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Abstract

Background: One of the most unusable chemical exposures that occurred in automotive garage
areas was lead. Occupational exposure of garage workers to lead dust commonly poses acute and
chronic health risks that can be prevented. In Ethiopia, there have been limited studies on lead
exposure among garage workers. Moreover, it overemphasized that workers are more exposed

than non-garage workers to lead exposure

Objectives: To assess the occupational blood lead levels and associated factors among the

Anbessa City Bus Service Enterprise garage workers in Addis Ababa, Ethiopia.

Methods: A comparative cross-sectional design was used to examine lead levels in 36 garage
workers and 34 office workers. A stratified random sampling method was used to identify the
study subjects. specimens of blood and associated factors were collected by trained medical
laboratory experts. A recent MP-AES device was used to measure lead exposure in blood. Excel
and SPSS Version 26 were used for data management and analysis. Linear regression tests were
used to investigate associated factors on blood lead levels in the exposed groups, while an

independent t-test was used to compare BLLs between the exposed and unexposed groups.

Results: The mean age of exposed groups was 39.0 £7.5 years, whereas unexposed groups were
37.9 £6.1 years. Majority of the garage workers, 26 (72.2%), did not know how they were
exposed to lead, and 17 (47.2%) of the workers did not wear any personal protective equipment
during work activities. The mean BLL (29.7+12.2) ug/dl of exposed groups was statistically
significant as compared to the mean BLL (14.8+9.9) g/dl of unexposed groups. Occupational job
positions of exposed groups did not statistically significant from one another. Of the exposed
groups, 8 (22.2%) had high BLL than the WHO and OSHA recommended limits (40 pg/dl). The
main significant factors that affecting blood lead levels were extra daily working hours (§ =3.8

pg/dl; p<0.01) and long work years (B =0.8 png/dl; p<0.03)

Conclusions: The overall garage workers had high mean blood lead levels as compared to the
office workers. Hence, it is recommended that the garage management should apply good

exposure prevention mechanisms and should give OSH trainings to employees.

Key words: Blood lead levels, exposure factors, garage workers, Ethiopia
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1. Introduction
1.1. Background

Heavy metals are hazardous and toxic trace elements that can affect human health and the
environment. However, some heavy metals play essential roles for humans in biological
activities by facilitating the oxidation-reduction reaction process. The human body is exposed to
heavy metals by inhalation from the environment, ingestion during the consumption of food and
water, and skin-dermal contact (1). Worldwide, people are occupationally exposed to chemical
exposure through various pathways, including inhalation, ingestion, and skin contact, but the

most intensive pathways to chemical exposure are through inhalation and ingestion (2).

Due to its accessibility in the food chain, environment, air, and water, lead is one of the most
dangerous and hazardous heavy metals for the workplace and has substantial negative effects
(3). Automotive technicians and mechanics, painters and battery manufacturers, municipal waste
collectors, and others are usually exposed to lead and are vulnerable to acute and chronic health

risks in their day-to-day activities.

Lead (PDb) is a biologically non-essential metal that is found in soil, water, and air and is toxic to
humans, animals, and the environment (3). As a result, workers' lack of knowledge about lead
exposure, lack of awareness, inability to use personal protective equipment and safety materials,
and spending more time at work, particularly in automotive and bus garages, municipal waste
incineration sites and battery manufacturing sites, are the primary determinants of lead exposure.
Many studies' clinical findings revealed that lead concentrations in blood, urine, nails, and hair

were the main primary biomarkers used to investigate lead toxicity in garage workers (4-7).

In Addis Ababa, Ethiopia, there is only one big Anbessa city bus service enterprise that provides
transport services in and around the city of Addis Ababa. Under it, there are four bus garage sites
at Yeka (Gerji), Gullele (Shegole), Nefas Silk (Jemo-2), and Kality (Kality) Sub-Cities. Hence,
this study was conducted to assess the blood lead concentration and its associated factors among
the Anbessa city bus service enterprise garage workers in Addis Ababa, Ethiopia.



1.2. Statement of the Problem

Occupational exposure to heavy metals has become a major public health concern around the
world. Lead is among the heavy metals commonly observed as an occupational hazard in garage
sites that work on car paint, battery filling and repair, and vehicle and bus maintenance. Hence,

garage workers are more exposed to lead than non-garage workers (2).

There is currently no known safe blood lead concentration in auto electricians, mechanics, or
battery workers, particularly in developing countries. If the exposure of blood lead level in
workers greater than from the WHO recommendation limit (40ug/dl),It may be linked to lower
IQ, behavioral difficulties, and learning problems, (8, 9). Lead exposure is the result of a disorder
of the central nervous system, failure of the kidney, memory retardation, and intestinal and lung
cancer. The level of lead in the blood is the most widely used to measure occupationally exposed
workers' lead exposure. In 2019, the Institute for Health Metrics and Evaluation (IHME) reported
lead exposure caused 900,000 deaths and 21.7 million years of lost healthy life (also known as

DALYs) due to its long-term impact on health (10, 11).

There are so many garage workers in Addis Ababa, Ethiopia. However, it is observed that the
garage workers don't use personal protective equipment and safety measures while they are
working. The probability of getting exposed to lead is high when compared to the general
population (12). However, the blood or urine lead concentration of the Anbessa City Bus
Service Enterprise garage workers has not been studied previously, though some studies were
conducted at Jimma and Harer Town only on automotive garage workers (3). the study
conducted at Jimma Town in 2012 showed that there was a difference between the mean level of
lead concentration on spray painting in automotive garages and that of non-garage workers.
However, the study did not divide garage workers into groups of mechanics, painters, and
electricians, and it did not demonstrate the associations between parameters like hand hygiene
habits and the use of personal protective equipment (PPE). A similar study was also conducted at
Harer in 2019; however, the study was measured blood pressure and hematological parameters of

the garage workers which did not indicate the level of exposure (2).

Thus, the purpose of this study is to evaluate the extent of lead exposure at work among garage

workers in Addis Ababa, Ethiopia, along with its contributing factors



1.3. Rationales of the Study

In recent decades, different manufacturing industries, like automotive garage sites and
construction sites, have expanded and used lead for different purposes. Studies around the world
showed that some workers who are engaged in garage work checked their blood lead levels on a
regular basis. However, in our country, Ethiopia, garage sites, most garage workers did not test
their blood lead levels. It is also observed that the garage workers don't use any PPE or safety
measures while they are working. It is assessed that few studies were carried out on lead
exposure among garage workers in Addis Ababa, even though there are so many garage sites.
Lead is one of the most serious occupational hazards of heavy metals, with multiple health
effects among garage workers (13). Hence, this study investigated the exposure to lead levels in

blood among garage workers in Addis Ababa by comparing them to non-garage workers.
Significances of the Study

The final findings of the study will be presented to the Anbessa City Bus Service Enterprise
(ACBSE) to show how many workers are exposed to lead exposure. The study will serve as
scientific evidence to enterprise. The research will be also helping institutions, especially the
Ministry of Social and Labor Affairs (MOSLA) and Ministry of Health (MOH) to set standards
and safety measures for garage workers by establishing standard criteria to minimize lead
exposure. Finally, the study may be used as a reference for academic purposes and further
investigation of the effects of lead exposure. Based on these findings, researchers will also use
them as input to assess and investigate lead toxicity by adding other heavy metal exposures that

are released from garages.



2. Literature Review

2.1. Lead exposure

Exposure of heavy metals such as lead, chromium, arsenic, and cadmium pose significant public
health concerns around the world (14); hence, millions of workers are exposed to toxic metals,
especially lead exposure at garage sites. The mean blood level of lead (Pd) in the exposed group
(5.2 pg/dl) was significantly higher (P<0.0001) when compared with the mean level of the
unexposed group (1.03 pg/dl) at a wastewater plant in Iraq.

Lead is a typically unnecessary and harmful material that builds up in the environment and the
human body and has major negative effects on both (9). The health effects of this toxic substance
for a long time, several organs in the human body, including the central nervous system, kidney,
liver, hematopoietic system, reproductive system, and endocrine system will be damaged (13).
The toxicity of lead especially affects children’s health by damaging the brain and nerve system,
causing hearing and speech problems, and slowing growth and development, with major risk
factors including nutrition, particularly deficiencies of essential metals like calcium, iron, and
zinc, and housing and socioeconomic status (15). The exposures of children at low levels may
show decreased attention, hyperactivity, mental inability, and diffusion of vision. The five-year
cohort study in Silesia, Poland, on lead exposure and associated factors shows that the overall
blood lead level was 6.3 mg/dL (ranging from 0.6 to 48 mg/dL) and about 13% of children had
10 mg/dL blood lead concentration, but the proportion of children in the study cities was
significantly different, with the highest at 16% and the lowest at 7.5% (P<0.0.01) BLL (16). As a
result, children are more sensitive and vulnerable to lead exposure than adults because they
usually spend more time in waste areas and dusty places and put things into their mouths without
washing their hands. The greatest health risk to lead smelter employees, battery manufacturers,

recyclers, construction workers, and radiator repairers is inorganic lead (17).

Each year, the United Nations (UN) estimates that about 10 million occupational diseases and
160 million new work-related diseases occur worldwide, but the severity and frequency are
greatest in developing countries due to chemical exposure, manual work, noise, low attention and
knowledge, and low inspection by the International Labour Organization (18). symptoms

associated with lead exposure might be severe, moderate, or mild. However, muscle and joint



discomfort, headaches, fever, appetite loss, and insomnia are some of the typical clinical
indications of lead exposure in workers. A study shows that in Enugu Metropolis, Nigeria,
numbness and fatigue on the roadside were associated with BLLs of > 10ug/dL, while weakness

and fatigue were associated with BLLs of > 10 pug/dL among organized panel beaters (19, 20).

2.2.  Factors Affecting Lead Exposure

Workers who maintain, dispose of garbage, recycle, or repair batteries may be exposed to lead at
work due to improper use of personal protective equipment (PPE), a lack of knowledge, the
length of hours to do the work, and lack of hygiene precautions(21). Awareness of workers to
lead exposure in the workplace is the main determinant of occupational health and safety
conditions to reduce lead exposure risks. Low-wage workers' half-lives are typically spent in car
welding and soldering workshops, manufacturing, construction, painting, and other activities (17,
21-23). Therefore, a safe and clean environment is an important preventive mechanism to prevent
the occurrence of workplace accidents and chemical exposure transmission through ingestion,
inhalation, and skin contact, as chemicals without proper labeling may cause accidents. As a
result, regular cleaning and hygiene practices in the workplace help to ensure and create a safe

environment by reducing occupational disease transmission (24).

According to estimates, 20-50% of workers in industrialized nations and 5-10% of workers in
poor nations, respectively, have access to effective occupational health treatments. However,
more people die each year from occupational diseases and injuries than from malaria, with nearly
2 million deaths worldwide each year(18). Hence, by improving and setting up occupational
safety and health protocols, workers protect themselves from health hazards associated with

physical hazards, chemical hazards, and biological agents.

In garage workshops around the world, especially in developing countries, personal protective
equipment (PPE), hygiene and sanitation practices, clinics, ventilation, and good housekeeping
facilities are necessary and available to establish safe work conditions and reduce exposure to
metal dust, fumes, and other particulate matter (17, 21, 23). Ventilation keeps the air free of
contaminants that could enter the body through inhalation. Despite a small increase in public
understanding of the negative health effects of chemical exposure in general, knowledge of lead

exposure among employers and employees still leaves gaps in how to properly protect



themselves from the acute and long-term effects of toxic metals in their day-to-day work
activities A comparative cross-sectional study was done in organized and roadside garages in

Nigeria to assess the BLL and awareness of respondents about lead exposure (25).

2.3. Common Sources and Routes of Lead Exposure

Today, most people in developing countries, especially municipal garbage collectors, garage,
construction, and mining workers (including Ethiopia), are exposed to lead exposure through
inhalation, skin absorption, and ingestion, but the most common routes of human exposure to
lead are through inhalation and ingestion via the gastrointestinal and respiratory tracts (26). Once
inhaled with heavy metals, damage can occur. Studies show that about 40 to 50% of small
particulates of lead are absorbed and retained in the lung. The main sources of lead hazards can
be found in food, water, soil, gasoline, e-waste, air, and occupational vehicle repair from inside
and outside of living homes (27). In the Iragi study on occupational lead exposure in electrical
solders, the average occupational exposure of workers with lead in the air was 0.09 + 0.01
mg/m3 (ranging 0.00 to 0.15 mg/m3), and lead levels in the blood were on average 10.59+3.25
g/dL (ranging from 6.60 to 19.20 pg/dL) which is higher than the recommended threshold (0.05
mg/m3) limit (28).Young children are usually vulnerable and affected by lead exposure because
they can absorb about 40-50% of an oral dose of water-soluble lead compared to 3-10% of
adults from the given sources (16, 29, 30). The reduction in lead exposure emissions from
sources is correlated with the reduction in lead exposure concentrations; however, the increased

emissions of lead exposure can have an impact on several organ systems.
2.4. Blood Lead Level and its Standard Criteria

The standard blood lead level of adults are 5ug/dl but if the result is elevated above this,
treatment may be recommended (31, 32). However, the measured concentration of lead exposure
for this study will be compared with the non-exposed group based on both findings because
exposure to lead usually accumulates and is stored in the blood, bone marrow, central and
peripheral nervous systems, kidneys, and digestive system. According to OSHA, the maximum
permissible exposure limit and action level for blood lead exposure surveillance in the air
(workplace) and human blood within an average of 8 hours are 50ug/m3 and 30ug/m3 and 40

pa/dl, respectively (32, 33). Hence, measurement of blood lead level is a biomarker from blood,



hair, urine, teeth, or other body parts (7, 34-37). According to a previous study, the levels of lead
in the blood, hair, and nails of the garage workers were 65.3 £ 41.9 ug /d1, 23.6 +11.2 mg
kgl, and 29.7 £ 14.5 mg kg1, respectively, whereas the levels in the non-exposed groups were
21.7+ 17.6 pg/ dL1, 48 +3.4 mg kgl ,and 7.2 +3.9 mg kgl ' (7). The other study
demonstrates that automotive garage workers in Jimma Town had mean blood lead levels that
were significantly higher than those of the non-exposed groups with more than 10 pg/dL, and
exposed workers had blood lead levels of 68% and 88% above 20 pg/dL with work durations of
6 and 10 years, respectively (22). A comparative cross-sectional study was done in Lagos State,
Nigeria, to measure the blood lead levels of auto mechanics working in organized and roadside
garages. About seventy-three (40.3%) of the organized garage workers were compared to 59
(34.3%) of the roadside workers, and those had a statistically higher median blood lead level
(66.0 pg/dL) than the roadside workers (43.5ug/dl)( < 0.05)(25). According to the Bangkok,
garage workers study, the average blood lead level in those who were exposed at work was
significantly higher than in non-exposed groups (P< 0.05), such as 0.32 £0.07 mol/l [6.59+1.48
g/dl], whereas 0.42 +0.13 mol/l [8.79 +2.65 pg/dl] and 0.58 +£0.07 pg/dl [12.03 +£6.99 mol/l]
were recorded for the mechanics and dye sprayer groups, respectively(14).Since lead in blood
has a half-life of 40 to 120 days but stays in bones for a long time, constituting on average 95%
of the body's total lead burden, measuring blood lead levels is typically a valid indicator of lead
exposure in the workplace(38). Biomonitoring or monthly testing of blood lead levels is
performed in developed countries around the world to assess lead exposure for individuals or
groups of workers but in developing countries, it is not applicable due to a laboratory, chemical
reagents, trained human labor, and less recognition for lead exposure of workers in the

workplace.
2.5.  Analytical Method of Lead Determination

The biological samples of humans, whether exposed or not, are determined by using the atomic
absorption spectrometry technique at a specific wavelength. There are common atomic
absorption spectroscopies used around the world to determine the elemental composition of a
sample by examining its electromagnetic spectrum; however, the most well-known atomic
absorption spectrometry techniques are flame atomic absorption spectroscopy (FAAS), graphite
furnace atomic absorption spectroscopy (GFAAS), inductively coupled plasma mass



spectroscopy (IC-PMS), and microwave plasma atomic emission spectroscopy (MP-
AES)(39).Microwave plasma atomic emission spectroscopy (MP-AES) is a method for the
determination of multiple trace elements at the same time. The device is well known for its low
running cost, laboratory safety, better detection limit, linear dynamic range, and analysis speed,
and it does not require expensive flammable gas compared to flame atomic absorption
spectrometers (AAS) because the device is attaining nitrogen-fueled microwave plasma at
temperatures nearing 6000 °C (5,000 °K) with up to 1 kW of power (40, 41).



2.6. Conceptual Framework

A conceptual framework is designed after reviewing different kinds of literature on blood lead
levels among garage workers. This conceptual framework showed the associations of
independent variables such as socio-demographic factors (age, sex, marital status, education, and
Income), behavioral factors (safety trainings, use of personal protective equipment, personal
habits, and hygiene practice), and occupational characteristics (daily working hours, service
years, kinds of occupational jobs, and work practice) on dependent variable (Blood Lead Level)

among the garage workers (Fig. 1).

Demographic Factors: Behavioral Factors: Occupational Factors:

* Age e Safety training e Service years

e Sex e Use of PPEs <—» e Daily working hours
. — .

e Marital Status e Awareness e Occupational Jobs

e Education e Personal habits e Work practice

e Income e Knowledge .

e Hygiene Practice

|
Exposure to Lead dust ¢

|
Blood Lead Levels (BLLS)

Figure 1:Conceptual framework for blood lead levels (BLLS)



3. Objectives
3.1.  General Objective:

The general objective of this study is to assess occupational lead exposure levels in blood among
Anbessa city bus service enterprise garage workers and associated factors in Addis Ababa,

Ethiopia

3.2.  Specific Objectives:

1. To compare lead exposure levels in blood between the exposed groups (employees at the
Anbessa city bus service enterprise garage sites) and the non-exposed groups (non-garage
workers who are working in EPHI as office workers).

2. To investigate the relationship between lead exposure levels in blood and associated factors

that can contribute to occupational lead exposures.

10



4. Materials and Methods

4.1.  Study Area and Period

The study was carried out in Addis Ababa, Ethiopia, among garage workers in the Anbessa City
Bus Service Enterprise (ACBSE) from May to July 2023. The Anbessa City Bus Service
Enterprise in Addis Ababa is one of the oldest and largest modern public service enterprises in
the city. The Enterprise was established 80 years ago, during Emperor Haile Selassie’s reign.
Currently, it has four standard garage sites at Yeka sub-city (Gerji), Gulelle sub-city (Shegole),
Nefas Silk sub-city (Jemo), and Kality sub-city (Kality). There were approximately 164, 101,
117, and 148 active garage workers in each garage site (Gerji, Shegole, Jemo, and Kality),

respectively.

N

" ﬁh egend
S Y Four Selected Garaje In AA

l Sub Cities In Addis Ababa
Adis Ababa City Administration

| I ETH Regions

3 15 0 3 Decimal Degrees
I

Figure 2:Study area of the Anbessa bus city service enterprise garage sites in four sub-cities of

Addis Ababa
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4.2.  Study Design

A comparative cross-sectional study design was used to evaluate occupational lead exposure
between Anbessa City bus service enterprise garage workers and comparison groups (non-garage
workers who are working in Ethiopia Public Health Institute (EPHI) as Office workers without
any intended occupational lead exposure).

4.3.  Source and Study of Population

The source population of the study were all the Anbessa City Bus Service Enterprise (ACBSE)
garage workers. the sources population of the comparison group were all office workers of the
Ethiopian public health institute living in Addis Ababa. The office workers were selected as a
comparison group if they were not exposed to lead exposure previously and they were
approximately matched with socio-demographic characteristics, particularly with age and sex as
garage workers(2, 35). The population of the study participants were all randomly selected
workers who were engaged in electricians, painters, mechanics, and welders occupational job
positions in the four branches of the Anbessa City Bus Service Enterprise (ACBSE) garage sites
at Addis Ababa and the compassion groups were office workers if they had not previously
occupational lead exposure histories. There were inclusion and exclusion criteria to choose the

study subjects.

Inclusion Criteria:

1. Subjects must be permanent workers and have at least 18 years old to participate in the study.

2. Workers should have at least one year of work experience in garage works (2, 35)

3. Subjects should be involved in one of the following job positions: mechanics, electricians,
welders, and painters.

Exclusion Criteria:

1. Subjects who were rotated from one job position to another were excluded.
2. Subjects with a history of chronic cases, such as diabetes or hypertension, who were

following their health status in hospitals were excluded.
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4.4. Sample Size Determination
For the first Objective: For blood lead concentration

Based on a prior study among Bangkok garage workers, the required sample size for the first
objective was estimated using the mean and standard deviation of blood lead levels (BLL) for the

exposed group (0.42+0.13umol/L) and the unexposed group (0.32+0.07umol/L) (14).

The sample size was determined using a double mean-standard deviation comparison formula

with a ratio of 1:1 for the exposed and non-exposed groups (46-48).

05+05)(Zp+Zg/2)2
(d)2

Sample Size (n) {

Where n: the desired sample size per group.
Z1.o. the confidence level at 95% Cl it is 1.96.
Z;.p: the desired power at 95 % (1.64)
o1: standard deviation of exposed groups (0.13pumol/L) (49)
o,: standard deviation of unexposed groups (0.07umol/L)
d: Mean difference for both exposed and unexposed groups (0.1 pumol/L)

2 2 Y- y
Thus, n=222 +0'0(3 jiz‘;;%)z =29 for each group

By adding a 15% to non-response rate, the final sample size for each group was 34, with a total
of 68 sample size. The sample size calculation was performed using Open Epi Version 3
software calculator for both objectives (http://www.openepi.com/SampleSize/SSMean.htm).

For the Second objective: Finding determinants of BLL

The sample size for the second objective was also determined using the following formula
between 6-10 and >=15 years of work experiences for exposed groups. Hence, 1;£SD; = 60.8 +
44 4ng/dl and poxSD,= 89.1 + 47.0 ug /dl respectively(50).

2SD2(Zp+Zq2)2_

Dz 41

Sample Size (n) =
Where n: number of sample size to be determined

G1: standard deviation between 6-10 years of work experience(7)
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O»: standard deviation >=15 years of work experience.

Za/2:1.96 confidence level at Cl 95 % (1.96)

Zg: the desired power at 80% (0.84)

d: Mean difference between 6-10 and >=15 years of work experiences for exposed groups

By considering 90% to response rate, the final sample size who had between 6-10 and >=15
years of work experience is equal to 45 for each group. As a result, the final sample size was 90,
which was greater than the first objective sample size calculation; however, due to a lack of

resources and laboratory reagents, the study was conducted on the first sample size calculation
45.  Sampling Procedures

A stratified random sampling technics was employed to identify the study subjects. Based on the
levels of exposure to lead between subjects are not uniform. Hence, the exposed groups were
divided into four different occupational job position activities (mechanics, electricians, painters,
and welders). The calculated sample size of exposed groups was allocated to each garage site
using a proportional allocation technique to population size by selecting each participant using

simple random sampling from a list of workers for salary payments (sampling frame) (Table 1).
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Table 1:Sample size proportional allocation based on occupational job position of garage and

non-garage workers in four garage sites of ACBSE and EPHI in Addis Ababa, Ethiopia, 2023

Number of Sampled
No. Major Garage Sites Garage workers Workers
1 Gerji 164 10.5 (11)
Job Position  Mechanics 87 5.6 (6)
Electrician 20 1.3(2)
Welders 49 3103
Painters 8 0.5(1)
2 Jemo/Mekanissa 117 7.5 (8)
Job Position  Mechanics 46 2.9 (3)
Electrician 15 1.0 (1)
Welders 42 2.9 (3)
Painters 14 0.9 (1)
3 Kality 148 9.5 (10)
Job Position  Mechanics 48 3.1(3)
Electrician 46 2.9 (3)
Welders 28 1.8 (2)
Painters 26 1.7 (2)
4 Shegolle 101 6.5 (7)
Job Position  Mechanics 45 2.9 (3)
Electrician 26 1.7 (2)
Welders 30 1.9 (2)
Painters 0 0
Overall 530 36
5 EPHI (non-garage site) 500 34
Job Position  Health Professionals 320 21.8 (22)
Job Position  Supportive Staffs 180 12.2 (12)
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‘ Anbessa City Bus Service Enterprise Garage Workers (N=530) ‘

‘ Divisions of the garage sites with respect to the numbers of workers
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Figure 3:Schematic presentation for the sampled workers

source: created by own
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4.6. Data Collection Techniques

Questionnaire Administration

Interviewer-administered questionnaires were developed and modified from published literature
(12-14, 22, 25). To maintain consistency, the questionnaire was written in English and translated
into Amharic, then back into English. The questionnaire was tested on 5% of the total sample
size to modify contextual, quantitative, and terminological effects on participants before the
actual data collection was started. Then, socio-demographic, behavioral, and occupational
characteristics of respondents were collected in parallel with blood sample collection for both
exposed and unexposed groups by trained medical laboratory experts to assess the lead exposure

factors.
Blood Sample Collection, Transportation and Handling

For blood sample collection, transportation, handling, and storage, the standard laboratory
procedure manual was applied (51). To reduce the contamination of samples, the health facility
of the enterprise was used as a blood collection site in the workplace. About 4 ml of whole blood
samples were collected from both exposed and unexposed groups by medical laboratory
professionals using a separate vacutainer tube, alcohol, and gloves for every individual. The
venous whole blood sample contains Pb-free tubes and "EDTA (K2)" (as an anticoagulant) and
is homogenized by handshaking to prevent clotting (51). The samples were transported to the
Ethiopian Public Health Institute (EPHI) laboratory each day using a cold box and stored at 4 °C
and frozen at -20 °C until the time of analysis. The blood samples were measured using
microwave plasma atomic emission spectroscopy (MP-AES) with model 4210 at a wavelength

range of 180-780 nm for analysis of blood lead levels (40, 41).
Apparatus and Equipment

The laboratory apparatus that was used for this study included: heparinized blood collection
tubes, vacutainer needles and holders, tourniquets and alcohol swabs, different sizes of beakers,
measuring cylinders, metal-free test tubs, digestion flasks, and different sizes of volumetric
flasks, gloves, analytical balance, hotplate from 110 to 250 °C, microwave plasma atomic

emission spectroscopy (MP-AES) used for sample analysis. Microwave plasma atomic emission
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spectroscopy (MP-AES), just like flame atomic absorption spectroscopy (FAAS), quantifies the
concentration of trace elements by comparing its emission with known concentration samples by
plotting a calibration curve. The instrument has an elemental determination by using pure
nitrogen gas as a source and autosampler software (Agilent Model 4210) with a high sensitivity
detection limit, and it has a high capacity to analyze about 500 samples per week and four
elements per sample. However, all glassware and plastic ware that contacts standards, samples,
or blanks were cleaned with detergent and soaked for 12 hours in 10%(v/v) nitric acid (HNO3)
and rinsed thoroughly with deionized water before use.

Chemicals and Reagents

All reagents and chemicals were analytical-grade unless otherwise stated. This was done based
on the fourth edition of the NIOSH manual of analytical methods (NMAM) on method 8005
Issue 2 (1994) and various literature for blood or tissue and urine procedures measurement (50,
52, 53). Thus, the analytical laboratory required chemical reagents such as commercially
available 1000 mg/L of lead (Pb) stock solution, nitric acid (70%), perchloric acid (70%),
hydrogen peroxide (30%), sulfuric acid (96%), hydrochloric acid (37%) and deionized water

were used for the sample preparation
Sample Preparation and Digestion Procedures

Each sample was prepared in accordance with procedures validated by various published
literature and the NIOSH in the fourth edition of the Manual for Analytical Methods (NMAM)
for the determination of blood or tissue procedures on Method 8005 Issue 2 (1994 ) (50, 52, 53).
Based on these procedures, each sample was analyzed in the Ethiopian Public Health Institute's
(EPHI) accredited nutritional laboratory and the Ethiopian Food and Drug Authority (FDA)
accredited laboratory by using the laboratory protocols and procedures. As a result, about 2 ml
accurately measured portion of each whole blood sample was transferred into a digestion beaker,
and 10 ml of a freshly prepared mixture of concentrated nitric acid and hydrogen peroxide
(HNO3(70%)- H,0, (30%)) (6:4 v/v) was added by standing for 10 minutes. The beakers /flasks
were covered with watch glass and then heated at 110 °C for 1- 2 hours. The digests were again
treated with a few mixtures of nitric acid and hydrogen peroxide while increasing the hotplate

temperature to about 250 °C until the digestion/clear solution was completed/obtained. Then the

18



excess acid mixture was evaporated until the clear solution remained approximately to semi-dry
mass. Then, cooled and filtered the digestion of blood solution and transferred each filtered clear
solution to a volumetric flask (100ml) by diluting to the mark with deionized water. At the same
time and procedures, field and reagent blanks (without samples) were prepared in triplicate using
deionized water. Then, each prepared clear sample solution was stored and refrigerated at -4 °C
until the laboratory analysis will be done by microwave plasma atomic emission spectroscopy
(MP-AES)(50, 52). Finally, each lead level in a blood sample was measured by microwave
plasma atomic emission spectroscopy (Agilent model 4210) at a wavelength range of 405.781

nm after calibrating the instrument.
4.7.  Study Variables
Dependent Variable:

e Blood Lead Level (BLL)
Independent Variables:

e Socio-demographic factors (age, sex, marital status and income)

e Behavioral factors (safety training, lead awareness, use of PPEs, personal habits, hygiene
practice, and knowledge of lead exposure)

e Occupational factors (daily working hours, service years, kinds of occupational jobs and

work practice)

19



4.8. Operational Definitions

Blood lead levels (BLLs): workers are exposed to lead exposure if the blood lead level is greater
than 40.0pg/dl (31).

Duration of exposure: Chronological years that workers have spent years at work(3).

Lead exposure: the amount of occupational lead agent that can expose workers (54).
Occupational lead exposure: occurs as a result of occupational tasks (54, 55).

Inhalation: workers can absorb toxic vapors, mists, gases and dust of lead exposure (31).
Ingestion: When workers eat or drink, they digest chemical exposures with food and water (31).
Workplace awareness: Ability of workers to protect themselves from lead exposures (54, 55).
Acute effects: anybody who is exposed to chemical hazards for 24 hours or less (3, 56)

Chronic effects: anybody who is exposed for months or years (3, 56)

Occupational disease: a disease that occurs in the workplace under specific conditions (56).
Work safety: health and safety circumstances of the garage environment (54, 55)

Routs of Lead Exposure: Routes of lead exposure can enter the human body through inhalation,
ingestion, or skin contact (2, 3).

Similar age and sex groups: individuals who are involved in this study but do not have
occupational lead exposure histories as garage workers(2, 50)

Toxicity of lead: the degree of lead that can cause poisoning for workers in garage or others(31)
Mechanics: Persons who repair and inspect or replacing of the spare parts including engine of
the city buses for the good running condition (50)

Electricians: The persons, who install, inspect and maintain electrical parts of the city buses(50)

Welders: The persons who is fabricating the city buses bodies using a high heat(50, 57).

Painters: The persons who is paining the city buses surface with paint after the body parts
fabrication are finished (50)
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4.9. Data Quality Assurance and Control

Each blood sample was collected using vacationer tubes containing 7.2 mg of K2EDTA (an
anticoagulant agent) by trained and qualified medical laboratory professionals. The tubes were
coded immediately after drawing the blood samples and then transported and stored at 4 degrees
Celsius following the standard operating procedures (SOP) for laboratory analysis. All

equipment’s used for the laboratory were cleaned and labelled to minimize contamination.

The instrument (MP-AES) was calibrated by preparing five series working standards of Lead
20(ug/dl), 40(pg/dl, 60(pg/dl), 80(ug/dl) and 100(pg/dl) from 1000mg/l commercially available
stock solution of lead to check the quality control. The calibration standard solutions were
running at a specified wavelength of lead (405.781nm) by adjusting the instrument with blanks.
The analysis was given the following best-fitted line graph (Figure 1). The graph regression
equation = 45.624X + 4.2194 and R?=0.9994 where X=concentration (ug/dl), Y=Intensity (cps),
R? is correlation coefficient of the calibration curve, 45.624 slope and 4.2194 is intercept. As it
observed below in the plotted linear line graph, there was a good relationship between the
concentration and intensity of lead standard solution with effective good calibration of the

instrument.
Pb at 405.781 nm
_ 2000 ~ y = 45.624x + 4.2194
é’_ 4500 - R? = 0.9994
N
2 4000 -
D
8 3500 -
[
= 3000 -
2500 -
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1500 -
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O v T T T T T 1
0 20 40 60 80 100 120
Concentration (ug/dl)

Figure 4:Standard calibration curve of the MP-AES instrument for lead level analysis in blood
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The other testing of the quality control, recovery tests were checked and obtained using the
selected blood samples with the sample procedures as sample preparation for the spiked sample
and un-spiked sample with a known sample solution. Then, the percentage recoveries were
calculated as:

Mean Spiked Value—Unspiked Value
Standard of Spiked added

% Recovery= *100

From the random selected of blood samples, the four calculated percentages recoveries results
were 110%, 109.2%, 94.25%, and 85 %, hence, the mean percentage recovery was 99.61% had a
conventionally acceptable precision and accuracy with the percentage recovery range (80% -

110%) of the samples (50, 58).

During the laboratory analysis, the measured lead level in blood was carried out in duplication
to minimize error, and taken the average results for both the exposed and non-exposed groups. In
addition to the Ethiopian public health institute (EPHI) accredited laboratory, another cross-
checking Ethiopian Food and Drug Authority (FDA) accredited laboratory was used to check the
accuracy and precision of each obtaining sample result. Hence, about 40% of blood samples
were analyzed in Ethiopian Food and drug authority (FDA) laboratory with the same instrument
likes the EPHI laboratory instrument by using the same time and the same procedures. Since the
sample results that were done in that laboratory were approximately the same.

Data Management

To get consistency in the data collected from study subjects and lab results, two-day training was
given for two supervisors, two lab experts, two data collectors, and two lab cleaners, beginning
with a hint about the purpose of the study, the data collection tools, and ethical concerns during
data collection. The investigator and supervisors checked the data for completeness on a daily
basis. The lab experts then received the blood samples from the data collectors after the
supervisors and principal investigator approved each collected sample. All the data were cleaned
on each day of laboratory work to identify unexpected and unclear values. The data were entered
and organized into an Excel format, and the analysis was done using SPSS version 26 by
cleaning the data. The normality assumption was made using the Shapiro-Wilk test. An
independent sample t-test was used to compare the non-exposed and exposed groups for those
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that fulfilled the assumptions to know the significant difference among exposed and non-exposed

groups.
4.10. Data Analysis
First Specific Objective:

The statistical data analysis was done using SPSS (version 26) software. Descriptive statistics
were used to display the demographic, behavioral, and occupational characteristics. The results
were presented in the form of frequency, mean, percentages, and cross-tabulation. The mean
values of lead levels in blood were analyzed using one-way ANOVA and an unpaired t-test to

compare exposed and unexposed groups of blood lead levels.
Second Specific Objective:

Multiple linear regression analysis was used to test the association between the dependent
variable (blood lead level) and each independent variable (service years, age, daily work hours,
and other independent variables) by doing a first simple linear regression analysis of the outcome
variable with each independent variable to select those variables with a p-value below 0.2. Then
multiple linear regression analysis was run to determine the impact of lead exposure factors on
blood lead level by considering the p-value < 0.05 as statistical significance. To apply the
regression method, all assumptions for linear and multiple regressions were checked. Diagnostics
for multicollinearity among the independent variables were done using the variance inflation
factor. Those independent variables with variance inflation-factor values >10 were taken as
indicative of multicollinearity and removed from the multiple linear regressions.(59). Finally, the
slope of the regression parameters was expressed as beta coefficients with 95% of the confidence

interval to determine the effects of independent variables on blood lead level(3).
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4.11. Ethical Consideration

The ethical approval of the study was obtained from the Ethical Review Board of Addis Ababa
University, College of Health Sciences, School of Public Health (Ref. No.: SPH/154/23). An
official letter was written from School of Public Health to the enterprise to obtain permissions.
For this study, ethical considerations are critical. Hence, all respondents were informed about the
purpose of the study and why it was being conducted on garage workers. Trained and
experienced medical laboratory experts were activated for blood sample collection by telling the
facts to participants without enforcement. The respondents have the right to give a sample or
refuse it at any time voluntarily, according to their informed consent. The blood sample and the
questionnaires were coded to ensure the confidentiality of the data. According to the World
Medical Association Helsinki Protocols of 2013, all data and information obtained from the
participants were kept confidential. The collected blood samples were used for this study only
(60). When we obtained consent from each participant, the blood specimens were collected using
safe vacutainer needles and gloves for each individual participant. The study participants were
advised to use exposure prevention methods and visit health facilities for regular checkups after

their results known.
4.12. Dissemination of the Results

The final results of this study will be presented to Addis Ababa University staff at the thesis
defense date. After the finalization of the study; the result will be disseminated to the public
through the Addis Ababa University portal system. After the research is finished, the final
findings will be presented to the Enterprise and employees. Finally, the research will be
published in a peer-reviewed journal that will be accessible around the world for the scientific
societies so that it may use as literature and reference for further study on automotive garage

workers.
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5. Results

The study was conducted among workers in the city bus garage in Addis Ababa, Ethiopia, to
assess the blood lead levels of Anbessa City Bus Service Enterprise garage workers and
associated factors in Addis Ababa, Ethiopia, by comparing them with non-garage workers. In
this study, the blood lead levels for both garage and non-garage workers have been reported, and

the associated factors for the elevation of blood lead levels have been presented.
5.1.  Socio-demographic and economic factors of the study participants

Of the total 70 study participants, 36 (31 males and 5 females) were engaged in the Anbessa City
Bus Service Enterprise (ACBSE), known as the garage workers (Exposed Groups), and the other
34 (28 males and 6 females) carried out their activities in government offices (the Ethiopian
Public Health Institute), known as the less exposed workers (unexposed groups). The mean age
of the exposed groups was (39.0 £7.5) years with a range of 27-54 years, whereas of the
unexposed groups mean age was (37.9 +6.1) years with a range of 28-49 years. The majority of
the exposed groups, 21 (58.3%), had diplomas as compared to the unexposed groups, who had
degrees and above, 29 (85.29%). Regarding marital status, 29 (80.6%) of the exposed and 26
(76.5%) of the unexposed groups were married. The majority of 26 (72.2%) exposed and 31
(91.2%) unexposed groups were paid a monthly income above 6,000 (Ethio. Birr) (Table 2).
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Table 2: Socio-demographic and economic factors in exposed groups (n = 36) and unexposed
groups (n = 34) in Addis Ababa, Ethiopia, 2023

Exposed Unexposed Statistical Analysis
Variables Group n (%) Group n (%)
X? p-value
Age (yrs.):
18-30 8(22.2) 6 (17.7)
31-44 16 (44.4) 22 (64.7) 3.18 0.2
>=45 12 (33.3) 6 (17.7)
(Mean £SD) years (39.0+£7.5) (37.946.1)
Sex:
Male 31 (86.1) 28 (82.4) 0.19 0.67
Female 5(13.9) 6 (17.6)
Education:
Below Diploma 7(19.4) 4 (11.8)
Diploma 21 (58.3) 1(2.94) 30.89 0.001~*
Degree and above 8 (22.2) 29 (85.29)
Marital Status:
Single 7 (19.4) 8 (23.5)
0.17 0.67
Married 29 (80.6) 26 (76.5)
Monthly income:
<=6,000 10 (27.8) 3(8.8)
4.15 0.04*
> 6,000 26 (72.2) 31(91.2)
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5.2.  Occupational job position of the study participants

According to a one-way ANOVA test, the participants of garage workers for this study were

engaged in mechanics, electricians, welders, and painters occupational job position activities

were not statically significant (P>0.05). However, the higher 15 (41.7%) of exposed groups were

engaged in mechanics occupational job positions, while the lowest 4 (11.1%) of exposed groups

were engaged in the occupational job position of painters. For the comparison parts of the

exposed groups, 22 (64.7%) and 12 (35.3%) of the unexposed groups were engaged on a non-

garage office work with health professionals and supportive staff occupational job positions

respectively in the government office of the Ethiopian Public Health Institute (Table 3).

Table 3: Occupational job position of exposed groups (n = 36) and unexposed groups (n = 34) in

Addis Ababa, Ethiopia, 2023

Group Occupat_iqnal Job AM (SD) GM (GSD) ANOVA,
position n (%) ug/dl (ug/dl) p-value

Unexposed Group Health workers 22 (64.7) 15.3 (10) 14 (2) 0.7
Supportive staffs 12 (35.3) 13.9 (10.1) 13.9 (2.1)
Mechanics 15 (41.7)  30.6 (12.1) 28.1 (1.6)

Exposed group Electricians 7(19.4) 32.6 (15.2) 28.3 (1.9) 0.33
elders 10 (27.8)  24.1(10.7) 21.4 (1.8)
Painters 4(11.1) 35.5(8.3) 34.8 (1.3)
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5.3.  Behavioral factors and use of PPE among the study participants

Regarding PPE users, 17 (47.2%) of exposed groups did not use any types of personal protective
equipment (PPEs), whereas 25 (73.5%) of the unexposed groups did not use any types of PPE at
work. However, the unexposed groups did not have mandatory to wear PPE except the risky
work activities. Regarding lead awareness, 22 (61.1%) of exposed groups were aware about lead
exposure as a hazard, while 23 (67.7%) of unexposed groups were not aware in their workplace.
The participants in exposed and unexposed groups who had taken safety trainings at work were
only 14 (38.9%) and 6 (17.6%), respectively. Regarding exposure prevention methods, 21
(58.3%) of exposed groups were applied lead exposure prevention methods such as washing
hands before eating, changing clothes, and taking shower after the completion of work, while
only 11 (29.4%) of the unexposed groups did use the lead exposure prevention methods at work.
In terms of addiction to habits, the majority of exposed groups and unexposed groups had no bad
addiction habits; however, 15 (41.7%) of exposed and 5 (14.7%) of unexposed groups were
dependable on addiction habits such as drinking alcohol or smoking cigarette at work. About 24
(66.7%) of the exposed groups did not follow the occupational health and safety rules and
regulations (Safety practices) in the workplace, while 21 (61.8%) of the unexposed groups did
apply the safety practices (Table 4).
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Table 4: Behavioral factors and use of PPE in exposed groups (n = 36) and unexposed groups (n
= 34) in Addis Ababa, Ethiopia, 2023

Exposed Group  Unexposed Group  Statistical Analysis

Variable n (%) n (%) X p-value
PPE Reporting:
Yes 19 (52.8) 9 (26.5) 5 0.03*
No 17(47.2) 25 (73.5)
Lead Awareness:
Yes 22 (61.1) 11 (32.4) 5.8 0.02*
No 14 (38.9) 23 (67.7)
Training on OSH:
Yes 14 (38.9) 6 (17.6) 3.9 0.05*
No 22 (61.1) 28 (82.4)
Exposure prevention Methods:
Yes 21 (58.3) 11 (29.4) 4.8 0.03*
No 15 (41.7) 23 (70.6)
Addiction of bad habit:
Yes 15 (41.7) 5(14.7) 6.2 0.01*
No 21 (58.3) 29 (85.3)
Knowledge on lead hazards:
Yes 10 (27.8) 18 (52.9) 4.6 0.03*
No 26 (72.2) 16 (47.1)
Safety Practice in work place:
Yes 12 (33.3) 21 (61.8) 5.6 0.02*
No 24 (66.7) 13 (38.2)
Prior employment in garage:
Yes 31 (86.1) 4 (11.8) 38.7 0.001*
No 5(13.9) 30 (88.2)
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5.4. Comparison of blood lead levels among the study participants

For this study, an independent sample t-test was used to compare the mean blood lead level for
both exposed and unexposed groups. Hence, according to the independent sample t-test, there
was a significant difference between the two groups (t (68) = 5.8, P< 0.001), with the mean
blood lead levels for exposed groups (M =29.7, SD = 12.2, median = 27.5, and range = 6-52.5)
pa/dl being higher than the unexposed groups mean blood lead levels (M = 14.8, SD = 9.9,
median = 15, and range = BDL-32.5) ug/dl. The magnitude of the two groups mean difference
(Mean difference =14.9, at 95% ClI: 9.6 to 20.2) was statistically significant (Table 5).

Table 5: Comparison of blood lead levels between exposed groups (n = 36) and unexposed
groups (n = 34) in Addis Ababa, Ethiopia, 2023

Group n Mean (SD) pg/dl 95% CI (ug/dl)  Range (ug/dl)  P-value
Exposed Group 36 29.7 (12.2) 11.4-18.3 6-52.5
Unexposed group 34 14.8 (9.9) 25.6 -33.8 BDL-325 <0001

* Equal variances assumed
BDL= lower detection limit (0.1 pg/dl) of the instrument

According to the one-way ANOVA test, 2 (5.6%), 26 (72.2%), and 8 (22.2%) of the exposed
groups mean blood lead levels were 6.8 £1.1 pg/dl, 26.2 £7.3 ug/dl, and 46.9 +3.9 ug/dl,
respectively, whereas 11 (32.4%) and 23 (67.6%) of the unexposed groups mean blood lead
levels were 3.3£3 pg/dl and 20.3 £6.7 pg/dl, respectively (Table 6).

Table 6: Categorization of BLLs of workers according to OSHA recommendation limits

Exposed Groups (n=36) Unexposed Groups (n=34)
BLL (ng/dl) BLL (Mean+ SD) ANOVA, BLL (Mean +SD) ANOVA,
Categories n (%) ug/dl P-value n (%) ug/dl P-value
< 10 (normal) 2 (5.6) 6.8 +1.1 11 (32.4) 3.3+3
10 -40 (acceptable) 26 (72.2) 26.2+7.3 P<0.001 | 23 (67.6) 20.3 +6.7 P<0.001
>40 (dangerous) 8(22.2) 46.9 £3.9 - -
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5.5. Relationship of Associated factors to BLLs using simple linear regression model

Socio-demographic and occupational factors among the exposed groups

To assess the effect of each socio-demographic and occupational factor among the garage

workers on blood lead level, a simple linear regression model was used with the estimation

equation. Y=B0+B1X1, where Y-dependent variable (BLL) and X1-independent variable, three

of the socio-demographic and occupational factors of variables such as age, daily working hours,

and service years were statistically significant (p< 0.001) as the mean blood lead level of the

workers were increased by 1.3 g/dl, 8.11 ug/dl and 1.g/dl, respectively; however, sex and

monthly income were not insufficient to be significant (P> 0.05) (Table 7).

Table 7: Effect of socio-demographic and occupational factors on blood lead levels using simple

linear regression analysis among exposed groups (n=36) in Addis Ababa, Ethiopia, 2023

) N=36 Coefficient(p) S.E LBat95% Cl UB at 95% ClI R? F-value
Types of Variables

Constant -19.8 7.0 -34.0 -5.5
0.60 514

Age in years 1.3* 0.2 0.9 1.6

Constant 5 24.0 5.4 12.9 35.0
0.04 1.3

Sex (male) 31 6.6 5.8 -5.2 185

Constant 10 30.5 2.4 25.6 35.4
0.01 0.4

Monthly income (>6000) 26 -2.9 4.6 -12.3 6.3

Constant -38.7 14.7 -68.6 -8.7
0.39 21.8

Daily Working Hours 8.1* 1.7 4.6 11.7

Constant 6.7 3.2 0.1 13.2
0.64 60.9

Service years 1.8* 0.2 13 2.3

LB: lower bound; UB: upper bound; * significant at p<0.01; S.E: standard error
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Behavioral factors among the exposed groups

The mean blood lead level difference among exposed groups who were coded with yes (1) and
no (0) responses was assessed. Each variable had significant impact on blood lead level.
However, workers who were dependable on addiction habits like consumption of alcohol or
smoking cigarettes had no sufficient significant (P>0.05) difference directly on blood lead
exposure level. The non-user of PPE in exposed groups had higher mean blood lead level
difference (16.8 ug/dl) with a high statistical significance (R?=0.49, P<0.001) difference than
that of the PPE users in exposed groups. Regarding lead awareness, the blood lead level
increased by 8.9 ug/dl mean blood lead level difference in the unawareness of exposed groups as
compared the awareness exposed group with statistically significant (P<0.05). There was a
significant difference (P<0.05) in blood lead level between in lead exposure prevention method
users and non-users among the garage workers. As the lead exposure prevention methods users
were increased by one unit, the mean blood lead level difference decreased by 9.9 ug/dl
however, the mean blood lead difference in non-prevention users increased. The workers that
were not involved in safety practice had higher mean blood lead difference (9.8 pg/dl) than those
who were involved in safety practice with significant difference between them (P<0.05).
Regarding OSH, the mean blood lead level difference among exposed groups decreased by 10.8
ng/dl who were taking trainings on OSH than those who were not taking trainings (P<0.05).
There was a highly statistically significant difference (P<0.05) with mean blood lead level by

increasing 13.8 pg/dl as prior garage employee increased among the exposed groups (Table 8).
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Table 8: Impacts of behavioral factors on blood lead levels using simple linear regression

analysis among exposed groups (n=36) in Addis Ababa, Ethiopia, 2023

N=36 Coefficient(B) S.E LBat95% Cl UBat95% Cl R?* F-value

Types of Variables

Constant 17 38.6 2.2 34.2 42.9

0.49 320
PPE reported (yes) 19 -16.8* 2.9 -22.8 -10.7
Constant 14 35.2 3.1 28.9 415

0.13 5.2
Lead awareness (yes) 22 -8.9% 3.9 -16.9 -1.0
Constant (No) 15 35.5 2.9 29.5 41.4

0.16 6.7
Exposure prevention 21 -9.9* 3.8 -17.6 2.1
methods
Constant (No) 26 33.2 2.1 28.8 37.6

0.22 95
Knowledge on Lead hazards 10 -12.5% 4.1 -20.9 -4.250
Constant 22 33.9 2.4 29.1 38.7

0.19 8.2
Training on OSH (yes) 14 -10.8* 3.8 -18.6 3.1
Constant 24 32.9 2.3 28.2 37.7

0.15 5.9
Safety Practice (yes) 12 -9.8* 4.0 -17.9 -1.6
Constant (No) 5 17.9 5.1 7.5 28.2

0.16 6.4
Prior employment in garage 31 13.8* 5.5 2.7 24.9
Constant 21 27.9 2.7 22.6 334

0.03 1.1
Addiction habits (yes) 15 4.2 3.9 -4.1 12.6

LB: lower bound; UB: upper bound; * significant at p<0.05; S.E: standard error
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5.6. Relationship of Associated factors to BLLs using multiple linear regression model

The selected independent variables which shown that the p-value <0.2 in simple linear regression
analysis and had fulfilled the regression assumptions were taken into multiple linear regression
analysis. In multiple linear regression analysis, daily working hours, service years (work
experience) and prior employment in garage had shown statistically significant association with
the blood lead level of exposed groups, however other predictors directly had not impact to
increase or decrease the blood lead level of the garage workers (P>0.05). Using a multiple linear
regression analysis, the blood lead level of the exposed groups was assessed and the general
model summary results were (R? = 0.856, Adjusted R? =0.798, F (10,25) =14.87, P<0.001).
Then, we can write the multiple linear regression model summary equation for significant

predictors on blood lead level:
e Y (BLLS)=-27.67+ 3.8, + 0.8B,+ 7.6p3

Where: Y= blood lead level; B1= Daily Working Hours, B,= service years; B3= prior employment
in garage. The daily working hours, Service years and prior employment in garage predictors
were positively associated with the blood lead levels and increased by one unit as the mean blood
lead levels among the garage workers were increased by 3.8 pg/dl ,0.8 pg/dl and 7.6 pg/dl with a
high significance difference (P< 0.05) respectively. However, the remaining predictors such as
the age, lead awareness, training on OSH, safety practice, use of PPE and other predictors were

not statistically significant (P>0.05) and had not direct impact on blood lead levels (Table 9).
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Table 9: Effect of predictors on blood lead levels using multiple linear regression analysis

among exposed groups in Addis Ababa, Ethiopia, 2023 (n=36)

Coefficient () SSE LBat95% Cl UB at95% CI

Variables

Constant -27.67 12.87 -54.18 -1.15
Age in years 0.31 0.25 -0.21 0.82
Daily Working Hours 3.8* 1.38 0.96 6.63
Service years 0.8* 0.33 0.11 1.48
PPE reported (yes) -4.17 2.9 -10.15 1.81
Lead awareness (yes) -0.47 2.96 -6.58 5.63
Exposure prevention methods (yes) -0.57 2.99 -6.74 5.59
Knowledge on lead hazards (yes) -4.26 2.87 -10.17 1.66
Training on OSH (yes) 2.67 3.021 -3.56 8.89
Safety Practice (yes) 0.04 2.876 -5.88 5.96
Prior employment in garage (yes) 7.6* 3.129 1.01 13.89

LB: lower bound; UB: upper bound; * significant at p<0.05; S.E: standard error
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6. Discussion

Regarding the socio-demographic factors, the majority of the participants in this study for both
exposed and unexposed groups were men, 59 (84.3%), with 11 (15.7%) female participants. This
indicated that 31 (86.1%) and 28 (82.4%) of the participants were male for the exposed and
unexposed groups, respectively. Most previously conducted studies had never examined the
blood lead levels of female workers in different work environments(50, 61-63). However, the
study conducted in Jimma, Ethiopia, on construction workers to assess the blood lead levels, the
majority of the study participants were females, with 60 (74.1%) for both exposed and
unexposed groups and 21 (25.9%) of male participants(e4). The possible reason for this disparity
was that most people might assume that the automotive garage works only for men, and the work
itself has a heavy workload. The mean age of exposed groups was 39.0+7.5 years, with a range
of 27-54 years. This indicated that the mean age of our study was much greater than that of the
study conducted in Lagos, Nigeria, where the mean age was 2911 years for automobile
mechanics, and the study conducted in Khyber, Pakistan, where the mean age was 32.0£10.3
years for automobile technicians(50, 65). In this study, 29 (80.6%) of the exposed groups were
married. However, in previous studies that were conducted in Lagos, Nigeria, there were 64.9%
and 66% of more single automobile mechanics and motor vehicles. (65, 66). With regard to
educational level, only 7 (19.4%) of the exposed groups had a diploma below; however, the
remaining had completed at least a diploma and above. Another study showed that in the
megacity of Lagos, Nigeria, the majority (62.2%) of automobile mechanics had completed
secondary education(65) .The possible explanation for this difference could be that the majority
of garage workers who are engaged in garage work at the Anbessa city bus service enterprise in

Ethiopia were employed based on their educational level.

With regard to occupational job positions, the majority of 15 (41.7%) of the exposed groups
were engaged in mechanical occupational job positions. Similar studies were conducted in Lagos
and Ibadan, Nigeria. 43% of the organized and roadside garage workers in Lagos and 68% of the
Ibadan garage workers were engaged in mechanics occupational job positions (54, 67). The
reason showed that for this study, the majority of the automotive work might be covered by

occupational job positions for mechanics. However, in the study conducted in Jimma, Ethiopia,
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on unskilled construction works, 13 (28.9%) of the painters were engaged in painters’ job

positions, as compared to 4 (11.1%) in the current study(64).

Regarding the addiction habits between exposed and unexposed groups, the majority of both
exposed and unexposed groups were not dependable on any addiction habits in the workplace;
however, 15 (41.7%) of exposed and 5 (14.7%) of unexposed groups were dependable on
addiction habits such as drinking alcohol or smoking cigarettes. This results differed from the
study conducted in Jimma, Ethiopia, on unskilled construction workers, alcohol consumers
(20%), and daily 2 (5.2%) and occasional 5 (13.5%) cigarette smokers in a megacity in Lagos,
Nigeria (64, 65). The possible explanation for this disparity might be due to the difference in
sample size, poor knowledge and workload. With regard to lead awareness, 14 (38.9%) of
exposed groups were not aware of lead exposure. This finding is similar to the study conducted
in Lagos, Nigeria, on automobile technicians (38%) who were not aware of lead exposure but
less than 89.2% who had not heard about lead exposure that was conducted in Megacity, Nigeria,
on automobile mechanics (54, 65). The implication of lead exposure among garage workers
might not be an immediate incident, and each garage worker did not think about the long-term
effects of lead exposure. More of the exposed groups and the comparative groups had poor
behavioral characteristics and utilization of PPE to prevent themselves from the entry of lead
exposure to their organs. For example, half of the exposed groups and the comparative groups
did not use any personal protective equipment (PPE) and did not apply the safety practices or
training on OSH in the workplace as they were reported. A similar study showed that in
Megacity, Lagos, Nigeria, the majority of automobile mechanics did not use safety practices or
PPE(65). The reason implied that the availability of PPE by the enterprise might be late or that

there might be less awareness or discomfort about safety practices during work activity

Following the increasing and expanding automotive garage workshops in Ethiopia. A few
occupationally related blood lead level studies were carried out previously in Jimma town and
Harar, Ethiopia, on automotive garage workers (59, 68). However, the blood lead level of the
Anbessa City Bus Service Enterprise garage workers in Addis Ababa, Ethiopia, has not been
studied previously. The results obtained in this study have shown that the mean blood lead level
(29.7£12.2) ug/dl of exposed groups was higher than the mean blood lead level (14.8+£9.9) ug/dl

of unexposed groups, with a statistically significant difference (P<0.001). This finding is below
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the study conducted in Khyber, Pakistan, on automobile technicians, the study conducted in
Nearby Addis Ababa-Adama Highway on Childbearing women, and above the study conducted
in Jimma, Ethiopia, on automotive garage workers with blood lead levels for both exposed and
unexposed groups (65.3 + 41.9) pg/dl and (21.7+17.6) pg/dl (P<0.001), (34.32 + 6.39) pg/dl and
(8.47 + 3.01) pg/dl (P<0.001) and (19.7 + 4.46) pg/dl and (10.73+2.22) ug/dl (P<0.05)
respectively (35, 50, 69). The plausible explanation for this difference could be due to differences
in sample size, working hours, duration of workload, poor knowledge, a lack of occupational
safety training and prior employment in the garage sites, how they protect themselves from lead
exposure, and the nature of the working environment in which they accomplish day-to-day

occupational tasks compared to the general population.

Regarding WHO and other agencies blood lead level standards, the findings indicated that 8
(22.2%) of exposed groups blood lead levels exceeded the maximum recommended blood lead
level limit (40 pg/dl) of WHO, while unexposed groups did not meet the maximum
recommended blood lead levels set by the World Health Organization(z70). WHO recommended
that a health-based maximum individual biological action level be 40 pg/dl for male workers and
30 pg/dl for female workers. However, 34 (94.4%) of exposed and 23 (67.6%) of unexposed
groups of BLLs were above the general population's BLLs recommendation limit (10 pg/dl),
which was set by the WHO and the Centers for Disease Control and Prevention (CDC)(70, 71).
According to OSHA and other agency standards, 26 (72.2%) of exposed and 23 (67.6%) of
unexposed groups were found in acceptable ranges, whereas 2 (5.1%) of exposed and 13
(17.8%) of unexposed groups were also found in a normal range (72, 73). This indicated that
OSHA and other agencies categorized the blood lead levels of adult workers in three stages: <10
po/dl, 10-40 pg/dl and >40 pg/dl for normal, acceptable, and dangerous stage categories
respectively (72, 74). However, the current OSHA maximum recommended blood lead level
limit is 40 po/dl (75). Comparing with the National Institute for Occupational Safety and Health
(NIOSH) standards, 57 (81.4%) of all exposed and unexposed groups of blood lead levels
exceeded the recommended standard blood lead level (5 pg/dl) (31, 32, 76). However, the
average blood lead levels (29.7+12.2) pg/dl of exposed and (14.8+9.9) ug/dl of unexposed
groups were less than the OSHA (40 pg/dl), the European Union Scientific Committee on
Occupational Exposure (30 pg/dl), the American Conference of Governmental Industrial

Hygienists (30 ug/dl), and the WHO (40 pg/dl) recommended blood lead level limits (70, 77).
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This indication has shown that in Ethiopia, there are no well-known blood lead level standard limits for
occupational workers since Ethiopia follows simply the WHO and ILO occupational and safety
guidelines. In our study, statistical significance was not found between the occupational job
positions of the exposed groups. A similar study conducted in Khyber, Pakistan, and in Jimma,
Ethiopia, did not find a statistically significant difference in the occupational job positions of
painters, mechanics, electricians, and welders.(50, 64). The possible explanation is that most
automotive garage workers who are engaged in different occupational job positions affected with

homogeneous lead exposure.

The multiple linear regression analysis showed that blood lead level (a dependent variable) was
related to independent variables (daily working hours, service years, and prior employment in the
garage). The results showed a statistically significant (P<0.001) relationship among the exposed
groups with 79.8% of all combined significant independent variables on the blood lead level.
Hence, regarding working time, the daily working hour factor showed that there was a significant
association (P<0.05) with blood lead levels and increased by one unit as the mean blood lead
levels among the garage workers increased by 3.8 pg/dl. A similar study reported that in Lagos,
Nigeria, the level of operation time was associated and significant with the increasing blood lead
level among the automobile mechanics(78). In the same way, the studies that were conducted in
Jimma, Ethiopia, and Iran found that the blood lead level had a direct relationship with daily
working hours (79, 80). It could be explained that the long daily working hours are an important
factor to occupational lead exposure. As a result, workers who have been working in garages for
long periods of time might be affected by acute and chronic health risks. For this study, the
duration of work in years (service years) was also found to be an important factor in increasing
the blood lead level among exposed groups. This indicated that the service years of exposed
groups had positive relationships with blood lead levels. Hence, as the service years increased by
one unit, the mean blood lead level of the workers also increased by 0.8 pg/dl. A similar study
showed that in Lagos, Nigeria, Harar, and Jimma, Ethiopia, automotive workers with long
service years had adverse health effects on lead exposure (59, 65, 68).However, in other studies
conducted in Addis Ababa-Adama Highway, Ethiopia and Iran, the job experience with blood
lead levels showed that lack of direct significant relationships (69, 81, 82). This difference might
be due to that in sample size, workload, improper safety measures and not taking training among

the workers. The other significant variable that affected the blood lead level was prior
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employment at garage sites. This predictor was highly associated and increased by one unit as
the mean blood lead level was increased by 7.6 ug/dl. Several studies have shown that prior
employment in garage sites of workers is usually directly affected by blood lead levels compared
and the nature of the working environment could be contaminated with a high level of exposure
to different chemical agents, especially heavy metals. As a result, most garage workers in
devolving counties are currently exposed to lead and have experienced short- and long-term

adverse health effects on their organs.
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7. Conclusion
e Garage workers had higher significant blood lead levels as compared to the non-garage
workers
e Significant number 8 (22.2%) of exposed workers blood lead levels exceeded the WHO
and OSHA recommended blood lead level limit (40 pg/dl).
e Service years, daily working hours, and prior employment at garage sites had a
statistically significant association on blood lead level among garage workers.
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8. Strengths and Limitations
Strengths:

e The blood lead level was measured with the modern MP-AES instrument.
e The study compared two groups: garage workers and non-garage workers. This study
helped to account for the fact that garage workers were more exposed to lead exposure

than non-garage workers in Anbessa City Bus Service Enterprise
Limitation:

e Lack of previous similar studies in Ethiopia to compare this study.

e The study was conducted on small sample size because of resource constraints
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9. Recommendation

Depending upon the findings of the study, the following recommendations were forwarded to the

enterprise, workers, government, and researchers:

1.

The Enterprise:

e is recommended to establish hazard prevention and control strategies (OSH training,
adequate PPE, personal and work-place hygiene).

e is recommended to implement regular checkups to measure the elevation of blood
lead levels among the workers.

e Should minimize the long duration of hours to avoid the inhalation of lead dust.

The workers:

e Should take self-responsibility to apply exposure prevention methods and try to
exercise the hygiene practice to reduce the presence of lead exposures

The government and other concerned bodies

e are recommended to prepare and implement a full biological monitoring guideline for
heavy metals exposures reduction with partners.

e Should establish health education and promote awareness for the adverse health
effects of lead to the workers using the media.

For further Research Studies:

e Nationally, longitudinal studies should conduct by the Ministry of Labor and Social
Affairs and universities and institutions to show the full image of lead exposure
among garage workers and other lead hazards areas by increasing the sample sizes.

e Other studies are recommended on lead levels from dust, urine, and hair
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Annex
. Questionnaire (English Version)

This questionnaire helps the investigator to assess the risk factors of occupational exposure to

lead. Hence, respondents please help me by filling out the questionnaire correctly

PARTICIPANTS ID NO.---memmemmmemmeemmeemmeemmeemcan

Name of the Enterprise: Garage Location:

Residence area of the respondents:

1. Living City- e -

2. SUD-City: -===-==mommmmmem e eeee

3. Woreda: ------------m-mmm oo
4. Kebele: -----m-m-mommmmmm e
5. Phone No.--- e

Section A: Background of Information

No. | Variables Responses Codes
1 Sex Male (1)
Female (2)

2 18-25 1)
Age of Respondents (in years) and You can | 26-35 2
Specify--------- 36-45 3

>45 (@)

3 Marital Status Single @
Married (2)

4 Level of Education Below Diploma (1)
Diploma (2

Degree 3

Above degree 4

5 What is your average monthly salary from this | <3000 Q)
enterprise? 3000-6000 (2
6000-9000 3)
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>9000

(4)

Section B: Occupational Health and Safety Assessment

6 What are your current specific occupational jobs | Mechanics Q)

you are engaged in workplace? Electricians 2

Welders 3

Painters 4

7 1-5. (1)

How long have you been worked in office (in 5-10 @)

e 10-15 3)

>15 (4)

8 <8hrs (1)

How many hours do you work per day in your | for 8hrs 2

assigned tasks? -------------------- 8-10hrs (3)

>10hrs 4)

9 Do you wuse proper personal protective | Yes 1)

equipment? No @)

10 If yes for question no.9, What kind of personal | Hand gloves (@)

protective devices do you use? Eye goggles @)

Face mask/ Mouth mask (3)

Safety shoes )

Apron (5)

All (6)

11 | Are you aware of lead exposure as a hazard in | Yes (1)

your work? No @)

12 | What do you do to reduce your lead exposure in | Washing hands before eating (¢D)]

work place? Changing cloths and Taking |  (2)
shower after the completion

of tasks 3)

Taking training regularly 4)

Not used prevention methods
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13 | Have you ever checked your blood lead levels? | yes D
No (2)

14 If yes for question no.13, How often do you | Every six months (1)
check your blood lead level? Every year @)

15 | What kinds of bad habits do you have used | Smoke cigarette Q)
without aware in work place? Drink alcohol @

Chat Chewing 3

No bad habits 4

16 | Do you have aware of potential chemicals | Yes (1)
hazards stored or used in workplace? No @)

17 | Have you taken occupational exposure training | Yes (@)
in the workplace? No @)

18 | Do you follow the occupational health and | Yes (1)
safety rules and regulations in workplace? No @)

19 | Are you engaged in automotive garage | Yes (@)
workshop activities previously? No @)

Great thank you for your participation
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1. Information Sheet (English Version)
Hello dear brother or sister!

My name is Merihatsidik Tesema. | am a Master of Public Health (MPH) student in the
environmental and occupational health specialty program at Addis Ababa University, College of
Health Sciences, School of Public Health, in Addis Ababa, Ethiopia. Currently, | am conducting
my research in partial fulfillment of the Master's degree. Hence, you are invited to participate

and give your blood sample voluntarily in this study.

Title of the study: Assessment of Occupational Exposure to Lead among Anbessa-Sheger City
Bus Garage Workers in Addis Ababa, Ethiopia: A Comparative Cross-Sectional Study

Background of the study: From small to large automotive garage areas around the world, most
garage workers are exposed to chemical exposures, especially heavy metals. At the same time, in
our country, Ethiopia, workers who are mostly engaged on automotive garage sites are affected
by chemical exposures. One of the most unusable chemical exposures that occurred in the
automotive garage area is lead. Lead is an occupationally toxic metal that affects human health
easily by entering workers' bodies through inhalation, ingestion, and skin contact. All ingestion
or inhalation of lead particle can cause and affect reproductive health, memory impairment,
kidney, intestinal, and lung cancer failure, central nervous system disorders, anemia,
hypertension, and other conditions. As a result, the best way to identify workers with lead
exposure in the workplace around the world is to test their blood lead level on a regular basis;
however, in our country, Ethiopia, most workers do not test how much lead accumulates in their
body organs. To identify how many workers are exposed or not exposed to lead exposure, 4-5 ml
of blood will need to be collected from each participant in order to measure the blood lead level.
In addition, each participant will answer self-administered structured interview questionnaires
that contain demographic information about the participants, lead exposure factors, and health

and safety awareness.

Objective of the Study: The objective of this study is to assess the blood lead concentration of
the Anbessa City Bus Service Enterprise garage workers and exposure factors in Addis Ababa,

Ethiopia.
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Benefits of the study: If your blood lead level is high and outside the acceptable range during
testing, you will be advised to take proper measurements (if you are voluntarily participating).
The study's findings will be disseminated to your employer, enterprise, and other relevant bodies
in accordance with their mandate for ensuring worker safety and health.

Risk of the study: Some participants may feel discomfort for a short time when blood is taken
from their arms, but it is not a continuous feeling and is carefully manageable with trained
medical laboratory professionals for the prevention of bleeding. Usually, you will think more and

more about the benefits of studying than about the risk, and you can consider it an opportunity.

Rights of Participants: All participants will take part in this study voluntarily, which means that
no one has the right to be forced to give blood samples. If the respondent is not voluntarily

participating, he or she will have the option to continue or refuse participation at any time

Confidentiality and privacy protection: All information that is collected from the employer
and respondents for this study should be confidential and coded as being honest. Participants’

names are not considered a requirement for this study. The data will be secured and stored

Dissemination of the study report: The final findings of this study will be presented at Addis
Ababa University School of Public Health in front of audiences. The study will also be presented
as a seminar and conference discussions. Finally, the results will be given to Anbessa City Bus
Service Enterprise, and then the study will be published in a peer-reviewed journal that will be

accessible around the world for the scientific societies to use as a reference for further study

Contact Address: If you have any questions or suggestions for further clarification to you, you

can contact the investigator directly or indirectly through phone number, email or in face to face.

Name of Investigator: Merihatsidik Tesema
Address of investigator: Addis Ababa, Ethiopia
Mobile: 0923283249
Email: tmerihatsidik@gmail.com
Name of Institute: Addis Ababa University, School of public health
Advisors E-mail:aberakumie2@yahoo.com; mobile 0911882912

Name of Advisor: Professor Abera Kumie

56


mailto:aberakumie2@yahoo.com

1. Information Sheet (Amharic version)
AATe -2 MY & /AUt

NTR CAREP +ATY ANAAL= NAKN ANN RLACAT ®-ND NTITO PMT ALTN hAE NUNZLHAN
M FIPUCT A&A PANNMN AT P4 MS NTAAL TCIET PMIN+CN 84 +99¢ 7%= NALF (ST
ACAN PANAM. NTNA NAG NF NAGHETF AR PARLANNFAMY +8F AGRL+A AT ATIDP oL
APNYEN AIGAU= NAHU AChP NHU A9+ o-Nn A18A+4 AT PRIR Ta™gPIgD K LAY
ATRAM +INHPA:

PGk CON: NASN ANNT AFPEL @AM NALTTM. NAINA AT NAIC P9 AD-RNN IETH NtETF
AL PADT PAE PP +IAGTF AT +PPH TPRTLPTT MMGT AT apdRCaR(::

PGk YA AAN: NAAT HP NFTR AN F4% NI PAONG J4H NFPF ANHEPE 4.5
Ne+EF ARTNA ALIPTF NTALTE ANNE PN NEFF 2IAMA: NATECTT AFERPID N+ARANL
U3 NANHE D NAG-FR+N J6H ALFTF AL P+AM4 AL+ETF AR NA +JAIFFO NE+E M.
NALITR NI&H ANNN NThA+Y AT NMI® haemeae Phaihd ALYt AT8. ( Lead) ACAN Yy
ACAN NAR+34 N INARMMT LT IeH mAD NAPNAT AT N$S Thh, ML N&+Em- PN AhA
Na@aNt NPALX NAD MT AL +8%F PARPRCA APCHM haghd y@:UAg® PACAN $TIMFT ML
LTy NARNF: PNY +PAL MG NCHTTE PAINFDA HIMATE PAA Y M-8 FYE PATET AT PATN
NIACTT PAIONAP PICA ACYHF APHNFYT PLID ARIAT T PRIR 9Lt Y MH+ NMIAN+A PAM. AS
NPPH ULM+T APM AT PAJ ®4G APUT 2754 NHAL ACAN ATRNA NTLhA P+IAM. NE+EF AHU
NAF +IAGe TF@:NAPIIR NAATR AR NACAN P+tIAM. A&t+EFT NN NF NPLHM- NaRdRCaDC
Neg® m-Np PAMT PACAN @M NARAPT +INM7T AFFA AP+LLT AUT 11C 917 NUILTT ATHE4P
ANHE @~ Adt+g N2A™ MmAM 97 PUA PACAN WPF+ ATLMNIYTF ARADZIRCIR: AALITR ACAN
NMNA@, A°CHIY haahd 927 PUA AG+HETF ATRHIAM BLI® AT8A+IAM ATPAPY AT8/8
NALY8TS +AFL N 4-5 WA ATC BI° PALAIA:NTERTILICIAL TR TR +AFL ARCAN AAJAM-
PAFA PN LFFITD ANC ARFIC BFAA:

PRTE GAM: PHU DT PT AATY NARN ANN ATEEL @ND NATNA AT NAIC Ph+Td A@-FNN
JEH Net@F AR ACAN PARNAM PhahA ALY NEMFM MAMD NALINM NAL TPFETY a97 J7m
AT +LPH PRI P MDP M.
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PHU MGt PT mPF: NI°CL OPT PLIOP 28 h& PA NPT AT NTLAIR NAL NP
FANAGD7 ahARP ACTPEPTFT ATLMNS. £A°hsA MLIT® NLPLAIF AR P+aARAL+ PURIRS
ATTA AT1RARCTH N AT AUAT MLAEC A UidPF ATMFETNF AIMT, 2L MCADFA I
PG+ PARRCA Mt PAGHETT LU AT MT ACPMNP N+AMTFD- NAMT ALt ARNLP AT
ATEANFFO AIC ECEFT BAGRA

PGk +RF/NIT: L0 NAE ADAE NAISE +AFLPT AL AheeC 1H PARSL IOF+ ARATPHT
24 UGA 11C 17 L9° AT PBAPF NAAME PANTRT ANLSL NAT™PPTF AU BI° AMALAPT
NCAP AL 9°%9° 9yt PIUCR 18% ATRMPCAPNT ALINPAPT ADSAULE NH@-T 1H LI9°
RCNPE TAN PANPTE NADGTHE mPIR ATE AA +POH 8% ATLAAD TS AANPF

PHAFLPT NTF: AR +AFLPT NHU DTF O-ND NLPLLT1F 2A+4A TAT TI9° Ad-
PATNFE M, 4L PLID Ta™G AY{NM PAINTLE APNF PAM-I° MAT 1@ i+ FLPF TATI® Alv/0,
NEL LA NALT NN+$C NHU DFTF AR NTIIFD-I° 1H, RA+E DL TIT° AATA+E SFAN:

AMERIFT AT PAARTT DNP: AHU DTF NANZ AT AR AMPT PAANNAND- L5 Ui
MAMGR AT FMF AP hE LPHA: PHAFLPT N9° Ba9e AHU MGt AL N Ct UF
AL®MCIP: P+HANAND. a°28 P $a MM, NTAMLC BT NADTM, N F 10

PH1TMY ®FF MALMFPHY DT PRmA @Mt NARA ANN RLACAL PUNZTAN MS
FPRUCT NF N F8APTF NANT LPCNA=MGTHID NMIINFP AT MYINFP NAUE SCEFT
ATTCT AT NILLINT ADLRT CNA: NAREZAT PG+ PMRMm/A MMt ARINA Ph+ag
AOFMHN ATHCTEEH B116FPA NHEPTS NAF 192199 £LTA AL FF° ANLINR TN+
NAD-FR4A ILH WotET AR APME MGF PN, UF A18 LIATA RLLIA:

DGk PAMTD. AT CAREP +NT ANN
PADAM AL4N: ABN ANNTATELP
hAh €m(:0923283249
email: tmerihatsidik@gmail.com
MGk P NNt ATNETeT N9 ALN ANN RLACA L PUNZ+TNAN MT FUCTH NT
Advisors E-mail:aberakumie2@yahoo.com; mobile 091188291

Name of Advisor: Professor Abera Kumie
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IV.  Informed consent (English Version)

| have read and accept this information based on all of the above-written words and meaning-
filled sentences to test my health status on occupational lead exposure, | am interested to provide
my blood sample for this study without any outside pressure. Hence, | would like to declare
voluntarily by putting my signature on two copies of this informed consent form, returning one

copy to the investigator, and keeping the other with me as a document.

Investigator: Participants:
Name: Name:

Sign: Sign:

Date: Date:

For Investigator use

Name of data collector: Sign:

Date of sample collection: Time started: Time completed:

Result of Respondents in data collection:

Completed
Partially completed
Refused

Not available to respond

oo wp

Checked By

SUPErVISOI NAME...ciiiiieiiiiinriiiinricisnsrcsennscosennces Signature............ Date.............

Great thank you for voluntarily participation on this study!!!
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V. Informed Consent (Ambharic version)

At NHU NN NF ACAN ATRNAD, RNA aRIAD AR PATT PMT U337 ATRE+N AT ATIDS AL
N+MeAt AR PEUE PAT AT a4 A&+ 1ICF AL NTRIN NTINN +LEFALT NAHY o192
ARTF P@-6be +RF ARLLANT NHU MTH AL PLI® §a™GR7T ACAMT &AYE AAT=NALIT® LCTRT
NHU NARLE N+LR14 PLLE P& AL NUAT $EPT AL NLPLATT NMNPMH AT RTS8 5 ML
+agamsm,  NaRaeAN AT $E 29192 hAt J NP hHY NFF NAQ. £CP

Al I IMAU:

+an/.a9/m,: m AN e (+NFL):
hoge: noge:

&CM: 4&CM:

$%: $%:

NHY 5T AL NLPLLATF NA+ATS NMI° AT A9TATIN
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VI. Laboratory Results of blood lead levels for each exposed and unexposed group
Lab. results for exposed groups
S.N BLL Sex Age Occupational Work experience | Codes of the
(ng/dl) (in Years) Job position (in Years) Participants

1 30.00 Male 43.00 Mechanics 16.00 GM-01
2 25.00 Female 36.00 Mechanics 12.00 GM-02
3 52.50 Male 49.00 Mechanics 25.00 GM-03
4 45.00 Male 45.00 Mechanics 15.00 GM-04
5 22.50 Female 36.00 Mechanics 10.00 GM-05
6 10.00 Female 31.00 Mechanics 7.00 GM-06
7 25.00 Male 37.00 Electrician 6.00 GE-07
8 17.50 Male 27.00 Welder 7.00 GW-08
9 12.50 Male 35.00 Welder 9.00 GW-09
10 20.00 Male 38.00 Welder 6.00 GW-10
11 27.50 Male 45.00 Painter 16.00 GP-11
12 27.50 Male 40.00 Mechanics 14.00 JM-12
13 27.50 Male 30.00 Mechanics 5.00 JM-13
14 32.50 Male 45.00 Mechanics 14.00 JM-14
15 41.00 Male 47.00 Electrician 16.00 JE-15
16 6.00 Male 30.00 Welder 5.00 JW-16
17 25.00 Male 30.00 Welder 7.00 JW-17
18 27.50 Male 31.00 Welder 6.00 JW-18
19 32.50 Male 48.00 Painter 18.00 JP-19
20 35.00 Female 45.00 Mechanics 17.00 KM-20
21 37.50 Male 44.00 Mechanics 14.00 KM-21
22 27.50 Female 30.00 Mechanics 10.00 KM-22
23 35.00 Male 46.00 Electrician 16.00 KE-23
24 50.00 Male 41.00 Electrician 21.00 KE-24
25 22.50 Male 31.00 Electrician 11.00 KE-25
26 25.00 Male 35.00 Welder 12.00 KW-26
27 30.00 Male 49.00 Welder 17.00 KW-27
28 35.00 Male 42.00 Painter 14.00 KP-28
29 47.00 Male 47.00 Painter 18.00 KP-29
30 50.00 Male 54.00 Mechanics 18.00 SM-30
31 13.25 Male 29.00 Mechanics 7.00 SM-31
32 22.50 Male 30.00 Mechanics 7.00 SM-32
33 47.50 Male 45.00 Electrician 14.00 SE-33
34 7.50 Male 29.00 Electrician 7.00 SE-34
35 35.00 Male 44.00 Welder 22.00 SW-35
36 42.50 Male 40.00 Welder 20.00 SW-36
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Lab. results for unexposed groups

S. | BLL Sex Age Work Codes of the
N (ng/dl) (In years Occupational Job experience | Participants
position (in Years)
1 23.00 Male | 49.00 Supportive Staffs 19.00 WO -01
2 BDL Male | 38.00 Supportive Staffs 10.00 WO-02
3 32.50 Male | 49.00 Supportive Staffs 20.00 WO-03
4 17.50 Male 39.00 Health Professional | 16.00 WO-04
5 15.00 Male 45.00 Health Professional | 13.00 WO-05
6 BDL Male 39.00 Health Professional | 8.00 WO-06
7 3.00 Male | 28.00 Supportive Staffs 6.00 WO-07
8 BDL Female | 35.00 Supportive Staffs 5.00 WO-08
9 22.50 Female | 43.00 Supportive Staffs 10.00 WO-09
10 | 17.00 Female | 42.00 Supportive Staffs 13.00 WO-10
11 | 5.00 Female | 44.00 Supportive Staffs 11.00 WO-11
12 | 7.50 Male 29.00 Health Professional | 6.00 WO-12
13 | 5.00 Male 28.00 Health Professional | 8.00 WO-13
14 | 15.00 Male | 39.00 Supportive Staffs 9.00 WO-14
15 | 30.00 Male 45.00 Health Professional | 16.00 WO-15
16 | 20.00 Male 34.00 Health Professional | 8.00 WO-16
17 | 28.00 Male 38.00 Health Professional | 16.00 WO-17
18 | 15.00 Male 40.00 Health Professional | 13.00 WO-18
19 |10.00 Male 38.00 Health Professional | 6.00 WO-19
20 | 10.00 Male 37.00 Health Professional | 10.00 WO-20
21 | 13.00 Female | 40.00 Supportive Staffs 11.00 WO-21
22 | 25.00 Male 36.00 Health Professional | 9.00 WO-22
23 | 17.50 Female | 46.00 Health Professional | 15.00 WO-23
24 | 18.00 Male | 46.00 Supportive Staffs 17.00 WO-24
25 |30.00 Male 37.00 Health Professional | 18.00 WO-25
26 | 25.00 Male 35.00 Health Professional | 14.00 WO-26
27 |8.00 Male 33.00 Health Professional | 13.00 WO-27
28 | 23.00 Male 43.00 Health Professional | 15.00 WO-28
29 |18.00 Male 30.00 Health Professional | 6.00 WO-29
30 |13.00 Male 31.00 Health Professional | 17.00 WO-30
31 |5.00 Male 32.00 Health Professional | 13.00 WO-31
32 |3.00 Male 30.00 Health Professional | 5.00 WO-32
33 | BDL Male 29.00 Health Professional | 8.00 WO-33
34 | 30.00 Male 43.00 Health Professional | 17.00 WO0-34
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Photographic Images for lead analysis

Study area at Shegole garage site Sample collection at kality garage site

Sample collection at Gerji garage site Sample collection at Shegole garage
esite
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Laboratory equipment Arrangement

Sample preparation and digestion

Samples ready for MP-AES reading



1000 mg/L lead standard solution Clear sample solutions after digestion

The Jemo/Mekanissa garage site workshop
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MP-AES instrument of the EPHI Laboratory

MP-AES instrument of FDA Laboratory

66



Declaration

I, the undersigned declare that this thesis is my original work in partial fulfililment of the
requirement for the degree of Masters of Public health in Environmental and Occupational
Health specialty. | also declare that it has never been presented in this or any other University

and that all resources and materials used in the thesis have been duly acknowledged.

Name of the student: Merihatsidik Tesema
Signature: ------------------- Date: ----=-=-smnmmeaeens

Name of the Institute to be summited the thesis: Addis Ababa University, School of Public Health

This thesis has been submitted for examination with my approval as University Advisors
Name of principal advisor: Abera Kumie (PhD.)

Signature: ------------------ Date: ----------------------

Name of Co-advisor: Samson Wakuma (PhD.)

Signature; ---------=-=-=--=-mm-m-- Date:-------------

67



