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Abstract
Background

Work in the wood industry is often associated with exposure to wood dust, endotoxins
and formaldehyde, which may cause respiratory health problems. Particleboard is a
type of wood product manufactured primarily from wood chips, glued with urea
formaldehyde resin and bonded under heat and pressure. In Ethiopia the
manufacturing sector, like the wood industry, is growing. However, there is a scarcity
of Knowledge, Attitude and Practice (KAP) concerning chemical health hazards and
personal protective equipment (PPE) among particleboard workers. On top of this,
workers’ exposure to inhalable wood dust, endotoxins and formaldehyde and their

effect on respiratory health has been insufficiently studied.

Objectives
The aim of this thesis was to assess exposure to wood dust, endotoxins and
formaldehyde, respiratory health and KAP regarding chemical hazards and use of PPE

among Ethiopian particleboard workers.

Method and materials

The thesis consist of three papers conducted in three phases from 2016 to 2017 at the
two largest particleboard factories in Ethiopia.

In Phase One a cross-sectional study design was used for collection of data on KAP
concerning chemical health hazards and PPE in production and administrative workers
(n=172), and the study used both closed-ended and open-ended questions. Both
permanent and temporary employees were included in the study.

In Phase Two an exposure study was performed. A total of 152 dust and endotoxin
samples were collected using a conductive plastic inhalable conical sampler (CIS) in
the two largest particleboard factories. One field blank sample was taken per day
(n=18). In addition, 45 stationary formaldehyde samples were taken using Drager
tubes. Inhalable dust was analysed using the gravimetric method in a room with

controlled climatic conditions using an analytical balance with 0.1 ug readability, and



the concentration was estimated in mg/m?>. Endotoxins were analysed using the
Kinetic Amoebocyte Lysate test, and the concentration was estimated in EU/m?.

In Phase Three a cross-sectional study involving 74 workers from two particleboard
factories and 73 controls from two water-bottling factories was performed.
Respiratory symptoms were collected using the American Thoracic Society’s (ATS)
standard questionnaire. A lung-function test was performed using spirometry
following ATS guidelines.

Data was analysed using descriptive statistics, content analysis, the Chi-square test or
Fisher’s exact test, the t-test, Pearson’s correlation analysis, regression analysis and
mixed-effects models.

Results

For Paper I the mean age of the respondents was 28, and the average years of service
was 3.7. The permanent workers were older than the temporary workers (29 vs 26
years, p= 0.001), and a very high proportion of the permanent workers had completed
vocational education (90%), compared with the temporary workers (11%). The
permanent production workers had significantly more knowledge of topics related to
chemical hazards than did temporary workers, as well as more positive responses than
temporary workers to questions about attitudes related to reduction of chemical
hazards and the general work environment. Educational status was significantly
associated with a total knowledge score. PPE was provided for permanent workers,
but few temporary workers reported PPE provision from the factory. Neither
permanent nor temporary workers were using a full set of PPE. The frequency of
medical check-up at the health institution was reported as being 25% for temporary
and 37% for permanent workers. The administrative personnel are aware of the
chemical hazards in their factory. However, the majority of them believe all PPE
offers the same level of protection, and they purchase PPE without any safety and
quality specification. There was no regular training on occupational safety and health
in the factory.

In Paper II the overall geometric mean (GM) of 142 personal inhalable dust and
endotoxin exposure were 4.66 mg/m?> (range 0.47 to 184) and 62.2 EU/m? (range 0.9

to 9202) respectively. The highest exposure to inhalable dust was found among
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workers performing sizing, forming, flaking and chipping. The highest endotoxin
exposure was found in chipping and flaking workstation workers. Of the 142 samples,
93% exceeded 1 mg/m?, the TLV set by ACGIH for inhalable dust, and 41% samples
exceeded 90 EU/m?, the occupational exposure limit for endotoxins set by the
Netherlands. The correlation between dust and endotoxin level was relatively high (r=
0.68). Factories and downtime explained 27% of the total variability in inhalable dust
level, while workstations explained 34% of the total variability in endotoxin level. The
highest median concentration of formaldehyde was recorded at blending workstations
(3.5 ppm). Formaldehyde was detected at all the selected workstations except the first
and last, i.e. chipping and sizing. Of the 45 samples, 13% exceeded the Norwegian
peak exposure limit of 1 ppm.

In Paper III particleboard workers were older than the controls (28 vs 25 years; p=
0.006). The exposed workers had also more years of service than the controls (4 vs 2
years; p< 0.001). The prevalence of all recorded respiratory symptoms, wheezing,
cough, cough with sputum production, phlegm and shortness of breath was
significantly higher in particleboard workers (range of prevalence: 24% to 45%) than
in controls (2.7% to 15%). Lung-function status was not statistically different when
comparing the exposed persons and the controls, and did not appear to be associated

with inhalable dust, endotoxins or formaldehyde exposure.

Conclusions

The study revealed that permanent production workers had significantly more
knowledge of topics related to chemical hazards, and more a positive response to
attitudes related to reduction of chemical hazards and the general working
environment than temporary workers. Practice in use of PPE depended on the access
to PPE.

The geometric mean exposure levels to inhalable dust exposure in the particleboard
factories were above the Threshold Limit Value (TLV) of 1 mg/m? set by the
American Conference of Governmental Industrial Hygienists (ACGIH). The
geometric mean endotoxin level was lower than the recommended Dutch occupational

exposure limit (OEL) of 90 EU/m?. However, the endotoxin levels exceeded this limit
11



at chipping and flaking workstations. The highest median formaldehyde concentration
was found in blending workstations (3.5 ppm) — a level above the peak exposure limit
value of 1 ppm set by Norway.

There was a higher prevalence of respiratory symptom in particleboard workers than
in water-bottling workers. However, lung function status was similar in both groups.
The symptoms might be related to the high dust-exposure levels found in the factories,
but the results must be interpreted with caution because of the cross-sectional study

design.
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1. Introduction

Production of particleboard for furniture-making and construction is increasing in
many countries. The study was conducted at the two biggest particleboard factories in
Ethiopia. Two water-bottling factories were included as controls for respiratory-
symptom assessment and lung-function measurement. Particleboard is a type of wood
product manufactured primarily from wood chips, glued with urea formaldehyde resin
and bonded under heat and pressure. Work in the wood industry causes exposure to
occupational hazards such as dust, endotoxins and formaldehyde, causing respiratory
health problems (1-4). Respiratory diseases can cause suffering for workers and their
families, and can be costly for the employer as a result of increased absenteeism,
reducing productivity of the factory and associated medical costs for the sick workers.
Occupational exposure is a potential cause of almost all respiratory diseases, but the
majority of occupational related respiratory health problems are often under-reported,
and recognition of occupation-related respiratory-health problems can be increased by
expanding their epidemiology through comprehensive research (5).
According to the World Health Organization (WHO), 12.6 million people die as a
result of living or working in an unhealthy environment, accounting for 23% of all
deaths. There are 4.2 million deaths every year as a result of exposure to fine
particulate matter, the occupational environment being a contributory factor (6). The
economic cost of work-related injury and illness is 1.8 - 6% of Gross Domestic
Product (GDP) in country estimates, with an average of 4% of GDP (7). These
occupation-related health problems can be prevented by applying engineering
solutions and administrative measures, and through use of personal protective
equipment.

1.1. Industrial Development in Ethiopia
In Ethiopia, industry in the modern sense emerged as an economic entity only at the
beginning of the 20th century (8). Since the 20th century Ethiopia has emerged as one
of the top fast-growing economies in Africa, and there has been an expansion of the
manufacturing sectors producing wood and furniture, chemicals, textiles and apparel,

paper and printing, leather, foods and beverages, rubber and plastic, metal etc. The
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booming of the manufacturing sector plays an important role in terms of employment
generation, exports, output and inter-sectoral linkages. The manufacturing sector
comprises a range of industries that account for 6.9% of the national workforce in
Ethiopia (9). The manufacturing sector grew much faster after 2005, with the annual
rate of growth of industrial output doubling to nearly 20% by 2015—17. This may
indicate that the industrial sector, particularly the manufacturing industry, is becoming
the primary driver of the economy for the first time in Ethiopia (10). Ethiopia’s
manufacturing sector is also one of the key productive sectors of the country’s
economy identified under the Growth and Transformation Plan (GTP: 2010-2015). It
can enhance economic growth and development, thanks to its high potential for
wealth, employment generation and poverty reduction. The number of wood and
wood-product establishments reached 83 (21 government and 62 private firms) in
2012/2013, and there were about 173 thousand employees (11). In the medium and
large-scale manufacturing sector, wood and furniture represents an employment share
of around 10% (8).

1.2.  Occupational Health and Safety in Ethiopia
Ethiopia has been a member state of the International Labour Organization (ILO)
since 1923, and has ratified 20 conventions. The Occupational Safety and Health
Convention, 1981 (No. 155) is one of the conventions ratified for protection of
workers in their work environment (12). The current government of Ethiopia included
promotion of occupational health and safety as a priority issue in its health-policy
statement released in 1993 (13). The government of Ethiopia has also issued a labour
proclamation (Proclamation No. 377/2003), which addresses the occupational safety
and health measures in Section 3, ‘Obligations of an Employer’ Article 12/4 (14). The
issue of occupational safety and health is also included in the constitution of the
country, with the right to a healthy and safe work environment being stated in Article
42/2 (15). However, there is no national occupational safety and health policy. The
Ministry of Labour and Social Affairs (MoLSA) is in the process of formulating such
a policy (12). Despite adoption of the ILO convention, the availability Ethiopian

constitution and the labour proclamation, there are a lot of gaps in terms of
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occupational health and safety measures (16), as indicated by studies carried out in the
wood, coffee, textile, cement, flower-farm and agricultural sectors (17-23).
The overall performance of the manufacturing sector is affected because it uses
outdated technologies, and as a result of the poor state of the work environment,
limited research and development, a poor institutional frame-work and inadequate
managerial and technical skills (11). The International Labour Organization’s (ILO)
statement indicates that insufficient awareness and understanding of occupational
hazards and risks, a lack of the requisite capacity for prevention, compliance and
enforcement related to occupational safety and health (OSH), inadequate and
inaccurate data on occupational fatalities, injuries and diseases, and inadequate
legislation, regulations and policies on OSH remain significant challenges,
particularly in developing countries, including Ethiopia (24).

1.3. Occupational Exposure Limits (OEL) in Ethiopia
In Ethiopia there are no established national occupational-exposure limit values for
occupational exposure such as inhalable wood dust, endotoxins, formaldehyde and
other physical, biological and chemical occupational hazards occuring in the various
factories. Different countries and institutions have set different occupational-exposure
limit values. The American Conference of Governmental Industrial Hygienists’
(ACGIH) Threshold Limit Value (TLV) for inhalable wood dust (8 h TLV = 1 mg/m?)
and the Dutch recommended health-based occupational-exposure limit of 90 EU/m? as
a reference value for endotoxins (25, 26) are used as references for this study. In
Norway the TWA and peak OEL for formaldehyde are 0.5 ppm and 1 ppm
respectively (27).

1.4. The Particleboard Industry in Ethiopia and Occupational Health
The large scale wood-manufacturing found in Ethiopia are Maichew particleboard
factory, Hawassa chipwood factory, Bamboo furniture factories, Finfinnee furniture
factory, Salvatore de Vita & Family, and Wanza Furniture industry (28). Only
Maichew and Hawassa are producing particleboard products.
Particleboard is a type of wood product that is increasingly being produced and used

in Ethiopia. It is manufactured from lignocellulosic materials, primarily in the form of
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discrete particles, combined with urea formaldehyde resin and bonded together under
heat and pressure. Particleboard is used as a raw furniture material for office tables
and drawers, dressing tables, television stands, display shelves, kitchen cabinets,
library shelves, file cabinets and computer desks. Particleboard products are also used
in construction, for the interior wall panelling, building partitions, ceilings, doors and
windows (29).

In parallel with an increase in furniture production using particleboards in Ethiopia
(28), there is a lack of knowledge about occupational health and safety measures at
these workplaces (16). As a result, there might be unsafe working environments, with
a likelihood of exposure to various occupational hazards.

Research and new knowledge may help the policy-makers and other stakeholders to
formulate occupational safety and health policy and set occupational-exposure limit
values, by showing the magnitude of exposure to occupational hazards and related
health problems. According to the Health and Safety Executive (HSE), the approved
code of practice and guidance on ‘Safe use of woodworking machinery’ and the
International Labour Organization’s (ILO) ‘Safety and Health at the wood workshop’,
the working environment in the wood industry needs to be safe and hygienic (30, 31).
Thus, there should not be any exposure to hazards at work that may result in various
occupational diseases. To achieve this, the factory owner is expected to create a safe
working environment. Policy-makers need to establish standards and regulations that
promote workers’ safety and health, and to organise authorised workplace inspectors

to confirm compliance with the gold standard for occupational safety and health.

Detailed description of the particleboard production process
The general steps involved in production of particleboard include raw-material

procurement or generation, classification by size, drying, blending with resin and
sometimes wax, forming the resinated material into a mat, hot pressing, finishing and
occasionally lamination and impregnation. The details of the productions process are

stated below.
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Chipping Chemical/Blending

Forming

Flaking Burner/Drier

Pressing

Cooling/Trimming

Sanding

Sizing

Fig. 1. Process-flow diagram of the particleboard production process. MCCI :

Machine control centre 1; MCC2: Machine control centre 2

(Photo: Akeza)
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The production lines in the particleboard manufacturing process are similar in the two
factories, having two separate sections. The first section is open-air with shades (Fig.
2), and includes chipping, flaking, silo, drier/boiler, Machine Control Centre 1 and
silo. The raw material — a solid eucalyptus log — is chipped to a maximum chip length
of 30 mm, and is further downsized using the flaker machine. Wood chips are
temporarily stored in a silo. The drier removes moisture from the wood chips using
hot gas, which is generated by a burner attached to a combustion chamber with an
input of heavy fuel oil or a mixture of fuel and wood dust. The chipping and flaking
process is controlled through MCCI.

Fig. 3. Partial view of the indoor work environment at particleboard factory in

Ethiopia (Photo. Akeza)

The second section is a large closed hall located inside the factory, as partly shown in
Fig. 3. Manufacturing activities here include blending/chemical, forming, pressing,
trimming, sanding and sizing sections arranged consecutively. In the glue kitchen of
the chemical section (Fig. 4) a urea/formaldehyde powder is mixed manually with
water, to prepare the formaldehyde solution, and is further mixed/blended with wood
chips. The mat is formed from the wood mix and is pressed at a high hydraulic
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pressure (250 bar) and temperature (175-190°C), to convert the formed material into
solid board. The press machine was partly enclosed with iron sheets in Factory A, but
not in Factory B. The solid board is cooled for some time before it is trimmed, sized
and sent for sanding to attain a uniform board thickness and a smooth surface. It can
be further resized in accordance with the customer’s specification. The lower-grade
particleboards (B or C) are also further resized when customers purchase at a low
price relative to that for the higher-quality particleboard (Grade A). Workers are
present throughout the entire section, and no personal protective equipment such as

face masks is used.

Fig. 4. Chemical/blending working section (Photo: Akeza)

In addition, various other factory workers perform a range of activities. These workers
include cleaners, who sweep the production-line floor, and quality-control workers,
who monitor the moisture content of the wood chips and the bond strength of the
produced particleboard. There are also maintenance workers, who repair machines and
monitor the overall mechanical process. The production process in the indoor section
is controlled by MCC2, which is to be found inside the big hall. Neither of the

factories has mechanical ventilation systems or functioning dust-collection hoods.
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The main production lines of the two factories have 4 and 6 gates respectively, as well
as other openings for Factory A and Factory B. The size of the hall is 80 m x 30 m in
Factory A and 65 m x 45 m in Factory B, and all the gates allow a truck to enter easily
and forklift operators to drive inside the factory. Factory A produces triple-layered
particleboard 8 mm to 40 mm thick, and has a maximum daily output of 170 m* and a
maximum annual output of 40,000 m>. The daily input for the factory was 200,000 kg
of eucalyptus wood logs. The main input for Factory B was eucalyptus logs 10 cm to
40 cm in diameter, and the current consumption rate is 18,167 m? per annum. Every
year it also produces 43,000 m?® of boards 6 mm to 40 mm thick for local and export

markets.

1.5. Wood-dust Exposure
Wood dust, an organic dust type, is one of the hazards arising from the processing of
woods in the occupational environment (32). Wood-processing industries such as
sawmills, furniture production and carpentry use both hard and soft woods, and is
associated with a relatively high exposure to wood dust (1, 17, 33-38).
Wood dust is a complex substance generated from processing of the various wood
types used for a wide range of applications. It contains approximately 40—50%
cellulose, polyoses, lignin and a varying number of substances with a lower relative
molecular mass that may significantly affect the properties of the wood. They include
polar and non-polar organic extractives and water-soluble extractives (carbohydrates,
alkaloids, proteins, and inorganic material). The biologically active compounds found
in wood are sensitisers that may cause allergies (39). The tree species used in wood
industries vary greatly depending on country and type of product. Both domestically
grown and imported hardwoods and softwoods are used in the manufacturing process.
Logging, sawmills and plywood and particleboard manufacture generally involve use
of trees grown locally (40, 41).

1.6. Endotoxin Exposure
Endotoxins have been recognised as being an important biologically active component
in organic dusts. Endotoxins, a component of the external membrane of most gram-

negative bacteria, are naturally released when a bacteria replicate, and when the entire
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membrane content is released upon death and subsequent cell lysis (26). It is
important to consider endotoxins in circumstances when the log has a high humidity
and still has its bark/outer layer — a situation that is expected at the beginning of the
production process. This can create an optimal environment for endotoxin-producing
gram-negative bacteria. A high level of endotoxins was reported in the initial stage of
the production process, probably indicating the impact of a high moisture content and
the contribution of the protective outer layer of the log (42). Endotoxins become
airborne during manufacture or handling of organic materials. Endotoxin exposure is
therefore extremely relevant in wood-manufacturing industries, because protection of
workers against exposure to endotoxins and their toxic effects in occupational settings
is a prime concern. In the wood-processing industries such as fibreboard & chipboard
sawmills, furniture production and carpentry, using both hard and soft woods, there is
relatively high exposure to endotoxins (33, 35, 42, 43).

1.7. Formaldehyde exposure
The formaldehyde used in the wood industry is added to the urea resin and is thus
present in the processes of glue mixing, mat forming, pressing, trimming, sanding and
sizing. Workers in the wood-manufacturing industry are exposed to formaldehyde
during the production process (41, 44-48). Formaldehyde is a colourless gas with a
pungent odour that is produced worldwide on a large scale by catalytic vapour-phase
oxidation of methanol. It is mainly used in the production of various types of resin.
Urea and melamine resins are widely used as adhesives and binders in wood
production (49). Formaldehyde is added, to be mixed and blended with the wood
chips. As a result, occupational exposure to formaldehyde occurs in the wood
industry, as in a wide variety of occupations (50, 51). According to American
Conference of Governmental Industrial Hygienists (ACGIH), the Time Weighted
Average (TWA) occupational exposure limit value of formaldehyde is 0.1 ppm (25).
In Norway the TWA and peak exposure limit value for formaldehyde is 0.5 ppm and 1
ppm, respectively (27).
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1.8. Exposure studies performed in the wood industry that are relevant to
particleboard production

A few exposure studies in the wood industry have been carried out regarding
plywood, fibreboard and chipboard. The geometric mean (GM) of dust exposure
varies 0.7 mg/m? to 19 mg/m?, the arthimetic mean of endotoxin exposure of the
workstations vary <0.125 EU/m® to 1974 EU/m?, and GM of formaldehyde varies
0.03 ppm to 0.06 ppm. However, most of them have involved in sawmills, furniture,
joiners and pellets, as shown in Table 1. Only two relevant studies have been
performed in Africa: one in Ethiopia regarding dust exposure in furniture industries
and the other in Tanzania regarding dust and endotoxin exposure in wood workshops.
The varying values are inconsistent, but both are exceed the TLV for dust (1 mg/m?)
(25) (range: 0.23 — 67 mg/m?) and the OEL for endotoxins (90 EU/m?) (26) (range: 9
—4914.8 EU/m?). Further studies regarding dust exposure have been carried out in
Europe and Asia, and some in America and Australia. The GM of the results is low
(range: 0.6 — 2.1 mg/m?) in Europe, compared with the findings obtained in Africa
(range: 3.3 — 6.82 mg/m?) and Asia (range: 1.55 — 19 mg/m?), and this could be
because of the existing technological differences for hazard control. However, there
are a few published studies on endotoxin and formaldehyde exposure. The overall
findings show that there is a variation in occupational exposure from continent to
continent, and country to country within a continent. The results also vary from study
to study, and they have mostly been performed in sawmills and the furniture industry.
This shows that there are huge discrepancies in occupational-exposure data, and
further research into occupational exposure in the particleboard industries may be
necesssary, to provide strong evidence of occupational exposure in this type of wood

industry.
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1.9. Respiratory-health effects related to inhalable dust, endotoxins and
formaldehyde exposure

Exposure to wood dust, endotoxins and formaldehyde may cause acute and chronic
respiratory-health problems (47, 62, 63). Workers exposed to wood dust are found to
have acute and chronic respiratory-health problems (1, 2, 38, 39, 55, 64-70) and
reduced lung function (2, 55, 64, 71, 72), and wood dust is classified as being
carcinogenic for humans (40). Endotoxin exposure induces an inflammatory response
and dysfunction of the airways (70, 73, 74). Endotoxins have been reported as being
associated with respiratory-health problems in studies in Canada, Italy, Tanzania,
Sweden, the Netherlands and Thailand (33, 35, 37, 62, 75-77).

Formaldehyde exposure is associated with respiratory-health problems (3, 78) and
decrements in lung function (47). Formaldehyde is classified as carcinogenic (Group
1) by International Agency for Research on Cancer (50).

In a Danish study in which 13% of the workers included were employed in
particleboard and fibreboard industries, there was an accelerated decline in lung
function among the female workers (79). A study at particleboard-manufacturing
facilities in Canada indicated that rash, nasal and eye irritation, cough and annoying
odours were the main complaints among workers (39).

According to the international literature on the prevalence of respiratory-health
problems among wood workers in developing countries, this prevalence varies from
15.5% to 41% (2, 64). There are also decrements in lung-function status, as indicated
by studies performed in Thailand, Pakistan, Iran and Sweden (2, 55, 64, 71, 72),
whilst other studies carried out in Poland and Denmark do not show any decrements
(80, 81). The international literature is not clear, and the situation varies from study to
study. The findings regarding the respiratory health of wood workers are thus
inconclusive. Appropriate exploration is needed by way of an investigation of the
respiratory health of wood workers using the eucalyptus tree as a raw material in
Ethiopia. The tree is an evergreen hardwood that is cheap, locally available, grows
rapidly and is adaptable to a range of climates and soil types, making it a promising
source of input. Respiratory health can be described and measured in many ways. In

the present study respiratory health is evaluated by recording workers’ subjective
28



symptoms, and measurment of their lung function provides an objective result.
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1.10. Control of Workplace Hazards
Today’s workplaces are complex, and the risks associated with various occupational
hazards are on the increase (84). Exposure assessment is qualitative or quantitative
estimation of the magnitude, frequency, duration and route of exposure for workplace
hazards (85). Control of workplace hazards is primarily achieved through anticipation,
recognition and evaluation of the hazards at the specific workplace. Exposure
prevention or reduction is the principal aim of any control strategy with regard to
workplace hazards. It is the process of conception, education, design and
implementation of beneficial interventions and changes carried out to eliminate or
minimise hazardous conditions. It might not be possible to completely prevent all
exposures, owing to the nature of the hazard, practicability and economics. As a
result, exposure reduction may be considered sufficient (86, 87). The hierarchy of
occupational hazard-control mechanisms from the most effective to the
least effective is: elimination, substitution, engineering control, administrative control
and use of personal protective equipment (84, 88). As regards reduction of exposure to
wood dust, endotoxins and formaldehyde, the most effective control measures may be
lacking in most developing countries, or may not work sufficiently. As a result, in
many workplaces personal protective equipment (PPE) is recommended as an
immediate control measure, as the expense of providing PPE is relatively low, and
provision by the employer is fairly easy compared with provision of the other most
effective control measures. The cost of personal protective equipment is usually
covered by the employer in most formal industrial sectors. It is recommended that
workers in the wood industry wear appropriate face masks and eye protection in areas
with high dust and formaldehyde exposure. Coveralls and industrial gloves are also
needed, to protect the skin from exposure to the chemicals (89, 90).

1.11. Knowledge, Attitude and Practice
To reduce workplace hazards, it is not enough to inform workers about risks, hazards
and their control mechanisms. Other actions are needed in order to change workers’
behaviour, because changed behaviour can lead to good practice. For such actions, the

involvement of workers in the planning of overall workplace control measures is vital.
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It is important for workers to be informed about the health hazards and why control
measures are necessary in a hazardous working environment. One has to know the
types of hazard, the possible health problems and the existing barriers to the practice
of proper safety measures. Information alone might not be enough to change
occupational workers’ attitude and practice (91). To better understand the situation in
the wood industry and the challenges with regard to good safety practice in the work
environment, we used a Knowledge, Attitude and Practice (KAP) model. The KAP
model comprises three interactive factors (knowledge, attitude and practice) (92), and
can help us understand why workers do not adhere to specific advice or rules by
evaluating these factors (93). The KAP survey is defined as ‘a quantitative method
(predefined questions formatted in standardised questionnaires) that provides access to
quantitative and qualitative information. KAP surveys reveal misconceptions or
misunderstandings that may represent obstacles to the activities we would like to
implement and potential barriers to behaviour change’ (94).

There are studies showing different gaps in knowledge, attitude and practice in many
occupations such as textile-factory worker, garment worker, dyeing and printing
worker, agricultural worker, salt worker, and healthcare worker that involve chemical,
biological and dust exposure. A study performed in the United States revealed that use
of PPE was adversely affected by lack of comfort and poor fit, young age and lack of
safety training (95). Studies have shown that use of PPE varies from 10% to 82%
depending on accessibility, adequacy, affordability, fit for the user and discomfort (20,
91, 96, 97).

A study performed in Nigeria indicates that the low level of worker adherence to
proper method of use of PPE is because of shortage, inconvenience and the perception
of PPE as being unnecessary. Safety training played a significant role in increasing
knowledge about PPE and health problems in the wood industry (98). KAP studies
performed in farm workers in Ethiopia showed that 85% of the workers do not receive
training regarding chemical pesticides, that only 10% of the workers were using full
PPE and that their attitude and their handling chemical pesticides were poor (99). The
participants’ knowledge level regarding safety issues was affected by gender, safety

training and work regulations (18). Furthermore, use of PPE was affected by safety
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training, education, work regulations and participants’ knowledge of safety
information (18, 100). In the textile industry in Ethiopia, employment status was a
determinant for PPE use, since permanent workers apply safe practice to a greater
extent than temporary workers (18).

Ethiopian wood-industry workers’ knowledge regarding exposure to wood dust and
formaldehyde and their health effects has not been studied. More knowledge of KAP
is needed for implementation of control measures such as safety practices in this type
of industry. Another aspect is that in the particleboard factory, as well as in other
industries in Ethiopia, there are both permanent and temporary workers. The number
of temporary workers is in general increasing, and several studies show that they are
at greater risk of occupational injuries and diseases than permanent workers (101-
105). This urgently requires investigation, so as to provide an understanding of the
KAP of permanent and temporary particleboard workers in Ethiopia, and to facilitate
application of evidence-based preventive measures. In the present study a KAP survey
has been developed to describe and facilitate understanding of the existing chemical
hazards, their health problems and the challenges regarding use of personal protective

equipment as a last hazard barrier.
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2. Study rationale

There is paucity of research findings in developing countries concerning wood dust,
endotoxins and formaldehyde exposure and their associated respiratory-health effects
on occupational workers. In Africa evidence of exposure studies in wood industries
and the consequences for respiratory health are scant. In Ethiopia, for example, there
are several gaps in occupational safety and health, e.g. lack of trained manpower,
training and capacity gaps, weak implementation of policy and regulation and limited
research, all of which reduce the possibility of anticipating, recognising, evaluating,
and controlling hazards in various work environments. There is only one published
study concerning medium-and small-scale wood-processing industries in Ethiopia,
and it has reported high wood-dust exposure (17). This shows us that there is a long
way to go to address occupational safety and health in Ethiopia (16).

According to the European Respiratory Society, occupational exposure is a potential
cause of almost all respiratory diseases. However, the contribution of the work
environment to respiratory-health problems is often underreported. As a result, there is
a need to increase the recognition of respiratory-health problems in occupational
settings through epidemiological studies (5). Studies performed in various wood
industries have shown that workers are exposed to various hazards such as dust and
formaldehyde, which cause serious health problems (1-4).

According to the International Labour Organization (ILO) report, every year 2.78
million workers die from work-related injury and disease and 313 million workers
suffer from non-fatal work-related injury and illness (24). In 2012 the World Health
Organization (WHO) estimated that 12.6 million people die as a result of living or
working in an unhealthy environment, accounting for 23% of all deaths. Of those
deaths linked to the environment, 4.2 million every year are caused by the
occupational environment, resulting from exposure such as fine particulate matters
(6). These serious health problems can be prevented if the sources of risks are
removed. To prevent the risks comprehensive research is needed, and I wish to
contribute in this regard by increasing the existing knowledge of occupational
exposure and its epidemiology, as well as health and safety problems in the wood-

working environment.
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In the Ethiopian wood industry the eucalyptus — an evergreen exotic tree species — is
used as the main raw material in the particleboard production process. The tree is
cheap, locally available and able to adapt to a range of climates and soil types. It is
also a promising renewable input at a time when native wood species are diminishing
owing to deforestation and unwise use of natural resources.

There is a paucity of published studies on occupational safety and health in
particleboard factories, and there are none in which the eucalyptus tree is used as a
raw material. Furthermore, there is no well-designed and comprehensive published
study on KAP concerning chemical hazards and PPE, inhalable wood dust, endotoxin
and formaldehyde exposure and respiratory health effects in the large body of
particleboard workers in Ethiopia, despite the great need for such studies for the

development of national work and health policies.
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3. Study objective
3.1. General Objective

The general objective of the study was to obtain more information about the work

environment and respiratory health in particleboard factories in Ethiopia.

Specific Objectives
e To describe the KAP concerning chemical health hazards and personal
protective equipment in particleboard workers, and to compare the KAP in
temporary and permanent workers
e To assess to airborne exposure to wood dust, endotoxins and formaldehyde
among particleboard workers in Ethiopia
e To assess the prevalence of respiratory symptoms and measure the lung

function among particleboard workers in Ethiopia
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4. Materials and methods
4.1. Study setting

This cross-sectional study was conducted in the two largest particleboard factories (A,
B) using eucalyptus — an evergreen hardwood — as a raw material. Factory A, situated

in Northern Ethiopia, was established in 2005 and has 663 workers. Factory B, located
in southern Ethiopia, was established in 2002 and has 249 workers.

The control groups (Paper III) were workers employed in a water-bottling factory with

a total of 339 workers selected from the northern site of the study.
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Fig. 5. Map of the study area (© Belay Manjur)
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4.2. Study design, study populations and sample size
Paper 1
Structured questionnaire-based data on Knowledge, Attitude and Practice was
collected from the production workers at the particleboard factories. The requisite
number of participants was calculated, with the purpose of describing the use of PPE
by a means of a single-population proportion formula, by assuming 54% overall use of
PPE as given to textile workers in Ethiopia (18). The formula, with a 95% confidence
interval, 5% level of significance and finite population correction, produced a result of
167 workers. However, 159 workers consented to participate in the interview,
resulting in a 95% response rate. In addition, qualitative information was obtained
from 13 administrative staff with different positions (general manager, deputy
manager, production manager, technical manager, quality control, safety coordinator,
logistics & supply and health professional). The aim of the collection of qualitative
data was to contribute to an understanding of their attitude and thinking regarding
chemical hazards and PPE at the workplace.
Paper 11
The exposure study for inhalable dust and endotoxins involved the production workers
in the 10 working sections of the two particleboard factories. The total number of
workers (n= 300) in each working section was: chipping (n= 83), flaking (n= 29),
chemical/blending (n= 21), forming (n= 28), pressing and trimming (n= 21), sanding
(n=27), sizing (n= 12), cleaners (n= 27), quality control (n= 18) and maintenance (n=
34). Workers in each work section had similar tasks and exposure to dust, and were
consequently considered to be similar exposure groups (SEG).
The sample size for measurement of inhalable dust, which is appropriate for aerosols
such as wood dust that are usually deposited in the extra thoracic airways (106), was
10 to 20 measurements per SEG (i.e., 2 repeated measurements in 5 to 10 randomly
selected persons) in each of the work sections (107). A total of 76 workers were
selected for repeated sampling of inhalable dust (n= 152). In addition, one field blank
sample was taken per day (n= 18). The persons were selected through consensus
between the researcher and supervisors. Participation was also based on their

willingness to participate and work convenience.
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Work sections for formaldehyde exposure measurement were selected based on the
researcher’s assumed professional judgement, on the basis of existing activity and
application of formaldehyde in the production process. The work sections were
selected from and after the chemical section where the formaldehyde was mixed with
wood chips. As an internal control, one workstation (chipping) where there is no
addition of formaldehyde was selected. We applied a ‘worst-case’ sampling strategy
immediately after addition of formaldehyde in the chemical section, and triplicate
measurements were taken on different days from seven sections in Factory A (n=21)
and eight sections in Factory B (n= 24), resulting in a total of 45 samples measured
using Dréger tubes (108).

Paper 111

Structured questionnaire-based data on respiratory-symptom assessment and
measurements of lung function was collected from production workers in the two
particleboard factories (exposed) and in two water-bottling factories (control). The
required number of participants for this study was calculated using OpenEpi software

(http://www.openepi.com/SampleSize/SSMean.htm) sample mean difference, by

taking into consideration forced expiratory volume in one second (FEV1) as the main
output of interest, because it resulted in the maximum sample size. The mean
difference of FEV| for exposed persons (3.77 I/s, SD= 0.99) and for a control group
(4.29 I/s, SD= 0.86) was taken from a previous unpublished study involving
particleboard workers in Ethiopia (109). The output of the formula with 95%
confidence interval, a 5% level of significance and finite population correction
produced a result of 166 workers (83 from exposed and 83 from control groups). The
same workers participated in both respiratory-symptom assessment and lung-function
measurements. However, of the 157 workers who consented to participate in the
interview (94.5% response rate), 147 (74 from particleboard and 73 from water

bottling) were included in data analysis.
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4.3. Interviews

4.3.1. Assessment of Knowledge, attitude and practice
KAP questions from published articles regarding textile, petrochemical and other

industries addressing workplace-related safety and health (18, 93, 110) were used for

development of a questionnaire. The questionnaire was constructed so as to provide an
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understanding of workers’ level of knowledge and practice, in order to address the
hazards expected within the particleboard industries included in the study. The
questionnaire comprised 31 closed-ended and 19 open-ended questions for production
workers and 12 closed-ended and 12 open-ended questions for administrative
personnel.

The structured questionnaire asked for sex (M/F), age (years), education (highest
grade completed), profession, employment status (permanent/temporary), work
section, number of years of service and total working hours per day. The main body of
the questionnaire contained knowledge- (n= 20), attitude- (n= 10) and practice-related
(n=9) questions with No (N) or Yes (Y) response options and some open-ended
questions. Completeness of the questionnaire, missing data and consistency were
checked at the end of each day of data collection.

The questions were prepared in English and translated into Ambharic by a translator,
then translated back from Amharic to English by another translator, to check
consistency. Pre-testing of the questionnaire was carried out in 5% of the sample
population at one of the factories before the main study. The same translation

procedure was applied for the respiratory symptoms (4.3.2)

4.3.2. Assessment of respiratory symptoms
Information on chronic respiratory symptoms in the particleboard production workers

was collected using an adapted standard questionnaire from the American Thoracic
Society (ATS) (111). The information collected was data on sex (M/F), age (years),
education (highest grade completed), sources of energy at home, availability of
separate kitchen (Y/N) and number of years of service. Questions about respiratory
symptoms were asked as follows: whether the workers in the past 12 months
have/had: cough (Y/N), a cough and sputum production (Y/N), phlegm (Y/N), an
episode of coughing and phlegm production (Y/N), wheezing (Y/N), shortness of
breath (Y/N), a history of respiratory illness (Y/N), occupational history in a dusty
working environment and tobacco smoking (Y/N). Completeness of the questionnaire,

missing data and consistency were checked at the end of each day of data collection.
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4.3.3. Lung-function measurements
Lung-function tests were performed in both the particleboard workers (exposed group)

and the water-bottling workers (controls). The test was performed in a sitting position
using spirometry (Minispir light with Winspiro software, Medical International
Research (MIR), Rome, Italy) connected to a laptop to measure forced vital capacity
(FVC), FEVy, FEV/FVC and forced expiratory flow 25-75% (FEF2s.75%) following
the American Thoracic Society guidelines (112). Standing height (m) and weight (kg)
were also measured. The spirometry measurements were taken throughout the
working week, when the workers started their morning shift at 6 am, but before
actually starting work. The measurements were taken by the trained researcher until
the trial generated three acceptable manoeuvres. From these three records, the best
trial was kept and used for the data analysis.

One of the particleboard workers was unable to properly perform the lung-function
measurement, thus we discarded his trial results. There was also a low numbers of
female participants (5.7%) in our study, corresponding to their representation in the

factories. As a result, the female participants were excluded from further analysis.

4.4. Exposure sampling and laboratory analysis

4.4.1. Dust and endotoxin measurements
A total of 152 personal inhalable dust samples and 18 blanks were taken during the

study. Inhalable dust samples were taken in the workers’ breathing zone using a
conductive plastic inhalable conical sampler (CIS; JS Holdings, Stevenage, UK) (113)
mounted with a 37 mm glass-fibre (GFA) filter (Whatman International Ltd,
Maidstone, UK) and connected to a Side Kick Casella (SKC) pump using an air flow
of 3.5 I/min. During each sampling day we registered the production downtime and
the volume of particleboard produced. We collected personal samples of inhalable
dust for 2 to 4 hours per shift, and the air-flow rate was measured before, during and
after each measurement. Collected samples were securely packed and transported to
the laboratory at Aarhus University, Denmark, where the filters were weighed in a
room with controlled climatic conditions (22°C, 45% relative humidity; desiccation

>24h) using an analytical balance with 0.1 pg readability (Mettler-Toledo Ltd,
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Greifensee, Switzerland). The dust concentration was measured in mg/m?>. The
gravimetric analysis followed an approved and standardised protocol, as stated
elsewhere (114).

For analysis of endotoxins, the glass-fibre filters were extracted in Sml pyrogen-free
water with 0.05% (v/v) Tween-20 by means of orbital shaking (300 rpm) at room
temperature for 60 minutes and centrifuging (1000g) for 15 minutes. The supernatant
was stored at -80°C until used for the endotoxin assay. The supernatant was analysed
for endotoxins using the Kinetic Amoebocyte Lysate test (Kinetic-QCL endotoxin kit,
BioWhittaker, Walkersville, MA, USA) at Aarhus University, Denmark (114, 115),

and the endotoxin measurements were expressed in EU/m?.

4.4.2. Formaldehyde measurements
For formaldehyde-exposure measurement we applied a worst-case strategy, using

Driger tubes (formaldehyde 0.2/a 6733081 and formaldehyde 2/a 8101751) (108).
During the morning shift, measurements were taken at seven workstations (chipping,
glue kitchen, blending, forming, pressing, trimming, sanding) in Factory A and eight
workstations (chipping, glue kitchen, blending, forming, pressing, trimming, sanding,
sizing) in Factory B. One measurement was taken at each workstation at a height of
approximately 1.5 m at an operator work site. The measurements were taken on three
different days after urea-formaldehyde had been mixed with water in the glue kitchen
for a total of 45 formaldehyde measurements. The glue kitchen and the blending
section were assumed to have relatively high concentrations; consequently, for some
of the measurements, we intially used the 2 to 40 ppm measuring range of the tubes,
i.e. five strokes for 30 seconds (every 6 seconds) with the hand pump. The measuring
range of 0.2 to 5 ppm, i.e. 10 strokes for 90 seconds (every 9 seconds), was used for
the samples at the other workstations (108).

4.5. Statistical analysis
Data was analysed using the statistical package SPSS, Version 25 (International
Business Machines Corporation (IBM), Armonk, NY, USA). In Paper I, the Chi-
square test was used for comparing categorical variables. The t-test was used to

compare means of continuous variables. Pearson’s correlation analysis was used to
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analyse the association between knowledge score, age and years of service. Multiple
linear regression was used to analyse the association between employment status
(permanent vs temporary) and total knowledge score, adjusting for significant
variables (p < 0.05) associated with knowledge score in a univariate analysis.
Qualitative data collected by interview and observations were analysed using content
analysis.

In Paper II the exposure data was not normally distributed and was therefore In-
transformed before analysis. Data was presented using measures of central tendency
(arithmetic and geometric mean) and variation (range and geometric standard
deviation) across the workstations. Correlation between the volume of particleboard
produced, downtime, inhalable wood dust and endotoxin level was calculated using
the Pearson’s correlation test.

Linear mixed models were used to explore for differences in mean inhalable dust and
endotoxin exposure — between the factories (A, B) and among the workstations. Two
separate mixed-effects models were subsequently used to identify significant
determinants and variance components for dust and endotoxin levels respectively.
Workers were entered in terms of random effect. Time with no production
(downtime), volume of particleboard produced, factory (A or B) and workstations
were entered as fixed effects. Press trimming was used as a reference workstation in
the models. Determinants were retained in the models when significant (p < 0.05).

In Paper III lung-function parameters were normally distributed. Descriptive statistics
(arithmetic mean, SD) was used to summarise data. Pearson’s Chi-square test or
Fisher’s exact test (when the expected value was < 5) was used to check the difference
between the groups of categorical variables. The independent t-test was used to
compare means of continuous variables. Poisson regression analysis was used to
determine the prevalence ratio of respiratory symptoms between particleboard
workers and the controls when adjusted for educational status, previous work in a
dusty environment, history of respiratory illness, age, use of biomass fuel for cooking
and availability of a separate kitchen. The prevalence ratio (PR) was preferable to the
prevalence odds ratio (POR), owing to the high level of symptom prevalence in this

study (116). Multiple linear regression was applied to analysis of difference in lung
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function between the particleboard workers and controls, adjusting for age, height,
previous respiratory illness, availability of a separate kitchen and use of biomass fuel

as a source of energy.

Table 3. Summary of statistical methods used in the analyses by paper

Statistical Method Paper

I I I
Arithmetic mean N N N
Geometric mean v
Range \/
Pearson’s Correlation test \ \ \
T-test \ \/
Pearson’s Chi-square test or Fisher’s exact test \ \
Poisson regression ol
Multiple linear regression \ \
Mixed model v
Content analysis \

4.6. Ethics
Ethical clearance for the study was obtained from the Regional Committee for
Medical and Health Research Ethics, Western Norway on June 2, 2016 with the IRB
Ref. IRB00006245, and from the Ethiopian Ministry of Science and Technology on
October 7, 2016 with Ref. No. 3.10/148/2016. Study participants were informed about
the purpose of the study, the confidentiality of their information, the duration of the
interview, lung-function measurements and air sampling. They were also informed of
the possibility of withdrawing from the study at any time. Written consent from each
of the study participants and from factory management was ensured before data
collection. We adviced the workers with high prevalence of respiratory symptoms to

consult their health care workers in the clinic.
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5. Summary of results
5.1. Paperl

The permanent production workers had significantly more knowledge of topics related
to chemical hazards and a more positive response regarding attitudes related to
reduction of chemical hazards and the general work environment than temporary
workers. Educational status was significantly associated with total knowledge score.
PPE was provided for permanent workers. However, few temporary workers reported
that they got PPE from the factory. The permanent workers responded that provision
of PPE varied from monthly to annually, but many workers did not know of any
regular schedule for PPE distribution. Neither permanent nor temporary workers used
a full set of PPE during work. Permanent workers used more PPE during work than
temporary workers, owing to its accessibility (81% vs 18.4%). The PPE observed
during the workplace visit did not have any specifications such as production date,
intended use and protection level, making it impossible to evaluate its quality. There
was also a common understanding among the workers that the face masks and other
PPE available were not accompanied by any information on protection efficiency.
Medical check-ups at health institutions were reported by 37% of the temporary
workers and 25% of the permanent workers. Only 10% of the permanent and none of
temporary workers reported attendance at training in occupational safety and health.
Both permanent and temporary workers reported that there was no scheduled or
regular training about occupational hazards in the factories.

The administrative personnel stated that dust and formaldehyde are the chemical
hazards found in the factory, but none of the safety staff were able to monitor and
ensure safe practice related to this in the factories. The administrative personnel in
charge of supplying logistics and equipment to employees reported that they
purchased safety material without considering the safety and quality specifications.
The administrative staff stated that the availability of safety guidelines, good lighting,
good ventilation and good communication between workers and the employer reduce
exposure to chemical hazards. Most of the administrative personnel believed that all
PPE provides the same level of protection. They also mentioned that the safety

committee in the factory ensures the supply of PPE and creates awareness among
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workers. Although the majority of them stated that workers are given safety training,
their response regarding the frequency of the training varied.

5.2. Paperll
The overall geometric mean (GM) for personal inhalable dust exposure (n=142) was
4.66 mg/m>. Exposure to inhalable dust was statistically different in factory B
(GM=8.67 mg/m?) to exposure in Factory A (2.83 mg/m?). The overall GM of
endotoxin exposure (n=142) was 62.20 EU/m>. There was no statistically significance
difference in endotoxin exposure between Factory A (GM= 46.53 EU/m?) and Factory
B (GM= 88.23 EU/m?). Of the 142 samples, 93% exceeded 1 mg/m? — the TLV set by
ACGIH for inhalable dust — and 41% exceeded 90 EU/m? — the OEL for endotoxins
set by the Netherlands. The endotoxin level was significantly correlated to inhalable
dust level. Downtime during sampling correlated negatively with inhalable dust level.
In the mixed-effects model, factory and downtime explained 27.0% of the total
variability in inhalable dust level. The exposure model predicted that a one-hour
increase in downtime will decrease exposure to inhalable dust by 15%. In the mixed-
effects model for endotoxins, exposure was increased in chipping, flaking, forming,
maintenance and cleaning, and explained 34.0% of the total variability.
Formaldehyde was detected in all workstations along the production line, except the
first and last station (chipping and sizing). The highest median concentration was
found in blending (3.5 ppm), followed by glue kitchen (1.0 ppm), with decreasing
concentration further down the production line. Of the 45 samples, 13% exceeded the
Norwegian peak exposure limit of 1 ppm.

5.3. PaperIII
Of the 166 workers invited, 157 (94.5%) (83 particleboard workers and 74 water-
bottling workers) participated in the study. After exclusion of 9 females and one
particleboard worker who did not manage to perform spirometry, only non-smoking
males were included in the analysis. In total, 18 (24%) participants in the exposed
group had previous diseases, and of this number 4 had more than one diagnosis:
bronchitis (n=12), asthma (7), pneumonia (3) and tuberculosis (3). Such previous

illnesses were not reported in the control group. The mean age of particleboard
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workers was 28 years with 4 years of service. The controls had a mean age of 25 years
and 2 years of service.

The prevalence of all recorded respiratory symptoms — wheezing, cough, cough and
sputum production, phlegm and shortness of breath — was significantly higher in those
exposed (range of prevalence: 24 — 45%) than in the controls (2.7 — 15%). The
prevalence ratio of cough in those exposed was 1.56 (95% CI; 0.61, 3.95), compared
with the controls when adjusted for educational status, previous work in a dusty
environment, history of respiratory illness, age, use of biomass fuel for cooking and
availability of a separate kitchen. None of the workers used face masks to protect
them from dust and other chemical exposures.

There was no significant mean difference in lung function among those exposed and
the controls, when adjusting for age, height, previous respiratory illness, availability
of a separate kitchen and use of biomass fuel as a source of energy. All had
FEV1/FVC values above 70%, indicating that none of the workers had an airflow

limitation.
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6. Discussion

6.1. Main Discussion
This study showed a personal level of exposure to dust above the recommended limit
value in workers in the particleboard factories. The particleboard workers had a higher
prevalence of respiratory symptoms than an unexposed control group, but their lung
function was not different from the controls. Different interpretations of these findings
are possible. One possibility is that we may see the start of a respiratory-health
problem in these factories without any objective changes in lung function, since the
workers had only been working for a mean of four years in these factories. However,
there might be confounding factors in the study population, explaining the differences
found. Infectious diseases might be present in the exposed group, as this study did not
examine any infectious agents. For instance, tuberculosis is a common disease in
Ethiopia (117), and we did not test for tuberculosis in this study. However, the factory
work is physically strenuous, and it is most unlikely for there to be active tuberculosis
infection within the workforce. This would have affected their ability to wok. Another
possible confounding factor is the potential use of substances such as khat. Khat
chewing is associated with respiratory-health problems (118). However, those
exposed and the control groups come from similar social environment, and use of such
substances should be the same in both groups. Cannabis use is also associated with
respiratory symptoms (119), but it is not common in the study area. Tobacco smoking
was not reported either exposed persons or controls. There are thus strong indications
of a relationship between the reported respiratory symptoms and wood dust, endotoxin
and formaldehyde exposure in the particleboard factories. However, the cross-
sectional design of the study reduces the possibility of clear conclusions.
The particleboard workers had knowledge on most topics related to chemical hazards,
as well as positive response to questions about attitudes related to reduction of
chemical hazards and the general work environment. All workers were not using a full

set of PPE.
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6.1.1. Respiratory symptoms
The particleboard workers had a significantly higher prevalence of respiratory

symptoms than water-bottling workers (controls). This finding is in line with studies
involving wood workers in Tanzania, Macedonia, Iran and Sweden (2, 38, 55, 68).
In our study the prevalence of phlegm and wheezing was higher in particleboard
workers than in the controls. This is consistent with the findings for parquet-
manufacturing workers in Macedonia and sawmill workers in Iran (2, 68). Furniture-
manufacturing workers in Thailand were at greater risk of wheezing and
breathlessness than office workers (3, 64), which is also consistent with our finding.
Other studies with similar reported respiratory symptoms have revealed a GM of
wood-dust exposure of 1.7 mg/m? and 3.86 mg/m? (38, 55) and AM of dust exposure
2.44 mg/m® and 7.67 mg/m? (2, 3). All had dust levels above the TLV of 1 mg/m? set
by ACGIH for wood dust (25), which probably contributes to the high prevalence of
reported respiratory symptoms.

Not only the dust level in this work environment can cause respiratory symptoms.
Formaldehyde exposure within the range 0.28 ppm — 3.48 ppm has been found to
cause several respiratory symptoms (47). These levels are similar to the formaldehyde
levels recorded here, though comparisons between these studies are difficult, as our
levels are based on a ‘worst-case’ sampling strategy (range < 0.2 ppm — 5 ppm). A
systematic review and meta-analysis of epidemiological studies of formaldehyde
exposure also showed increased prevalence of various respiratory-health problems
(78).

A high prevalence of past respiratory illness (24%) was reported for particleboard
workers, but such illnesses were not reported in controls. However, the causes of these
past respiratory illnesses were not investigated in detail in the present study, it being
based on self-reports. Both these past respiratory illnesses and current respiratory
symptoms may be caused by dust (2, 3, 38, 55), endotoxin (63) or formaldehyde
exposure at the present work site, or for some of the particleboard workers also in
previous jobs. Some (23%) of the particleboard workers reported having worked in

other dusty environments.
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Lung function

Particleboard and water-bottling workers had a similar lung-function status, and none
of them had an airflow limitation. Our finding is in agreement with results from Iran
and Pakistan (2, 72), which showed no difference in lung function between exposed
wood workers and controls. According to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) recommendation, a ratio of FEV/FVC less than 70% indicates
the presence of a persistent airflow limitation (120). In our study the FEV1/FVC was
higher than 70% for all workers, indicating the absence of a persistent airflow
limitation. Reasons for the absence of reduced lung function could be that the
relatively young workers only had a few years of work experience involving wood-
dust exposure in particleboard factories (121), as well as a healthy worker effect.

Our finding is in agreement with the results from cross-sectional studies in wood
industries in Iran, Macedonia, Poland and Pakistan, which all showed that the mean
FEV1/FVC was higher than 70% in the study participants (2, 57, 68, 72, 80). The two
studies in Iran had different wood dust exposure levels, — one of them higher than in
our study (GM= 19 mg/m?), and the other lower (GM= 2.44) (2, 57). Although the
FEV//FVC value was higher than 70%, there was a significant association between
wood-dust exposure and change in pulmonary-function tests (2, 72). Exposure to
wood dust in the Polish study was within the range 0.49 — 18.2 mg/m? (80) — a lower
range of dust than our finding (range : 0.47 — 184 mg/m?). The effect thus may not be
detected in the present study, but a future change in lung function may occur.

The absence of an airflow limitation in our study may reflect the inconclusive nature
of the cross-sectional study design concerning the cause/effect relationship between
wood-dust exposure and lung function. However, a six-year longitudinal study
involving furniture workers in Denmark with a low exposure (GM= 0.94 mg/m?) at
baseline and 0.60 mg/m? at follow-up showed that wood-dust exposure that may result
a clinically important reduction in lung function (79). The exposure level in our study
is higher (GM= 4.66 mg/m?) than that reported in Danish furniture industries, but with
fewer years of service. This may indicate the possibility of declining lung function in
particleboard workers in our study over time. A systematic review of longitudinal

studies with > 1 year of follow-up also indicated an association between organic dust
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exposure and longitudinal lung-function change (122). A prospective study involving
wood workers exposed to formaldehyde showed a dose/response relationship between
exposure to formaldehyde and reduced lung function (123).

Low FEF2s.75% values may be associated with asthma-like symptoms in adult patients
(124). Dust and endotoxins may cause asthmatic conditions (125, 126), so in the
present study the FEF25.75, values were examined. However, no statistically

significant differences between the groups were found.

6.1.2. Exposure to inhalable dust
This study showed that particleboard workers in Ethiopia were exposed to a geometric

mean (GM) of 4.66 mg/m? of inhalable wood dust, with 93% of the samples
exceeding 1 mg/m? — the Threshold Limit Value (TLV) for inhalable dust set by
ACGIH. A previous study involving 20 small- and medium-scale Ethiopian wood-
processing enterprises revealed that workers were exposed to a geometric mean of
6.82 mg/m? of dust (range 0.24 — 23.3 mg/m?) (17), which is comparable with our
study in large-scale factories. However, there is huge range of dust levels in our study,
ranging from 0.47 — 184 mg/m>. To our knowledge there are no previous studies of
exposure to inhalable dust in particleboard factories in Ethiopia, and this finding will
add knowledge of occupational exposure to inhalable dust in large wood industries. A
study involving Iranian chipwood workers indicated that the workers were exposed to
a GM of 19 mg/m?, which is considerably higher than our finding. The possible
reasons for the higher level of recorded inhalable dust could be its primitive
processing, inappropriate wood-storage conditions and a lack of engineering-control
measures (57). However, a study concerning plywood in New Zealand indicated that
workers were exposed to a GM of 0.7 mg/m? (48), which is lower than our finding.
This could be explained by differences in the work process and technological
advances in the control of wood-dust emitted during processing.

Regardung exposure to inhalable dust reported in small-scale wood industries in
Tanzania, there was a GM of 3.3 mg/m?® (35), which was lower than in our study. This
difference in exposure could partly be due to the outdoor location of the Tanzanian

wood industries, which provides better general ventilation than in our study, which
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was mostly performed in a closed area. In addition, differences in the size of the
factories and the manufacturing process might also have contributed to a variation in
dust exposures between the studies. The level of exposure to wood dust was also
lower among sawmill workers in Iran (2.44 mg/m?®) (2) and furniture workers in
Thailand (1.55 mg/m?) (1). The type of work process and wood product may result in
different levels of dust exposure in these wood factories.

A study performed in joinery and furniture factories in the Netherlands reported lower
exposure to inhalable dust (2.1 mg/m®) (54) than in our study. Other studies in large-
and medium-sized industrial sawmills in Norway (52) and furniture industries in
Denmark (36) also recorded lower dust levels (0.72 mg/m® and 0.6 mg/m?
respectively), which is different from our finding. A study of the pellet industry in
Sweden reported lower personal dust exposure (1.7 mg/m?) (55). Sawmill workers in
Alberta and New Zealand were exposed to 2.04 mg/m? (59) and 0.52 mg/m? (60) of
wood dust respectively. These differences could be due to the technological advances
to be found in Norway, the Netherlands, Denmark, Sweden, New Zealand and Canada
regarding control of dust emissions through mechanical ventilation, compared with
our study, which did not involve any such control measures.

The level of exposure to inhalable dust varied from workstation to workstation, the
highest level being recorded in sizing, forming, flaking and chipping workstations.
This highest exposure level is probably linked to the dust-emitting, woodcutting and
chipping processes. For example, sizing involves wood-cutting activities that create a
lot of dust. Forming is also an activity whereby mixed woodchips with formaldehyde
from the blending section are formed into a mat under high hydraulic pressure, with a
lot of dust emission. The chipping and flaking processes also contribute to a high level
of dust exposure in these sections, but the lowest dust exposure was recorded in
quality control. This may be because these workers mainly stay in the laboratory,
where there is a lower probability of dust emission because of the nature of activities
taking place there. All workstations, however had dust levels above the TLV of 1
mg/m® set by ACGIH for wood dust (25). The variation in dust exposure across
workstations is in line with a study performed in Danish furniture factories, indicating

that work tasks were significant determinants of wood-dust exposure (36).
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In the mixed-model analysis, factory (A, B) and downtime explained 27% of total
variability and 36% of the between-worker variability for inhalable dust. The
explained between-worker variability is lower than in a study performed in the Danish
wood industry, which explained 42% of the between-worker variability for inhalable
dust (36). In our study, downtime explained a relatively small part of the within-
worker variance (11.6%) for inhalable dust. Since none of the workers changed
factory from day to day, factory could contribute towards explaining between-worker

variability only.

6.1.3. Endotoxin exposure
The particleboard production workers were exposed to a GM of 62.2 EU/m? of

endotoxins. The percentage of samples exceeding the Dutch OEL for endotoxins (90
EU/m?) was 41%. The endotoxin exposure in our study is lower than the findings
from small-scale wood industries in Tanzania (GM = 91 EU/m?) (35). However, it is
higher than the findings from large-and medium-scale sawmills in Norway (17
EU/m?) (52). The arithmetic mean for endotoxin exposure of particleboard workers in
different workstations in our study varies from 10.6 to 564.8 EU/m?, which is different
to the results of a study with a mean range of 16.15 to 1974.0 EU/m? in different
working sections in the fibreboard industry, and from <0.125 to 217.4 EU/m? in
chipboard factories in Poland (42). Studies involving USA joinery workers (58) and
plywood workers in New Zealand (48) indicated lower exposure levels than our
findings (GM = 11 EU/m? and 23 EU/m? respectively).

In the present study the endotoxin exposure level exceeds the OEL in the first two
workstations of the production process, i.e. chipping and flaking. The high moisture
content in the protective bark of the eucalyptus tree in chipping and flaking at the start
of the production process may constitute an optimal environment for endotoxin-
producing gram-negative bacteria. After removal of the bark by flaking, the
endotoxins per mg of inhalable dust in further processes was reduced. Although the
endotoxin content per mg dust decreased from the intial to the later stages of the
production process, endotoxin exposure correlated significantly with the inhalable

dust level, and was considerably stronger (r= 0.68) than in a Tanzanian study (r= 0.44)
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(35). This may be due to a difference in study setting, i.e. type of industry, sampling
season and storage conditions for the raw material wood. The highest level of
endotoxins in the Polish study was also recorded at the intial stage of the production
process, when sharply decreasing during the subsequent production stages (42). The
high level of endotoxins at the intial of the production could be due to the use of waste
wood, which results in airborne microorganisms.

Workstations, namely chipping, flaking, forming, maintenance and cleaning activities,
explained 58.8% of between-worker variance for endotoxins. Chipping and flaking
had the greatest impact on endotoxin exposure. This is presumably because of the high
content of endotoxins per mg inhalable dust in the first two stages of the production
process. It seems reasonable that workstations were unable to explain any within-
worker variance, since none of the workers changed workstations from day to day. In
the linear mixed-effect model, factory (A, B) and downtime were not significant

predictors of endotoxin exposure.

6.1.4. Formaldehyde exposure
Formaldehyde was detected in all measured workstations along the production line

except the first (outdoors) and last workstations (indoor). The highest median air
concentration of formaldehyde was recorded in blending (3.5 ppm), where the
prepared formaldehyde solution and woodchips are mixed together, followed by the
glue kitchen (1.0 ppm), with further decreasing concentrations down the production
line. However, the formaldehyde measurements in our study were considered to be
‘worst-case’ measurements taken within a short sampling time, and do not indicate
full-shift levels of formaldehyde in the factory. The measurements were taken when
formaldehyde was prepared in the glue kitchen, and then sent to blending in order to
be mixed with wood-chips. As far as we know, there is no other published data on
such worst-case measurements of formaldehyde in particleboard industries. On the
other hand, full-shift and short time (15 minute) measurements of formaldehyde taken
in wood-processing industries ranged from 0.5 to 1.52 ppm in Iran (45). A study
performed in furniture industries in Turkey shows an exposure level ranging from

0.02 to 2.2 ppm (46). A study performed in Finland among plywood workers showed
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a mean area concentration of formaldehyde varying from 0.03 mg/m’ to 0.31 mg/m’
(127), and in a study in Hawaii, USA it varied from 0.28 to 3.48 ppm (47). The GM
for formaldehyde recorded was 0.06 ppm from a study performed among plywood
workers in New Zealand (48). The variation may be due to a difference in sampling
(stationary vs personal), duration (worst-case/peak vs full-shift and short-time),

measuring equipment (indicator tubes vs sorbent tubes) and other unforeseen factors.

6.1.5. Knowledge, Attitude and Practice

The fact that more knowledge of chemicals and other hazards is gained from
permanent workers than from temporary workers may be because temporary workers
start their jobs as helpers, i.e. assisting permanently hired workers, without prior
training in occupational health and safety. Our results from the KAP questionnaire has
several similarities with analogous studies in other industries in Nigeria (100, 128).

A Nigerian study of textile workers showed that permanent employment was a
determinant for knowledge about workplace hazards, and this supports our results
(128). While our study indicated that 82% all total workers knew of some types of
chemical hazard, the Nigerian study reported that 74% knew of workplace hazards
(128). High educational status in our study was associated with a high knowledge
score, and this is in line with another Nigerian study (100).

Permanent workers also reported more safety-conscious responses (74% and above) to
the attitude-related questions about reducing chemical hazards in the factory.
However, the temporary workers reported less safety-conscious responses (3% and
above). This finding is in line with the study performed in Nigeria, showing that
permanent employment was a determinant for workers’ attitude to workplace hazards
(128).

Other studies have shown that the risk of injury in temporary workers is higher than in
permanent workers, supporting the link between employment status and health &
safety at the workplace (101-105). The finding that there is a high risk of injury in
temporary workers may indicate that these workers have less knowledge of the

various occupational hazards, and that the employer has given them less attention.
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In our study neither permanent nor temporary workers reported use of a full set of
PPE during work. In addition to the lack of a supply of PPE, especially for temporary
workers, there was a negative perception regarding the protective value of the PPE
available, which probably has an adverse effect on the practice of using the available
PPE. The workers in Nigeria have similar perceptions, namely that the existing PPE is
useless in terms of hazard protection (98). A low level of practice with regard to PPE
is shown to be due to a low level of access to PPE and its unsuitability in various work
settings (20, 91, 97, 99). Permanent workers had better practice than temporary
workers, and this is consistent with another study involving Ethiopian textile workers
regarding knowledge and safety (18). The workers also reported that low attendance at
safety training might affect PPE use (18, 95). On the other hand, better use of PPE
was reported in Ethiopian textile factories and Indian salt workers, presumably
because of a high level of awareness (20) and availability of PPE (20, 96).

The administrative personnel were aware of various hazards such as wood dust and
formaldehyde in their factory. The factories had no assigned occupational health and
safety personnel that could monitor and ensure safety practice. This will have a
negative impact on the technical requirements to be considered when ordering and
purchasing PPE. As a result, the administrative workers in charge of supplying
logistics and equipment to employees purchase PPE without any specification of the
requisite quality. On top of this, most of the administrative personnel believed that all
PPE provides the same level of protection.

6.2. Methodological discussion

6.2.1. Study design and setting
The cross-sectional study design used in the present study simple method to determine

such things as prevalence of symptoms in a population. However, cross-sectional
studies offer weak evidence for causality between exposure and health outcomes, as
one cannot know for sure that the exposure preceded the symptoms. Theoretically, the
workers may have had their symptoms before they started work in the factories, and
this makes it harder to draw a clear conclusion from the present study. In the KAP

study, these limitations of the cross-sectional study design will apparently not affect
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the validity of the data collected, because the information has no health variable and
does not concern a causal relationship between exposure and health.

For the respiratory-health study we selected a control group from a water-bottling
factory with a non-dusty work environment. We did not select a control from the
general population, as we wanted to reduce selection bias that can be attributed to
baseline characteristics such as economic differences between the groups. However,
the workers were different in educational status but, controlled during the statistical
analysis.

The exposure study was performed at the two of the country’s biggest particleboard
factories, and included every working section of these factories. On top of this, the
inclusion of particleboard factories in different settings and sampling from every

workstation will increase the representativeness of the study.

6.2.2. Validity
The main objective of research works is to obtain a valid estimate of both the

exposure variables, as well as the effect measures of interest (129). Validity is an
expression of the degree to which a test is capable of measuring what it is intended to
measure, and it refers to the conceptual and scientific soundness of a research study

(130, 131). Validity can be either internal or external.

6.2.2.1. Internal Validity

Internal validity is the degree to which the finding from an observation is correct for
the group being studied. It reflects the ability of a research design to provide
implausible alternative explanations for the result that the independent variable is
directly responsible for the effect on the dependent variable (130, 131). In this study,
the threats to internal validity such as selection bias, information bias and confounding

will be discussed.

Selection bias

Selection bias can occur when the study participants are not randomly selected from
the source population during the study (132, 133). The inclusion of both large-scale

particleboards in the country will reduce the variation related due to setting. The
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results will be therefore applicable to large-scale particleboard wood industries. We
chose large-scale industries rather than small-scale industries because of the
assumption that the large-scale industries employ several workers and use power-
driven machineries, unlike small-scale industries. We consequently wish to know
more in detail about exposure and the work situation in the large-scale particleboard
industries. The participants were young, with an average age of 28 years. This age
factor may have an impact on the results, because of possible healthy-workers effects,
owing to healthy hiring or the fact that less healthy individual workers might leave the
work place. During data collection, participants from each working section of the
factories were proportionally selected for all objectives. The selection of participants
from the KAP study and respiratory health was followed by proportional and random
sampling from each workstation.

Exposure samples were taken from similar exposure groups (SEGs), assigned based
on the similar tasks they perform in each workstation. The sampling was performed by
the researcher in consultation with the supervisors of each work station. The selection
of persons from each working section was not totally random, but it is unlikely that it
has influenced the representativeness of the workers. This is because we took the
recommended number of samples from the production workers from each
workstation, depending on the convenience of the ongoing production activities in the

factories.

Information bias

In questionnaire studies, information bias happens as a result of wrong recording of
individual factors because of an interviewer or interviewee problem (132). This is
because the study participants can either disclose or conceal the information. The
interviewer may also introduce bias during the interview process, e.g. by reading the
questions too quickly for some people. Data collection was performed using a
standard questionnaire, to reduce any possible information bias, though there may still
be information or recall bias. The workers in the particleboard factory may have
reported more respiratory symptoms than was actually the case, owing to a wish for an

improved work environment. Conversely, the recorded symptoms may also have been
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underreported, because they may be hard to remember (134). Although information
bias is difficult to completely avoid, we have partially prevented it by using a
standardised questionnaire.

Before the study began, all study participants were clearly informed about the aim of
the study and the confidentiality of their information, to avoid any concerns in relation
to their job security and the overall benefit of the research. The data for the KAP study
and respiratory health was collected using a structured questionnaire. The
questionnaire for the KAP study was developed by reviewing KAP articles (18, 93,
110), with a pre-test being performed before data collection. The quantitative and
qualitative information collected from production workers and management personnel
may improve KAP regarding chemical hazards and PPE, from both the worker and the
management perspective.

Even though data collection for both studies was performed using structured
questionnaires one by one in a place without others listening, there may be still a
response and interviewer bias. To avoid interviewer bias, we used interviewers in this
study who were well trained for the work, and had been instructed to perform the
interview the same way every time.

In the exposure study, calibration of the pump air-flow sampling rates every hour, use
of approved-quality measuring equipment, a large sample size, several days of
sampling with repeated measurements as well as approved and standardised protocol
for analyses of inhalable dust and endotoxins may increase the validity of this study.
However, the sampling time varied from 2 to 4 hours, because of excessive loose dust
in the filters. Since the production system did not change during the sampling day, we
have considered the 2 to 4-hours sampling time to be representative of full-shift
exposure for the workers. In addition, to overcome certain behavioural activities in the
workers that may challenge the validity of the data collected, the researcher visited
each study participant every hour to monitor any unusual activities. The individual
participants were also clearly informed about the aim of the study, how to behave
during the sampling time and its overall benefit. They were all positive and highly
cooperative throughout the study. As a result, we do not expect workers’ behaviour to

have manipulated the work process or the sampling to any great extent.
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Participation rate

Information collected using structured questionnaires had a high response rate (95%
for KAP study and 94.5% for respiratory-health study). In respiratory health, the
response rate was 89% in the exposed group and 88% in the control group. The
workers were neither forced nor paid to participate in the study. The high response
rate was presumably due to the clear objective of the research and the close
communication and cooperation between the researcher, the study participants and the
employer. This may have motivated the workers to participate in the study.

The high response rate (88% in control groups and 89% in exposed groups), inclusion
of the two biggest particleboard-producing industries found in the country and an
additional two water-bottling factories as a control should increase the internal

validity of the study.

Confounding

Confounding is a form of bias that concerns how the effect measure may change in
value, depending on whether variables other than the exposure variable are controlled
in the analysis. It is a distortion of effect measure that arises when we fail to control
another variable (129). In our study, variables such as age, educational status, height,
employment status and other variables were obtained, and the results were adjusted to
allow for these factors in the statistical analysis. However, unknown factors may have

been present and not allowed for in the analysis.

Dust and endotoxin sampling and analysis

The samples taken for wood dust were based on health-related aerosol sampling
criteria, which state that the inhalable fraction is appropriate for aerosols such as wood
dust that are usually deposited in the extra thoracic airways. Dust was sampled in
filters using pumps with a recommended flow rate of 3.5 I/m (135), to draw air
through the filters (136), and was analysed gravimetrically using the standard
procedure (114). Workplace monitoring of endotoxin level is usually performed by
sampling airborne inhalable aerosol, using pumps to draw air through the filters with
subsequent aqueous extraction and analysis using the Kinetic Amoebocyte Lysate test
(137) following the standard procedure (114, 115). Our sampling and analysis strategy
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for dust and endotoxins thus followed the standard procedures, which should increase

the validity of the results.

Formaldehyde measurement

Formaldehyde was measured using a ‘worst-case’ strategy, and there was no full-shift
measurement. Few samples were taken, but triplicate measurements were taken in
different working sections on different days. This may have strengthened the validity
of data recorded. The Driger tubes are designed for spot measurement, providing
quantitative results with a high degree of accuracy and repeatability. The Driager tube
contains a sensitive reagent system that produces accurate readings of the air
contaminant (108, 138). The results of this instantaneous measurement may thus be
considered as a pilot study, but not for full-shift exposure evaluation. The reason why
full-shift formaldehyde sampling was not implemented was practicalities. Full-shift
measurement of formaldehyde using the US National Institute of Occupational Safety
and Health method (NIOSH Method 2016) could have been used. However, the
sample will only have 34 days of stability in cold storage (5 "C) after sampling (139),
and it was not practical to apply this approach in our setting, because the exposure
sampling was planned to take a minimum of two months.

As we had no knowledge whatsoever about the presence of formaldehyde in this
working air, we decided to carry out the sampling as a type of pilot study. As we
detected high levels of formaldehyde in some places, a future study in these types of
factory should be performed by another the sampling method and strategy to obtain

full-shift exposure levels.

Lung-function measurement

Lung function was measured using calibrated and sensitive portable equipment in line
with the American Thoracic Society’s recommendation. There are no lung-function
reference values for the general population in Ethiopia. We consequently only
presented the absolute lung-function values, and compared the absolute mean values
from the exposed workers with the control groups. We also compared the results with

other research findings in our discussion.
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6.2.2.2. External Validity

External validity is the extent to which the findings of the study are generalised for
people not involved in the study (130). The study involved the two biggest
particleboard manufacturing factories that use eucalyptus wood as a raw material in
Ethiopia. The two particleboard factories have the same work processes, and are
situated in different geographical locations (the north and south of the country), which
may increase representativeness.

The finding with regard to KAP by employment status might be generalisable for
wood-industry workers. The present study finding is consistent with that for other
studies performed in industrial sectors other than the wood industry (18, 101). The
respiratory-symptoms findings can also be generalised for wood-industry workers.
The lung-function results cannot be conclusive, because of inconsistent findings from
other researchers.

The types of tree used in other industries for which we have seen wood-industry
publications were rubberwood, spruce, pine, oak and beech, white fir, meranti and
iroko (35, 36, 52, 55, 71), which is not similar to the eucalyptus tree used in our study.
A mixture of trees was also used in these factories, while only hardwood was used in
our study. Furthermore, the production process was not the same as ours.

In our study, the information was only collected from large wood-manufacturing
industries, and the situation in small-scale, medium-sized and less formal wood-
manufacturing industries could be different. It was also limited to male particleboard
workers, because of the paucity of female workers, although it would have been
advantageous if female participants had been involved in the study, so as to provide
gender-based results. The findings cannot be generalised for developed countries with
different work situations, different levels of technology and exposure-control
mechanism and a more skilled workforce. This study can thus be generalisable for

wood industries in developing countries with similar settings and work processes.
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7. Conclusions

The study concluded that permanent workers gave a higher proportion of
positive responses regarding knowledge of and attitude towards chemical
health hazards than temporary workers.

PPE use depended on access, and was mostly provided for permanent workers,
not for temporary workers. The quality of PPE was questionable.

The findings revealed that the geometric mean (GM) inhalable dust exposure
levels were above the Threshold Limit Value (TLV) of 1 mg/m? set by the
American Conference of Governmental Industrial Hygienists (ACGIH).

The GM endotoxin level was lower than the level of 90 EU/m? recommended
by Dutch scientists as the occupational exposure limit, but samples taken in
chipping and flaking workstations were above 90 EU/m>.

Formaldehyde was detected in the factories, and the median formaldehyde
concentration was highest in the blending workstation.

Particleboard workers displayed a higher prevalence of respiratory symptoms
than controls.

The lung-function status of particleboard workers was similar to that of

controls.

65



8. Recommendation and future perspectives

8.1. Recommendation
The factories are advised to:

e Reduce exposure to dust, endotoxins and formaldehyde in these workplaces
through engineering controls (installation of local exhaust ventilation or dust
collection hood) or administrative strategies (e.g. job rotation, facilities for
meals and rest breaks, sanitation facilities), so as to prevent work-related health
problems.

e Provide proper PPE (face mask, overall, gloves, goggles etc) that is in line with
the quality standard for both permanent and temporary workers.

e Provide training for all factory workers and management personnel on why and
how to use the PPE.

The workers should:
o Follow safety rules and regulations drawn up for them.
e Attend training sessions on the use of PPE.

The responsible government body in Ethiopia should:

e Formulate national occupational-safety and health policies.

¢ Develop or adopt occupational-exposure limit values for Ethiopia, taking into
consideration the health effect and economic and technical considerations, and

should carry out evaluation and monitoring for compliance with the standards.

o Start building capacity for all players in Ethiopia in occupational health and

safety, through education, training and consultative workshops.
8.2. Future perspectives
The following studies are suggested for the future.

e Performance of an intervention study with improvement of the work
environment in the particleboard factories and evaluation of the impact of the
improvements. Suggested improvements/interventions are for instance
provision of proper safety materials, supported by training. They may also
include administrative measures such as job rotation and breaks, as well as

introduction of new safety guidelines.
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Full-shift formaldehyde measurement is necessary, to provide knowledge of
workers’ level of exposure to this chemical.

A systematic qualitative study is necessary for future work on an in-depth
understanding of the particleboard workers’ Knowledge, Attitude and Practice

regarding chemical hazards and personal protective equipment.
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Abstract

Background: Work in the wood industry is often associated with exposure to wood dust and formaldehyde. The
aims of this study were to describe the Knowledge, Attitude and Practice (KAP) concerning chemical health hazards
among particleboard workers and to compare the KAP among temporary and permanent workers.

Methods: A cross-sectional study design was used to collect data by structured questionnaires in two particleboard
factories in Ethiopia. A total of 159 workers and 13 management personnel participated in this study. Both closed-
ended and open-ended questions were included in the interviews. Chi-square tests, T tests and correlation analyses
were used for categorical and continuous data. Total knowledge score (range 0-8) was calculated as the sum score
of 8 items weighing one point each. Multiple linear regression was applied to estimate the impact of employment
status on total knowledge score adjusted for level of education. Content analysis was applied to analyse collected
data from open-ended questions.

Results: The mean age of the respondents was 28 (SD = 6) years and on average they had 3.7 [3] years of service.
The permanent workers were older than the temporary workers (29 vs 26 years, p=0.001), and a considerably high
fraction of the permanent workers had vocational education (90%) compared to the temporary workers (11%).
Permanent workers had higher proportion of response on knowledge of 10 of 12 topics regarding chemical
hazards and attitudes on 6 of 11 of these topics than temporary workers. Permanent workers had higher knowledge
scores (3.7) compared to temporary workers (1.3) (p < 0.001), also after adjusting for education (p =0.011). Permanent
workers were provided with personal protective equipment (PPE) while temporary workers were not. The qualitative
data helps to understand the workers and administrative personnel attitude and thinking regarding chemical hazards
and PPE.

Conclusions: The findings revealed that permanent workers have higher proportion of positive response on
knowledge and attitude towards chemical health hazards than temporary workers. However, practice in use of PPE
depended on access to PPE. Few temporary workers were provided with PPE.
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Background

Particleboard is a wood product which is increasingly
produced and used in Ethiopia. It is manufactured from
lignocellulosic materials, primarily in the form of
discrete particles, combined with urea formaldehyde
resin and bonded together under heat and pressure. Par-
ticleboard is used, for instance in production of office ta-
bles, shelves and interior wall partitioning [1, 2]. The
manufacturing sector, comprising wood, metal, food,
textile, leather and construction industries, accounts for
6.9% of the national work force in Ethiopia [3].

Work in the wood industry is associated with ex-
posure to wood dust [4-11], and in the particleboard
industry the workers might also be exposed to for-
maldehyde from glue resin [12-14]. Exposure to
wood dust may cause acute irritation of the skin, eyes
and airways [15, 16] and may also be associated with
chronic respiratory symptoms [16—18]. Formaldehyde
may also cause respiratory problems [14, 19]. Wood
dust and formaldehyde are classified as carcinogenic
(Group 1) by International Agency for Research on
Cancer [20, 21].

The hierarchy of occupational hazard control from the
most effective to the least effective can be described as:
Elimination, substitution, engineering control, adminis-
trative control and PPE [22]. To reduce exposure to
wood dust, the most effective control measures may not
be present, or not work sufficiently. As a result, in many
workplaces PPE is recommended as an immediate con-
trol measure, as the expense of providing PPE is rela-
tively low and can quite easily be provided. The cost of
face mask, coverall, glove, and other PPEs is covered by
the employer. Workers in the wood industry are recom-
mended to wear appropriate face masks and eye protec-
tion in areas with high dust and formaldehyde exposure.
Coveralls and industrial gloves are needed to protect the
skin [23, 24].

It is important for the workers to be informed about
the health hazards and why control measures are neces-
sary. Otherwise, workers do not always wear PPE, even
in high risk situations at work. However, information
alone might not be sufficient to change the attitude and
practice of workers. A model called “Knowledge, Atti-
tude and Practice” (KAP) has been developed to describe
and understand these challenges better. The KAP model
consists of a triad of interactive factors [25] and can help
us to understand why the workers do not adhere to spe-
cific advice or rules by evaluating their behavioural de-
terminants [26].

A study done in the United States revealed that use of
PPE was negatively affected by lack of comfort and fit-
ness, young age and lack of safety training [27]. Studies
have shown that the use of PPE varies from 10 to 82%
depending on accessibility, adequacy, affordability,
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fitness to the user and its discomfort [28-32]. A study
done in Nigeria indicates that workers” adherence to use
of PPE was low because of shortage, inconvenience and
the perception of PPE as unnecessary. Safety training
played a significant role in increasing knowledge about
PPE and health problems in the wood industry [33].

KAP studies done among farm workers in Ethiopia
showed that 85% of the workers do not receive training
on chemical pesticides, only 10% of the workers were
using full PPE and the attitude and practice of handling
chemical pesticides were poor [34]. The knowledge level
of the participants on safety issues was affected by gen-
der, safety training and work regulations [35]. Further-
more, use of PPE was affected by safety training,
education, work regulation and their knowledge of safety
information [35, 36]. In the textile industry, employment
status was a determinant for PPE use, since permanent
workers apply safe practice to a greater extent than tem-
porary workers [35].

There are several gaps in occupational safety and
health in Ethiopia, such as lack of trained manpower,
weak implementation of policy and regulation and lim-
ited research, all of which reduce the possibility of iden-
tifying, assessing and controlling hazards. This shows us
that there is a long way to go to address occupational
safety and health [37].

The knowledge among workers in the Ethiopian wood
industry about exposure to dust and formaldehyde and
their health effects has not been studied. More know-
ledge on KAP is needed for implementation of control
measures in this type of industry. Another aspect is that
in the particleboard factory, as well as in other industries
in Ethiopia, there are both permanent and temporary
workers. The number of temporary workers is in general
increasing and several studies show that they are at
higher risk of occupational injuries and diseases than
permanent workers [38—42].

The aims of this study were to describe the KAP
concerning chemical health hazards among particle-
board workers, with focus on their use of PPE and to
compare the KAP among temporary and permanent
workers. It is hypothesized that temporary workers
are less protected than permanent workers. Studying
the KAP in this industry is important in planning
preventive measures to reduce health problems re-
lated to chemical hazards.

Methods

A cross-sectional study design was used to collect struc-
tured questionnaire-based data from two of the largest
particleboard factories in Ethiopia. The factory situated
in northern Ethiopia has 663 workers and was estab-
lished in 2005. The factory located in southern Ethiopia
was established in 2002 and has 249 workers. The
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production lines in these factories are similar, compris-
ing 10 sections: chipping, flaking, drier, boiler, blending,
forming, pressing, trimming, sanding and sizing. In
addition, there are workers with miscellaneous tasks
who are working in all sections: cleaners and workers in
the machine control room [1, 2], quality control and
maintenance. The face mask currently used as personal
protective equipment is shown in Fig. 1.

Production workers were the source of population
for the study. The required number of participants
was calculated with the purpose of describing use of
PPE, using a single population proportion taking into
account a 54% practice of using PPE obtained from a
study done in Ethiopia among textile workers [35].
The output of the formula with 95% confidence inter-
val, 5% level of significance and finite population cor-
rection gave 167 workers.

To plan the study, the factories and its leadership were
visited. After obtaining permission to perform the study,
we asked the management to provide the list of workers
in each work shift (morning, evening and night). There
were 8 working hours per shift.

Study participants were interviewed in a quiet and pri-
vate place near their work by 10 trained bachelor envir-
onmental health professionals. After the interview the
participants were also allowed to give their own com-
ments about the working environment.

The questionnaire employed for data collection was
developed by reviewing KAP questions from published
articles in textile, petrochemical and other industries
[26, 35, 43]. The questions were constructed in a way
that addresses the hazards expected from the wood in-
dustries in the study. The proportion of questions were;
31 closed ended and 19 open-ended for workers and 12
closed ended and 12 open-ended for administrative
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personnel. Qualitative information was collected from
worker and management staff using open-ended ques-
tions. The full data collection questionnaire is found as
Additional file 1 for this article. The researcher also per-
formed a workplace visit to observe the actual use of
PPE and the type of PPE.

Information was collected from the workers in No-
vember and December 2016 wusing a structured
questionnaire-based interview asking for sex (M/F), age
(years), education (highest grade completed), profession,
employment status (permanent/temporary), working
section, number of service years, total working hours
per day. In addition, the main body of the questionnaire
contains knowledge, attitude and practice-related ques-
tions with no (N) or yes (Y) response options and some
open-ended questions as indicated in as additional file 1.
Completeness of the questionnaire and consistency was
checked at the end of each day of the data collection.

The interview was based on qualitative and quantitative
questions prepared in English and translated to Amharic
by a translator, and then translated back from Ambharic to
English by another translator, to check the consistency.
Pre-testing of the questionnaire was done on 5% of the
sample population in one of the factories before the main
study. Due to this test some questions were modified
slightly before starting the actual data collection. Data
were coded and entered in EpiData version 3.1.

A knowledge score was calculated as the sum score of
8 items weighing one point each. This score (0-8) con-
sisted of knowledge of relevant chemical hazards at their
workplace (2 items: dust and formaldehyde), relevant
health effects from the chemical hazards (3 items: re-
spiratory, eye and skin problems) and recommended
personal protective equipment (3 items: coverall, face
mask and gloves).

Fig. 1 Face mask currently in use among particleboard workers in Ethiopia
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Ethics

The study received ethical permission from regional
committee for Medical and Health Research Ethics,
Western Norway on June 2, 2016 with IRB ref:
IRB00006245 and from the Ethiopian Ministry of Sci-
ence and Technology on October 7, 2016 with Ref. No.
3.10/148/2016. Written consent from the study partici-
pants and consent from factory management was as-
sured before data collection.

Statistics

Data was exported from EpiData version 3.1 to the stat-
istical package SPSS, version 25 for analysis. Chi-square
tests were used for comparing categorical variables. T’
tests were used to compare means of continuous vari-
ables. Correlation was used to analyse the association
between knowledge score, age and service vyears.
Multiple linear regression was used to analyse the asso-
ciation between employment status (permanent vs. tem-
porary) and total knowledge score while adjusting for
variables significantly associated with knowledge score
in univariate analysis (p< 0.05). Content analysis was
applied to analyse collected data from open-ended ques-
tions. The qualitative data provides supplementary infor-
mation from administrative personnel on the general
working environment, chemical hazards and PPE.

Results

General characteristics of the study population

From 167 people invited, 159 (95%) workers (89 and 70
from the two factories) responded to the questionnaire.
The remaining 5% of the respondents did not want to
participate in the interview. In addition to the data col-
lected from the production workers, qualitative informa-
tion was collected from 13 management personnel (7
and 6 from the two factories).

There was no statistical difference between the
employees from the two factories in terms of sex
distribution (p =0.3), age (p = 0.078), service years (p =0.097),
and consequently the data from the two factories were merged
in the following analysis. However, educational status was
significantly different between the two study sites (p < 0.001).
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The arithmetic mean age of the respondents was 28
(SD=6) years and the average service years of the re-
spondents was 3.7 [3] years. Eight people had worked in
another similar factory with service years ranging from 1
to 20. The majority of the respondents among both per-
manent and temporary workers were men (94% vs 87%).
The permanent workers were older than the temporary
workers (29 vs 26 years, p = 0.001), and among the per-
manent workers a considerably higher fraction had at
least vocational education (90%) than among the tem-
porary workers (11%) (Table 1).

Knowledge about chemical hazards

Permanent workers had significantly more knowledge
than temporary workers about 10 of total 12 topics re-
lated to chemical hazards (Table 2). A high fraction of
the permanent workers had knowledge of some chemical
hazards (87%), health effects (80%) and relevant PPE
(100%). Formaldehyde was the chemical factor men-
tioned by the highest fraction of both permanent and
temporary workers (Fig. 2). Respiratory problems were
mentioned more often than eye problems, while only a
few workers mentioned skin problems. Coveralls,
followed by face mask and gloves, were mentioned most
often as relevant PPE. The primary sources of informa-
tion about occupational health mentioned by the highest
fraction of permanent workers were health workers, se-
nior workers and radio/TV (Fig. 3). Only four of the
temporary workers mentioned any sources of such infor-
mation. Few permanent workers got information from
the Internet.

In univariate analyses employment status and edu-
cation level were both significantly associated with
the knowledge score while sex and age were not
(Table 3). Mean knowledge score was 3.7 (SD = 2.4) among
permanent and 1.2 (SD=2.1) among temporary workers,
respectively. There was no correlation between the know-
ledge score and service years (r=0.015; p=0.847) or be-
tween the knowledge score and age (r = 0.049; p = 0.452).

Further analysis using multivariate regression showed
that employment is significantly associated with the
knowledge score while adjusting for education. When

Table 1 Demographic characteristics of permanent and temporary particleboards workers in Ethiopia

Variable Total n Employment status (n = 159)
%) Permanent (n=121) n (%) Temporary (n=38) n (%)

Sex Male 147(92) 114(94) 33(87)

Female 12(8) 7(6) 5(13)
Education Grade 1-10 46(29) 12(10) 34(89)

Vocational and above 113(71) 109(90) 4(11)
Service year Mean (SD) 37(3.0) 4(3.0) 2.5(4)
Age Mean (SD) 28(6.0) 29(6.0) 26(5.0)
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Table 2 Knowledge about chemical hazards and protective measures among permanent and temporary particleboard workers in

Ethiopia

Variable Total n (%) Employment status(n = 159) p value
Permanent (n=121) n (%) Temporary (n=38) n (%)

Know some chemical hazards 130(82) 105 (87) 25 (66) 0.007

Know some health effects 114(72) 97 (80) 17 (45) <0.001

Know some relevant types of PPE 144(91) 121(100) 23(61) <0.001

Know hazards other than chemicals 115(72) 93 (77) 22 (58) 0.038

Emergency exit is important 84(53) 81 (67) 30 <0.001

Know material safety data sheet 35(22) 34 (28) 1) 0.002

Know/understand sign and symbols of safety 75(47) 71 (59) 4(11) <0.001

Know any safety rule in this workplace 89(56) 83 (69) 6 (16) <0.001

Know job rotation reduces exposure to chemical 113(71) 97 (80) 16 (42) <0.001

hazard

Know break time during work reduces exposure 140(88) 108 (89) 32 (84) 0.59

to chemical hazard

Have information on occupational health 63(40) 59(49) 4(11) <0.001

Know the factory has obligation to maintain 143(90) 110 91) 33(87) 0676

workers' health

age and sex were included in the multivariate analysis,
the results were the same.

Attitudes related to chemical hazards

Higher proportion of permanent workers had signifi-
cantly positive response than temporary workers on 6 of
11 topics on attitude related to reduction of chemical
hazards and the general working environment (Table 4).
A higher proportion of temporary (82%) than permanent
workers (38%) believed that all PPE has the same level
of protection. For four attitude-related questions there

were no significant difference between permanent and
temporary workers.

Practices of workers related to chemical hazards
Provision of PPE, as perceived by the permanent
workers varied from monthly to annually and many
workers did not know about the schedule of PPE distri-
bution (Table 5).

From the total 159 workers 103 (66%) were using at
least one type of PPE during work. All permanent
workers responded that the factory provides PPE and 98

B Permanent worker(n=121)

Percentage of response

(LTI

T

Fig. 2 Type of chemical hazards, health problem and personal protective equipments stated by permanent and temporary particleboard workers

in Ethiopia

# Temporary worker(n=38)

(LTI

[1im
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M Permanent worker(n=121)

15

percentage of response
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Health worker Radio/TV
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Fig. 3 Sources of information about occupational health among permanent and temporary particleboard workers in Ethiopia

B Temporary worker(n=38)

L s

Training Posters Internet

(81%) workers reported they used at least one PPE dur-
ing work irrespective of its quality. Among temporary
workers, only 3 (7.9%) reported that the factory manage-
ment provides PPE, while the remaining 35 (92.1%) did
not get PPE from the factory. They reported using other
options like buying from the market. Seven (18.4%) tem-
porary workers reported using at least one type of PPE
during work irrespective of its quality. Neither perman-
ent nor temporary workers were using the full set of
PPE during work. The practice of PPE use during work
among permanent workers was significantly higher than
among temporary workers (81% vs 18.4%) (p < 0.001).

To use PPE, permanent workers were motivated by
supervisor 58 (54%), by safety personnel 12 (11%), by
colleagues 8 (7.4%), self-motivation 76 (70%) and health
professionals 2 (1.8%). The reasons for not using any
type of PPE were reported to be lack of access (59%),
lack of knowledge of its importance (33%), not comfort-
able (3.9%), not useful (1.9%), and 1.9% said that PPE
was easily damaged.

During the workplace visit we observed that the PPE
used did not have any specification like production date,
intended use and protection level. This makes it difficult

to evaluate the quality of the PPE. There was also a com-
mon understanding among the workers that the avail-
able face mask has no protective value.

The visiting health institution for medical check-up
was reported by 25% of the permanent workers and 37%
of the temporary workers, which was not statistically dif-
ferent. Attending some safety training about occupa-
tional hazards was reported by 10 and 0% of the
permanent and temporary workers respectively. How-
ever, both permanent and temporary workers reported
that there was no scheduled or regular training about
occupational hazards in the factories.

Information from administrative personnel

The information collected from 13 administrative
personnel was obtained from persons with different po-
sitions (general manager, deputy manager, production
manager, technique manager, quality control, safety co-
ordinator, logistic and supply and health professional).
All stated dust and formaldehyde as chemical hazards
found in the factory. They also mentioned that the avail-
ability of safety guidelines, good lighting, good ventila-
tion and good communication between workers and the

Table 3 Association between the knowledge score, employment, sex, age and education among particleboard workers in Ethiopia

Variable Univariate analysis Multivariate analysis

B p value B p value
Intercept -1.5 0.07
Employment (0 =Temporary 1= Permanent) 24 < 0.001 1.7 0.011*
Sex (0=Male 1=Female) -0.98 0.203
Age (0=19-27 1 =28-50) 04 0.307
Education (0 =grade 1-10, 1 =Vocational and above) 2.1 < 0.001 0.96 0.112
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Table 4 Attitudes of particleboard workers about overall workplace hazards and safety in Ethiopia

Variable Total n Employment status (n = 159) p value
%) Permanent (n=121) n (%) Temporary (n = 38) n (%)

Workplace is hazardous to health 132(83) 100(83) 32(84) 1

| should use PPE during work 155(98) 120(99) 35(92) 0.06

Employer has responsibility to reduce 143(90) 109(90) 34(90) 1

exposure of hazards

All PPE has same level of protection 77(48) 46(38) 31(82) <0.001

| should follow workplace safety rule 143(90) 118(98) 25(66) <0.001

PPE is relevant in workplace 153(96) 119(98) 34(90) 0.04

Employer should supply PPE 153(96) 118(98) 35(92) 0.296

| should always use PPE 148(93) 112(93) 36(95) 0.925

Safety training is relevant 137(86) 113(93) 24(63) <0.001

Safety professionals are relevant 150(94) 118(98) 32(84) 0.007

Feel satisfied with my work 117(74) 96(79) 21(55) 0.006

employer reduces exposure to chemical hazards. Seven
responded that job rotation reduces exposure to chem-
ical hazards. All said that PPE is given to every worker,
but the schedule they reported varied, also within the
factories. Six respondents thought that all PPE has the
same level of protection, and that the factory simply pur-
chases PPE that is available in the market without any
quality consideration. Six respondents stated that new
PPE is given immediately to the worker when they lose
or damage it. The administrative personnel stated that
there is regular supervision to obtain safe working prac-
tices in the factory. They also mentioned that the safety
committee assures the supply of PPE and creates aware-
ness among workers. Ten individuals stated that safety
training is given to workers. However, the response on
the frequency of the training varies.

Discussion

Permanent workers have more knowledge about chem-
ical and other occupational hazards than temporary
workers in particleboard factories. Of the total workers,
82% know some type of chemical hazards. The perman-
ent workers were more interested in controlling expo-
sures from hazardous chemicals than the temporary
workers. Almost all permanent workers and few tempor-
ary workers used at least one PPE during work. How-
ever, the quality of the PPE was questionable and only

few temporary workers reported that PPE was provided
by the factory.

In this study, permanent workers had more knowledge
about chemicals and other hazards than temporary
workers. This might be because temporary workers start
their jobs as helpers ie. assisting permanently hired
workers without prior training on occupational health
and safety. For example, helpers in the chemical section
assist the chemist in handling bags, cleaning the ma-
chines and controlling filters, pumps, hoses and
blenders. They also check the glue kitchen and report
when there is anything out of control. Our finding is in
line with a descriptive study done in Nigeria among 200
textile workers which shows that permanent employ-
ment was a determinant for knowledge about workplace
hazards [44]. Several studies on the association between
injuries and employment status have shown that the risk
of injuries among temporary workers is higher compared
to that among permanent workers [38—42]. High risk of
injuries among temporary workers might indicate the
workers have less knowledge about different occupa-
tional hazards and the employer has given them less at-
tention. In our study 82% of the total workers knew
some types of chemical hazard. This is in line with a
study done in Nigeria among 200 dye workers, which in-
dicated that 74% had knowledge about workplace haz-
ards [44]. This Nigerian study also indicated that

Table 5 Schedule for provision of personal protective equipment as reported by the permanent particleboard workers (n =121)

Type of Frequency of distribution(n = 121)

PPE I do not know Annually Semi-annually Quarterly Monthly
Safety glass 37 22 30 30 2

Face mask 32 22 30 35 2
Gloves 58 20 25 16 2
Coverall 1 26 79 5 -
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permanent employment was a determinant for know-
ledge of workplace hazards when adjusted for education
[44], mirroring a finding in our present study.

High educational status was associated with a high
knowledge score. This finding is also in line with a
cross-sectional study done in Nigeria on 290 health care
workers showing that the level of education is related to
knowledge about workplace hazards [36]. A study done
in Colombia also supports these finding as it indicates
that level of education was a determinant for knowledge
of dengue disease and its transmission [29].

The temporary workers did not show the same atti-
tude to reducing chemical hazards in the factory as
the permanent workers. The finding is in line with a
study in Nigeria showing that permanent employment
was a determinant for attitude of workers towards
workplace hazards [44]. In our study, the majority of
the workers’ attitudes about the means and how to
behave to reduce chemical hazards was high (74%
and above) and this finding is also in agreement with
a study done in Nigeria, which indicates that 81% had
a positive attitude about the workplace hazards and
their control measures [44].

In our study 66% of the workers used at least one type
of PPE during work. However, to protect from the work-
place hazards, the workers need to wear a complete set
of PPE. There was a common understanding among the
workers that the available PPE, mainly face mask, did
not have any protective value. On top of this, temporary
workers were not getting a PPE supply. This perception
of lacking supply of PPE probably has its own negative
effect on the practice of using PPE during work. These
findings are in line with a study done in India and
Ethiopia showing that non-use/use of safety material
was due to unavailability/availability [28, 30]. The quality
of the PPE was another bottleneck problem for
utilization. The respondents who have access to that
PPE reported that the PPE was easily damaged and out
of use within a short period of time. Due to this they
don’t believe it protects from exposure. This perception
is similar to the perception of the workers in Nigeria,
which indicates that workers think the PPE is useless in
terms of hazard protection [33]. Our finding is also in
agreement with different studies demonstrating workers’
lower practice of PPE due to low access and unsuitability
in different work settings [31, 32, 34]. However, a study
done in Ethiopia among textile workers showed better
frequency of PPE use, which is contrary to our finding.
The reasons mentioned for better frequency in that
study were: difference in workplace conditions, different
level of awareness, difference in data collection tool and
availability of PPE [28].

Permanent workers have better practice than tempor-
ary workers. This finding is in line with the results from
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a cross-sectional study among 560 Ethiopian textile
workers regarding knowledge and safety [35]. In our
study only 10% of the permanent workers and none of
the temporary workers attended safety training, which
might affect PPE use [27, 35]. Although many of the
workers (87%) know some chemical hazards, their prac-
tice was poor due to the negative attitude about the
existing PPE in terms of hazard protection. This finding
is in line with a cross-sectional study in India among
216 garment workers indicating a wide gap between
their knowledge and practice of use of PPE during work
[31].

Permanent workers’ response on the schedule of dif-
ferent PPE was inconsistent and differed from the re-
sponses obtained from administrative personnel in the
same factories. Some of the respondents even did not
know the schedule of PPE supply. This might indicate ir-
regularities in the supply of PPE. On top of this, PPE
such as face masks were not marked with quality infor-
mation and with such lacking information it was difficult
to evaluate its actual quality. In our study, 56% of the
workers were vocationally trained which is different
from other studies, where the educational status of the
workers was either primary [28] or secondary [35].

Information  collected from the administrative
personnel indicated that they were aware of the exist-
ence of different hazards like dust and formaldehyde.
However, there were no safety personnel that could
monitor and assure safety practice in the factories. This
has an impact on the technical requirements to consider
when ordering PPE. The administrative workers in
charge of supplying logistics and equipment to the fac-
tory workers also purchase safety materials, however
without the competence needed to order PPE according
to the required quality. Most of the administrative
personnel believed that all PPE has the same level of
protection.

Findings of this study can inform the employers to
give equal attention both for permanent and temporary
workers’ safety and health protection. Employers may
undertake such strategies as eliminating or minimizing
chemical exposures in the physical work environment
through engineering controls or redesigning production
processes. Furthermore, providing safety and health
training (both pre-employment and periodic) and insti-
tuting other necessary administrative controls (e.g. job
rotation, facilities for meals and rest breaks) could help
in reducing chemical exposures. Although the last resort
in the hierarchy of controls, provision of adequate PPE
is necessary to protect workers. The study findings
might also help policy makers to expand the KAP know-
ledge and promote the safety and health of workers in
the wood industry. For future research, an exposure as-
sessment intervention study could be considered.
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A strength of the study is the high response rate. The
limitations of the cross-sectional study design will pre-
sumably not affect the reliability of the data collected be-
cause the information has no health variable and does
not study any causal relationship between exposure and
health. However, it could clearly have been an advantage
to obtain information more than only once. The ques-
tionnaire was developed by reviewing KAP articles [26,
35, 43] and a pre-test was done before data collection.
This may increase the validity of the study. Qualitative
information and self-reports collected from both pro-
duction workers and management personnel might ex-
pand the KAP, both from the worker and management
perspective. However, the workplace assessment could
have been improved by systematically collected objective
data on for instance the use of PPE. This is an option for
future studies. Although the data collection was per-
formed one by one in a place without others listening,
there might be still a response bias. Study participants
can either disclose or hide the information. This study
was targeted on large wood manufacturing industries. It
might be difficult to generalize the results for small
scale, medium scale and less formal wood manufacturing
industry, for which the situation could be different.

Conclusion

This study shows that most workers know about chem-
ical hazards, associated health effects, and preventive
measure to reduce chemical exposures. Permanent
workers reported more safety-conscious responses to
attitude-related questions. Use of PPE was higher among
permanent workers; however, temporary workers were
not always provided with PPE. Both permanent and tem-
porary workers should be equally privileged in all the
safety and health services delivered by the workplace. A
systematic qualitative study is needed for future work.
This could be combined with an exposure assessment
intervention study.

Additional file

Additional file 1: English-language data collection tool. The full data
collection questionnaire for this paper is added as a supplementary file.
(DOC 120 kb)
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Abstract: Work in the wood industry might be associated with respiratory health problems.
The production of particleboard used for furniture making and construction is increasing in many
countries, and cause dust, endotoxin and formaldehyde exposure of the workers. The aim of the
study was to assess the prevalence of respiratory symptoms and to measure lung function among
Ethiopian particleboard workers using Eucalyptus trees as the raw material. In total 147 workers,
74 from particleboard production and 73 controls, participated in the study. Mean wood dust in the
particleboard factories was measured to be above recommended limit values. Particleboard workers
had a mean age of 28 years and the controls were 25 years. They had been working for 4 and 2 years,
respectively. Lung function test was done using spirometry following American Thoracic Society
(ATS) recommendations. Respiratory symptoms were collected using a standard questionnaire of ATS.
Particleboard workers had higher prevalence of wheezing, cough, cough with sputum production,
phlegm, and shortness of breath compared to controls. Lung function status was similar in the
two groups. The symptoms might be related to the work in the factories. Longitudinal studies are
recommended to explore the chronic impact of work in particleboard factories on respiratory health.

Keywords: Ethiopia; lung function; particleboard factory workers; respiratory symptoms

1. Introduction

Wood dust is a complex substance and one of the hazards generated from processing of various
wood types for a wide range of applications [1,2]. Workers exposed to wood dust may develop different
respiratory health problems [3,4] including reduced lung function [5-7]. An endotoxin component
in the cell walls of gram-negative bacteria [8,9] might be present as a part of organic dust and may
induce inflammatory responses in the airways [8,10,11]. In addition, formaldehyde that is added to
the urea resin for gluing of wood products is associated with respiratory health problems [12,13] and
decrements in lung function [14]. A range of biologically active compounds like quinones, terpenes,
stilbenes, phenols, tannins, and flavonoids might also be released during wood processing [2].

In Ethiopia the manufacturing sector, comprising wood, metal, food, textile, leather and
construction industries, accounts for 6.9% of the national work force [15]. Eucalyptus, an evergreen
hardwood tree, is the main raw material for production of particleboard in Ethiopia [16] and is used for
furniture like office tables and shelves, for interior wall partitioning [17,18] and construction [17,19].
The Eucalyptus tree is cheap, locally available, has rapid growth, and is adaptable to a range of climates
and soil types. This makes it a promising source of inputs as the native wood species are diminishing
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due to deforestation. Despite the increasing production of furniture in Ethiopia [16] little is known
about safety measures and occupational health in these workplaces [20]. In previous studies from the
wood industry including particleboard production, the workers have been exposed to other types
of trees [6,21]. More knowledge on the respiratory health of the particleboard workers exposed to
dust from the Eucalyptus tree is needed to evaluate the need of occupational preventive measures in
Ethiopia and other developing countries.

The international literature about the prevalence of respiratory health symptoms among wood
workers varies greatly. For example, the prevalence of respiratory symptoms reported in Thailand and
Iran varies from 15.5% to 41% [3,7]. Decrement in lung function among wood workers is reported in
studies done in Thailand, Pakistan, Iran and Sweden [3,6,7,21,22], while other studies done in Poland
and Denmark do not show any effect on lung function [23,24]. Thus, the international literature is
not conclusive regarding the respiratory health for wood workers, and a study among particleboard
workers using Eucalyptus trees as raw materials in Ethiopia is needed.

The aim of this study was to assess the prevalence of respiratory symptoms and to measure lung
function among particleboard factory workers of Ethiopia and compare the findings with a control
group from water bottling factories with low exposure to dust. The findings might help to fill the
research gaps on respiratory health among particleboard workers which can be applied to prevent
respiratory disease at these workplaces.

2. Materials and Methods

2.1. Study Design and Period

A cross-sectional study was performed to assess respiratory symptoms and to measure lung
function among workers from two of the largest particleboard factories in Ethiopia which use Eucalyptus
trees as raw material. One of the factories was established in 2005, is situated in northern Ethiopia and
has 663 workers. The other factory was established in 2002 and is located in southern Ethiopia and has
249 workers. The particleboard factories are found in urban areas and selected both from North and
South. A control group was established of workers employed in a water bottling factory, with a total of
339 workers from northern Ethiopia. The controls were selected from a factory considered to have low
dust concentration in the work environment. The study period of this paper was from May 2017 to
August 2017.

2.2. Exposure Measurements

Personal inhalable dust was sampled in the breathing zone of the workers using a conductive
plastic inhalable conical sampler (CIS, JS Holdings, Stevenage, UK) [25] mounted with a 37 mm
glass-fiber (GFA) filter (Whatman International Ltd, Maidstone, UK) using an air flow of 3.5 L/min
Side Kick Casella (SKC) pump for 2 to 4 hours sampling duration per shift. In total, 76 workers in
particleboard production were selected for repeated sampling of inhalable dust (1 = 152). From the
control group, i.e., the water bottling factory, 8 repeated samples were taken (n= 16). Inhalable dust
was analyzed using gravimetric method in a room with controlled climatic conditions (22 °C, 45%
relative humidity; desiccation >24 h) with an analytical balance with 0.1 ug readability (Mettler-Toledo
Ltd, Greifensee, Switzerland) and the concentration was estimated in mg/m3. Endotoxin was analyzed
using the Kinetic Amoebocyte Lysate test (Kinetic-QCL endotoxin kit, BioWhittaker, Walkersville, MA,
USA) and the concentration was estimated in EU/m?.

The geometric mean, arithmetic mean and range of inhalable dust for particleboard workers was
4.66 mg/m?, 9.17 mg/m3, and 0.47-184 mg/m3, respectively. For the control group the figures were
0.21 mg/m?, 0.24 mg/m3, and 0.02-0.4 mg/m3, respectively.

The geometric mean, arithmetic mean and range of endotoxin for particleboard workers was
62.2 EU/m3, 245.6 EU/m?, and 0.9-9202.2 EU/m?, respectively; while for the control group it was
0.66 mg/m?>, 0.75 EU/m3, and 0.3-2.3 EU/m?, respectively. The concentration of formaldehyde measured
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with Dréager-Tubes by color tubes in the particleboard factories using “worst-case” sampling strategy
ranged from <0.2 ppm to 5 ppm.

2.3. Study Population and Sample Size

The required number of participants for this study was calculated using OpenEpi software (http:
/[www.openepi.com/SampleSize/SSMean.htm) sample mean difference by taking into consideration
forced expiratory volume in one second (FEV;) as main output of interest with 95% power,
95% confidence interval and 5% level of significance. The FEV for exposed (3.77 L/s, SD = 0.99) and
control group (4.29 L/s, SD = 0.86) was taken from a previously study done among particleboard
workers in Ethiopia [26]. The estimated number of participants needed was 166 workers (83 from
exposed and 83 from control groups).

2.4. Data Collection

To plan the study, the factories and their leadership were visited. After obtaining permission to
perform the study, we asked the management to provide a list of workers in each work shift during the
first phase of data collection as stated in a previously published paper [27] aimed to assess workers
knowledge, attitude and practice regarding chemical hazards and personal protective equipment.
Before the actual data collection, randomly selected participants were informed about the objective of
the study, its relevance, and how to perform the interview and lung function measurements and asked
for written consent to participate in the study.

2.4.1. Respiratory Symptom Assessment

The interview of respiratory symptom assessment was done in a quiet and private place by six
trained bachelor environmental health professionals.

Information on respiratory symptoms was collected using a validated standard questionnaire
from the American Thoracic Society (ATS) [28]. The information collected were data on sex (M/F), age
(years), education (highest grade completed), uses biomass fuel as sources of energy at home(Y/N),
availability of separate kitchen (Y/N), number of service years in the present industry, occupational
history in dusty working environment, and smoking (Y/N). The workers were also asked about their
history of past respiratory illness (Y/N). If they had experienced any diseases, they were asked to tell
what type it had been.

Questions about respiratory symptoms were asked like this; whether the workers in the last
12 months have/had: cough (Y/N), cough with sputum production (Y/N), phlegm (Y/N), episode of
cough and phlegm (Y/N), wheezing (Y/N), shortness of breath (Y/N). The interviewed participants
were also observed if they were using personal protective equipment (PPE) mainly face mask during
the study.

The interview was based on questions prepared in English and translated to Amharic by a translator,
and then translated back from Ambharic to English by another translator, to check the consistency.
Pretesting of the questionnaire was done on 5% of the sample population in one of the factories before
the main study. The data collection tool was modified to suite the Ethiopian context. Information such
as marital status and race were excluded from the questionnaire. Additional information about the use
of biomass fuel as source of energy for cooking, availability of separate kitchen at home were added to
the data collection tool.

2.4.2. Lung Function Test

Prior to performing the lung function measurements, the participants ID, age, sex, standing
height (m) and weight (kg) were measured as recommended by the American Thoracic Society [29],
and combined with the interview described in 2.4.1. Lung function test was done in sitting position
using Spirometry (Minispir light with Winspiro software, Medical International Research (MIR), Rome,
Italy) connected to a Laptop following American Thoracic Society guidelines [29]. The spirometry
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measurements were performed prior to the morning shift that started at 6:00 a.m. The lung function
measurements were done by the trained researcher until the trial generated three acceptable
maneuvers. From the three records of lung function test, the best trial was kept and used for
the data analysis. The lung function parameters considered were FVC, FEV;, FEV;/FVC ratio and
FEF;s5_759,. The FEV/FVC ratio < 70% was the cutoff point for air flow limitations as stated by Global
Initiative for Chronic Obstructive Lung Disease [30].

2.5. Data Management and Analysis

Collected data were checked for completeness and missing values at the end of each day of data
collection. Data was exported from EpiData version 3.1 (EpiData Association, Odense, Denmark) to the
statistical package SPSS, version 25 (International Business Machines Corporation (IBM), Armonk, NY,
USA) for analysis. Lung function parameters were normally distributed. Descriptive statistics were
used to summarize demographic and anthropometric data. Pearson chi-square or Fisher’s exact tests
(if the expected value was less than 5) were used to test for difference in categorical variables, while an
Independent t-test was used to compare means of continuous variables between exposed and controls.
Poisson regression analysis was used to determine the prevalence ratio of cough between particleboard
workers and water bottling workers while adjusting for educational status, previous work in dusty
environment, age and availability of separate kitchen. Prevalence ratio (PR) was chosen instead of
prevalence odds ratio (POR) due to the high respiratory symptom prevalence in this study [31].

Multiple linear regression was applied to analyze differences in lung function between the
particleboard workers and the controls while adjusting for age, height, previous respiratory illness,
availability of separate kitchen and use of biomass fuel as source of energy.

2.6. Ethical Approval

Ethical clearance for the study was obtained from the Regional Committee for Medical and Health
Research Ethics, Western Norway on June 2, 2016 with IRB ref: IRB00006245 and from the Ethiopian
Ministry of Science and Technology on October 7, 2016 with Ref. No. 3.10/148/2016. Study participants
were informed about the purpose of the study, confidentiality of their information, duration of the
interview, lung function measurement procedure and the possibility to withdraw from the study at
any time they wanted. Written consent both from each of the study participants and consent from
factory management was assured before data collection.

The questionnaire and spirometry results were stored with only ID numbers of the participants,
not their names. The data were locked in a safe place accessible only to the researcher to keep every
person’s information confidential.

3. Results

3.1. Characteristics of the Study Population

From 166 people who were invited, 157 workers (94.5%) (83 particleboard workers and 74 water
bottling workers) participated in the study. The remaining 5.5% did not want to participate in the
study. Among the 157 who participated, one person from the particleboard workers could not
properly perform the lung function measurement and we therefore discarded his lung function data.
The majority, 147 (93.6%), of the participants in the study were males and used in the final analysis.
Due to their low number, the females (5.7%)—eight participants from exposed and one participant
from the water bottling factory—were excluded from the further analyses since gender differences
are recognized for respiratory symptoms as well as for lung function [32-34]. The exposed group
was older than the controls (28 vs. 25 years; p = 0.006) and had more service years than the controls
(4 vs. 2 years; p < 0.001). The exposed groups were also more educated than controls (Table 1) and
had higher body weight (63 vs. 56 kg; p < 0.001). The exposed and the control groups had the same
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average height (1.70 m). All of the study participants were neither smokers nor using proper personal
protective devices such as face masks that can protect them from dust and other chemical exposures.

Table 1. Demographic and anthropometric characteristics of 74 particleboard workers (Exposed) and
73 water bottling workers (Controls) in Ethiopia.

Variable Exposed Controls p-Value
Continuous variables AM (SD) AM (SD)

Age (years) 28 (7) 25(7) 0.006 2

Service year (years) 4(3) 2.2(2) <0.001 2

Height (m) 1.70 (0.05) 1.70 (0.05)  0.634°2

Weight (kg) 63 (10) 56 (6) <0.0012
Body Mass Index 21.8 (3.1) 19.4(1.9) <0.001 2
Categorical variables N (%) N (%) p-value
Educati Grade 1-10 17(23) 60 (82) <0.001"

ucation Vocationally trained and above 57(77) 13 (18)

Availability of separate kitchen 47 (64) 28(38) 0.002 b
Uses biomass fuel for cooking 22 (30) 59 (81) <0.001 P

AM: Arithmetic Mean; SD: Standard Deviation; # Independent t-test; b Pearson chi square; N: frequency of
observations (counts).

The majority (64%) of the exposed group had separate kitchens and only 30% used biomass fuel
for cooking.

Some respondents in the exposed group had a history of previous illness such as bronchitis
(n =12), asthma (7), pneumonia (3) and tuberculosis (3), but such illnesses were not reported in
the control group. In total, 18 (24%) participants had previous disease, of which 4 had more than
one diagnosis.

3.2. Respiratory Symptoms

The prevalence of all recorded respiratory symptoms was significantly higher among the exposed
(range 24-45%) than the controls (2.7-15%) (Table 2). A separate analysis was performed, excluding the
participants from the particleboard factories who had previous respiratory diseases (1 = 18). The results
were still the same, except for cough which did not show any significant difference between the groups
when these 18 persons were excluded (result not shown).

The prevalence ratio of cough among the exposed group was 1.56 (95% CI; 0.61, 3.95) compared to
the controls when adjusted for education status, previous work in dusty environment, past history of
respiratory illness, age, use of biomass fuel for cooking and availability of separate kitchen.

Table 2. Prevalence of respiratory symptoms among 74 particleboard workers (Exposed) and 73 water
bottling workers (Controls) in Ethiopia.

Variable Exposed N (%) Controls N (%) p-Value
Cough 29 (39) 11 (15) 0.001 2
Cough with sputum production 23 (31) 4(5.5) <0.001°
Phlegm 20 (27) 2(2.7) <0.001°
Wheezing 33 (45) 2(2.7) <0.001°
Shortness of breath 18 (24) 22.7) <0.001P

N: frequency of observations (counts); 7: number of study participants; ® Chi square test; b Fisher exact test.

3.3. Lung Function

Lung function (FEV/FVC) between the exposed group and the controls was significantly different
(p = 0.004) when no adjustments were made (Table 3).
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Table 3. A comparison of lung function status among particleboard workers (1 = 74) and controls
(n = 73) in Ethiopia, both using t-test and multivariate regression; adjusting for age, height, previous
respiratory illness, availability of separate kitchen and use of biomass fuel as source of energy.

(Exposed vs. Controls) P

Lung Function Parameters Exposed Controls p?
B (SE) r
FVC - AM (SD) 496 (037)  4.93(0.39) 0.608 0.02 (0.03) 0.453
FEV; — AM (SD) 410(0.30)  4.12(0.30) 0.743 0.012 (0.02) 0.519
(FEV1/FVC) x 100~ AM (SD)  82.36 (1.54)  83.14 (1.75) 0.004 —0.045 (0.11) 0.697
FEF5 750, — AM (SD) 427(037)  4.38(0.35) 0.073 0.007 (0.02) 0.709

FVC: Forced Vital Capacity; FEVy: Forced Expiratory Volume in one second; FEF,5_50,: Forced Expiratory Flow
25-75%; AM: Arithmetic Mean; SD: Standard Deviation; * Independent ¢-test; 3: unstandardized Beta; SE: standard
error; ® multivariate analysis.

However, in multiple regression models the difference in lung function between exposed and
control groups was not significant when adjusting for age, height, previous respiratory illness,
availability of separate kitchen and use of biomass fuel as source of energy (Table 3). All participants
had FEV/FVC values > 70%, indicating that none of the workers had airflow limitation. The same
result was obtained when 18 participants with previous respiratory diseases were excluded from the
analysis, both for the crude comparison of the groups and the regression analysis (result not shown).

4. Discussion

Workers in the particleboard manufacturing factories in Ethiopia had significantly higher
prevalence of respiratory symptoms compared to water bottling workers (controls). The lung function
values were not significantly different between the two groups when adjusting for age, height, previous
respiratory illness, availability of separate kitchen and use of biomass fuel as source of energy.

The present study showed a higher prevalence of cough among particleboard workers than the
controls. This finding agrees with studies done among wood workers in Tanzania, Macedonia, Iran
and Sweden [3,4,21,35]. The increased prevalence of phlegm and wheezing among particleboard
workers in our study was also in compliance with the findings among parquet manufacturing workers
in Macedonia and sawmill workers in Iran [3,4]. Furniture manufacturing workers in Thailand had
an increased risk of wheezing and breathlessness compared to office workers [7,12] which is also
consistent with our finding.

A high prevalence of past history of respiratory illness (24%) was reported among particleboard
workers but not in controls. However, the causes of past respiratory illnesses were not investigated.
It may emanate from wood working activities or other dusty environments as some of the particleboard
workers had worked in other dusty environment than the controls but can also be due to other
unknown reasons.

Lung function was not significantly different between the particleboard workers and the control
group. Our finding agrees with findings in Iran and Pakistan [3,22] which showed an insignificant
difference in lung function between exposed and control groups. In our finding, all workers had
a FEV/FVC > 70%. This is similar with findings in Iran, Macedonia, Poland and Pakistan which
showed that the mean FEV/FVC ratio was higher than 70% among the study participants [3-5,22,23].
However, the result of our study is in contrast with studies done among Danish furniture workers
which shows a reduced lung function [24]. According to the recommendation of Global Initiative for
Chronic Obstructive Lung Disease (GOLD) the ratio of FEV/FVC < 70% confirms the presence of
persistent airflow limitation [30].

We also evaluated the FEFy5_ys¢, values in this study, as low FEF;5_75¢, value might be associated
with asthma [36]. The dust in the particleboard factory is made of organic particles as it comes from the
Eucalyptus tree, and organic dust is known to cause asthmatic conditions [37]. However, the reason
for the lack of reduced lung function variables in the particleboard factories in this study, might be
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that the workers had been working in the factories for very few years. The present study showed
a high level of dust exposure. The geometric mean level of dust was 4.66 mg/m>, which is higher
than the recommended limit values for inhalable wood dust of 1 mg/m3 [38]. Endotoxin was also
documented in the particleboard factories, although the exposure levels were below the recommended
health based standard of 90 EU/m? set by the Dutch experts [9]. Formaldehyde was also measured in
the particleboard factories, with a wide range of exposure (<0.2-5 ppm). However, the exposure time
of the workers in the particleboard factories might be too short for the development of chronic lung
diseases detectable by spirometry. The average service time for dust and chemicals for these workers
was short, only 4 years.

To our knowledge this is the first study done among workers manufacturing particleboard from
Eucalyptus to assess the prevalence of respiratory symptoms and to measure lung function status.
We selected a control group from a water bottling factory, not from the general population to reduce
bias that can be attributed due to baseline characteristics such as socio-demographic and economic
differences. Another strength of the study is the high response rate of the participants. Furthermore,
multiple regression and poisson regression was applied to control for possible confounders for lung
function and respiratory symptoms. The lung function measurements were done using calibrated
and sensitive portable spirometry equipment following American Thoracic Society recommendation,
which should increase the validity of these results. The data collection was performed addressing
one-by-one workers in a place without others listening, to reduce any possible information bias.
However, there might still be a bias present, as the workers in the particleboard factory may have
reported more symptoms due to their wish for an improved work environment. The size of such a
bias is unknown to us. Also, the workers may have caused a recall bias in the respiratory symptom
assessment, as symptoms might not be easy to remember.

Our results were based on a cross sectional study and share the limitation of this study design.
The study is not conclusive concerning any cause—effect relationship between inhalable wood dust,
endotoxin and formaldehyde exposure in the particleboard factories and respiratory symptoms.
Longitudinal studies are needed to confirm a possible relationship between these factors. There could
also be other unknown predictors present, which are not addressed in the present study [39]. Also,
the study might suffer from a healthy worker effect and young age of the workers which may affect the
validity of the result regarding the lung function parameters. Studies where the workers have longer
service time would be of interest.

The particleboard workers that did not use proper personal protective equipment (PPE) mainly
face mask during work. The absence of proper PPE in this working environment with high dust
exposure may cause respiratory health problems of the workers in the future. With the present
knowledge about the high dust levels in these factories, respiratory health protection is recommended
among the workers, to avoid the development of any adverse health effects due to the dust exposure.

The finding is limited to male particleboard workers due to the low number of female production
workers. Therefore, the finding is valid only for male particleboard workers with similar work settings
in developing countries.

5. Conclusions

Particleboard workers in Ethiopia, exposed to wood dust, endotoxin and formaldehyde, had
higher prevalence of respiratory symptoms than the controls, i.e., water bottling workers. However,
lung function did not appear to be different among particleboard workers and controls. A longitudinal
study is recommended to explore the cumulative impact of dust, endotoxin and formaldehyde exposure
on respiratory health of particleboard workers. However, we also recommend respiratory health
protection of workers with high dust exposure levels, as this type of protection was not used in
the factories.
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Annex IITA. English Version questionnaire for Assessment of Knowledge, attitude and
practice related to chemical hazards and personal protective equipment among
particleboard workers in Ethiopia.

Verbal consent form:
Good day,

Y A 111 S Akeza Awealom Asgedom, a PhD
student at University of Bergen, Norway and his team are conducting research in your
factory. The purpose of the study is to know about the knowledge, attitude and practice
towards chemical hazards and personal protective equipment in particleboard workers and
employers. You are selected to participate in the study and your cooperation is very important
for success of the study. The interview has no any connection with your private life. All
information obtained in the study will be kept confidential and used for research purpose
only. The questionnaire and collected data will not made available to the factory
management. If you feel uncomfortable you are free to stop the interview at any time. [ will
ask you some questions related to sociodemographic, knowledge, attitude and practice. If
there is a gap on Knowledge, attitude and practice it will be worthy to make interventions.
The interview will take 20-25 minutes. We are also asking permission if we can take a picture
while you are working. If you need further information you can contact the Principal

investigator (Akeza Awealom Asgedom) whose Phone number is +251910637190.
Are you willing to participate in the study and answer the questions?

A. Yes, [ agree to participate, let him/her sign and continue.

Signature Date

Confirmed by supervisor: Sign. Date

B. No, I do not agree to participate. Stop, Give thank you.



chemical hazards?

S.No. | Category Questions Response
1 Sociodemographic | 1. Code
2. Site A. Maichew B. Hawassa
3. Sex A. Male B.Female
4. Age (Years)
5. Highest grade completed?
6. What is your Profession?
7. Type of employment? A. Permanent
B. Temporary
8. Working section? A. Chipping B. Flaking
C. Chemical D. Forming
E. Trimming F. Sanding
G. Others,
9. Service year in this factory?
10. Service year in another
factory (if applicable)
11. Total working hours per day
2 Knowledge 12. Do you know the type of A. Yes
chemical hazards arsing from | B. No, Skip to Q# 14
this factory?
13. If yes for Q.# 12, can you list | A. Dusts
some of them? B. Formaldehyde
C. Other, specify---------
14. Do you know a health hazards | A. Yes
that could arise from chemical | B. No, Skip to Q# 16
exposures?
15. If yes, for Q.# 14 can you
mention some of the health
problems?
16. Do you know hazards other A. Yes
than chemicals? B. No
17. Is emergency exit important A. Yes
B. B.No
18. Is break time during work A. Yes
important to reduce exposure | B. No
to chemical hazards?
19. Is job rotation important for A. Yes
reducing exposure to B. No




20. Do you know about material | A. Yes
safety data sheet? B. No, Skip to Q# 22
21. If yes, for Q.# 20, Can you
explain it?
22. Do you understand the sign A. Yes
and symbols posted in the B. No, Skip to Q# 24
wall? C. Not applicable
23. If yes, for Q.# 22, can you
explain the symbols with their
meaning?
24. Do you know any work place | A. Yes, describe some
safety rule? B. No
25. Do you know what personal A. Yes
protective equipment is? B. No, Skip to Q#29
26. If yes, for Q.# 25, can you
mention those you know with
their use?
27. Is personal protective A. Yes
equipment releavant in your B. No, Skip to Q# 29
work place?
28. If yes, for Q.# 25 who should
wear personal protective
eqipment?
29. Do the factory/employer has | A. Yes
an obligation to maintain B. No
workers safety and health? C. Ido not know
30. Do you have any source of A. Yes
information about B. No, Skip to
occupational health and safety Q#32
at work place?
31. If yes for Q.# 30 what are the
sources of informations you
know?
Attitude 32. Do you believe that working | A. Yes
in this factory is hazardous? B. No
33. Do you think as an employee | A. Yes
you should always use PPE B. No
during work?
34. Do you believe that your A. Yes
employer is responsible for B. No
reducing exposure to
chemical hazards?
35. Do you think that all PPE has | A. Yes
the same level of protection? | B. No
36. Do you believe that you A. Yes
should follow safety rules? B. No
37. Do you believe that personal | A. Yes, justification.

3




protective equipment relevant | B. No
in work?

38. Do you believe that employer | A. Yes
should supply PPE? B. No

39. Do you believe that safety A. Yes
training is relevant for B. No
workers?

40. Do you believe that A. Yes
Health/safety professional are | B. No
relevant in your work place?

41. Do you feel satisfied with A. Yes
your work? B. No

Practice 42. Where do you get personal
protective equipment?

43. Do you use personal A. Yes
protective equipment during B. No, Skip to Q#49
work?

44. If yes, for Q. # 43, why you A. They protect from
use them? hazard

B. The factory ordered us
to use them

C. I am not sure

D. Others, specify

45. If no, for Q. # 43, why do not
you use them?

46. Who encourages you to use A. Supervisor
personal protective B. Safety personnel
equipment? C. Collegues

D. Others, specify

47. How often is personal
protective equipment
supplied?(Specify by type)

48. What do you do if your A. Buy new one
personal protective equipment | B. Request new one
is lost/torn? C. Nothing to do

D. Others, specify

49. Do usually made medical A.Yes
check ups? B. No

50. Do you usually attend safety | A.Yes
training? B. No




Annex IIIB. English Version 2 questionnaire for the Assessment of Knowledge, attitude
and practice related to chemical hazards and personal protective equipment among
administrative personnel in Ethiopian particleboards.

S.No. | Questions Response
1 Code
2 Site A. Maichew B. Hawassa
3 Age
4 Sex A. Male B. Female
5 Responsibility
6 Educational level
7 Profession
8 What are the chemical hazards occurred in your
factory?
9 What do you do when workers face hazards from the
work environment?
10 Is there safety committee in your factory? A. Yes
B. No, Skip to Q#12
11 If yes, for Q. # 10 what is their function?
12 Can availability of safety guideines redues exposure AYes B.No
to chemical hazards?
13 Can job rotation reduce exposure to chemical A.Yes B. No
hazards?
14 Can break time during work reduce exposure to A.Yes B. No
chemical hazards?
15 Is good communication important in reducing A.Yes B. No
exposure to chemical hazards at work?
C. Ido not know
16 Is proper lighting important in reducing exposure to A.Yes B. No
hemical h. t k?
chemical hazards at worl C. 1 do not know
17 Is good ventilation important in reducing exposure to | A.Yes B. No
chemical hazards at work?
C. I do not know
18 Do you supply safety material to workers? A.Yes, which type?




B. No, why?

19 How often do you supply personal protective
equipment?
20 Do you think all type PPE have the same level of A.Yes B. No
protection?
21 What are the considerations when you purchase PPE?
22 What do you do if workers lost/torn their personal
protective equipment?
23 Is there any safety training given for workers? A.Yes
B. No, Skip to Q#25
24 Id yes for Q# 23,
How often and who gives the training?
25 Is there regular supervision and follow up to workers | A.Yes B. No

on safety rules and practices?

Thank you for your participation!
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Annex IV. English version questionnaire for assessment of respiratory symptoms
among particleboard workers (exposed) and water bottling workers (controls) in

Ethiopia.

Verbal consent form
Good day,
MY NAME IS +enverineetintieeiet et Akeza Awealom Asgedom, a PhD
student at University of Bergen, Norway and his team are conducting research in your
factory. The purpose of the study is to know about wood dust, endotoxin and formaldehyde
exposure level and associated respiratory symptoms in particleboard workers. You are
selected to participate in the study and your cooperation is very important for success of the
study. I will ask you questions related to sociodemographic and respiratory symptoms. You
are also needed for lung function measurement which is not harmful, and it can be easily
performed. All information obtained in the study will be kept confidential and used for
research purpose only. If the measurements have deviation from the expected normal values,
it will be worthy for you to visit your health care worker in your clinic and making
intervention on the assessed problems. The interview will take 15-20 minutes and you have
full right to stop at any time if you want to stop. If you need further information you can
contact the Principal investigator (Akeza Awealom Asgedom) whose Phone number is
+251910637190.
Are you willing to participate and answer the questions?

A.Yes, I agree to participate === Continue

Signature Date

B.No, I do not agree to participate.=== Stop, Thank you!



S.No. Category Questions Response

1 Sociodemographic | 1. Code
2. Group A. Exposed B. Control
3. Site A. Maichew B. Hawassa
4. Working section A. Chipping B. Flaking

C. Chemical D. Forming

E. Trimming F. Sanding
G. Others......

5. Sex A.Male B. Female
6. Age (Years)
7. Highest grade completed?
8. Service year in this
factory?
9. Is there separate kitchenin | A. Yes
your home? B. No
10. Do you use biomass fuel as | A. Yes
a source of energy B. B.No

I am going to ask you questions pertain mainly to your chest. Please answer saying yes or no
if possible.
2 Cough 11. Do you usually have A.Yes
cough? B. No, Skip to Q# 13
12. Do you usually cough as A. Yes
much as 4 to 6 times a day, | B. No
4 or more days out of the
week?
A. Yes
13.D 1 h at all
o you usually cough atall | *
on getting up, or first thing
in the morning?
14. Do you usually cough at all | A. Yes
during the rest of the day or | B. No
at night?
If Yes, for one or all of the questions from 11-14
15. Do you usually cough like | A. Yes
this on most days for 3 B. No
consecutive months or
more during the year?
16. For how many years have

you had this cough?




17. Have you been awaken by | A.Yes
an attack of coughing at B. No
any time in the last 12
months?
Cough plus 18. Do you usually cough with | A. Yes
sputum sputum in the morning? B. No
production 19. Do you usually cough with | A. Yes
sputum in the day or at B. No
night?
Phlegm 20. Do you usually bring up A. Yes
phlegm from your chest? B. No, skip to Q#22
21. Do you usually bring up A. Yes
phlegm like this as much as | B. No
twice a day, or more days
out of the week?
22. Do you usually bring up A.Yes
phlegm at all on getting up,
first thing in the morning? | B- NO
23. Do you usually bring up A.Yes
phlegm at all during the
rest of the day or night? B.No
If the answer is yes to any of the questions from 20-23
24. Do you bring up like this A. Yes
on most days for 3
consecutive months or B. No
more during the year?
25. For how many years have
you had trouble with
phlegm?
Episode of cough | 26. Have you had periods or A. Yes
and phlegm episodes of increased
. B. No
cough and phlegm lasting
for 3 weeks or more each
year?
Wheezing 27. Have you had wheezing or | A. Yes
whistling in your chest at
any time in the last 12 B.No
months?
27.1. Have you been at all A. Yes
breathless when the wheezing
. B. No
noise was present?
27.2. Have you had this A.Yes
wheezing or whistling when
you did not have a cold? B.No
28. Have you waken up witha | A. Yes

feeling of tightness in your
chest at any time in the last

3




12 months? B. No
Shortness of 29. Have you had an attack of | A. Yes
breath shortness of breath that
came on during the day B. No
when you were at rest at
any time in the last 12
months?
30. Have you had an attack of | A. Yes
shortness of breath that
came on the following B.No
strenuous activity at any
time in the last 12 months?
31. Have you been woken by . Yes
an attack of shortness of
breath at anytime in the last B.No
12 months?
32. Are you troubled by A. Yes
shortness of breath when
hurrying on the level or B. No
walking up slight hill?
If yes, for Q#32
32.1. Do you have to walk . Yes
slower than people of the same
age on the level because of B. No
breathlessness?
32.2. Do you ever have to stop | A. Yes
for breath when walking at
your own pace on the level? B.No
32.3. Do you ever have to stop | A. Yes
for breath after walking about
100 meter (few minutes) on the B.No
level?
History of past 33. Have you had any A. Yes
illness respiratory illness? B. No
33.1. If yes for Q#33, can you | A. Bronchites
mention a disease confirmed .
by Doctor? B. Pneumonia
C. Hay fever
D. Emphysema
E. Athma

F. Chest operation

G. Others, specify




9 | Occupational 34. Have you ever worked in A. Yes
History dusty environment
previously? B. No
34.1. If yes for Q#34, where
and for how long?
10 | Tobacco smoking | 35. Have you ever smoked? A. Yes
B. No
36. Do you now smoke A. Yes (How many per
cigarate (as of 1 month ago) day)
B. No
11 | Anthropometric 37. Height (m)
measurments

38. Weight (Kg)

39. Body Mass Index

Thank you for your cooperation !
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