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Abstract

Background: Lead exposure is a major occupational hazard in the automotive industry, where
workers routinely handle lead-containing materials. Chronic kidney disease is a serious health
risk associated with lead exposure.

Objective: This study aimed to assess the blood lead levels and renal function test parameters

of garage workers in Addis Ababa, Ethiopia.

Method: A comparative cross-sectional study involving 120 exposed garage workers and 110
non-exposed water bottling factory workers. Data collection included questionnaires, blood
samples, body mass index (BMI), and blood pressure measurements. Blood analyses
determined blood lead level and renal function parameters. Data analysis was performed using
SPSS version 26 software. The Mann-Whitney U test and the Kruskal-Wallis test was used to
assess differences in blood lead levels and renal function parameters between groups. In
addition, a generalized linear regression model was employed to examine the association
between the glomerular filtration rate and independent variables. The significance level was

set at (P < 0.05).

Result: The median blood lead level of garage workers (11.98 pg/dL) (IQR) = 5.78ug/dL —
21.54ug/dL) was significantly higher than water bottling factory workers (6.87 pg/dL) (IQR =
4.17ug/dL— 10.13 ug/dL) (p < 0.001). Workers in mechanic and welding departments have
higher blood lead levels than the comparison group. Creatinine levels were statistically higher
in garage workers compared to the comparison group (p<0.030). In addition, the estimated
glomerular filtration rate was significantly lower among garage workers (P<0.001). However,
there were no significant differences in blood urea nitrogen (BUN) between garage workers
and water-bottling factory workers. Diastolic blood pressure, older age, and higher body mass

index were associated with the estimated glomerular filtration rate.

Conclusion: Garage workers had significantly higher blood lead levels, indicating possible
occupational exposure to garage workers compared to water bottling workers. In addition,
serum creatinine was significantly higher among garage workers. So, preventive methods

should be implemented to reduce lead exposure in garage workshops.

Keywords: Garage workers, lead exposure, blood lead level, glomerular filtration rate.



1. Introduction

1.1. Background

Heavy metals pose significant risks to human health, with exposure heightened due to industrial
and anthropogenic activities, as well as modern industrialization (1). Lead stands out as the
predominant heavy metal of concern in industrial environments, particularly within garage
workshops (2). Lead has no beneficial role within the human body, and its presence can
potentially result in harmful and toxic effects; in addition, it is a toxic heavy metal that is known
to accumulate in the body over time, particularly in bones, blood, and soft tissues and (3) it has

no safe threshold limit value (4).

Lead is classified by the World Health Organization as one of the top ten chemicals of public
health concern (5). In addition, it is a known risk factor for non-communicable diseases,
affecting the peripheral and central nervous systems, renal function, hepatic, hematopoietic,

and reproductive systems (6).

The Occupational Safety and Health Administration (OSHA), part of the United States
Department of Labor, categorizes blood lead levels (Pb) in adult workers as follows: levels
below 10 pg/dL are considered normal or unexposed, levels between 10 and 40 pg/dL are
deemed acceptable for long-term exposure with a recommendation for retesting in 6 months,
and levels exceeding 40 pg/dL are viewed as dangerous, warranting medical removal and
retesting within one month until levels fall below 40 pg/dL (7).Lead, as a heavy metal, is
ubiquitous and has special characteristics such as resistance to corrosion and low melting point,
which have made it widely used in industries (6). Among these industries, lead has been
commonly used in automobile repair. In addition, due to its non-biodegradable nature and

continuous use, its concentration accumulates in the environment with increasing hazards.

Lead may enter the human body through food, water, air, or absorption through the skin when
exposed to humans in industrial settings. Exposure to Lead has been identified to cause
detrimental impacts on various bodily systems, including the nervous system, heme
biosynthesis, kidneys, reproductive system, liver, hearing, endocrine system, gastrointestinal
tract, blood pressure regulation, and cardiovascular health among individuals exposed to it in

occupational settings (8).

The kidney stands as a primary target organ for lead toxicity due to its unique ability to reabsorb

and concentrate divalent ions and metals (9). Lead is a nephrotoxin and can cause chronic



kidney disease (10). A renal function test is a medical examination, and laboratory tests are
performed to assess the overall functioning of the kidneys. Urea and creatinine are commonly
used biomarkers to evaluate renal function (11, 12). Therefore, this study aimed to assess blood

lead levels and renal function test parameters among garage workers.

1.2. Statement of the Problem

Globally, workers' safety and protection have been a significant concern for workers,
employers, and society (13). In low- and middle-income countries, there is a data limitation,
particularly concerning exposure (14). Similarly, in Ethiopia, occupational health and safety
were not well addressed as there are limited studies on exposure assessment and the effect on

workers' well-being (15).

Lead exposure causes a significant burden of disease. The World Health Organization's (WHO)
latest data estimates that more than 2 million deaths globally were attributed to chemical
exposures in 2019. Nearly half of these were attributed to lead exposure. Additionally, lead
exposure was estimated to account for 21.7 million years lost to disability (disability-adjusted
life years, or DALY's). 98% of adults affected by lead live in low- and middle-income countries
(16). worldwide in 2019, 3.0% of the global burden of chronic kidney diseases is attributable

to lead exposure (16).

Garage workshops are a major contributor to lead exposure (17, 18). Several studies suggest
that blood lead levels were higher among garage workers compared with other non-garage
groups (19-22). Individuals exposed to low lead levels are asymptomatic. The kidney is the
major route of lead excretion. Lead exposure can result in impairment of proximal tubular
function, manifested by decreased estimated glomerular filtration rate, impaired tubular
transport, and histopathological damage (23). Some studies suggest that renal biomarkers, such
as urea and creatinine, are higher in garage workers than in the comparison group. However,
there is controversy, as other studies have found no difference in renal biomarkers between

exposed and non-exposed groups (24).

Although many large and small industries in Ethiopia use lead-based raw materials that could
be harmful to workers' health, there are no workplace regulations for lead exposure. Many
people who work for various manufacturing or service-oriented companies, such as those who
make batteries, working in gas stations, workers who fix radiators, solders of lead products,
and welders, are employed in jobs that gradually expose them to health risks from lead exposure

without realizing what materials they are handling (19). Reductions in the use of lead in petrol



(gasoline), paint, plumbing, and solder have resulted in substantial reductions in blood lead
concentrations in developed countries. However, a variety of sources of exposure to lead remain,
particularly in low- and middle-income countries. Further efforts are required to continue to reduce

the use of lead-based materials (25).

In Addis Ababa, studies on lead exposure among automobile workers are limited. To our
knowledge, only two studies have been conducted among garage workers. The first study,
conducted 14 years ago, examined lead exposure and its effect on renal function indices among
lead acid repairing units of city bus enterprises. However, it was limited to lead acid repairing
units, excluding workers responsible for other tasks in the garage (26). The second study
focused solely on assessing lead exposure without investigating its impact on renal function.
Therefore, this study aims to address these gaps by examining blood lead level and renal

function test parameters in garage workers.

1.3. Rationale and significance of the study

Rationale of the study

The health and well-being of workers in various occupational settings are of paramount
importance, particularly in industries where exposure to potentially hazardous substances and
working conditions is common. Lead toxicity is a significant public health issue with far-
reaching consequences, particularly in developing countries where regulatory oversight may

be inadequate.

Garage workers are exposed to a lot of dangerous substances daily, including lead-containing
materials such as paints, batteries, and gasoline. The Lack of adequate protective measures in
these workplaces raises concerns about the potential health risks faced by workers, particularly

in relation to lead exposure and its adverse effects on renal function.

Despite the known hazards associated with lead exposure, there is a shortage of research
explicitly focusing on garage workers in Addis Ababa, Ethiopia. Given the rapid urbanization
and industrialization in Addis Ababa, there is a pressing need to assess the magnitude of lead
exposure among garage workers and its potential impact on the function of kidney. This study
aims to evaluate the blood lead level and renal function parameters of garage workers in Addis

Ababa, Ethiopia.



Significance of the study

This study aims to establish a baseline understanding of garage workers' potential exposure to
lead and its effect on renal function. By targeting this specific and underexplored population,
it will contribute valuable insights to the scientific community. Furthermore, it will serve as a
guide for concerned bodies such as the Ministry of Health and Ministry of Labor and Skill in
formulating policies for exposure assessment and implementing safety training programs for

workers.

Ultimately, through the dissemination of awareness and the promotion of preventive measures,
this research endeavor seeks to reduce the burden of lead exposure and enhance the overall

occupational health outcomes for garage workers.

The outcomes of this study hold the potential to inform the development and execution of
tailored interventions and occupational health policies. These measures would be aimed at
mitigating the risks of lead exposure and safeguarding the health and well-being of garage

workers.



2. Literature Review

2.1. Overview of garage (Automobile) workshops

An automobile workshop is a place where repairs and servicing of automobiles and automobile
systems are done. Automobile technician workers, among other occupation groups, are exposed
to some health hazards (2). In a garage workshop, there are typically various job classifications
and roles depending on the size and nature of the workshop. These include service
technicians/Mechanics, body and paint work technicians, welders, electricians, and tire repair

technicians (27).

Service Technicians/Mechanics: These are skilled professionals who perform repairs,
maintenance, and diagnostics on vehicles. Technicians may specialize in certain types of cars

or specific repairs, such as electrical systems, brakes, or transmissions.

Body and Paint Technicians: These professionals specialize in repairing and refinishing vehicle
bodies. They may fix dents, perform frame straightening, apply paint, and handle other

cosmetic repairs.

Auto Electricians: These technicians specialize in diagnosing and repairing electrical and
electronic systems in vehicles. They work with complex wiring and vehicle electronics. Parts
Specialists: Parts specialists are responsible for ordering, organizing, and managing the
inventory of parts and supplies needed for repairs. They work closely with service technicians
to ensure the availability of necessary components. Tire Technicians, Detailers, and Shop

Assistants are the other roles (27, 28).

2.2. Epidemiology of Lead Exposure and renal function indices among Garage Workers

Lead has been highlighted as an environmental and occupational hazard (29, 30). Common
sources of lead exposure in the automotive repair industry include battery lead-acid recycling,
radiator repair, auto mechanic repair, and welding (31, 32). A study conducted in India found
that blood lead levels among garage workers ranged from 13.54 to 46.75 mcg/dL, with a mean
level of 23.52 mcg/dL (33). Another similar study in India found a significant difference in

blood lead levels between garage workers and the control group (34).

A study conducted in Bangkok showed a high blood lead level among garage workers.
Significant higher blood lead levels were observed among the mechanics and dye sprayer

groups (P<0.05) (21).



A study conducted in Iran among 35 male automobile repair workers found that more than 30

ug/dL of blood lead levels were found in the workers (35).

Another study conducted by Ishola et al., (27) Occupationally exposed automotive workers in
Benin City revealed that greater levels of Lead were found in auto mechanics, spray painters,

and battery recyclers compared with the non-exposed controls.

A study conducted in Sagamu, Nigeria, found that the mean blood lead level among technicians
was 43.5 £ 15.3 pg/dL, significantly higher than the recommended levels of 5 ng/dL set by the
Centers for Disease Control and Prevention (CDC) and the World Health Organization (WHO).
Elevated blood lead levels were observed in 87.5% of the technicians (36). Another cross-
sectional study conducted in Nigeria found 4.4+2 pg/dL of blood lead level among automobile

mechanics (37).

The study was conducted in informal automobile repair workshops in Nakuru, Kenya, and
involved 20 male artisans. The average Pb exposure level across all tasks was 22.55 pg/m3,

with measured values ranging from 1.15 to 86.19 pg/m3 (38).

A comparative cross-sectional study conducted on the blood lead levels [BLLs] of 45
automotive garage workers and 40 non-garage workers was carried out in the town of Jimma,
Ethiopia, and showed that the mean BLL of the automotive garage workers was found to be

significantly greater than that of the comparison group (19).

Several studies suggest that lead is a nephrotoxic substance. When lead enters the bloodstream,
more than 95% of it binds to erythrocytes and is then circulated throughout the body (39). Since
most lead is initially stored largely in the kidneys and liver, it can cause pathobiological

changes in these organs (40).

A study done on 39 male and seven female workers in a secondary lead refinery suggests that
moderate lead absorption may cause renal tubular impairment (41). Wang et al., (12) also found
significantly higher mean serum urea levels in occupationally exposed subjects compared to
controls. Similarly, another study conducted in North Karnataka (India) in automobile
workshops found elevated levels of serum creatinine and blood urea nitrogen(BUN) compared
to the non-exposed group (22). Previous studies have associated elevated levels of some of
these renal biomarkers with exposure to Lead. A Study conducted among 45 garage workers
and 25 age and BMI (Body mass index) matched control in Bangladesh Automobile workers

had significantly higher levels of blood lead compared to healthy controls, with workers having



40.5+11.2 pg/dL and controls having 29.7+£10.1 pg/dL in addition, Workers exhibited lower

levels of serum creatinine (SCr), blood urea nitrogen (BUN) compared to controls (42).

A study conducted in South Africa reported elevated serum creatinine levels in battery factory
workers (43). In addition, other findings indicate that the elevated blood levels of kidney
biomarkers in garage workers compared to unexposed individuals could perhaps be attributed
to their work practices' inadequacy of protective measures against hazardous metals at work

(17,22, 44).

A comparative cross-sectional study was conducted in Kenya, comprising 30 exposed garage
workers and 30 non-exposed college students. Blood lead levels were assessed, and GFR was
estimated. The result shows the artisans had a significantly decreased eGFR (128.37
mL/min/1.73m2 + 4.37SE) compared to the control participants (152.93 mL/min/1.73m2 =+
3.91SE), (t (29) =-4.49, p =0.000) (44).

2.3. Factors associated with renal impairment.

Pre-existing medical conditions

Individuals with pre-existing conditions like diabetes, hypertension, or chronic kidney disease
are more susceptible to renal impairment. The study conducted among the adult population in
Luxembourg revealed that Hypertension and diabetes were associated with more than 3-fold
and 4-fold higher risks of chronic kidney disease (CKD) (45). Another study done on 70
chronic renal failure patients shows that hypertension and diabetes have a significant effect on
the concentration of urea and creatinine (46). A study conducted in Tanzania among chronic
kidney disease showed a statistically significant association between renal function impairment
and being hypertensive and diabetic (47). Several studies in Ethiopia reveal the risk factors for
renal impairment, such as hypertension and diabetic mellitus (48-50). Those studies show that
hypertension and diabetes are major risk factors for renal impairment. Therefore, in this study,
our primary concern is to evaluate the effect of lead exposure on renal parameters. To better
understand the impact of lead exposure on renal function, we excluded individuals with pre-

existing kidney disease, hypertension, and diabetes mellitus.
Socio-demographic factors

A cross-sectional study conducted on a total of 229 workers of both genders from two lead
battery factories showed that a positive correlation between PbB levels, and individual renal

was found (P<0.01). The PbB levels and renal function indices showed significant differences



between male and female workers (51). A meta-analysis conducted by Nitsch et al. found no

association between sex differences and estimated glomerular filtration rate (eGFR) (52).

Age is a considerable risk factor for CKD (53). As age increases, the capacity of kidney
function decreases. A study conducted at the University of Washington suggests that age and
sex are risk factors for CKD (54).

A cross-sectional study of the Japanese-American community in Seattle, Washington, showed
that the association between creatinine clearance and BMI is significant after adjustments for
IAF, SCF areas, and fasting insulin levels (55), besides systematic review and meta-analysis
study done on the impact of body mass index on adverse kidney events also reported same
findings (56); moreover, a retrospective study conducted using a nationwide database from the
registry of the Japanese also showed that BMI is significantly associated blood creatinine level
(57). In a study done in Addis Ababa among Ethiopian Public Health Institute worker kidney
function test for screening of chronic kidney disease at an older age, high BMI was significantly

associated with reduced glomerular filtration rate (58).
Behavioral risk factors

A study conducted on Japanese men on the association of cigarette smoking and renal function
showed that current smoking was associated inversely with low eGFR (59). In a cross-sectional
study conducted on 280 participants, 140 were non-smokers, and 140 were smokers (70 passive
smokers and 70 active smokers showed that Serum urea, serum creatinine, serum cotinine
levels, and urinary albumin were statistically significantly higher in the smokers group in

comparison to non-smokers (60).

The World Health Organization reported that alcohol, one of the most used substances
worldwide, has been raised as a potential cause of kidney damage, as studies have shown that
excessive alcohol consumption is associated with hypertension, one of the major risk factors
for chronic kidney disease (61), but contrary to this several studies showed there is no statistical

association between alcohol consumption and renal function impairment.
Occupational risk factors

Occupation is the hidden risk factor for the progression of Chronic kidney disease in a
population (62). Several studies suggest that garage workers exposed to lead dust have higher

blood lead levels than their comparison group (44, 63)



The impact of lead exposure on health is likely influenced by factors such as the timing and
duration of exposure and other conditions. It can potentially result in the onset of acute and
chronic kidney disease. Notably, heavy metals, with Lead being a prominent example, have
been extensively documented as contributors to both acute kidney injury (AKI) and chronic

kidney disease (CKD) (64).

Inadequate use of personal protective equipment, such as gloves, masks, and protective
clothing, can expose garage workers to harmful substances and increase the risk of kidney
damage. Garage workers and employers need to prioritize safety measures, such as
implementing proper ventilation systems, providing adequate personal protective
equipment(PPE), and offering training on handling hazardous substances to minimize the risk
of renal impairment and promote a healthy work environment (65, 66). A study done in Nigeria
shows there was little difference between renal biomarkers and working sections. For instance,
mechanics have higher Creatinine and BUN values than painters and battery recycling section
workers (17). As observed, Workers' significant exposure to hazardous substances is primarily
a result of their working conditions, which are fundamentally deficient and lack sufficient
safety protocols. This observation was evident in the data collected from Commercial
Automobile Workers in Benin City, Edo State, Nigeria. The findings indicated that 2% of
workers consistently use protective gear, while 40% use it occasionally, and a significant 58%
never employ any protective equipment (17). Similarly, another study done in the city of
Makkah, Saudi Arabia, found that car painters who worked for more than ten years used
protective equipment such as gloves and masks more than those who worked for less than ten
years (18). Another study conducted in Harer, Ethiopia, found that 80% of workers are working

without personal protective equipment (65).



3. Conceptual framework

This conceptual framework was designed to guide the research. It describes the independent
factors (personal, clinical, and work-related) that affect the outcome of the study. Also, the
framework helps to understand the scientific background and determine the scope of the
literature review. This conceptual framework was developed based on existing literature.

Figure 1 describes the framework used for the study.

Individual factors
* Age
* Sex
* Body mass index

WorK-related Faciors
* Work experience in the
garage
* Use of PPE
* JTob role/work section
* Work honrs

Blood Lead Level estimated glomerular

Behavioral factors (BLL) filtration rate
* Alcohol drinking
* Smoking —
* chat chawing v A
Pre-existing medical
conditions
> * Diabetes mellitus
* Hypertension
* Chronic kidney disease

Figure 1 Conceptual framework of the relationship of dependent and independent variables

(Source: Author's design)

10



4. Objective

4.1. General Objective

The main objective of this study is to assess blood lead levels and renal function parameters

among garage workers in Addis Ababa, Ethiopia.

4.2. Specific Objective
e To determine blood lead levels among garage workers
e To evaluate renal function test parameters (urea and creatinine) among garage workers

e To determine factors associated with renal function impairment among garage workers.

11



5. Methods and Materials

5.1. Study setting

This study was conducted in five purposively selected Garages and one water bottling factory.
The garages are located in Addis Ababa, and the water bottling factory is situated in Sheger
City (located around Addis Ababa).
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Figure 2 Map of the study area.

5.2. Study design and period
A comparative cross-sectional study was conducted to assess lead exposure and renal function
impairment among garage workers and water bottling company workers from September 2023

to April 2024.

5.3. Source and study population

Source population

All employed in the selected garages (Technic department) were used as a source population,

and all water bottling factory workers were also used as a comparison group.
Study population

Selected garage workers in the chosen garages and selected water bottling factory workers were

used as the study population.
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5.4. Sample size determination

Objective 1

The study conducted in Bangkok shows blood lead level of 0.42 + 0.13 pumol/l among
mechanics and 0.32+ 0.07 pmol/l among the control group (21). The following formula, 80%

power and 95% confidence level, was used.

2xSD%(za + ZpB)?
2
EZ

n =

| 2x0.422(1.96 + 0.84)>
n= 042 — 0322

n =26
Considering 10% non-response rate n =30

Objective 2

The study done in Nigeria shows serum creatinine among exposed garage workers and non-
exposed was 0.95 + 0.35 and 0.82 + 0.24, respectively. The sample size calculation considered

80% power and 95% confidence level used (17).

2xSD?(za + ZpB)*
2
EZ

n=

_ 2x(0.35)%(1.96 + 0.84)?
B (0.95 — 0.82)2

n=113
n = 113+10% non-response rate

n =124 for the exposed group and 124 for the non-exposed group

=248
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In another study conducted in Nigeria, the BUN levels among exposed (garage and control
groups were 27.41 £ 14.85 and 20.18 + 4.40, respectively. 80% power and 95% confidence

level were used.

_ 2x(14.85)%(1.96 + 0.84)*
B (27.41 — 20.18)2

n = 66 for the exposed and 66 for the non-exposed group. Thus, the calculated sample size

was 132.
Considering 10% non-response rate, the total sample size was n=146

Therefore, we used the largest sample size, which was 248 (124 for exposed garage workers

and 124 for non-exposed water bottling company workers).

5.5. Sampling Method

A report from the Addis Ababa Road and Transport Bureau indicates that there are more than
4,500 small and large-scale garages in the city, with 322 classified as large-scale garages. From
these garages, we purposively selected five based on their high number of workers. The
participants were selected using a simple random sampling technique, and we selected 124
workers from these sites. We obtained workers list from their Human resources for garage
workers and water bottling company annual medical checkup lists used to pick participants
who met our inclusion criteria. However, 14 workers in the water bottling factory and 4 workers
from garage declined to participate in the study. Both questionnaire data and blood samples

were collected from the study participants who provided consent.
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Sampling Procedure

Garages | Water Bottling Factory
(Total Workers, N=400) [ " (Total Workers, N=500)
I
Y Y y y v v
Garage 1 | | Garage 2 | | Garage 3 | | Garage 4 | [ Garage 5 SSP
(N=120) (N=80) (N=90) (N=70) (N=40) (n=124)
y v v y \
SSP SSP SSP SSP SSp
(n=37) (n=25) (n=28) (n=22) (n=12) Where, SSP= Selected Study Particip

Figure 3 Schematic representation of sampling procedure.

5.6. Inclusion and Exclusion criteria
Inclusion criteria
o Age >18 years.

e Participants who worked for more than 12 months were included in the study.

Exclusion criteria
e Study participants having a history of Diabetic Mellitus and Hypertension (28, 65)
were excluded from this study not to affect the study results.

5.7. Variables of the study

Dependent variable

Blood lead level (BLL)

Renal function test parameters (creatinine, urea, eGFR)
Independent variable

Individual factors: Age, Sex, BMI, blood pressure; Behavioral factors: Alcohol drinking habit,
cigarette smoking habit. Chat chawing and Occupational risk factors: Duration of employment
in the garage, use of personal protective equipment, working hours, Blood Lead Level, and

Eating in the workplace.

5.8. Demographic and clinical data collection
The structured questionnaire was used to obtain data from the study participants associated

with socio-demographic characteristics occupational, behavioral, and comorbidity information.
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The questionnaire was pre-tested in one garage. Ten workers were interviewed. The observed
shortcomings in the relevance and scope of questions were corrected before the final
administration of the questionnaires to the respondents. After informed consent was obtained,
each participant was interviewed using the structured questionnaire developed to capture the
data of both exposed and non-exposed participants. Trained nurses and laboratory professionals
collected the data. Data collection was conducted under the close supervision of the principal

investigator in the garages and water bottling factory clinics.

Standardized techniques were employed to gather physical measurements, including weight
and height. Weight measurements were conducted without individuals wearing shoes to ensure
accuracy. Height measurements were taken while individuals stood in an upright position,
ensuring consistency in the procedure. The body mass index was measured using the formula
BMI=weight/height?. The blood pressure was measured according to WHO guidelines using
an automated sphygmomanometer at the midpoint of the left arm after participants were rested
for at least 5 min or 30 min for those who were taking hot drinks like coffee and in a resting

place, sitting in a chair. Systolic and diastolic blood pressure was expressed as mm/Hg.
Apparatus and Equipment

The EDTA tube, Nunc tube, Nunc tube holder, Tourniquet, Serum separator tube, Cold box,
Glove, Alcohol swab, Vacutainer needle, Vacutainer holder, Sphygmomanometer, Tips, micro
pipet were used for specimen collection. Conical flask (50ml), Volumetric flask (100ml),
Funnel, Filter paper, Hotplate, and MP-AES were used for blood lead level analysis, whereas

Cobas 6000 analyzer was used for renal function testing.
Blood sample collection and preparation

A total of 230 whole blood specimens were collected from 120 garage workers and 110 water-
bottling factory workers. As all specimens collected for laboratory investigations were
considered potentially infectious, appropriate precautionary safety procedures and standard
operating procedures (SOPs) were maintained throughout the specimen collection and
handling. This procedure was conducted by proficient medical laboratory technicians utilizing
properly labeled serum separator tubes for renal function assessment and EDTA tubes for blood
lead measurement. Adhering to strict hygiene protocols, a dedicated sterilized needle and set

of gloves were employed for each participant, ensuring separate usage for every participant.
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Three milliliters of venous blood were drawn into test tubes containing potassium
ethylenediamine tetra acetic acid (EDTA K3) as an anticoagulant for the determination of blood
lead level. At the same time, 3-4 ml of blood was collected in a serum separator tube and
subsequently centrifuged at nearby health centers within two hours to isolate the serum. Both
whole blood and serum were separately stored in a cold chain box of 2-8°C, maintaining the
triple packaging procedure, and transported to the Ethiopian Public Health Institute laboratory
(EPHI) for analysis. All utilized needles and gloves were carefully packaged in appropriately

labeled disposable bags and disposed of in the waste disposal unit.
Laboratory investigations

Blood lead level analysis

The blood lead level was measured using microwave plasma atomic emission spectroscopy
(MP-AES) with model 4210 at a wavelength range of 180—780 nm at the Ethiopian Food and
Drug Authority. Analysis of lead levels in the blood samples of the study participants was
performed based on the NIOSH 8005 method (67).

Standard operating procedures prepared by the laboratory for this technique were critically
followed for testing. Initially, all equipment was washed and immersed in a 5% Nitric acid
solution for twelve hours, followed by drying in an oven. Subsequently, they were coded
according to the specified code. Once the sample was thawed, it was agitated, and 2ml of the
blood sample was measured and added to 50ml of the conical flask. A freshly prepared solution,
composed in a 6:4 ratio (6 nitric acid to 4 hydrogen peroxide), was added. The mixture was
then placed on a hot plate and digested for 1-2 hours at 250°C. After cooling, the sample was
filtered using filter paper into a 100ml volumetric flask, and distilled water was added until
reaching the meniscus. During sample digestion, sample blanks were digested. The solution

was then transferred to a falcon tube and stored at four °C until the time of analysis.

Pb (405781 mm) Calibration

Intansity
%

Figure 4 Calibration curve for blood lead analysis Addis Ababa, Ethiopia. 2024
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Renal function testing

Renal function tests, which include urea and creatinine, were tested for both garage workers
and water-bottling factory workers participants. The parameters were conducted on Cobas
6000 fully automated chemistry analyzer at the national clinical chemistry reference laboratory
of the EPHI, which was accredited in the field of Medical Testing in accordance with the
requirements of ISO 15189:2012, Medical laboratory Requirements for Quality and
competence. Urea utilized a kinetic test with urease and glutamate dehydrogenase method,
whereas creatinine utilized the enzymatic colorimetric method. The tests were performed as
per the manufacturer's instructions and specific standard operating procedures prepared by the
laboratory for testing. Moreover, internal quality control was performed before the sample
processing to ensure and monitor the laboratory test results were valid. The reference range for
creatinine in females was considered 0.51-0.95 mg/dL, while in males, 0.67—1.17 mg/dL. For
urea, the reference range for both males and females was 16.6-48.5 mg/dL (68, 69).

For the calculation of eGFR, we used A formula that allows for an assessment of creatinine
clearance (GFR) in men that accounts for age-related decreases in GFR, body weight, and
Cockcroft-Gault has derived sex: Creatinine clearance (mL/min) = (140-age) x body weight

(kg)/plasma creatinine (mg/dL) x 72. This value should be multiplied by 0.85 for women (70).

5.9. Data quality assurance

Stringent quality control measures were integrated at every stage of the study design. These
measures encompassed several key aspects: The questionnaire was initially crafted in English
and then meticulously translated into Ambharic, the local language, followed by back-translation
to ensure accuracy and consistency in both versions. Data collectors, under the supervision of
investigators, underwent comprehensive training tailored to the study's objectives before
commencing data collection. This training aimed to ensure consistency and reliability in data
collection procedures. Prior to obtaining blood samples, precautions were taken to prevent
sample contamination, and barcodes were prepared to identify samples. Samples were collected
in the garages and water bottling factory clinic. Standardized, calibrated, and sterile techniques
were employed for blood sample collection to maintain uniformity and precision in the
collection process. Collection procedures adhered to standard operating procedures and
manufacturer's instructions to uphold the quality of laboratory tests. The laboratory tests were
conducted in a national reference laboratory, which was accredited in the field of Medical
Testing in accordance with the requirements of ISO 15189:2012, Medical Laboratory

Requirements for Quality and Competence. All glassware and Plastic ware which contacts
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standards, blanks, or samples were detergent-washed, thoroughly rinsed with tap and deionized
water, soaked 12 h in 5% (v/v) HNO 3 and soaked 12 h in deionized water. Both questionnaire-
based data and laboratory results were entered separately into an Epi data software and Excel
sheet, respectively, for quality purposes and checked for completeness and accuracy. Data

cleaning was done to minimize errors and assure the quality of the data prior to analysis.

5.10. Data Management

Questionnaire data were entered into Epi Data software version 3.1, and a standardized protocol
was followed for sample collection. The collected blood samples were transported to the testing
laboratory, stored at 4°C, and then frozen at -20°C until analysis. After obtaining the results
from the Ethiopian Food and Drug Authority (EFDA) and EPHI, the data were entered into an
Excel sheet and double-checked for accuracy. The data were cross-checked against the unique
identifiers to ensure proper matching with the questionnaire data. Blood sample results were
standardized to ensure comparability. Finally, the data were exported to SPSS software version

26 for analysis.

5.11. Operational definition
GFR = eGFR >90 mL/min/1.73 is considered normal by Kidney Disease Improving Global
Outcomes (KDIGO ) 2012 Guideline Recommendation (71).

Creatinine value: For females, 0.51-0.95 mg/dL, while in males, 0.67—1.17 mg/dL.
Urea: for both males and females, 16.6—48.5 mg/dL.

Blood lead level: According to OSHA, blood lead classification <10 ug/dL = normal, 10-40
ug/dL = acceptable, and >40 ug/dL is dangerous (7).

Cigarette smoking:
e Non-smokers: Individuals who have never smoked or have smoked fewer than 100
cigarettes in their lifetime.
e Former smokers: Individuals who used to smoke regularly but have quit.
e Current smokers: Individuals who currently smoke cigarettes. (CDC National Health
Interview Survey Glossary)
Alcohol consumption— for males, more than two drinks per day, and for females, more than
one drink per day (National Institute on alcohol abuse and alcoholism)

Exposed group: A person who works in an automotive garage workshop.
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Non-exposed group: A person who has minimal exposure to Lead or who did not perform a

lead-based job.

Personal protective equipment: In this study, the use of personal protective equipment (PPE)
varies between the two groups. For garage workers, relevant PPE includes respirators (masks),
safety glasses, safety shoes, gloves, and protective clothing. In contrast, for water bottling

factory workers, essential PPE consists of hairnets, gloves, protective clothing, and masks.

5.12. Data analysis

Data analysis was performed using SPSS version 26 software. The chi-square test and the
Mann-Whitney U tests were used to see the difference between groups for the categorical and
continuous variables, respectively. In a separate analysis restricted to the garage group only,
Kruskal Wallis was used to see the difference in blood lead levels between departments.
Generalized linear regression models were also used to see associated factors with blood lead level

and estimated glomerular filtration rate. The significance level was set at P < 0.05.

5.13. Ethical consideration

Ethical clearance was obtained from the Addis Ababa University School of Public Health
Ethical Review Committee. An official letter was also provided from Addis Ababa University
and sent to the garages and water bottling factory. Permission to collect the data and samples
was provided from the study sites. Participants were provided with all the necessary
information about the study using simple and non-technical terminology. The objective and the
procedure of the study were explained to the study participants. Informed consent was obtained
from each participant before running the question and sample collection. All the principles of
ethics, such as informed consent, confidentiality, and privacy, were kept. Data collection was
run without personal identifiers or using codes. All study participants read and signed the
informed consent. Participants with abnormal laboratory test results have been linked to the

health facility for further healthcare service.
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6. Results

6.1. Socio-demographic Characteristics of the study participants

A total of 230 study participants, 120 garage workers, and 110 water bottling company workers were
included in this study with 92.7% response rate. The mean (+SD) age of the study participants was
39.55+9.95 years among the Garage workers and 37.31+5.42 among the water bottling factory workers
non-exposed). Of the total participants, the majority were male, 85.7% in the exposed and 80% in an
unexposed group. Based on the chi-square test, there was no significant difference regarding the socio-

demographic and economic characteristics of the two groups (Table 1).

Table 1 Socio-demographic and economic characteristics of garage workers and water bottling factory

workers in Addis Ababa, Ethiopia, 2024.

Variables Category Exposed group Unexposed group Statistical
n(%o) n (%) analysis
p-value
Age(years) 18-30 25(20.8) 22(20.0)
31-44 55(45.8) 49(44.5) 0.9
>45 40 (33.3) 39(35.5) '
Mean £SD 39.55+9.95 37.31£5.42
Sex Male 105 (87.5) 88 (80) 013
Female 15 (12.5) 22 (20)
Education No formal education 1(0.8) 3(2.7)
Primary school 4(3.3) 8(7.4)
Secondary school 16(13.4) 21(19) 0.13
Diploma 82(68.3) 58(52.7)
Degree and above 17(14.2) 20(18.2)
Marital status ~ Single 42(35) 30(27.3)
Married 68(56.6) 72 (65.5) 0.38
Divorced 10(8.3) 8(7.2)
Monthly <3000 8(6.7) 13(11.9)
Salary from 3000-6000 40(33.3) 41(37.2) 041
the work 6001-9000 48(40) 36(32.7) '
>9001 24(20) 20(18.2)
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6.2. Behavioral characteristics and use of personal protective equipment of the study
participants

Regarding personal protective equipment use, only 13 (11%) of the exposed group use personal

protective equipment while they do their job. About 85 (70.8%) of study participants who work

in Garages eat at workplaces, whereas 76 (69%) of the comparison group eat at workplaces.

(Table 2). There was no statistically significant difference in behavioral characteristics and use

of PPE in exposed groups and non-exposed groups.

Table 2 Behavioral characteristics and use of PPE in Garage workers and water bottling factory

workers in Addis Ababa, Ethiopia, 2024.

Variables Cate  Exposed group n Unexposed Statistical

gory (%) group n (%) Analysis
p-value

PPE Use Yes 13(11.1) 21(19.1) 0.16
No 107(88.9) 89(80.9)

Drinking Alcohol Yes 38(31.9) 33(30) 0.75
No 82 (68.1) 77(70)

Chat chewing Yes 7(5.8) 4(3.6) 0.43
No 113 (94.2) 106(96.4)

Smoking cigarette Yes 7(5.8) 2(1.8) 0.12
No 113(94.2) 108(98.2)

Eats in workplace Yes 85 (70.8) 76(69.1) 0.77

(in the production No 35(29.2) 34(30.9)

room)

X2 test

6.3. Comparison of blood lead levels, Urea, Creatinine, and eGFR among the garage
workers and water bottling factory workers

The Mann-Whitney U Test was used to assess the concentration of blood lead, eGFR, urea, and
creatinine median difference between the garage workers and water bottling factory workers.
The median of blood lead concentration among garage workers was 11.98ug/dL (interquartile
range (IQR) = 5.78ug/dL — 21.54ug/dL) which was statistically higher than the median blood
lead level among water bottling factory workers, 6.87ug/dL (IQR =4.17ug/dL— 10.13 ug/dL)
(P < 0.001) [Fig 5c].

The median of eGFR concentration among garage workers was 117 mL/min/1.73m?
(interquartile range (IQR) = 109.8 mL/min/1.73m?>- 122.6 mL/min/1.73m?) which was
statistically higher than workers eGFR in water bottling company 125.2 mL/min/1.73m? (IQR
=119.3 mL/min/1.73m? — 128.4 mL/min/1.73m?) (P <0.001) [Fig 5a]. In addition, 2(1.7%) of
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garage workers have <90 mL/min/1.73m?. However, none of the water bottling factory workers
have <90 mL/min/1.73m? eGFR concentration among water bottling factory workers.

The median of urea concentration among garage workers was 17.35mg/dL (interquartile range
(IQR) = 14.23mg/dl — 19.80mg/dl) while among water bottling factory workers, 16.10mg/dL
(IQR = 13.57mg/dL — 19.65mg/dL) (P = 0.288) [Fig 5b]. The median of creatinine
concentration among garage workers was 0.66mg/dL (interquartile range (IQR) = 0.58mg/dL
— 0.74mg/dL), which was statistically higher than water bottling factory workers, 0.63mg/dl
(IQR =0.50mg/dL — 0.72 mg/dL) (P=0.030)[Fig5d].
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Figure 5 Median difference of GFR, Urea, blood lead level, and creatinine concentration between garage workers and water bottling company

workers.
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6.4. Comparison of blood lead among different departments in the garage

The pairwise Kruskal-Wallis test was employed to determine which specific group differs
significantly from the other. According to this test, the blood lead level is significantly higher
in mechanics (p= 0.02) and welders (p= 0.05) compared to water bottling factory workers.
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Figure 6 Median difference of blood lead level among different departments in the garage

compared with water bottling factory workers.

6.5. Categorization of BLLs of study workers according to OSHA recommendation limits
and comparison with urea and creatinine.
About 47%, 49%, and 2% of study participants in the Garage group had normal, acceptable,

and dangerous levels of blood lead levels, respectively.

Kruskal-Walli's test was conducted to assess the median difference in concentration of
creatinine and urea among the three categories of blood lead level between the garage workers
and the water bottling factory workers. The result shows that there is no statistical difference
in urea and creatinine values between the classified blood lead levels with significance levels

of (p=0.4) and (p= 0.33), respectively.
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Figure 7 Comparison of renal parameters among OSHA-classified blood lead level.

6.6. Factors associated with blood lead level among garage workers.
According to the generalized linear regression model, eating in the work area (P=.037), older
age(P=.019), and working in the welding department (P=.010) are significantly associated

with blood lead level among garage workers.
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Table 3 Factors associated with blood lead level in garage workers based on an adjusted

generalized linear regression model.

Adjusted 95% ClI of B
Variable Category B Lower Upper P value
Sex Female -4.397 -10.698 1.903 171
Male 0 . . .
Smoking cigarette Yes -1.096 -14.204 12.011 .870
No 0 . .
Alcohol consumption Yes -1.577 -6.589 3.436 538
No 0 .
Use of personal protective Yes 2.815 -5.096 10.726 486
equipment No 0 . . .
Eating in the work area Yes 4.941 303 9.580 .037*
No 0 . . .
Age 337 .054 .620 .019%*
Systolic blood pressure .096 -.160 353 463
Diastolic blood pressure -.184 -.406 .039 .106
Work section in the garage Welder 11.24 2.633 19.846 .010*
Electric 4.588 -4.209 13.386 307
Body 2.203 -5.323 9.729 .566
Mechanic 5.829 -1.658 2.329 127
Tire r 0 . : .
Work experience in the >20 .545 -6.931 8.021 .886
garage(years) 15-20 -1.117 -9.520 7.286 794
10-15 -4.653 -12.074 2.767 219
5-10 359 -9.224 9.941 942
1-5 0

*Significance level P < 0.05

6.7. Factors associated with GFR concentration in garage workers.

The association between independent variables and GFR concentration results was assessed

separately using simple generalized linear regression models. Being female (P < 0.001), older

age (P = 0.013), and having a high body mass index (P <.001) and diastolic blood pressure

were significantly associated with GFR concentration [Table 4].
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Table 4 Factors associated with the concentration of GFR in garage workers based on an

adjusted generalized linear regression model.

Adjusted 95% CI of
Variable Category B Lower Upper P value
Sex Female -20.420 -29.418 -11.422 <.001*
Male 0 . . .
Smoking cigarette Yes -4.498 -23.121 14.124 .636
No 0 . . .
Alcohol consumption Yes 3.777 -3.782 11.337 327
No 0 . .
Garage department Welder 2.310 -9.975 14.596 12
Electric -10.212 -22.605 2.181 .106
Body 1.231 -9.404 11.866 .820
Mechanic .666 -9.993 11.326 903
Tire r 0 . . .
Age -.531 -.948 -.114 .013%*
Systolic blood pressure .056 -.308 420 763
Diastolic blood -.351 -.670 -.032 031%*
pressure
Body mass index 2.373 1.584 3.162 <.001*
Blood lead level -.086 -.341 .169 .509

*Significance level P < 0.05
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7. Discussion

In this study, garage workers exhibited significantly higher blood lead levels than the
comparison group. Regarding renal indices, creatinine levels were significantly higher among
garage workers compared to water-bottling factory workers. The estimated glomerular
filtration rate was considerably lower in garage workers than in the comparison group.

However, in both groups, eGFR was in the normal range.

The results obtained in our study have shown the auto garage workers have significantly higher
blood lead levels than the comparison group. This clearly indicates that garage workers are
more likely to be exposed to lead than the general population due to their occupation.
Furthermore, the result obtained in our study is similar to the study conducted in North

Kataranta and the study done in Nakuru town, Kenya (19, 22, 44).

In our study, the median blood lead level among garage workers was 11.98ug/dL, while among
water bottling company workers, 6.87ug/dL is lower than the findings from a cross-sectional
study done in Jimma (19) and Nakuru, Nigeria (44). In addition, it is also lower than a study
conducted in Auto repair workshops in Benin City, Nigeria (27). This might be due to the fact
that in our study setting, we observed maintenance, welding, and electrical work performed in
open spaces, which might reduce lead exposure. Open environments allow for better air
circulation, which helps to dilute and disperse airborne lead particles and fumes. Also prevents
the accumulation of high concentrations of lead that workers might otherwise inhale in

enclosed spaces.

In addition, the continuous exchange of air in open spaces reduces the settling of lead-
containing dust on surfaces, thereby minimizing the chances of resuspension and subsequent
inhalation of these particles. Natural air movements, such as wind, further aid in dispersing
contaminants. However, the blood lead levels found in our study were higher than those in the

study done in Pakistan automobile repair workers (72).

World Health Organization (WHO) and Centers for Disease Control and Prevention (CDC)
recommended that the blood lead level standard limit of the general population was 10 pg/dL.
However, when we compare the blood lead level of the study participants from the general
population, of all the study participants, about 53% of exposed and 22.5% of non-exposed
groups BLLs were above the WHO and CDC general population's BLL recommendation limit
(73, 74).
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Eating in the workplace showed a significant association with BLL; this result is similar to
findings from a study done in the town of Jimma, Ethiopia (19) and Benin, Nigeria (27).
Contaminated surfaces are one key cause of lead dust settling on various surfaces in the
working area, including tables, benches, tools, and equipment. If workers eat in the same area
without proper cleaning procedures, they may unknowingly consume lead-contaminated dust
that has settled on these surfaces. Once ingested, lead can be absorbed into the body (75, 76).
Moreover, lead particles can adhere to workers' hands during their tasks in the garage,
especially if they come into direct contact with lead-containing materials. If workers do not
wash their hands before eating, they may transfer lead particles from their hands to their food

or mouth. This hand-to-mouth transfer is a common pathway for lead ingestion (77).

Older age groups had higher blood lead levels compared to relatively younger workers. This
finding is similar to the study done in Jordanian automobile workers, where Age group 41-45
years had the highest mean blood lead concentration (16.1 pg/dl), compared to group 25-30
years and group 31-35 years with blood lead means of 13.8 pg/dl and 12.7 pg/dl, respectively
(78). In addition, several normative aging studies suggest that aged individuals tend to
accumulate lead over time, and lead can be stored in the bone for decades. A study done on the
Chinese population also revealed that the level of blood lead is higher among older groups than

that of younger participants (79).

This study shows that working in the welding department is associated with higher blood lead
levels. This result is similar to the study done in Jimma town, Ethiopia (19) and Nukuru town,
Kenya, where blood lead levels were higher among welders and spray painters (44). This might
be due to welders being exposed to lead fumes during Welding on Painted Surfaces. If welders
work on materials coated with lead-based paints, the heat generated during welding can
vaporize the lead, releasing toxic fumes and particles. in addition, some soldering materials
contain lead. During the welding process, lead can be released as fumes. The inhalation of these
fumes is a significant route of exposure. contrary to this, studies found that there was no
difference in blood lead levels among different occupational tasks in the automobile workshops
(80). Moreover, the study done on Jordanian automobile workers found higher blood lead

levels among automobile electronics and lower observed in welders (78).

Though median creatinine value was in normal values garage workers had higher compared to
the comparison group. This finding is similar to a study conducted on Commercial Automobile

Workers in Benin City, Edo State, Nigeria (17), and Nnewi metropolis (63) and the study done
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on the Association of Lead Exposure, Serum Uric Acid, and Parameters of Renal Function in
Nigerian Lead Exposed Workers (81). This result might show us the effect of lead on renal
parameters. However, contrary to this, the study done in Harer, Ethiopia, did not find any

difference in creatinine value among garage workers and the comparison group (28).

In this study, we found a significantly lower value of the estimated glomerular filtration rate
among garage workers than the comparison group. This finding is similar to the study done in
Nakuru, Kenya, among informal auto repair artesian (44). This might be due to garage workers
being exposed to lead, which is also a known nephrotoxic substance that can affect the filtration

capacity of the kidney.

We found a significant association with older age-reduced eGFR. As age increases, the
glomerular filtration rate (GFR) decreases. This decline is partly due to the increasing
percentage of glomeruli affected by global glomerulosclerosis, which steadily rises with
advancing age, even in the absence of comorbidities such as hypertension. Additionally, the
overall number of functioning nephrons steadily declines with age. GFR is naturally lower in
women compared to men (82). This might be due to physiological differences such as lower

muscle mass, hormonal influences, and smaller body surface area.

Body mass index is significantly associated with eGFR. This consistent with the study by
Ryuichi et al, found increased BMI is strongly associated with decreased eGFR in community-
dwelling healthy persons (83). Creatinine is a waste product generated from the breakdown of
creatine phosphate, which is primarily found in muscles. Individuals with higher BMI,
particularly those with a higher proportion of muscle mass, may naturally have higher
creatinine levels because they have more muscle tissue (84); moreover, creatinine is filtered
from the blood by the kidneys and excreted in urine. The glomerular filtration rate (GFR),
which is a measure of kidney function, plays a significant role in determining blood creatinine
levels. In some cases, individuals with higher BMI may have a reduced GFR, which can result

in higher creatinine levels in the blood (56, 57).

Furthermore, we found a negative association between diastolic blood pressure (DBP) and
estimated glomerular filtration rate (¢GFR). This finding is consistent with a longitudinal study
conducted on Iranian automobile maintenance workers (85). Lead exposure has been linked to

various cardiovascular and renal effects in workers, with studies showing that lead-exposed
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workers experience increased DBP. Additionally, high blood pressure is a major risk factor for

reduced eGFR. Therefore, continuous health monitoring is needed for garage workers.
Strengths and limitations of the study
Strengths

Comprehensive Data Collection: The study employed a thorough data collection method,
including questionnaires, blood samples, body mass index (BMI), and blood pressure

measurements, ensuring a well-rounded dataset.

Comparative Analysis: By comparing garage workers with water-bottling factory workers,
the study provides a clear contrast between an exposed and a control group, strengthening the

findings related to occupational exposure.
Limitations

Cross-Sectional Design: The study's cross-sectional design can identify associations but
cannot establish causality. Longitudinal studies would be needed to determine causal

relationships.

Sample Size and Generalizability: Selecting the garages purposively may limit the

generalizability of the study.

Self-Reported Data: Data collected through questionnaires can be subject to recall bias and
inaccuracies, which may affect the reliability of the information on habits, behaviors, and pre-

existing medical conditions.
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8. Conclusion and recommendation

Conclusion
This study did not found a significant association between Pb exposure & renal dysfunction.

However, blood lead level was significantly higher among garage workers than the water
bottling factory workers. Thus, strict regulations are still necessary to reduce lead exposure in

garage workshops.

Recommendation

Employers: Employers need to provide appropriate PPE, including gloves, masks, protective
clothing, and respiratory protection suitable for the tasks, and monitor its proper use and

maintenance.

Provide designated areas for eating, and good hygiene needs to be practiced among workers,

such as regular handwashing with soap and water before eating.

Providing designated areas for eating and drinking that are separate from the work area to

prevent ingestion of lead-contaminated dust or particles.

Organize training and awareness creation events by collaborating with occupational health and

safety officers and labor inspectors.

Policymakers need to make policies that help, govern, and regulate employers in a healthy

work environment. In addition to that regular monitoring and supervision is needed.

Researchers need to conduct interventional studies, including behavioral change interventions

about lead exposure.

In addition, longitudinal studies better evaluate the effect of lead exposure on renal function.
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10. Annex

Participants' information sheet English version
Title: Assessment of Lead Exposure and Renal function impairment among garage workers

and water bottling company workers in Addis Ababa, Ethiopia.
Principal investigator: Firechiwot Getahun (MPH candidate).

Introduction: You are invited to participate in a research study to assess lead exposure and
renal function among garage workers in Addis Ababa. Before you decide to participate, you
should understand the purpose of the study, what your participation involves, potential risks
and benefits, and your rights as a participant. Please take the time to read this form and ask any

questions you may have before deciding whether to participate.

Purpose of the study: This study aims to evaluate the blood lead level and renal function of
individuals working in garages due to potential exposure to occupational factors that may
impact kidney health. By participating, you will contribute to advancing scientific knowledge
about occupational health in this specific work environment, and it will help you know the

health status of your kidney.

Procedure: If you agree to participate, you will be asked to undergo a specific medical test to
evaluate your blood lead level and renal function. This test may include blood tests and other
assessments related to kidney health. Your participation will involve providing samples and

relevant information regarding your work conditions and health history.

Benefits: While there may be no direct benefits to you personally, the information gathered
from this study could potentially benefit garage workers in Addis Ababa by improving our
understanding of the blood lead level and its effect on renal health and could lead to better

workplace health policies and practices.

Confidentiality: Your identity and personal information will be kept confidential. Data
collected during the study will be stored securely, and your details will not be disclosed in any

publications or presentations arising from this research.

Result Dissemination: The researcher is responsible for the dissemination of findings. In

addition, the findings will be published in a reputable scientific journal.
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Voluntary Participation and Right to Withdraw: Your participation in this study is entirely
voluntary. You have the right to refuse to participate or withdraw from the study at any time

without any penalty or loss of benefits to which you are otherwise entitled.

We want to express our heartfelt appreciation for your collaboration and thank you in advance.
In case you need to contact the investigator, you may use the following address:

Name: Frehiwot Getahun

Tel: +2519-45-67-87-48

Email: frehiwotgetahunm@gmail.com

Advisors
1. Name: Meaza Gezu(PhD)
Tel: +2519-12-03-27-97

Email: meaza.gezu@gmail.com

2. Name: Teferi Abegaz (PhD)
Tel: +2519-11-36-16-07

Email: teferiabegaz@gmail.com

Addis Ababa University School of Public Health Department of Preventive Medicine
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English Consent Form

I, the selected participant, heard the information in the study's information sheet and understood
the purpose, benefits, and requirements for me as well. I understood that all the information
regarding me, like my name and all answers given by me, would never be transferred to a third

party. So, I am willing to participate in the study.

Signature of Participant Date

Data Collector Name

Signature

Date
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English version questionnaire

Participant Identification no:

Data collection groups: Garage Water bottling company

Data collection site:

I. Demographic Questions

No Questions Response Skip
.| Age
2.| sex 1. Female
2. male
3.| Educational Level 1. Read and write

2. Primary school

3. Secondary school
4. Diploma

5. Degree

6. Above-degree

4. | Marital status 1. Single
2. Married
3. Divorced

4. Widowed

5.| How much is your monthly income? | 1. <3000
2.3000-6000
3.6000-9000
4.29000
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II.  Smoking habit and Alcohol consumption
No | Questions Response Skip
6. | Have youever smoked a cigarette inthe | 1. Yes 2. No
past? (No means less than 20 packs of
cigarettes in a lifetime or less than one
cigarette a day for one year)
7. | If yes, do you now smoke cigarettes? | 1. Yes 2. No
(as of 1 month ago)
8. | How many cigarettes do you smoke per | 1.1-5
day now? 2.5-10
3.10-15
4. Above 15
9. | For How many years do you smoke? 1.1-5 years
2.5-10 years
3.10-15 years
4. Above 15 years
10. | Do you drink alcohol? 1. Yes 2.No
11. | How many glasses of alcohol do you | 1.1- 5 glass
typically drink per day? 2.5-10 glass
3. 10 -15 glass
4. Above 15 glass
12. | How many glasses of alcohol do you | 1.1-5 glass
typically drink per week? 2.5-10 glass
3 Above ten glass
13. | Do you chaw chat? 1. yes
2.no
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III.  Occupational factors
No | Question Response Skip
14. | In which department do you work? (job
category)
15. | Employment status 1. permanent
2. Temporary
16. | For how long you have been working in | 1.1-5
this garage (years) 2.5-10
3.10-15
4.15-20
5.>20
17. | What was your previous work?
18. | For how many years have you worked | 1.1-5
in your previous job? 2.5-10
3.10-15
4.15-20
5.220
19. | How many hours do you work per day? | 1. less than 8hr
2.8hr
3. Above 8hr
20. | For how many days do you work per | 1.5 day
week? 2.6 days
3.7 days
21. | Do you use any personal protective 1. Yes
equipment during work time? 2. No
22. | If yes, What type of personal protective 1. Glove
equipment do you use? 2. Respirator Mask
3. Safety shoes
4. eye google
5. Protective clothing
23. | If not, why do you did not use personal 1. There is no available personal

protective equipment b/c

protective equipment.

2. Discomfort
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Other specify

24. | Do you eat in the work area? . Yes
2. No
25. | Do you wash your hands before eating . Yes
food? . No
IV.  Physical Measurement
No Measurement Record
1. Blood pressure Systolic:
Diastolic:
2. Body mass index Weight:
Height:
No Laboratory parameters Record
1. Renal function test parameters Creatinine:
Urea:
GFR:
2. Blood lead level
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Ambharic version participant information sheet
PHAFLPT aolF Oldt

? ATICT P8,

PGk CON: NASA ANN @-AT A I AGHFT AT P@Y TII°0F AT PAD- PACAN 201 AG
ANt 910G 9197197

ePQH? PG T4 FLVLOT LUT

ao)(10:-(A%0 AN D& wetGTF avndy © ACAN T4 AG eh-Alt (PheAdst) 91007 AaP19P79°
O°CC TG AL RILTATS FINHPA= AdPate hoeed(?P (&t PTGET 9A91: +ateP 77
AT ASG AATL T AIPT WG PPIOTE AG W18 +AF 4 PAPTT a0 a0l %P 1MI° A4
10 \aPAT§ NePOATP (& AP LUT P& AT LHPT LONG. hG TITED9° TP LmPbs:

PG GA9Y:-PHU TG AA9T P-AATF MG AL TEAT ALAL4E NTLTh © Ad- TIA T A28 ACAh Pir
DQYET 1268 LT OAT AG 00T TI9°LF 290,04 SINANTFT Ph-AAT +10C aP19P19° 1@+ (aPa-+6: (HY
A% P0¢- KA. WAAE MS ALTAP h@-P 7 ATI8NC AVEPEE PLCIN+

WA FEPTF avavg@: \ava-te: HATIa0- @ WCAN 24P AG PheAdsTt (1627 AgP19P19° oFAL PUNIPS
I°Cavs. W9.LLCT LMe P LU JPCave. £LI° I°Cavsy hG ANt MG 2C OHELH AA 919°1977 ALt
LA PACAL TATE GaPCPTT AG 00e- -3 P77 AG M. FehP7 (Favpnrt m o, avl B P T avqmty
ot

PPPF:-ALTT 0OV T°7I° ARTF PTG TPI° ALTLO- (LTAR: NHY TG SHANAND- 9ol Ph-AAT
A&7 A% 07T AG AN 00 0F PG Z°0LAPTT AG ANGCTT 00205 A T5TT Andg® LFAd=

ATCT mNP: ChCAL TT7rE AS PN 9228 NTLATC Lm0 PA: NTPGE OPF CHANNND- avl8 CyuTrE:
Ot U373 SNTTFAT AS 290 HCHETP DY TG 09910 UTavft @L9° Abll 0T ARTAM-IP::

QM7 TN PTG Fa0LTYS avfe (100 YALYET DAL O mEY PN ATS.UI° OmEY
NFo¢ 24270 I°CI°C LCTA AL hAPI° N4.PL. aom? LATTIA::

LPLTrT aoAtg K foot@- a1 -(HY TG ONT PAPT TATE avhe (oot (LPLTE 10 PA
goyg° PMF ORI° A ao1F CAPLT PPTITPOT (19T DI° L, AdPAte ORIP (TG ATPAT§ AT,
P90t a1t AN

NONCP PATT AN ALGBT ATPINE WIDANT hG AAPLaT hGaAIIG AT
avCILDT TTC NANTE LTLNTADT AR aPmb® LA ANz

age: QLULOT LIV

nAh: +2519-45-67-87-48

A2 :- frehiwotgetahun@gmail.com
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Ambharic version consent form
OI°Ir PR

Ay OTavlm@- TAFd, TGk Ca0LE OLPT AL PAD-T avl8 (TTU- AG AATID<T AG TPIET TLE&F AU
AG DAL PTLELNID9°. W37 2990 a0l B PF vtk AT (190 AS (AL PHAM- AT Navh ACATE @77
W1LT9CFANG TLLF AV NAILY NTGE ATPAG P0G 1

PHAFE LCTT. Pl

PMEL@D OI° ...,
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Ambharic version questionnaire

CL(Ua

av /B erAONANOT (277
1. D&%, @/ T01.e 40sh

av /B eHa0AN0Tt -

a7 Ui ool%
te | TOEPT av\f TANLE
1. | 6L
2. | & 1.0
2.0
3. | OFIUCTE 848 1. 97700 A PG
2.0a0Favs@ L8
3. 00T R4S
4. 8Tt
5. 296
6. DAE AT DL 1AL
4. | eoNF vt 1. fA10
2. 910
3. 4
4. 04 PO/
5. | fOC 0.2 9°7 $ha\ 10-? 1. <3000
2.3000-6000
3.6000-9000
4.>9000
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(LI 2960 A71L AT AAhA oot

t+.& | TEEPT avi\( T9A04.9
6. | ALIC APAD PO.PN (PAT° TINT (7 | 1. AP 2. 0AP° TI10
A2 (L6 03T AherT TIgnn OLIP
Alhor7 840 120 70 03F T9en0 )
7. | AP AP a1 AT OG- LAl | 1. AP 2. PA9P
(108.@- A28 OC D-OT)
8. | °7 PUA (LIE- NPT NATTNL Lenade 1.1-5
2.5-10
3.10-15
4. 015 0ag
9. | 977 PUA havdt A hanr- (Mhavt) 1.1-5
2.5-10
3.10-15
4. 15 koot NAL
10. | AdbA TnMAY? 1. A2 2. AP T3
11. | 07 a7t ACETS/MCo0  AADA | 1 A7LNCHS MmCaPn
eman? 2. 2 Co®/ mCar
3. 3-5 ICB»H/ mCavn
4. nh5 nag
12. | 047t a7t NCHS mCora hhbA | 1.1-5 NGBS/ mCar-n
Lmmn-? 2. 510 (cemd/
mecavQ
3.0 10 nAg
13. | Bt £PTIN? 1A 2.KP TI5
14. | PAQL AP DU, Q- 0F- AL LPTIN? 1.h8 2.KP
eav-@ (1,0 P8t
t. | TR avA\(\ 4049
15. | (¢H5@ hed 10 9U041?  (P0e-

avg-())
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16. | ePTC U-bF 1P,
2.1H®
17. | QY 2T (Ao dT) 00T A7 SUALH | 1.1-5
K04 1NC? 2.5-10
3.10-15
4.15-20
5220
18. | PPLI® (&P I°7 10C?
19. | PO #¢-P @0t Ort 9ot | 1.1-5
ACTPA? 2.5-10
3.10-15
4.15-20
5220
20. | QAL AP PUA A%T 07 Lacte? | 1. h 8 axt AT
(nAet) 2.8 (it
3.n 8 aat NAL
21. | Qag°rt Ort 97T 10+ 0005 1.oak
2.h9°0
3.0L0t
22. | 0ac L TR @I € (1 P arhan® 1. A2 T25
av4 P LmPI? 2. hAhmePIeI
23. | °7 AL'TT © (1~ 091 aPhAn® aodsP 1@ | 1.3t
PO M Pao@-? 2.000+74.0 P r(IA
3. PRUTYT B IP T
4. YUYt aIR(C
5. m7¢ ACe NPT
24. | eTIemepar nPh PR 90287 107 | 1.0AT9ATS
2.0079g a0
3.0ANA R0
25. | O~ 0F 9291 gav0pe? LA® 2. AL
26. |0 h 1P (&t hEPTT | 1La® 2. AL

23man?
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®avit hG DL+ 7 0LI° Ut

+.¢
1. | P.9° 9t 1. Systolic
2. Diastolic
2. | Body mass index 1. Weight(kg)
2. Height(cm)
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