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Abstract

Background:

Sugar estate workers are exposed to high levels of sugarcane fiber (bagasse) dust that can reach
to respiratory bronchioles and alveolar wall, causing sensitization and lung damage. Despite high
levels of bagasse dust exposure, which can lead to chronic respiratory symptoms and lung
function impairment, little information is available regarding the levels to personal bagasse dust
and its impact on respiratory health, including on lung function.

Objective:
This study intended to determine personal exposure levels to bagasse dust and the prevalence of

chronic respiratory symptoms and lung function parameters among sugar estate workers.

Methods:
An institution-based comparative cross-sectional study was conducted among 190 sugar estate

workers and 191 non-exposed from water bottling. Fifty personal dust sampling was performed
with a 37 mm Millipore plastic cassette with a PVC filter attached to the worker's breathing zone.
Chronic Respiratory symptoms were evaluated using a standardized questionnaire and the lung
function was measured following established spirometry guidelines. Multivariable logistic
regression analysis with 95% CI and p < 0.05 was used to identify the factors and the measured

lung function indices were analyzed by Analysis of Covariance.

Results:
About 85.7% of the workers were exposed to levels exceeding the recommended permissible

threshold value, with geometric mean exposure levels of bagasse dust 9.49 £4.01 mg/m?, for
total organic dust (5 mg/m?). The prevalence of at least one CRS (62.1%) was 2.43 times higher
among exposed workers compared to non-exposed (PR =2.43; 95% CI: 1.80-3.38). Significant
associations were observed between CRS and age >35 years, non-use of respiratory protective
devices, and weekly hours of working more than 48 with AOR (95% CI) of 4.851(1.123-20.952),
5.39(1.611-18.025) and 10.15(3.159-32.582), respectively. Among the exposed groups the lung
function indices; Forced Expiratory Volume in one second (FEV1) and Forced Volume Capacity

(FVC) were significantly reduced (p-value<0.05). All parameters (FVC, FEV, , FEV, /FVC)

showed a negative correlation with cumulative dust exposure.



Conclusion and recommendation:
The adjusted prevalence ratios of respiratory symptoms were higher in the exposed group than

non-exposed primarily due to bagasse dust exposure above the permissible exposure value of
5Smg/m3. Age over 35 years, non-use of respiratory protective devices, and weekly working
hours of more than 48 were the main determinants of CRS. Lung function indices, FVC and
FEV, were lower in the exposed group than the non-exposed. These findings highlight the
urgent need for targeted dust control measures in the sugar agro-industry to protect workers

exposed to high levels of bagasse dust.

Key Words: Bagasse dust, Chronic respiratory symptoms (CRS), Lung Function Parameters
(FVC, FEV1, FEVI/FVC)



1. Introduction

1.1. Background

Sugarcane is an agro-energy crop produced mainly in Low- and Middle-Income Countries
(LMIC). Generally, about 4% of global sugarcane production has been contributed by Sub-
Saharan African countries with South Africa taking the lead followed by Sudan (1). In the past
few years, Ethiopia’s sugar manufacturing industry has been growing continuously; it is now a
key industrial sector. Wonji Shoa Sugar factory is the pioneer among the major 8 sugar factories
in Ethiopia working to its full potential, with a cultivation field of more than 16,000 hectares of
sugarcane plantation. Over 6,500 workers are currently benefited from the job opportunities
created by Wonji Shoa Sugar Factory as a permanent, contract, seasonal employees. (2) (52).
Despite their significant contributions to food supply and employment, sugar factories are

associated with a high prevalence of occupational morbidity and mortality worldwide (3).

Through the whole process starting from the pre-harvest burning till the final refinery and
packaging workers are exposed to high levels of organic bagasse dust exceeding the NIOSH
organic dust exposure limit of 5 mg/m?. Even though the pre-harvest sugarcane burning practice
facilitates the manual cutting of the stalk by the workers using machetes, this practice will
considerably expose the workers to different types of gaseous substances and dust particle
basically sugarcane bagasse ash. Bagasse dust consists of fine particles with varying
aerodynamic diameters that can irritate the upper respiratory tract and penetrate deeply into the
alveolar ducts and sacs. Inhalation of this organic sugarcane fiber bagasse dust by workers and
nearby communities can adversely affect human health, leading to persistent respiratory
symptoms and gradual impairment of lung function indices (4) (5). Frequent exposure to bagasse
dust during sugar processing and refining can lead to bagassosis, a respiratory disease similar to
extrinsic allergic alveolitis. It progresses through acute and chronic stages, typically starting with
shortness of breath and followed by coughing (6). Studies highlight significant respiratory health
risks among sugar industry workers. In India, 92% were exposed to bagasse dust, with 32%
reporting respiratory symptoms (7, 8). Brazilian workers exhibited reduced pulmonary function
indices, while in Africa, 75% experienced CRS, and 54% showed pulmonary impairments (9,
10). The risk of developing this condition is closely linked to socioeconomic, behavioral, and

job-related factors (11, 12).



1.2. Statement of the problem

The first documented case of bagasse dust exposure was reported among bagasse handlers
working in a sugar factory supplying materials to a particle board factory in Egypt (10). Specific
standards for assessing organic dust exposure, such as bagasse, are not well-defined and are
generally considered under the NIOSH general dust exposure limit of 5 mg/m® (13).
Unfortunately, the occupational exposure limit for such organic dust may not sufficiently
safeguard sugar estate workers from negative health outcomes due to the exposure of sugarcane
bagasse dust contaminated with microorganisms. Workers in the sugar factory are exposed to
bagasse dust every day at their workplace. Bagasse dust exposure has been linked to various
health problems among workers, including respiratory irritation, allergic reactions, cancers of the

nasal cavity and lungs, as well as eye and skin conditions (6) (11).

The study findings done in different countries on the effect of bagasse dust exposure on lung
function parameters have been controversial (7, 14-16) . For instance, studies from Indian sugar
factories revealed that there was a decrease in all lung function parameters among different
sections of the sugar factor workers with a significant decrease noticed in bagasse baling workers
(7, 15). Contrary to the above study done in Costa Rica found that bagasse dust exposure did not
seem to affect the ventilatory lung function parameters forced expiratory volume in 1 s (FEV1),

forced vital capacity (FVC) and FEVI/FVC (6).

Despite the expected higher exposure levels, there has been very limited information regarding
bagasse exposure among workers in sugar industries as well as on health outcomes, particularly
in pulmonary function impairment in the Ethiopian sugar agro-processing sector. The limited
information regarding the exposure status was mainly based solely on aerial total dust (PM)
measurements which were not gathered from worker proxies' breathing zones. The magnitude of
personal bagasse dust exposure level in sugar factories is rarely addressed in occupational
exposure assessments in the Ethiopian context. The respiratory sequels reported were based on
self-report and assessed merely by using CRS questionnaires with not having the ventilatory lung
function parameters status of the workers (11, 12). Therefore, this study aims to determine
personal exposure levels to bagasse dust and its impact on CRS and pulmonary function indices

among Wonji Shoa sugar estate workers.



1.3. Rationale and significance of the study

Rationale
Sugar factories are growing in Ethiopia contributing a significant role in economic development

and creating job opportunities for many citizens. Bagasse dust exposure poses a significant
burden on the respiratory health of sugar factory workers, with both immediate and long-term
consequences that can ultimately undermine workforce well-being and reduce the sector’s
productivity. Likewise, almost all sugar mill factories in Ethiopia lacks thorough and periodic
occupational exposure assessment to bagasse and other inorganic dusts. This study assessed the
levels of personal sugarcane bagasse dust exposure and its respiratory health outcomes in sugar

factory, Ethiopia.

Significance of the study
This study’s results will enhance the existing understanding of how bagasse dust exposure

affects workers' respiratory health. Moreover, the insights gained can inform policy development
and assist health planners and stakeholders in implementing effective measures to reduce and
manage dust exposure in occupational settings. Furthermore, the data generated from this study

can be used for future study as a baseline.



2. Literature review

2.1. Sugarcane Agro-processing

Sugarcane (Saccharum officinarum) is one of the most widely cultivated cash crops in tropical
and subtropical regions across the globe. Brazil and India together contribute approximately 57%
of global sugarcane production, with Pakistan, China, Thailand (17) and Sub- Saharan Africa
countries accounting the rest (1). The processing of sugarcane is expanding rapidly to support the
production of sugar, bioethanol, electricity, and other valuable products. (18). In Ethiopia, the
sugar industry has experienced rapid growth since the establishment of the first factory in the
early 1950s, evolving into a key component of the national economy. At present, there are eight
operational sugar factories across the country, including Wonji Shoa, Metehara, Fincha, Arjo

Dediessa, Omo Kuraz II and III, Kessem, and Tana Beles, with ongoing expansion efforts.

The Wonji Sugar Factory, located in the Oromiya region near Adama City, 110 kilometers from
Addis Ababa, is Ethiopia's oldest sugar factory, established in 1954 by the Dutch firm. It was the
pioneer of the sugar industry, followed by the Shoa in 1962. To modernize and replace these
aging facilities, an expansion project began in 2013/2014, focusing on both cane cultivation and
factory upgrades. The modernized Wonji Shoa Sugar Factory is currently designed to crush
6,250 tons of sugarcane per day, yielding approximately 174,946 tons of sugar each year. With
planned expansions, its capacity is expected to reach 12,500 TCD, boosting annual sugar output

to around 220,700 tons (2).

Sugar manufacturing involves several occupations with distinct processing units mandatory for
the sugar production (7). Sugar production from sugarcane passes through several integrated
processes starting from planting till processing, during which, sugar estate workers exposed to
different types of OSH hazards. Pre-harvest burning and manually cutting of sugarcane pose a
tremendous risk on workers’ health particularly of respiratory, renal, cardiovascular,
musculoskeletal and dermatological problems. During the processing and refinery which is
highly energy intensive phase the sugar estate workers are mainly exposed to heat, noise,
chemicals mainly of carcinogenic, bagassosis and other chronic infections (19). That
significantly harm the productivity of workers with related morbidities and mortalities and

economy of the factories by spending millions of dollars for such incidents compensation (20).
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Figure 1. Flowchart Sugar Manufacturing Process

Bagasse, a by-product of sugarcane processing, is the fibrous residue left after the extraction of
juice from sugarcane stalks. Its composition varies depending on the sugarcane variety,
harvesting methods, and processing techniques. It is composed of cellulose fibers (40-50%),
hemicellulose (20-25%), lignin (18-25%), and ash (1-4%), with moisture content ranging from
40-60%. Its high cellulose and lignin content make it valuable for bio-energy, paper production,
and bio-composites, and its chemical composition allows for conversion into bio-fuels. Bagasse

dust is an organic dust containing high concentrations of bio-aerosols, such as bacteria,

7



actinomycetes, and fungi of plant origin. The aerodynamic diameter varies a lot from 0.5 to 3
microns, which are called as respirable dust to approximately 40 microns and above categorized
under total dust, to which sugar factory workers are exposed by virtue of their occupation results

in Bagassosis respiratory illness specific to sugarcane bagasse dust (7, 21).

Bagassosis belongs to interstitial lung diseases or hypersensitivity pneumonitis with
granulomatous interstitial disorder resulting from reaction to allergens predisposed in
occupational settings. It was first described by Ramanzzini in 1713 with the symptoms of cough
and shortness of breath in workers exposed to dusts of cereal grains (22). It resembles an
extrinsic allergic alveolitis. Chronic respiratory conditions linked to bagasse dust can reduce
workers' productivity and impose financial burdens on their families due to treatment expenses.
(7).

The clinical picture is mainly profound shortness of breath, cough, malaise, weight loss, and
sometimes fever during the acute episode. Crepitation is a constant feature and chest radiographs
usually show fine micronodular shadowing (13). There is a reduction in lung volumes,
ventilatory capacity, and gas exchange in the alveolar level (23). Even if the acute disease is self-
limiting and spontaneous symptomatic recovery occurs within six weeks after withdrawal from
exposure to mouldy bagasse dust, prolonged and frequent exposure may end up with lung cancer

(13, 24).

2.2. Bagasse Dust exposure and its determinants

Studies from major sugar-producing countries, including Brazil, India, Nicaragua, Thailand,
China, and Costa Rica, have shown that sugar factory workers are exposed to significant levels
of bagasse dust. Inhalable bagasse dust levels, such as 9.29 mg/m? reported in Thailand, often
exceed recommended limits, leading to substantial respiratory health issues. That might end up
with the risk of developing asthma, bronchitis, lung cancer and sugar factory specific respiratory
problem; bagassosis (5, 6, 17, 25, 26). Likewise, the same results have been documented in Sub
Saharan African countries (1, 14). In the Ethiopian context, studies have shown that over 75% of
sugar factory workers operate in environments with bagasse dust concentrations exceeding the
NIOSH-recommended permissible limit of 5 mg/m® for organic dust, presenting significant
health risks to workers and potential operational challenges for the industry. Even if the

measured level of bagasse dust exposure is only based on a static (areal) measurements strategy



collected from fixed locations on the work stations. The variability of bagasse exposure
experienced by individuals within factories is often inadequately captured in exposure
assessments conducted in the country. The personal bagasse dust exposure method addresses
these limitations by minimizing individual-level misclassification and enhancing precision
through finer spatial measurements of dust exposure. This approach integrates data on dust
exposure to pinpoint where and when bagasse dust exposure occurs, along with information on
work patterns, behaviors, workplace conditions, and job-specific factors to identify who is
exposed to bagasse and the mechanisms of exposure. Exposure for the bagasse dust is highly

related with the socio-economic, behavioral and working condition or job-related factors (11, 12).
Socio-economic factors and dust exposure

Sugar estate workers are often from low-income backgrounds and are hired temporarily for
seasonal work on short-term contracts with possible extension. This means employers don't have
to provide benefits like pensions, healthcare, or employment insurance (1). Workers face health
risks due to the physical strain of cane cutting and the poor living conditions, including
overcrowded, low-quality housing. Payment based on production encourages workers to increase
their workload, aiming for higher wages and better chances of being rehired in future seasons
and possible permanent employment (4). Many workers spend their entire lives on the estate,

living near the factory and exposed to bagasse dust for long periods. (11, 12).
Behavioral factors, Bagasse dust exposure and Respiratory Health

Worker dissatisfaction arises from inadequate and improper personal protective equipment (PPE)
and limited safe work practices in the workplace. Furthermore, not using respiratory protection
masks and neglecting respiratory safety measures increase their exposure to bagasse dust,

leading to potential respiratory complications. (11, 12).
Working condition or Job-related factors, Bagasse dust exposure and Respiratory Health

The high level of bagasse dust exposure is mainly due to the absence of essential technologies,
such as total enclosure of dusty work sections and proper ventilation mechanism, to control
particulate emissions in areas where workers are exposed for extended periods, impacting their

respiratory health. Additionally, the lack of administrative non-exposed such as job rotation,



limiting time spent in dust-prone areas, and implementing wetting practices further exacerbates
the issue. Poor maintenance and inspection of power turbine machines, along with inadequate
labor inspection and delayed corrective actions, also contribute significantly. Moreover, an
unsafe working environment combined with weekly workload exceeding 48 hours further

increases workers’ exposure to bagasse dust. (11, 12).

2.3. Bagasse dust exposure and CRS

Numerous studies have demonstrated that exposure to bagasse dust increases the risk of
developing chronic respiratory conditions such as COPD, chronic bronchitis, exacerbated asthma,
and bagassosis, particularly among sugar estate workers, despite some inconsistencies in the
findings (26-30). From study conducted in Costa Rica the percentage of workers reporting
wheezing (20.5%) and SOB (20.5%) during the pre-harvesting and harvesting seasons was
higher among the workers exposed to bagasse dust (6). Whereas in African countries like Sudan
and South Africa, studies showed that three forth of sugar factory workers experience persistent
type of respiratory symptoms that may be directly linked with bagasse dust exposure while 54%
of them ended up with respiratory sequels like pulmonary impairment (12, 14). From a
longitudinal study conducted in Wonji Shoa and Metehara Sugar factor, 60.6% of the
participants had experienced at least one chronic respiratory symptom during the active
sugarcane crushing period (12). Accordingly, the individual complaints of CRS, such as
wheezing, cough, breathlessness and work-related shortness of breath, were shown to be more
common during the active sugar-crushing period compared with the non-operational seasons (6,
11, 12, 15, 16). The prevalence of the complaints of the CRS were mainly due to the absence of
proper training on the use of respiratory protection devices. Even if training is given for the
workers, individuals’ behavior on complying for respiratory safety tips like wearing respiratory
protection masks were poor that will significantly associated with the development of CRS.
Some other studies relate the CRS with the age of the workers (>48years) and working hours of

more than 48hours per week (11, 12, 25, 31).

2.4. Bagasse dust exposure and Lung Function Impairment

The pulmonary function tests assess respiratory efficiency. Studies done on the effect of bagasse
dust up on lung function parameters were contrasting each other. Several studies have found that

there will be a significant changes in FVC, FEV1, FEV1/FVC%, and PEFR in bagasse exposed



workers (8, 27, 32). Evidences from studies conducted in India the overall Prevalence of
pulmonary impairment was 32% with obstructive type of pulmonary impairment showed the
maximum number of exposed in sugar factory workers (7, 15). The same findings have been
reported in Brazil with lowered pulmonary indices (16). In contrast, some studies pointed out
that exposure to bagasse dust did not seem to affect the ventilatory lung function parameters (6,
21). Duration of occupational exposure to organic dust (bagasse) due to their long work
experience in this sector was the major factor to increase the likelihood of pulmonary impairment

in sugar factory workers (7, 15).

Therefore, this study will address those inconsistences, controversies and knowledge gaps raised
by the literatures reviewed particularly to fill knowledge and research gaps in Ethiopia related to

the personal exposure level of bagasse dust and its impact on lung function parameters.

2.5. Summary of literature review
The sugar processing industry encompasses several complementary stages, from sugarcane

plantation, cultivation and harvesting to refining and packaging of final product sugar. During
these whole processes, workers face various chemical and physical health hazards, particularly
exposure to organic dust (bagasse), which poses significant risks to respiratory health. This high
level of exposure is primarily due to the absence of dust control technologies like local exhaust
ventilation (LEV), inadequate availability of personal protective equipment (PPE), and its poor
utilization by workers. Furthermore, the lack of administrative non-exposed such as job rotations,
labor inspections, safety audits, and routine machine maintenance contributes to increased
exposure and associated respiratory complaints. The severity of respiratory issues is closely
linked to the concentration of bagasse dust and the duration of exposure. Prolonged employment,
excessive dust levels, and uncomfortable working conditions further exacerbate respiratory

symptoms, reducing workers' productivity.

Periodic monitoring and intervention are crucial to address this economically and socially

impactful problem, safeguarding workers’ health and improving overall productivity.

2.6. Conceptual Framework
This conceptual framework illustrates the interconnections between associated factors and

outcome variables in the study, identifying key variables for investigation. Developed through an



extensive review of studies on bagasse dust exposure, CRS, and pulmonary function among
sugar estate workers, it guides the research process. CRS and pulmonary function (dependent
variables) are directly influenced by employment duration, working hours, and bagasse dust
exposure (independent variables). Additionally, they are linked to socio-demographic factors
(age, sex, education, income), anthropometric measures (weight, height, BMI), and behavioral

factors (PPE use, training, cooking fuel type, and smoking habits).
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Figure 2. Conceptual framework of the study (12).
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3. OBJECTIVES
3.1. General Objective:

The general objective of the study was to determine personal exposure levels to bagasse dust and
its impact on CRS and pulmonary function indices among Wonji Shoa sugar estate workers,

from January to March, 2025, Ethiopia.

3.2. Specific objectives:
# To determine the magnitude of personal bagasse dust exposure among Wonji Shoa sugar
estate workers.

# To assess the prevalence and determinants of CRS among Wonji Shoa sugar estate

workers

% To determine the Lung Function parameters among Wonji Shoa sugar estate and Kiya

Water bottling factory workers.
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4. Methods
4.1. Study area

The study was conducted in Wonji Shoa Sugar factory where the modern sugar industry was
pioneered in Ethiopia in the early 1950s with an initial production of 140 tons of sugar a day.
Followed by the Shoa Sugar Factory in 1962 with 170 tons of sugar production capacity a day.
Later on, the two factories were administered as one factory (Wonji Shoa) with the current
production capacity of 110,231 tons of sugar per annum. Beyond sugar production, the factory
contributes around 20 megawatts of electric power to the national grid, satisfying its own
demand of 11 megawatts. The factory is situated in Oromiya region near Adama City at 110 Kilo
Meters from Addis Ababa centered at GPS coordinates of 8° 24' 25" north and 39° 16' 25" east,
having a crushing capacity of 6250 tons of sugarcane per day with over 10678 workers currently

employed permanently and contractually as daily laborer and seasonal workers (12).
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§ R =
Tk =
e = o
od
A2 =
i ,\%: e
\._ \
.'J..{ "
=
o
=
=
ES)
Legend

* Factory location

Awash_River
QOutgrower Schemes
B Estabiished in 1975 ) = _
Established in 2008 siiismetars { —_— -
Established in 2011 *] 2 4 8
L] L]
38°12'0"E 39°16'0"E

8°20°0"N

Figure 3. Map of Wonji-Shoa sugar factories, factory-operated plantation, and plots of out
growers.

(Source: (33)).
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4.2. Study design and period

An institution-based comparative cross-sectional study was conducted on Wonji Shoa Sugar
factory and Kiya Water bottling factory workers from January to March, 2025. In this study, a
water bottling factory was selected as a control group, based on the assumption that dust

generation in this setting is minimal or negligible.

4.3. Source and study population
The source population was the working population in Wonji Shoa sugar factory and Kiya Water

bottling factory and our study population was those study participants selected from selected

work stations.

Inclusion criteria
The inclusion criteria for the study participants were workers aged above 18 years and with more

than one year of work experience in the sugar and water bottling factories.

Exclusion criteria
On the other hand, workers with self-reported cardiopulmonary disorders, such as heart disease

and past severe respiratory illnesses, as well as those who had undergone recent surgery
involving the chest, abdomen, head, or eyes, were excluded from the study. It’s to prevent
exacerbation of their existing conditions, as spirometry involves forced breathing maneuvers that

can increase intra-thoracic pressure and strain the cardiovascular or surgical sites.

4.4. Sample size determination

4.4.1. Sample size calculation for specific objective one (the magnitude/level of

bagasse dust)

The sample size for personal bagasse dust exposure monitoring was determined following the
guidelines proposed by Rappaport and Kupper for occupational exposure assessment. These
guidelines suggest that “selecting 5 to 10 workers at random, with 10 to 20 exposure
measurements per Similar Exposure Group (SEG), is sufficient to characterize exposure levels
with SEG refers to a set of workers who perform similar tasks, in comparable environments, and
for equivalent duration.” (34). In the sugar factory, five SEGs were identified as potentially
exposed to sugarcane bagasse dust: sugarcane milling, bagasse handling, boiler operation,

evaporator section, and packaging in the pan house. Five workers were selected from each SEGs
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randomly (n=25) in a voluntarily base. Accordingly, two repeated measurements on consecutive

days from each SEGs were performed, which gave us a total of 50 dust samples.

4.4.2. Sample size calculation for the second specific objective (prevalence and

determinants of CRS)

By the assumption that flour mill and bagasse dust are categorized under organic dusts with
similar characteristics. A comparative cross-sectional study conducted in Hawassa, Ethiopia,
“to assess the CRS, pulmonary function and associated factors among flour mill factory workers”
(35) showed that “the proportion of chest tightness among flour mill and soft drink factory
workers was 23 (11.9) and 6 (2.9) respectively” which gave us the largest sample size among
other respiratory complaints when computed by the double population proportion formula as

follows.

n=(Zo/2 +7B )2*[P1 (A-P1 )+P2 (1-P2 )]

(P1 —P2 )2,
Where n=sample size
Za/2=1.96 at 95% confidence level
Zp = Desired power of 85 % =1.0364
Pi1=proportion of chest tightness among flour mill workers = 0.23 (11.9)
P,=proportion of chest tightness among soft drink factory workers = 0.06 (2.9)
P1-P>=The expected difference in proportions between the two groups =0.17

Finally yields a total sample size of 346, where nl =n2 = 173.

4.4.3. Sample size calculation for specific objective three (Pulmonary function
indices)
By the assumption that coffee and bagasse dust are categorized under organic dusts with similar

characteristics. A cross sectional study conducted in Ethiopia “to assess the reduction in Lung

Function among Workers in Primary Coffee Processing Factories” (36) showed that the mean
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value and standard deviation of FVC in all age group were 4.03 (0.69) and 4.41 (0.63) for coffee
processing and water bottling factory workers respectively give rise to the largest sample size
(N=198) from the lung function indices. From the above study our sample size was computed
using the the mean difference equation as follows,

1= 2=

( st )"( i+ 3

Where n =nl =n2 = sample size in each group

Z42=1.96 at 95% confidence level

ZB = Desired power of 80 % =0.84

o1 = standard deviation among study group = 0.69
d»=standard deviation among control group = 0.63

d=mean difference (meanl =4.03 and mean2 =4.41) =0.38

Due to the limited number of spirometric mouthpieces present in our hand, the lung function
parameters were conducted among a total of 95 participants, both from the sugar estate and the

water bottling factory in a 1:1 ratio.

Table 1. Summary of Sample determination of the study

S/no | Parameter Rappaport Number of | Number Total Total number
of
recommendation | department number of of dust
workers
workers measurement
1 Number of [ 5-10 from SEG | 5 5 workers | 25 50
personal  bagasse for each
dust measurements SEGs
2 Variables Proportion Calculated | Non Total number
SS response of SS (both
rate of | groups)
(10%)
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Chest Tightness 11.9 2.9 346 35 381

3 Variables Mean (£SD) SS Nonresponse | Total number
Calculate of SS in each
rate (10% group
d
Group 1 Group 2 Group | Group
1 2
FVC 4.41 (0.63) 4.03 (0.69) | 178 196 98 98

The sample size computed for assessing the prevalence of (CRS) was the largest among all
specific objectives, totaling 346. After accounting for a 10% non-response rate, the final sample
size for the study was determined to be 381. For the LFT due to the limited number of
spirometric mouthpieces present in our hand, the parameters were conducted among a total of 95

male participants, both from the sugar estate and the water bottling factory in a 1:1 ratio.

4.5. Sampling procedures

A total sample size of 381 was proportionally allocated between Wonji Shoa Sugar Factory and
Kiya Water Bottling Factory. Within each factory, the sample was further distributed across
different work sections using stratified random sampling. Study participants were then randomly

selected from each departmental sampling frame using simple random sampling.

For the personal bagasse dust sampling, participants were selected from the five SEGs, with five
workers randomly chosen from each department on a voluntary basis. The Similar Exposure
Groups (SEGs) selected from the sugar factory included key work sections that are directly
involved in the production process. These included the sugarcane milling section, where
sugarcane delivered from the harvesting area is crushed both outdoors (Branko section) and
indoors using five milling machines to extract sucrose juice. The juice then undergoes
clarification and sulphitation in the evaporation section before proceeding to the pan house,

where crystallization and centrifugation take place to produce raw sugar crystals. The final
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product is then processed in the packaging section for weighing and distribution. Meanwhile, the
by-product of sugarcane milling, known as bagasse, is initially stored outdoors and then fed into
the boiler section for steam and power generation. In addition, a portion of the bagasse is baled
and stored for use during the next production season's start-up. These sections were selected
based on their relevance to the production process and the likelihood of exposure to sugarcane
bagasse dust, which aligns with the objectives of the study. From thesee sections a total of 50
samples were performed on 25 individuals twice from the selected departments, which is

adequate and representative due to resource constraints and Rappaport recommendation.

Sugar factories in Ethiopia (8)

v
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Temporary workers (Over 6,500 including
field workers)
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Figure 4.Schematic illustration of the sampling procedure for personal bagasse dust monitoring
at Wonji Shoa Sugar Factory, Ethiopia, 2025.

4.6. Data collection procedures

4.6.1. Assessment of the CRS

The CRS were assessed by using the translated Amharic version standardized questionnaire
adopted from the American Thoracic Society (ATS) with slight modifications through face-to-
face interviews in the workplace. The questionnaire consists of socio-demographic, occupational
history, past respiratory diseases, utilization of RPE while working, fuel type used for cooking,
and smoking habits. On the other sub-section, it included questions about CRS, including cough,

cough with sputum, breathlessness, work-related shortness of breath and wheezing. The data



were collected by using the KOBO Collect Android App that suits the data collection setup by
trained health professionals after a brief training and guidance on the details of the questionnaire,

instruments utilized and ethical conduct is given.

4.6.2. Observational Checklist

An observational checklists with key informant interviews were used to assess the working

environment, basically related to access and utilization of RPE.

4.6.3. Assessment of the magnitude of bagasse dust exposure levels

Personal samples of “total dust” with aerodynamic diameter of less than 100 micrometer were
taken from the workers breathing zone attached on their lapel of clothes by using a 37mm
diameter of Millipore plastic sampling closed face cassette/CFC (Millipore MAWP 025 AC)
fitted with a PVC filter of Sum pore size in line with rechargeable battery-powered SKC pumps

with a flow rate of 2 liter per minute (37).

Image 1&2. Personal Dust exposure measurement on workers of wonji Shoa sugar factory from

evaporator and milling sections, Ethiopia. (Source: photo gallery)

Full-shift 8-hour exposure assessment have been conducted on random days among five
participants from each work station (34, 38) and repeated sampling were conducted in the next
days. The time of the sampling period was recorded properly by using a stop watch timer. Two

trained data collectors were engaged in giving direction to the study participants on the correct
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actions to be done while sampling, mounting the sampling instruments on the body of the study
participants, coding the cassettes and following the pump's flow rate hourly. During the sampling
phase, checklists and data sheets were employed to document key observations and findings. The
sampling took 2 days in each chosen working department which means a total of 10 days with a

total of fifty samples among 25 workers.

Arrangement Unexpos Con Sample samp Sampl
of sampling ed duct Exposed storage | e
equipment's, sample sam sample and post- € Interp
storage boxes | | transpor L plin | transport 5 weightin "] An.aly - retati
and pre-weight t to the o to the lab lab sis on
in lab field

Figure 5. Sequence of dust sampling among Wonji Shoa Sugar factory workers; Ethiopia, 2025.

4.6.4. Anthropometric measurements

Anthropometric measurements were conducted among workers from Wonji Shoa Sugar Factory
and Kiya Water Bottling Factory. Body weight was measured with participants standing and
wearing light clothing, while height was measured using a field stadiometer. BMI was then

automatically computed using the WinSpiro PRO software.

Image 3. Conducting anthropometric measurement of worker in Wonji Shoa Sugar factory.
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4.6.5. Measurements of Lung Function indices

After the anthropometric measurement (standing height, weight, etc.), a spirometer was used for
assessing lung function indices (FVC, FEV1and FEV1/FVC %) among the 2 factory workers in
accordance with their similar exposure group in each factory using computer-based software
WinSPIRO PRO. All measurements were taken by a well-trained health professional in an office
setting where the room temperature was maintained between 34°C and 36°C. Prior to conducting
the test, participants were given a clear explanation of the breathing procedure, which involved
taking a deep breath in followed by a rapid and forceful exhalation. They were allowed to
practice the maneuver to ensure proper technique. During the test, a nose clip was applied to
prevent air escape through the nostrils. The participant began with a few normal breaths, then
performed a deep inhalation followed by a strong, fast exhalation to complete the maneuver. All
tests were taken in a comfortable upright sitting position and each individual continued to
perform spirometry until three acceptable tests with a maximum of eight trials at the morning
shift, according to the guidelines recommended by the American Thoracic Society (39).
Throughout the procedure, the flow-volume curves shown on the Winspiro PRO interface were
carefully observed to verify that participants exerted adequate effort during both the inspiratory

and expiratory phases.

@ |

Image 4. Conducting Lung Function test among Woniji Shoa Sugar factory worker, Wonji Shoa, Ethiopia
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4.7. Operational definitions

Bagasse dust exposure

“Bagasse dust exposure was defined as a measured concentration levels exceeding the NIOSH
recommended exposure limit of 5 mg/m3. Workers with exposure levels above this threshold
were classified as occupationally exposed, while those below were considered non-

exposed. 7 (12, 40).
CRS (CRYS)

The presence of one or more symptoms; such as cough, sputum production, wheezing,
breathlessness, or work-related shortness of breath, persisting for a minimum of three

consecutive months within a year. (41, 42).
Cough

Participants were classified as having a cough if they responded ‘yes’ to at least one of the
following: coughing upon waking in the morning, coughing during the day or at night, coughing
four to six times daily in a typical week, or experiencing a cough on most days for at least three

consecutive months in a year. (42).
Cough with sputum

Participants were identified as having a cough with sputum if they responded ‘yes’ to any of the
following: producing sputum with a cough in the morning, during the day or at night, coughing
up sputum four to six times daily in a typical week, or experiencing sputum-producing cough on

most days for at least three continuous months within the year (42).
Breathlessness

Participants were classified as experiencing breathlessness if they reported difficulty breathing
when walking briskly on flat ground, going up a gentle slope, walking at their usual pace on

level ground, or keeping up with peers of similar age while walking on level surfaces (42).

Work-related shortness of breath



Participants were considered to have work-related shortness of breath if they commonly

experienced chest tightness during or immediately after completing their work. (42).
Wheezing

Participants were identified as having wheezing if they had ever experienced a whistling or

wheezy sound when breathing (42).

Forced Volume Capacity (FVC): - the greatest amount of air that can be forcefully and quickly
exhaled after taking the deepest possible breath (39).

Forced expiratory volume in 1 sec (FEV1):- The amount of air expelled in the first second of

the forced vital capacity (FVC) test (39).

FEV1/FVC: The proportion of the forced vital capacity (FVC) exhaled during the first second of
a maximal forced expiration after a full inhalation. Values above 80% of the predicted norm are

generally regarded as normal (39).

Current smoker: are those individuals who either actively smoke or have quit smoking within

the past year (43).
Ex-smokers: refer to those who ceased smoking over one year ago (43).

Never smokers: participants who have never engaged in smoking (43).

4.8. Data Management

Before and after collection, bagasse dust samples were carefully placed in labeled sealed
containers for safe transport. After the dust sampling, the coded cassettes will be capped,
transported cautiously as hand luggage to the Environmental and Occupational Health (EOH)
laboratory at the College of Health Sciences, School of Public Health of Addis Ababa University

in a box suitable to prevent damage and stored until the gravimetric analysis.

Before the data collection starts, the principal investigator and supervisor make sure that each
data collectors have the questionnaire on their KOBO Collect Android App and checks for
completeness and consistency. The primary investigator, supervisor, and data collectors also

discussed the data collection process further and any ambiguities raised were addressed before



the start-up. The collected data by the data collectors was sent to the Kobo Toolbox server, after
being edited and saved, then the data was cleaned as needed in the server and downloaded. Then
the downloaded data was exported to MS. Excel sheet for further data cleaning, frequency,
sorting, and a list was used for cleaning. Finally, the cleaned data were imported to SPSS version

27 for further analysis.

The required lung function test parameters were manually extracted from the software and
recorded in an Excel sheet. After data cleaning, the dataset was imported to SPSS version 27 for
statistical analysis. To ensure data backup and security, the original data were stored both on a

computer and an external flash drive.

4.9. Data Analysis Procedures:

Statistical Package for Social Sciences software (V.27) has been utilized to run all statistical

analyses.

4.9.1. For the first objective (the level of personal bagasse dust exposure)

Forty nine dust concentration results were summarized using descriptive statistics, including
geometric mean (GM) and geometric standard deviation (GSD) where one sample was discarded
due to its pump failure from the bagasse section. One-way ANOVA was applied to assess
variability across days, individuals, and work tasks. Filter samples were analyzed gravimetrically
with a precision microbalance (AT261 Mettler Toledo), sensitive to 0.01 mg/m?, in a controlled
environment. Pre- and post-sampling filter weights were measured by a trained technician, and

dust concentration in air was computed using the following formula:

Concentration (mg/m?) = (post weight —pre-weight of filter) (mg)-blank weight (mg)

Flow rate (liters per min) x sample duration (min) x0.001 m?/liter

Where,

» Weight of the dust (mg) = (weight of the filter after - weight of the filter before sampling)
(mg) - weight of the field blank filter (mg)
» Volume of air sampled (m?) = flow rate of the pump (liters per minutes) multiplied by

the time of the sampling (minutes) multiplied by 1000 lit/ m>.



» Concentration of dust (mg/m?) = Weight of the dust (mg) divided by the Volume of air

sampled (m?).

Since our country, Ethiopia, does not have a standard exposure limit value for organic dust, we
have compared values with the recommended eight-hour time-weighted average Norwegian

Occupational Exposure Limit (OEL) for total organic dust of 5 mg/m? (44).

4.9.2. Analysis for the second objective (prevalence of CRS and its

determinants)

Descriptive statistics were used to summarize the chronic respiratory status and its determinants
of the study population, including frequency distributions, measures of central tendency, and
dispersion. These results were presented in tabular form. To assess the prevalence of CRS
among workers from Wonji Shoa Sugar Factory and Water Bottling Factory, a generalized linear
model with Poisson regression was employed in order to compute the adjusted prevalence ratio

(APR), adjusting for potential confounder.

Bi-variate analysis was performed to explore the relationship between exposure and outcome
variables, with those showing a p-value less than 0.2 included in the multi-variable analysis. The
multi-variable model helped identify factors associated with both exposure and outcome, adjust
for confounders, and estimate Adjusted Odds Ratios (AOR) with 95% Confidence Intervals (CI).
Given the binary nature of the outcome variable, binary logistic regression was employed to
compute Crude Odds Ratios (COR) with 95% CI to assess individual associations between

dependent and independent variables.

4.9.3. Analysis for specific objective three (evaluation of pulmonary function
indices)

Pulmonary function test results were expressed as Mean + Standard Deviation for each

parameter. Analysis of Covariance (ANCOVA) was applied to assess differences in lung

function between sugar factory workers and the control group, adjusting for potential

confounders. The relationship between cumulative dust exposure and lung function indices,

controlling for confounding variables, was analyzed through multiple linear regression using

SPSS version 27.
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4.10. Data quality assurance

To ensure the validity and reliability of the questionnaire, it was first translated into Amharic and
then retranslated back into English by an expert to check for consistency and accuracy. A pretest
was conducted with 5% of individuals who are similar to the target population. This pretest
helped to identify and address issues such as question relevance, ambiguities or
misunderstandings and potential biases during data collection. Based on the findings from the
pretest, the questionnaire was revised accordingly. To further ensure data quality, a standardized
questionnaire was used, and trained health professionals conducted the data collection process.

This approach minimizes errors and ensures the reliability of the data collected for the study.

During the personal dust sampling, the pumps were detected hourly by the supervisor and data
collectors to check whether the flow rate is functioning as calibrated earlier, that is, 2L/m, or the
pump failure. Field blanks have been used to correct for any weight changes during sampling due
to the humidity change. The samples were transported cautiously with a handheld box suitable to
prevent damage or disturbance. Before weighing, the microbalance was allowed to stabilize at
zero to ensure accurate readings. A standard weight (e.g., 100 mg) was periodically used to
verify the reliability and accuracy of the balance. These measures will ensure the accuracy and
consistency of dust sampling, minimize potential errors, and maintain the integrity of the

collected data.

For the pulmonary function test (PFT), orientation was given to the study participants to prevent
leak and early termination. Trained health professionals were involved and orientation was given
before the procedure started. Once the data was collected, the needed information was
immediately exported to an Excel sheet, then handled on a computer and a flash disk for safety

and kept for the analysis.

4.11. Ethical consideration:

Ethical clearance for this study was obtained from the ethical review committee of the School of
Public Health. An official letter was sent to the Ethiopian Sugar Industry Group (ESIG) head
office, requesting permission and support to conduct the study. Additional letters of approval
were sought from the Wonji Shoa Sugar and Kiya Water bottling Factories management for

further facilitation and cooperation. The rationale, methods and significances of the study upon



their participation were clearly explained to each study participant. Before the data collection
starts, all study participants fulfilling the criteria for the study and agreed to participate were
given the Amharic version written consent and asked to sign. In case when capturing visual aids,
such as a photo, is necessary, full informed oral consent was obtained. For ethical issues like
privacy and confidentiality due emphasis was given during the whole data collection process.
The collected information was only held and accessible for the research personnel in order to
keep confidentiality; in addition to that, coded personal dust samples will be utilized. To ensure
privacy, interviews were conducted in a quiet and comfortable setting. Participation was fully
voluntary, with individuals free to decline or withdraw at any point if they felt uneasy. Although
participants did not receive direct financial compensation, they may benefit indirectly through
future policy improvements informed by the study's findings. During the process, if the study
participants were found to have abnormal lung function tests, we advised them in order to seek
further medical attention for their health and we linked them to the factory’s health center as

needed.

4.12. Dissemination of results

The result of this study will be presented to Addis Ababa University, the school of public health
and the copies will be given to the head office of the Ethiopia Sugar Industry Groups (ESIG) as
well as to the Wonji Shoa Sugar factory administrative office. It will also be given to the
Minister of Ethiopian Labor and Skills , Oromia Biro of Labor and Social Affairs (BOLSA) and
Oromia FMHACA. Additionally, the findings will be disseminated through scientific publication

to ensure broader reach and impact.



5. Result

5.1. Socio-demographic characteristics
A total of 381 workers participated in the study, including 190 from Wonji Shoa Sugar Factory

(exposed group) and 191 from Kiya Water Bottling Factory (non-exposed group), yielding a
100% response rate. Among the total respondents, 284 (74.5%) were male and 97 (25.5%) were
female. In the exposed group, 118 (62.1%) of participants were aged 33 years and above,
compared to 94(49.2%) in the non-exposed group.

Regarding educational status, 115 (60.6%) of the exposed participants had completed secondary
education or higher and 75 (39.5%) had completed primary education. In contrast, among non-
exposed participants, 145 (76.0%) had completed secondary education or higher, and 46 (24.1%)
had completed primary education. The median monthly income was 5000 Ethiopian Birr for
Wonji Shoa Sugar Factory workers and 6,800 Ethiopian Birr for Kiya Water Bottling Factory
workers.

The majority of participants in both groups were married, 102 (53.7%) in the exposed group and
118 (61.8%) in the non-exposed group. Statistically significant differences were found between
the two groups in terms of age group, sex, educational status, and monthly income (p < 0.05),

while no significant difference was observed for marital status (p > 0.05).

Table 2. Socio-demographic characteristics of workers from Wonji Shoa sugar factory
workers and Kiya water bottling factory workers, Oromia region, Ethiopia, from Jan-
March, 2025 (N=381)

Variable Wonji Shoa  Sugar Kiya Water Bottling P-Value
Factory Factory
N:i=190 N=191
n (%) n (%)
Sex
Male 128 (67.4) 156 (81.7) 0.001*
Female 62 (32.6) 35(15.3)
Age Group
18-34 72(37.9) 97(50.8) 0.011*

>=35 118(62.1) 94(49.2)



Marital Status

Married 102(53.7)
Single 61(32)
Divorced 31(11.1)
Widowed 6(3.2)

Educational Status

Primary (1-6 or 8) 75(39.5)
Secondary (9-12) 67(35.3)
12+ 48(25.3)
Monthly income

(ETB)

<=5000 97(51.1)
5000-7500 77(40.5)
>=7500 16(8.4)
Median 5000

118(61.8)
57 (29.8)
13(6.8)

3(1.6)

46(24.1)
96(50.3)

49(25.7)

32(16.8)
125(65.4)
34(17.8)

6800

0.243

0.002*

0.001*

Number of participant (N1 &N2),* statistical significance level at p<0.05(Chi-square)

5.2. Anthropometric data

Table 3 presents a comparison of anthropometric characteristics between sugar factory workers

and the control group. No statistically significant differences were observed between the two

groups in terms of age, body mass index (BMI), weight, or height.

Table 3. Anthropometric data of Sugar Factory workers compared to the non-exposed,

Oromia region, Ethiopia, from Jan-March, 2025 (N=100)

Variables Sugar factory (n =48) non-exposed (n=47) P-value
P-value Mean (£SD) Mean (£SD)

Age (years) 38.21 (£12.20) 37.70 (£10.96) 0.470
Weight (Kg) 62.21 (£7.48) 61.89(£5.99) 0.652
Height (cm) 164.48(£15.34) 166.51(£6.82) 0.705
BMI (Kg/m2) 22.36 (£2.28) 22.36(£2.16) 0.826
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5.3. Personal and Behavioral characteristics of the study participants
A higher proportion of current and ever smokers was observed among exposed compared to non-

exposed workers, though the difference was not statistically significant (p = 0.105). Most
workers in both factories had never smoked cigarettes.

More than half of the exposed workers, 120 (63.2%), reported not regularly using respiratory
protective devices (RPE). The primary reasons cited for not using RPE included unavailability
72 (37.9%), discomfort 22 (11.6%), the perception that sugarcane bagasse dust is not harmful 22
(11.6%), and other reasons such as inadequate protection 2 (5.1%). Regarding the use of PPDs,
only 19 (10%) workers across both factories had received any form of training. Additionally, the
majority of respondents, 338 (88.7%), from both factories reported using electricity as their
primary source of energy for food preparation.

Table 4. Personal and Behavioral characteristics of workers from the sugar factory and
non-exposed, Oromia region, Ethiopia, from Jan-March, 2025 (N=381)

Variable Sugar Factory Control P-Value
Ni=190 N=191
n (%) n (%)
Smoking History
Current Smoker 17(8.9) 9(4.7) 0.105
Ever smoked cigarettes  11(5.8) 6(3.1)
Never smoked 162(85.3) 176(92.1)
cigarettes
RPEs use 70(36.8) - 0.486
Training on the Use of 6(3.2) 13(6.8) 0.255
RPE

Type of Energy Source
for food preparation

Electricity 154(81.1) 184(96.3) <0.001*
Biofuel 36(18.9) 7(3.7)

Reason for not

wearing RPE

Not available 72(37.9) - <0.001*
Uncomfortable 22(11.6)

Don’t give adequate 2(1.1)

protection 22(11.6)

Dust is not harmful 2(5.1)

Other reasons

Number of all participant (N1 and N), bio fuel (charcoal, wood and gas), * statistical
significance level at p<0.05(Chi-square tests)
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5.4. Job-related characteristics
Among the 190 workers from Wonji Shoa Sugar Factory, 139 (73.2%) had work experience of

five or more years, while only 22 (11.5%) from the control group had ten or more years of
experience. Regarding weekly working hours, 115 (60.5%) of sugar factory workers reported
weekly working hours of more than 48, whereas only 10 (5.2%) of non-exposed reported weekly

working hours of more than 48. These differences were statistically significant (p < 0.05).

With respect to weekly working days, only 19(10%) of participants from the sugar factory
worked five days or less per week, while 26(13.6%) of non-exposed worked five days or less per

week; the difference was not statistically significant (p >=0.05).

Past exposure to other types of dust was reported by 15 (7.9%) workers in the sugar factory and
20 (10.5%) in the control groups, with no statistically significant difference observed (p > 0.05).
However, a significant difference was noted in the history of past respiratory illness: 44 (23.2%)
from Wonji Shoa Sugar Factory reported having had a previous respiratory illness, compared to

23 (12%) from the control groups (p < 0.05).

Table 5. Job-related characteristics of workers from the sugar factory and non-exposed,
Oromia region, Ethiopia, from Jan-March, 2025 (N=381)

Variable Sugar Factory non-exposed P-Value
N:i=190 N>=191
n (%) n (%)
Work Experience in years
<5 51(26.8) 169(88.5) <0.001*
>=5 139(73.2) 22(11.5)
Working days per week
<=5 19(10) 26(13.6) 0.275
>5 171(90) 165(86.4)
Working hours per week
<=48 75(39.5) 181(94.8) <0.001*
>48 115(60.5) 10(5.2)
Past Dust Exposure
Yes 15(7.9) 20(10.5) 0.384
No 175(92.1) 171(89.5
Previous respiratory illness
Yes 44(23.2) 23(12) <0.004*
No 146(76.8) 168(88)
Work Section/Department
Bagasse section 31(16)
Milling Section 29(15.3)

Boiler Section 35(18.4)



Evaporator section 32(16.8)

Pan house/packaging 38(17.4)
Other sections 30(15.8)
Water Bottling 0 191

Number of all participants (N; and N), bio fuel (charcoal, wood and gas), * statistical
significance level at p<0.05(Chi-square tests)

5.5. Personal Bagasse dust exposure
A total of 25 participants from the five SEGs participated in the personal sugarcane bagasse dust

exposure assessment, yielding 49 dust samples. One sample was excluded due to pump failure.
The measurement duration ranged from 300 to 447 minutes, with a mean of 364 minutes and a
standard deviation of £54 minutes. The overall geometric mean (GM) of personal total bagasse
dust exposure was 9.49 mg/m?, with a geometric standard deviation (GSD) of 4.01. The highest
exposure level was recorded in the bagasse section (GM =14.44 mg/m?), while the lowest levels
were observed in the pan house/packaging and evaporation sections (5.99 mg/m? and 5.05 mg/m?,
respectively). A statistically significant difference in the total bagasse dust exposure was found
among at least two of the work sections (df = 4, F = 21.04, 0.002). Additionally, 85.7% of the
measurements exceeded the Norwegian Occupational Exposure Limit (OEL) for total organic

dust (5 mg/m?) (43).

Table 6. Personal Sugarcane Bagasse dust concentration in the selected five work stations
from the Sugar factory, Oromia region, Ethiopia, from Jan-March, 2025 (n=49)

Work Number of Average Range AME SD) GM = N above

section/Departmen  samples duration (mg/m?) GSD) OEL (5 mg/

t (Minutes) (mg/m?) m?)

Bagasse Section 9 345 9.20-32.23 16.31 14.44 9(100%)
(£9.06) (£0.50)

Milling Section 10 388 8.71-19.85 12.66 12.30 10(100%)
(£3.41) (£0.25)

Boiler Section 10 366 7.97-12.72  9.74 9.68 10(100%)
(x1.55) (£0.15)

Evaporator Section 10 312 4.64-8.80  6.19 5.99 7(70%)
x1.71) (£0.27)

Pan 10 409 2.51-6.90 5.25 5.05 6(60%)

House/packaging (£1.27) (£0.29)

section



Total 49 364 2.51-32.23  9.90(+5.82) 9.49(+4.01  42(85.7%)
)

Number of participant (n); milligram per meter cube (mg/m3); GM=Geometric mean;
SD=standard deviation; GSD=Geometric standard deviation; OEL= occupational exposure limit

5.6. Prevalence of CRS

As presented in Table 7, the prevalence of at least one chronic respiratory symptom was 118
(62.1%) among Wonji Shoa Sugar Factory workers, compared to 39 (20.4%) among the control
group with adjusted prevalence ratio at 95%CI of 2.46 (1.795-3.377). After adjusting for potential
confounding factors namely sex, age, educational status, monthly income, passive smoking, fuel
type used for food preparation, work experience, working hours per week and past respiratory
illness under generalized estimate model the differences in the prevalence ratios of respiratory
symptoms between the two groups remained statistically significant for cough, Cough with
Sputum, work related shortness of breath, wheezing and at least one CRS. However, the

difference was not statistically significant for breathlessness (p > 0.05).

Table 7. Prevalence of CRS among the sugar factory workers and the non-exposed, Oromia
region, Ethiopia, from Jan-March, 2025 (N=381)

Variable Sugar Factory Control Prevalence ratio p-value
n=190 n=191 at 95%Cl
n (%) n (%)
Cough 101(53.4) 36(18.8) 2.28(1.629-3.193) 0.001*
Cough with Sputum  31(16.3) 3(1.6) 6.96(2.061-23.535) 0.002*
Breathlessness 37(19.5) 19 (9.9) 1.63(0.908-2.930) 0.102
Work related SOB 90 (47.4) 15(7.9) 4.67(2.793-7.830) 0.001*
Wheezing 71(37.4) 12(6.3) 4.53(2.476-8.322) 0.001*
At least one chronic 118(62.1) 39 (20.4) 2.46(1.795-3.377) 0.001*

respiratory symptom

CI (confidence interval), while adjusting for sex, age, educational status, monthly income,
passive smoking, fuel type used for food preparation, work experience, working hours per week
and past respiratory illness (poison regression with generalized estimating equations model)

5.7. Pulmonary Function Test

Ninety-five male workers (48 participants from sugar factory and 47 non-exposed) were enrolled.
After adjusting for work experience and monthly income, the case group showed a borderline
significantly lower mean FVC and FEV1 compared to the control group (p = 0.49). No
statistically significant differences were observed between the groups for FEV1/FVC ratio (p =
0.650).



Table 8. Comparison of pulmonary function parameters with adjustment (ANCOVA)
among the Sugar Factory workers and the non-exposed, Oromia region, Ethiopia, from
Jan-March, 2025 (n=95)

Parameters exposed non-exposed p-value
n=48 n=47

FvC 3.87(+0.78) 4.00(x0.53) 0.042*

FEV1 3.19(x0.73) 3.37 (£0.53) 0.49*

FEV1/FVC 81.92(+4.66) 84.11(%£3.73) 0.650

*Statistically significant difference at p-value<0.05 while adjusted for work experience and
monthly income

5.7.1. Impact of Cumulative dust exposure on lung function parameters
In the adjusted multiple linear regression model, increasing age was significantly associated with

reduced FVC and FEV; (B = -0.026, p = 0.05; B = -0.025, p = 0.039, respectively), while
height, current smoking, and cumulative dust exposure were not statistically significant
predictors. Although cumulative sugarcane bagasse dust exposure showed a negative association

with all lung function indices (FVC, FEV; and FEV, /FVC), the associations did not reach

statistical significance (p > 0.05).

Table 9. Cumulative dust exposure with lung function parameters among participants
(n=48) from the Sugar factory, Oromia region, Ethiopia, from Jan-March, 2025 (n=48).

Parameter B(SE) 95%CI1 P- Value
FVC(L)

Age(years) -0.026(0.013) -0.053 0.000 0.05%
Height(cm) 0.000(0.006) -0.012 0.011 0.969
Current smoking -0.506(0.286) -1.084 0.071 0.084
(Yes/No)

Cumulative dust -0.002(0.002) -0.005 0.001 0.215
(mg/m? .years)

FEV1(L)

Age(years) -0.025(0.012) -.0048 -0.001 0.039*

Height(cm) -0.001(0.005) -0.011 0.009 0.830



Current -0.393(0.250) -0.898 0.111 0.123
smoking(Yes/No)

Cumulative -0.002(0.001) -0.005 0.001 0.128
dust(mg/m? .years)

FEV1/FVC(%)

Age(years) -0.106(0.089) -0.285 0.072 0.236
Height(cm) -0.017(0.038) -0.094 0.060 0.657
Current 0.381(1.913) -3.479 4.242 0.843
smoking(Yes/No)

Cumulative -0.014(0.011) -0.036 0.008 0.200

dust(mg/m? .years)

Unstandardized coefficients- B(SE) std error, 95% Confidence interval, *P-value significant at
0.05

5.8. Determinants of CRS

5.8.1. Bivariate analysis
5.8.1.1. Bi-variate Analysis of socio-demographic factors and CRS

In the bivariate logistic regression analysis, age >35 years was significantly associated with
increased odds of CRS compared to ages 18-34 (COR = 30.78, 95% CI: 13.726-69.003, p <
0.001). Similarly, lower educational status and lower monthly income were significantly
associated with higher odds of reporting CRS (e.g., primary education: COR = 13.0, 95% CI:
5.305-31.857, p < 0.001; income <5000 ETB: COR =5.22, 95% CI: 1.564-17.423, p = 0.007).

Table 10. Bi-variate analysis of socio-demographic factors and at least one CRS among
workers from the sugar factory, Oromia region, Ethiopia, from Jan-March, 2025 (N=190)

Variable A least one CRS

COR?*(95%CI)* P-Value

Yes No

Sex
Male 75(58.6) 53(41.4) 0.625(0.328-1.191) 0.153*
Female 43(69.4) 19(30.6)
Age Group
18-34 14(19.4) 58(80.6) 1
>=35 104(88.1) 14(11.9) 30.78(13.726-69.003) <0.001*
Educational Status
Primary 65(86.7) 10(13.3) 13(5.305-31.857) <0.001*
Secondary 37(55.2) 30(44.8) 2.47(1.143-5.324) 0.021%
12+ 16(33.3) 32(66.7) 1
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Monthly income (ETB)

<=5000 87(89.7) 10(10.3)  5.22(1.564-17.423) 0.007*
5000-7500 21(27.3) 56(72.7)  0.23(0.073-0.696) 0.01*
>=7500 10(62.5) 6(37.5) 1

a=crude odds Ratio; b =95% confidence interval; * = significant level at p <0.2; 1.00=reference
5.8.1.2. Bi-variate analysis of behavioral factor and CRS

In the bivariate logistic regression analysis, smoking history (whether ever or current smoking)
was not significantly associated with the presence of CRS (ever smoker: COR = 0.71, 95% CI:
0.207-2.412, p = 0.579; current smoker: COR = 0.84, 95% CI. 0.304-2.324, p = 0.737).
However, not using respiratory protective devices (RPE) was significantly associated with higher
odds of having at least one chronic respiratory symptom compared to RPD users (COR = 22.22,
95% CI: 10.311-47.866, p < 0.001). The type of energy source used for food preparation (biofuel
vs electricity) showed no significant association with CRS (COR = 1.099, 95% CI: 0.517-2.335,
p = 0.806). (Table 9).

Table 11. Bivariate analysis of behavioural factor and at least one CRS among workers
from the sugar factory, Oromia region, Ethiopia, from Jan-March, 2025 (N1=190)

Variable A least one chronic COR?*95%CI)" P-Value
respiratory symptom
Yes NO

Smoking History

Never Smoked 102(63) 60(37) 1

Ever smoker 6(54.5) 5(45.5) 0.71(0.207-2.412) 0.579

Current smoker 10(58.8) 7(41.2) 0.84(0.304-2.324) 0.737

RPD use

Yes 15(21.4) 55(78.6) 1

No 103(85.8) 17(14.2) 22.22(10.311- <0.001*

47.866)

Type of Energy

Source for food

preparation

Electricity 95(61.7) 59(38.3) 1

Biofuel 23(63.9) 13(36.1) 1.099(0.517-2.335)  0.806

a=crude odds Ratio; b =95% confidence interval; * = significant level at p <0.2; 1.00=reference
5.8.1.3. Bi-variate analysis of Job-related factors and CRS

In the bivariate analysis, workers with >5 years of experience had significantly higher odds of
reporting at least one chronic respiratory symptom compared to those with <5 years (COR =

24.92, 95% CI: 10.14-61.22, p < 0.001). Similarly, working more than 48 hours per week and



having a history of respiratory illness were strongly associated with increased odds of CRS
(COR = 46.06, 95% CI: 19.29-109.97, p < 0.001 and COR = 6.615, 95% CI: 2.467-17.737, p <
0.001, respectively). While working days per week showed no significant association at a p-

value of <0.2.

Table 12. Bi-variate analysis of Job-related factors and at least one chronic respiratory
symptom among workers in the sugar factory, Oromia region, Ethiopia, from Jan-March,
2025 (N1=190)

Variable A least one chronic respiratory COR?(95%CI)" P-Value
symptom
Yes No
Years of Work
Experience
<5 7(13.7) 44(86.3) 1
>=5 111(79.9) 28(20.1) 24.92(10.14-61.22) <0.001*
Working days per
week
<=5 11(57.9) 8(41.1) 1
>5 107(62.6) 64(37.4) 1.216(0.465-3.182) 0.69
Working hours per
week
<=48 14(18.4) 62(81.6) 1
>48 104(91.2) 10(8.8) 46.06(19.29-109.97) <0.001*
Past Dust Exposure
Yes 6(40) 9(60) 0.375(0.128-1.102) 0.075*
No 112(64) 63(36) 1
Past  Respiratory
IlIness
Yes 39(88.6) 5(11.4) 6.615(2.467-17.737) <0.001*
No 79(54.1) 67(45.9) 1

a=crude odds Ratio; b =95% confidence interval; * = significant level at p <0.2; 1.00=reference

5.8.2. Multivariable logistic regression analysis
In the bi-variate analysis, several variables were found to be associated with the presence of at

least one chronic respiratory symptom at a significance level of p < 0.2. (Tables &, 9, 10). All
variables with a p-value less than 0.2 in the bi-variate analysis were subsequently included in the
Multivariable logistic regression model to control for potential confounders and to identify

independent predictors of CRS.

After adjusting for potential confounders in the Multivariable logistic regression analysis, three

variables remained significantly associated with the presence of at least one chronic respiratory



symptom among workers. Workers aged 35 years and above had significantly higher odds of
reporting CRS compared to those aged 18-34 (AOR =4.851, 95% CI: 1.123-20.952, p = 0.034).
Similarly, those who did not use respiratory protective devices (RPE) were over five times more
likely to experience respiratory symptoms than RPD users (AOR = 5.39, 95% CI: 1.611-18.025,
p = 0.006). Moreover, weekly working hours of more than 48 was strongly associated with

increased odds of CRS (AOR = 10.15, 95% CI: 3.159-32.582, p < 0.001).

Table 13. Multivariable analysis of associated factors and at least one chronic respiratory
symptom among workers from the sugar factory, Oromia region, Ethiopia, from Jan-
March, 2025 (N=190)

Variable A least one CRS AOR?*(95% CI)® p-value
Yes No
n(%) n(%)

Age Group

18-34 14(19.4) 58(80.6) 1

>=35 104(88.1) 14(11.9) 4.851(1.123-20.952) 0.034**

RPD use

Yes 15(21.4) 55(78.6) 1

No 103(85.8) 17(14.2) 5.39(1.611-18.025) 0.006**

Work Experience in years

<5 7(13.7) 44(86.3) 1

>=5 111(79.9) 28(20.1) 5.015(0.91-27.638) 0.064
Working hours per week(hrs)

<=48 14(18.4) 62(81.6) 1

>48 104(91.2) 10(8.8) 10.15(3.159-32.582) <0.001**

a= adjusted odds Ratio; b =95% confidence interval; ** = significant level at p < 0.05;
1.00=reference



5.9. Observational findings on the Engineering and working conditions of the

sugar factory
Our study was conducted from January to March when the sugar factory fully functions and this

season is also termed as the sugarcane crushing or harvesting season. During our walk through
observation there were bagasse dust particles and ashes dispersed whole over the factory’s state
depending on the wind direction from the bagasse store, boiler and outdoor milling sections.
Observational findings and insights from key informants also revealed critical gaps in
engineering non-exposed and overall working conditions at Wonji Shoa Sugar Factory. While
routine maintenance of machinery appeared to be regularly practiced in most dusty work sections,
the application of wet spraying methods was observed inconsistently across different stations.
Dust control technologies were largely absent, and the majority of dusty work environments
lacked proper enclosure. The use of respiratory protective equipment was rarely enforced, with
no clear system for ensuring compliance. Furthermore, job rotation systems and periodic medical
check-ups were not widely implemented. Ventilation relied primarily on natural airflow, with
very limited evidence of local exhaust systems. Routine occupational health and safety
inspections were infrequent, and structured training on workplace hazards was generally lacking.
Although safety audits had reportedly been conducted in some sections, the overall work
environment was perceived by informants as unsafe for respiratory health. These findings point
to serious shortcomings in workplace safety measures and indicate a pressing need for improved

engineering non-exposed and occupational health interventions.
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6. Discussion
The geometric mean of personal bagasse dust exposure (9.49 mg/m?) exceeded the Norwegian

OEL (5 mg/m®) for organic dust, with 85.7% of samples surpassing the limit, the bagasse and
milling sections with GM and GSD of 14.44 (£0.50) and 12.30 (£0.25), were the departments
with highest exposures observed, respectively. A statistically significant difference in exposure
across departments (p=0.002) suggests differential task-related dust generation, marking the need
for targeted dust control interventions. The prevalence of at least one chronic respiratory
symptom was significantly higher among sugar factory workers (62.1%) compared to non-
exposed (20.4%), with statistically significant differences observed for cough, cough with
sputum, work-related shortness of breath, and wheezing after adjusting for confounders.
Multivariable analysis identified older age (=35 years), non-use of respiratory protective
equipment (RPE), and working more than 48 hours per week as significant determinants of CRS,
highlighting the influence of both personal and occupational risk factors. These findings align
with the observed inadequate implementation of dust control technologies, inconsistent use of
RPE, and poor enforcement of occupational safety measures in the factory. The lack of
engineering non-exposed, limited ventilation, and insufficient occupational health oversight
likely contribute to the elevated exposure levels and increased respiratory health risks among

workers.

The findings from personal bagasse dust exposure in the present study reflected similar patterns
observed in previous studies from Ethiopian sugar factories. A longitudinal assessment at
Metahara and Wonji Shoa Sugar Factories reported GM concentrations of 9.55 mg/m?® and 7.89
mg/m*® in the boiler and power turbine sections, respectively, with over 85% of samples
exceeding recommended limits (12). Additionally, a cross-sectional study from Metahara found
areal dust concentrations ranging from 1.52 to 10.34 mg/m?, with the highest levels in the boiler
section and 68% of measurements above the permissible limit for organic dust (11). Notably,
unlike these earlier studies that relied on areal sampling, the current study employed full-shift
personal sampling, providing a more accurate estimate of individual exposure and reinforcing the

need for targeted control interventions in high-risk work areas.

When compared to international studies, the GM of bagasse dust exposure in this study was

higher than that reported in India (135pg/m? in milling section, 150pug/m? in boiler and 415ug/m?



in bagasse baling section), Thailand (9.29 mg/m? in bagasse storage and 5.60 mg/m? in the boiler
section) and Costa Rica (2.72 mg/m? in maintenance and 0.35-1.06 mg/m? in other departments)
(6, 7, 17, 45). Despite contextual differences, commonalities were observed, including higher
exposures during peak harvesting seasons and widespread dust dispersion influenced by wind
direction. Furthermore, visual inspection of filters revealed the presence of bagasse fibers and
ash in the bagasse, boiler and milling sections and underscoring the urgent need for effective dust

mitigation strategies in sugar factories globally.

A study conducted in an Egyptian sugar and particle board factory reported significantly higher
total dust concentrations from bagasse exposure (up to 138 mg/m?), particularly during cleaning
of the boiler section and loading operations (46). These levels exceed those findings from our
study, possibly due to the direct and large-scale use of dry bagasse sourced from nearby sugar
factories, reflecting Egypt's extensive sugar production and its advanced utilization of bagasse
for manufacturing other commercial goods. In contrast, such industrial applications are limited in
our context, suggesting an opportunity to look out safer and value-added uses of bagasse beyond

biofuel.

This study revealed a high prevalence (62.1%) of at least one chronic respiratory symptom
among workers at the Wonji Shoa Sugar Factory, which is consistent with findings from a
longitudinal study conducted at Metehara and Wonji Shoa sugar factories, where 60.6% of
workers experienced CRS during the active sugarcane crushing season (95% CI: 59.2%—61.9%).
The higher prevalence observed during the crushing season in both studies underscores the
significant impact of occupational exposure to bagasse dust on respiratory health. The common
symptoms reported in our study, including cough (53.4%), work-related shortness of breath
(47.4%), and wheezing (37.4%), were also frequently observed in the comparative longitudinal
study (wheezing: 96.8%, cough: 89.7%, shortness of breath: 62.1%), further confirming the
seasonal burden of dust-related respiratory morbidity in this industry. The prevalence was high
for each chronic respiratory symptom in the earlier study, which might be due to the longitudinal
nature of the study with follow-up compared to our cross-sectional study (12). Compared to
international studies from India(15), Brazil(21), and Pakistan(47), our findings reflect a notably
higher prevalence of CRS. For instance, our finding on the prevalence of work-related shortness

of breath (47.4%) and wheezing (37.4%) was relatively higher than the prevalence obtained from



Costa Rica (wheezing: 20.5% and SOB of 25%) (6). Likely due to lower levels of respiratory
protection and less rigorous enforcement of safety protocols in the our context. Variations in dust
control technologies, occupational health policies, and worker education also contribute to these

disparities.

Age, lack of respiratory protective equipment (RPE) use, long working hours, and longer work
experience were significant determinants of CRS in this study. Workers aged 35 and above had
nearly five times higher odds of symptoms than younger workers, consistent with findings from
the Metehara and Wonji Shoa factories (12) and supported by a study conducted in India (48),
where those over 48 years were also more affected. Similarly, non-use of RPE increased the odds
by over five times, higher than estimates from related studies and aligns with both national and
international evidence highlighting the protective role of RPE (49). Prolonged weekly working
hours (>48) and longer service duration (=5 years) were strongly associated with elevated
symptoms, likely due to increased cumulative exposure, reaffirming duration and intensity of

dust exposure as key risk factors.

In sum, our findings reinforce the well-established link between occupational exposure to
bagasse dust and CRS. The strong associations with age, prolonged working hours, lack of RPE
use, and longer duration of employment underscore the urgent need for targeted interventions,
including proper training, consistent provision and enforcement of RPE use, and reduction of

prolonged exposure to dust during peak operational seasons.

Additionally, Wonji Shoa sugar factory workers exhibited a borderline significantly lower mean
FVC and FEV1 compared to non-exposed, suggesting early signs of restrictive and obstructive
lung impairment, potentially linked to occupational dust exposure. Reduced FVC and FEV1 have
been reported by studies conducted in sugar factories showed that workers exposed to sugar cane
bagasse dust in the sugar manufacturing workstation had significantly lower forced expiratory

volume in 1s (FEV1) and forced volume capacity than the non-exposed ones. (25, 50, 51)

Cumulative bagasse dust exposure in our study showed a negative trend with lung function
indices, though not statistically significant, possibly due to sample size limitations. Another
major reason for the non-significant association might be that the mean bagasse dust

concentrations from each of the five sections (SEGs) were used to compute the cumulative dust



exposure, which may not accurately reflect the actual exposure levels of the individuals who
underwent spirometry tests; nonetheless, this suggests a potential correlation between prolonged
occupational exposure to bagasse dust and progressive pulmonary impairment, consistent with
findings from studies conducted in Indian sugar factories. (7, 8, 15, 22, 46, 51). However, our
findings contrast with a study conducted in Costa Rica, which reported that bagasse exposure did
not significantly affect ventilatory lung function indices, including FEV, , FVC, and the
FEV, /FVC ratio (6). This discrepancy may be attributed to significant differences in the
magnitude and intensity of sugarcane bagasse dust exposure, likely influenced by variations in

manufacturing processes and the implementation of occupational safety and health (OSH)

policies between the two settings.

These findings, alongside the observed inadequate dust control measures and poor enforcement
of protective equipment use, highlight the potential respiratory burden faced by workers in

poorly regulated sugar manufacturing environments.



7. STRENGTHS AND LIMITATIONS OF THE STUDY
7.1. Strengths

This study comprehensively assess the prevalence of CRS, levels of personal sugarcane bagasse
dust exposure and lung function parameters among sugar factory workers. Methodologically, it
employed robust data collection tools, including interviewer-administered questionnaires by
trained health professionals in reducing the risk of misreporting compared to self-administered
surveys, alongside observational checklists and key informant interviews to capture contextual
and operational factors. The inclusion of a nearby, demographically comparable control group
enhanced the study's ability to minimize confounding. Personal total dust exposure was
measured using rigorous field and laboratory protocols, including proper pre- and post-weighing
of filters with a standard micro-balance (Mettler Toledo), real-time pump flow rate checks, and
full-shift sampling to ensure accuracy. Furthermore, lung function was assessed using spirometry
performed by trained professionals, ensuring the reliability of physiological measurements and

minimizing participant-induced bias.

7.2. Limitations

This study has several limitations. The use of Millipore plastic closed-face filter cassettes (CFCs)
for total dust sampling may have led to underestimation of inhalable dust concentrations due to
potential particle loss from adherence to the inner cassette walls. There is also a possibility of
over- or under-estimation if participants deliberately moved into dustier areas during sampling or
may stop working and move away for a while. Recall bias and interviewer bias may have
influenced self-reported data on employment history, age, prior dust exposure, and respiratory
symptoms. Additionally, observational errors during height and weight measurements may have
affected the accuracy of spirometry-related anthropometric data. The cumulative dust exposure
assessment was done using the mean bagasse dust levels from each work sections not from those
individual participants whom the pulmonary function tests were done. As a cross-sectional study,
the design limits the ability to establish causal relationships between exposure and health
outcomes. Furthermore, the "healthy worker effect" may have resulted in an underestimation of
the true burden of respiratory symptoms. Although a longitudinal study would provide stronger

evidence, such designs are resource-intensive and less feasible in this context.



8. Conclusion and Recommendation

8.1. Conclusion

This study revealed that the concentrations of sugarcane bagasse dust among sugar factory
workers were substantially above the recommended occupational exposure limit, with arithmetic
and geometric means of 9.90 +5.82 mg/m® and 9.49 +£4.01 mg/m?, respectively; 85.7% of the
measurements exceeded the Norwegian OEL of 5mg/m?. The prevalence of CRS was
significantly higher among sugar factory workers compared to the control group. Age above 35
years, non-use of respiratory protective equipment (RPE), and longer weekly working hours
were identified as key determinants. Most workers were unaware of the health risks of bagasse
dust exposure and did not regularly use RPE. Notably, the “healthy worker effect” should be

considered, as even asymptomatic workers remain at risk.

Pulmonary function parameters (FEV; , FVC and FEVI/FVC) were significantly reduced in

exposed workers, particularly among those with over 10 years of exposure. Overall, the findings
underscore that chronic exposure to sugarcane bagasse dust in the absence of adequate protective

measures poses a serious risk to respiratory health and lung function.

8.2. Recommendation

For the Ministry of Labour and Skills (MoLSA) and Oromia Regional Bureau of Labour
and Social Affairs (BoLSA):

Regular supportive supervision and comprehensive risk assessments should be conducted in
sugar factories to evaluate the level of bagasse dust exposure. It is also essential to establish or
revise national occupational exposure limit (OEL) values for sugarcane bagasse and other

organic dusts.
For Sugar Factory Management:

Regular occupational health and safety (OHS) training should be provided to all workers.
Preventive maintenance and inspection programs must be maintained effectively. Engineering
non-exposed, particularly at dust-emitting points of machinery, should be prioritized. Standard
and sufficient respiratory protective equipment (RPE) must be supplied, and worker adherence to

RPE use should be encouraged basically on those sections that bagasse dust exposure exceeds



the permissible limits. Long-term strategies such as modifying or replacing outdated machinery

are crucial to sustainably reduce dust levels.
For Sugar Factory Workers:

Workers should consistently and correctly use the RPE provided and adhere to all OHS protocols

communicated through workplace postings and written guidelines.
For Researchers:

Future longitudinal studies are recommended to better assess personal bagasse dust exposure,

CRS, and lung function impairment among sugar factory workers.
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10. Annexes

Annex I: Participants Information Sheet
Greetings:

My name is , and I am working as a data collector for a study being
conducted at Wonji Shoa Sugar factory by Walelign Erkalo, a Master's degree student at Addis
Ababa University, College of Health Sciences, School of Public Health. I kindly request your
attention to explain the study and your potential role as a participant.

Study Title:

Assessment of the Impact of bagasse dust exposure on CRS and Lung Function among Wonji
Shoa Sugar factory workers, Ethiopia.

Purpose of the Study:

The main objective of this study is to fulfill the requirements for a Master’s degree thesis in
Public Health for the principal investigator. By doing so the study is intended to assess personal
exposure to sugarcane bagasse dust and its impact on CRS and lung function among workers at
the Wonji Shoa Sugar Factory. This study aims to play a significant role in preventing and
managing respiratory health challenges associated with bagasse exposure among sugar factory
workers. It also hopes to motivate government authorities and stakeholders to prioritize
addressing these occupational health issues.

Procedure and Duration:
The study will involve:
1. Assessing CRS through a questionnaire.

For data collection, I will use a standard questionnaire adapted from the American Thoracic
Society (ATS) alongside an observational checklist. The study has been ethically approved by
the School of Public Health. Before participating, you will receive detailed information about the
study, and your consent will be sought. The interview is expected to take approximately 30
minutes.

2. Personal bagasse dust exposure monitoring

To quantify personal bagasse dust exposure, a dust sampler will be fixed on your body. A small
sampling head will be positioned near your breathing zone to collect the dust likely inhaled
during your work. A 0.5 kg hand pump will be attached to your waist, drawing air through a
connecting tube that passes through the sampling head. This device works on a battery and emits
minimal sound. It does not interfere with your health or work performance. The sampling will



span your full working hours. The principal investigator will assist in attaching the device,
starting, and stopping the hand pump as needed.

3. Measuring pulmonary function using a spirometer.

To assess your lung function, a spirometer will be used. This device measures how much air you
can inhale and exhale, as well as how effectively oxygen is transported in your body. Before the
test, please ensure you haven’t had a heavy meal, smoked, or engaged in vigorous exercise at
least 2 hours beforehand. During the test, you will be seated comfortably and breathe into a
mouthpiece connected to the spirometer. A nose clip will be used to ensure you breathe only
through your mouth. You’ll be guided to take deep breaths, exhale forcefully, or breathe at
varying speeds as instructed. The procedure is completely safe and non-invasive. Some
participants may feel lightheaded during or after the test, but this usually resolves quickly. The
test takes approximately 30—60 minutes to complete. Afterward, your healthcare provider will
explain the results and discuss any necessary follow-up steps.

These activities will be conducted in your work environment, requiring only a few minutes of
your time and your full cooperation.

Risks and Benefits:

Risks: This study poses no risk to participants as it does not involve invasive procedures or
require the collection of biological samples.

Benefits: While there are no direct benefits for participation, the findings will contribute to
improving occupational health and safety practices, provide valuable insights for sugar factory
workers, and advance scientific knowledge.

Confidentiality:

All information you provide will be kept strictly confidential, and your name will not be
recorded or associated with any data.

Your Rights:

Participation in this study is entirely voluntary. You have the right to decide whether to take part
or not. If you choose to participate, you may withdraw at any time without providing a reason,
especially if you feel something about the study is inappropriate or uncomfortable.

Whom to Contact:
If you have any questions about this research, please feel free to contact the following:
Principal Investigator (PI): Walelign Erkalo

Addis Ababa University, College of Health Sciences, School of Public Health



Tel: +251-9-73-66-27-73

Supervisors:

Dr. Samson Wakuma

Tel: +251-9- 23-94-09-98

Ethical Review Committee:

School of Public Health, Addis Ababa University
Tel: +251-115-157701

At this point, do you have any questions about the purpose or content of this interview? Are you
willing to participate in the study?

Thank you for considering participating in this important research. If you have any questions,
please don’t hesitate to ask!



Annex II. INFORMED CONSENT FORM

I have been provided with detailed information about the study, including its objectives,
procedures, and my role as a participant. I understand that the purpose of this study is to assess
the impact of bagasse dust exposure on CRS and pulmonary function among workers at Sugar

factories.

Additionally, I understand the following:

v

The data collection process, including how it will be conducted and the approximate
time required to complete it.

There are no risks associated with my participation in this research.

My responses will be kept confidential, and the data collected will be used solely for
research purposes.

I have the right to withdraw from the study at any point without any repercussions.

I also recognize that my participation in this study is significant for advancing
scientific knowledge and providing a basis for further research in this area.

Having understood all of the above, I voluntarily agree to participate in the study.

Participant's Consent:

Signature of Participant:

Date:

Data Collector's Declaration:

I confirm that I have provided detailed information about the study to the participant, answered

all questions, and obtained their voluntary consent.

Name and Signature of Data Collector:

Date:

IDENTIFICATION

Questionnaire code: working department




Annex III: English Version Questionnaire

Socio-demographic characteristics of the study participants

101. Sex Male
Female
102. Age group (In | 8-24
years) 5534
35-44
>=45
103. Marital Status | Single
Married

Others (divorced, Widowed)

104. Educational
Status

Read and write

Primary school (1-8)

Secondary (9-12)

College diploma

Degree and above

105. What is your
income per a
month?

ETB

106. How long do
you working in this
job?

years

107. Employment
type

Daily laborer

Contractual

Permanent

108. How many
working hours per a
day?

hours

56




109. How many
working days per a
week?

Days

110. Which section | Working Service
are you working
now and for how | department year
long?
Harvesting
Milling
Evaporation
Boiler (Bagasse
handler)
Packaging
Others
111. Have you ever | Yes
worked in other
sections in the past No
in the sugar
factory?
If "Yes” for the | Working Service
above “Q” Indicate
which section and | department year
for how long? (in
years &
months) Harvesting
(Multiple answer is Milling
possible) Evaporation

Boiler (Bagasse
handler)

Packaging

Others

Personal characteristics of study participants
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201. Frequency of Alcohol | Never
consumption

Regularly

Sometimes
202. Frequency Khat | Never
Chewing

Sometimes

Regularly
203. Cigarette smoking status | Yes

No
204. Obeying safety rules Yes

No
205. Satisfaction with current | Satisfied
job

Unsatisfied
206. Training in the use of | Received

respirator

Not received

207. Usual wearing of
respiratory protective devices

Yes

No

208. Reason for not wearing
respiratory protective devices

Not available

Uncomfortable

Don’t give
protection

adequate

Dust is not harmful

Other reasons
209. Ever working in other | Yes
dusty types of work

No
210. What kind of energy | Coal
source mostly do you use for
food  preparation?  (your Wood
primary Gas
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fuel type)

Electric

Others (specity)

Engineering/ job related and working condition related characteristics (Key Informants)

301. Routine maintenance of
machines

Yes

No
302. Enforcement of | Yes
respiratory protective
equipment utilization No
303. Existence job rotation | Yes
systems

No
304. Periodic medical | Yes
examination/health check-up

No

305. Hours worked per week

<=48 hours a week

>48hrs
306. Dust control technology | Absent
status

Present
307. Types of ventilation Local

General

Natural
308. The enclosure of dusty | Yes
work setting

No
309. Practice of wet spray Yes

No
310. Provision of Health and | Yes
Safety trainings

No
311. Routine health and safety | Yes
inspection

No
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312. Safety audit Yes
No
313. Safety  of  working | Safe
environment
Unsafe

Assessment of past respiratory illnesses and CRS

401. Pneumonia

Yes

No

402. Tuberculosis

Yes

403. Bronchitis

Yes

No

404. Asthma

Yes

405. chest injury

Yes

No

406. Cough

Cough first thing in the morning,

Cough during the day or night

Cough as much as four to six times a day in
a week.

Cough for most days for as much as three
consecutive months during the year.

407. Cough  with

Sputum

Cough with sputum first thing in the
morning,

Cough with sputum during the day or night,

Cough with sputum as much as four to six
times a day in a week, or

Cough with sputum for most days for as
much as three consecutive months during
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the year.

408. Breathlessness

Troubled by shortness of breath when
hurrying

on level ground or walking up a slight hill

Get shortness of breath when walking at
his/her own pace on the level ground

Get shortness of breath when walking with
other people of your own age on level
ground.

409. Work-related
shortness of breath

Usually experience of chest tightness while
at work or just after work.

410. Wheezing

Wheezy (whistling) sound of the chest
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Annex IV: Observational Checklist PPE usage and workplace environment
Observational Checklist PPE usage and workplace environment

Questions

Observation

Comment

Yes

No

Is respiratory protective equipment available for
each worker at every department?

Is respiratory protective
provided?

equipment (RPE)

Is provided respiratory protective equipment
properly used?

Is there a written procedure for the selection, use
and maintenance of PPE?

Is personal protective utilized only when it is not
reasonably practicable to eliminate or control the
hazardous substance or process?

Are the areas requiring PPE usage properly
identified by warning signs?

Annex V: Dummy table for dust level measurement

Table 14. Measurements of personal bagasse dust at Wonji Shoa Sugar Estate workers

Code Pre Post Starting | Ending | Initial Final Blank Dust
weight | weight | time time flow Flow weight | Conc.
of Filter | of Filter | (min) (min) rate rate (mg) (mg/m3)
(mg) (mg) (L/min) | (L/min)

1

2

3

4

5

6

Table 15. Dust Sampling Worksheet (PI: Walelign E.)
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Factories name: Name of data collector:

Blank ID number: Department:
Dat | Code of|Roun | Wor | Filte | Pum | Dep’ | Tim | Time | Intia | Fina | Remar
e participan | d k r p ID|t e ende |1 1 k

t shift | code |# start | d flow | flow

Id # rate | rate

1
2
3

One data sheet is used only for one day and one blank serves only for one day

Annex VI. Standard Operative Procedure for the Lung Function Parameters

Purpose: the purpose of this SOP is to ensure the pulmonary function test is conducted
accurately, consistently, and safely in the field during the data collection period among Wonji
Shoa Sugar Factory workers and the non-exposed.

Basic Parameters of Pulmonary Function test

< Forced Vital Capacity (FVC): is the maximal volume of air exhaled with maximally forced
effort from a maximal inspiration.

<~ Forced Expiratory Volume in one second (FEVlsec): is the maximal volume of air
exhaled in the first second of a forced expiration from a position of full inspiration.

< FEV1/FVC: is the ratio of the above two.
Spirobank II Basic overview

The Spirobank II® Basic is a handheld, portable diagnostic spirometer designed for use in
environments where it’s only necessary to take basic measurements of the main spirometric
parameters. It can be used as a “stand-alone” with onboard memory that is capable of storing up
t010,000 test results. It can also connect to a PC via USB allowing for real-time spirometry
testing, and downloading of test results stored on the device using the free MIR WinspiroPRO®
PC Software. The Spirobank [I® Basic measures FVC, FEV1, FEV1%, PEF, FEF25-75, FET,
Extrap. Volume, Lung Age, VC, IVC, IC, ERV and PRE and POST Bronchodilator comparison.
Results are previewed on the display following a test, with a flow/volume and Volume/time
graphs in addition to the patient’s actual spirometry readings for immediate assessment. It also
features a traffic light health indicator for easy interpretation of results. The single-use disposable
turbines have a pre-connected mouthpiece and are individually factory calibrated and packaged
that we are going to use in our Spirobank II® Basic in our hand.

Preparation of the instrument for field work
Software installation: be sure installing the software on PC before connecting the spirobank II.
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Connecting the Spirobank II: after installation of the software program, connect the USB
connector of the Spirobank II to a free USB port on the PC and check for its functionality earlier.

Preparing the Spirobank II

Tear open the plastic bag containing the single use disposable turbine with mouthpiece and fold
the bag back, allowing you to insert the turbine into the Spirobank II. Ensure that the plastic bag
protects the mouthpiece until you handover to the participant to adhere with infection prevention
protocols. When inserting the turbine into the Spirobank II ensure that the turbine is closed
tightly with the spirobank, otherwise it won’t work. When you remove the disposable turbine
with mouthpiece rotate it in the different direction slightly and pull it out (as marked on the
spirobank).

SPIROMETRY TEST PROCEDURE
A. Establish rapport

To obtain valid test results from a spirometric test, the eligible participant must be put at ease.
This is accomplished by:-

® Initially greet the study participant,
® Assure him/her that the test is simple and non-painful and

® Explain the purpose of measuring that how much air can be exhaled after a maximal
inhalation and how fast it can be blown out.

B. Prepare the study Participants

By recording details on the winspiroPro software properly and appropriately.
® Unique identification number

Name and surname

Date of birth and age in years

Gender

Race/ ethnicity

Weight (in kg to the nearest 0.5 of a kg):- should be measured without shoes (weight
scale), with pockets empty and wearing indoor clothes only.

® Height (in cm to the nearest 0.5cm):- The subject must be standing without shoes on
Stadiometer in the Frankfort position, as tall as possible with the eyes level and
looking straight ahead.

® Smoking history and other mandatory details

C. Ask pre-screening questions (below)



D. Give test instructions

The patient’s cooperation will depend on a complete test explanation. The better the subject
understands the maneuver, the better the results will be.

® Every patient should be in a standing or sitting position (be consistent) for the test but
for safety reasons spirometry should be performed in a sitting position.

® Place a chair behind the patient, if standing, to allow for him to sit down should
dizziness be experienced.

® [ oosen all tight clothes.

D. Describe the maneuver
® Sit straight comfortably with chin up and back supported on the chair,
® Uncross legs on the floor comfortably.

® Take the deepest breath you can, then place the mouthpiece in your mouth, on top of
your tongue (to ensure the tongue does not occlude the mouthpiece) and tightly seal
your lips around the tube.

® Stop here and show how the mouthpiece is placed over the tongue.

To ensure that the patient understand the maneuver clearly repeat by say:- “To do the test
properly you need to take the biggest and deepest breath in that you can through your mouth,
then blow as fast as you can for as long as you can into the mouthpiece, until your lungs are
completely empty or you cannot blow any longer”

“YC+TexTNrThrhAAP®PN TN AEPAINRANTF AT I LA R
APAT DPAPANTTITES&NDLEATNPLEN ST NHLPN+ FA
PrEeamnt AT ANNFATELNLTFPANTTSNATNDP
mr N axnN 2ANNUEr &2 0N 'mouthpiece’N A £ A dMF A =~

Script used to instruct the procedure
Introduction:

“Hello! Today, we will be performing a spirometry test as part of research study. This test is
designed to measure important aspects of your lung function. The purpose of this test is to gather
data on lung capacity and airflow. It help us to measure the total amount of air you can forcibly
exhale after taking a deep breath; and the amount of air you can forcibly exhale in the first
second of the exhalation. Your high participation and patience will be important for this test, so
please collaborate with me. First let me

explain what you need to do.”

Instructions for Performing the Test:



“Let’s go through the steps to perform the spirometry test. Please follow these instructions
carefully: Sit comfortably in an upright position. If you’re wearing tight clothing, please loosen it
to avoid restricting your breathing. This is a disposable mouthpiece, which is sealed currently
and I will use it only for you. You need to place this mouthpiece in your mouth above your
tongue so your tongue will not block the air flow, and ensure that your lips create a tight seal
around it. Avoid biting down on the mouthpiece. After that I need you to breathe through your
mouth comfortably, then when I say “go” Take a deep breath in through your mouth only and fill
your lungs completely and quickly, then without waiting a second blow out forcefully and
quickly through the mouthpiece. Aim to empty your lungs as much as possible. Keep blowing
out until I instruct you to stop. It’s important to maintain a strong and continuous exhalation
throughout the process. We will repeat this maneuver at least three times to ensure the accuracy
of our measurements. After each attempt, take a few normal breaths before the next one. I will be
here to guide you and provide any necessary assistance. If you feel dizzy or uncomfortable at any
time, please let me know, and we can take a break. So before we start let me show you how you
do it, so follow me carefully.”

E. Demonstrate the maneuver

“Now watch how I do it.” Take a different mouthpiece and carefully show each step in the
procedure, with your maximal effort (your demonstration is setting the example, so make it real).
At the beginning of the exhalation maneuver, do not bend forward, stand/sit upright with your
chin elevated.

F. Perform the manoeuvre
v Have subject assume the correct posture

v' Before commencing the first maneuver, the patient should have the mouthpiece firmly
attached to the pressure tube and their hands firmly around it.

Attach nose clip, place mouthpiece in mouth and close lips around the mouthpiece
Inhale completely and rapidly with a pause of <1 s at TLC

Exhale maximally until no more air can be expelled while maintaining an upright posture

NN

Continue by saying, “I want you to ‘Blast’ the air out as hard and fast as you can, and keep
blowing hard until you have no more air left! I know it’s painful keep going! Bravo! Good
Job!”

v" Repeat instructions as necessary, encourage and coach vigorously
v" Repeat for a minimum of three manoeuvres; no more than eight are usually required
v Check test repeatability and perform more manoeuvres as necessary

Due to the “learning curve,” it usually requires several attempts to achieve the optimal spirogram.
First obtain three maneuvers. If satisfactory data has not been obtained after three attempts, rest
the patient and then do up to five more maneuvers, for a total of eight.



G. Acceptability criteria for manoeuvres

® A satisfactory start of test and a satisfactory end of test (EOT), i.e. a plateau in the volume—
time curve.

® The subject performed the manoeuvre with a maximum inspiration, a good start, a smooth
continuous exhalation and maximal effort:

1.

7.

without an unsatisfactory start of expiration, characterised by excessive hesitation
or false start extrapolated volume or EV .5% of FVC or 0.150 L, whichever is
greater

without coughing during the first second of the manoeuvre, thereby affecting the
measured FEV1 value, or any other cough that interferes with the measurement of
accurate results;

without early termination of expiration (see End of test criteria section);

without a Valsalva manoeuvre (glottis closure) or hesitation during the manoeuvre
that causes a cessation of airflow, which precludes accurate measurement of FEV1
or FVC;

without a leak;

without an obstructed mouthpiece (e.g. obstruction due to the tongue bein placed in
front of the mouthpiece, or teeth in front of the mouthpiece, or mouthpiece
deformation due to biting);

without evidence of an extra breath being taken during the manoeuvre.

It should be noted that a usable curve must only meet conditions 1 and 2 above, while an
acceptable curve must meet all of the above seven conditions.

® The reporting format should include qualifiers indicating the acceptability of each
manoeuvre.

® Records of failed such manoeuvres should be retained since they may contain useful
information.

H. Between-manoeuvre criteria (Repeatability)

< After three acceptable spirograms have been obtained, apply the following tests

v

The two largest values of FVC must be within 0.150 L of each other

v The two largest values of FEV Imust be within 0.150 L of each other

< If both of these criteria are met, the test session may be concluded

<> If both of these criteria are not met,



v continue testing until both of the criteria are met with analysis of additional
acceptable spirograms or

v' A total of eight tests have been performed (optional) or

v’ The patient/subject cannot or should not continue

Other conditions to be considered
+¢ Testing environment

Testing should occur in a clean, bright, well ventilated and comfortable environment. There
should be adequate standing space for subjects who test standing and a subject chair with arms
and no wheels.

% Infection Prevention and control through

» Wash hands Before & after administering a spirometry test
Avoid testing subjects who have active respiratory infections
Dispose of waste into bio-hazardous waste bags

Allow subject to remove his own mouthpiece after testing

vV V V VY

Clean working surfaces and equipment daily

» Air-conditioned room for good ventilation and temperature control of equipment

X/
°

In case when syncopal attack or loss of conciousness happen while conducting the
manoeuvre be ready and give first aid

«* In case when the subject’s spirometric test results show abnormalities don’t forget to
record, report and link to near by health facilities for further consultation.

Pre-screening Questions

To be completed by a medical provider prior to testing

Name: Site:

Age: Date:

Height: inches Weight: BP (mmHg): /
/ /

Determine if there is any condition which may require postponement of the test or may cause the
test to be invalid.

1. Have you had a chest trauma or any major surgery in the last 6 weeks involving the eye, ear,
chest, abdomen, brain, nose or throat? a.Yes b.No



If yes, do not test at this time. Reschedule spirometry for 6 weeks’ time
2. Have you been hospitalized in the last 6 weeks? a. Yes b. No
If yes, do not test at this time. Reschedule spirometry for 6 weeks’ time

3. In the last 4 weeks have you had any cardiac complaint (unstable angina, cerebrovascular
accident, aneurysm) or suffered from a heart attack? a. Yes b.No

If yes, do not test at this time

4. Have you recently or are you currently coughing up any blood? a. Yes b. No

If yes, do not test at this time

5. Have you recently had or currently had an acute retinal detachment? a. Yes b.No
If yes, do not test at this time

6. Are you under a doctor’s care for high blood pressure? a. Yes b. No

If blood pressure is elevated above 180/110, obtain clinician’s clearance before proceeding.

7. Have you had a respiratory infection (such as flu, pneumonia, bronchitis, or a chest cold) in
the last 3 weeks? a.Yes b.No

If yes, continue with spirometry testing now and schedule to retest in 6 weeks if the spirometry is
abnormal.

8. Do you smoke? a.Yes b. No
If yes, calculate the smoking pack years and note on spirogram or to person interpreting the test.
9. Within the last hour have you smoked tobacco? a.Yes b.No

If yes wait one hour before testing otherwise make a note to the person interpreting the test and
proceed.

10. Within the last 2 hours have you eaten a full meal? a. Yes b. No

If yes wait one hour before testing otherwise make a note to the person interpreting the test and
proceed.

11. Have you used a short acting inhaled bronchodilator (SAB) (Ventolin, Venteeze, Asthavent,
Duovent etc) in the last 4 hours? a. Yes b. No

If yes continue to test but make a note to the person interpreting the test including type of
medication, dosage and time of last administration.

12. Have you used a long acting inhaled bronchodilator (LAB) (Symbicord, Foxair, Seretide,
Sereflo) in the last 4 hours? a. Yes b. No



If yes continue to test but make a note to the person interpreting the test including type of
medication, dosage and time of last administration.

13. Have you used any other medication in the past 24 hours? a. Yes b. No

If yes continue to test but make a note to the person interpreting the test including type of
medication, dosage and time of last administration.

14. Have you exercised in the past 30 minutes? a.Yes b.No

If yes reschedule the test for when the subject has been resting for a full 30 minutes.

15. Are you in any pain now that could limit you from blowing with effort? a. Yes b. No
If yes reschedule the test for when the subject is pain free

16. Are you currently suffering from acute diarrhoea, vomiting or nausea that may limit you
from blowing with effort? a. Yes b. No

If yes reschedule the test for when the subject is feeling well

17. Have you consumed alcohol in the past 4 hours? a. Yes b. No

If yes reschedule the test for 4 hours after alcohol was last taken

18. Have you had more than 2 cups of caffeinated coffee, tea, or cola (total) in the last 6 hours?
a.Yes b.No

If possible wait 6 hours before testing, otherwise make a note to the person interpreting the test.
19. Are you wearing any tight clothing that interferes with your ability to breathe deeply?
a.Yes b.No

If yes loosen or remove the tight clothing.

20. Are you wearing dentures? a. Yes b. No

If yes: Remove dentures that are loose and may interfere with test performance remove.

Provider initials: Date:
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