
correlation between iron deficiency and lead

intoxication reported a non-significant difference (28).

This present study noted a significant association
between age of the battery technicians and their blood
lead level. The study done at Karachi, Pakistan
reported similar results (3). Macedonian study also
found age of lead workers to be directly associated
with their blood lead level (29). It implied that long
duration of exposure could be a significant factor in
the elevation of blood lead level. This finding may
inform the battery technicians to adopting preventive
and control measures such as taking break from work
and use of protective devices. Elevated blood level
was also found to be associated with higher level of
education and BMI. Higher level of education may
translate to higher standard of living, which could lead
to additional exposure to environmental/other

occupational lead.

Among office workers, low Hb level decreases with
decreasing age while high Hb level increases with
their BMI. Higher BMI may be a result of dietary,

stress and living standards among other factors and

Open/) Access

90% (severe public health significance) were anaemic
expectedly increases haemoglobin level.

A potential bias in this study was recall and instrument
bias. The recall on occupational history and lifestyle
risk factors was self-reported; this was prevented by
asking less ambiguous questions. Another limitation
was instrument bias from blood sampling and
anthropometric measurements. Blood samples were
taken during the same period of the day (12—4 pm) to
avoid subject variation. To avoid measurement bias,
same research assistants were trained in questionnaire
administering and blood sampling. Overall, these
biases may not have affected study results

significantly.

Conclusions & Recommendations

Blood lead levels of battery technicians was
significantly higher than that of the office workers but
their Hb level was not. The level correlated
significantly with their working hours. The likelihood
of low blood lead level decreases with decreasing age
of battery technicians and increases with their BMI,
years of working and level of education. As for Hb,
the probability of low-level decreases with age of
office worker and increases with their BMI. A switch
to repair of non-lead batteries, changing the work
process by enclosing the battery during repairs, more
trainings on lead exposure reduction, use of personal
protective devices and regular biological monitoring
of lead may control elevated lead level amongst
battery technicians.

Public Health Implications

e The study demonstrated that battery technician job is associated with chemical hazard such as lead.

e Duration of exposure was an established determinant of elevated blood lead level among these

workers.

e Emphasis on preventive programs according to hierarchy of control of hazards is needed to address

this hazard amongst these group of workers.
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