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Introducing the Journal of
Occupational Safety and Health

The National Institute of Occupational Safety and Health
(NIOSH) is delighted to announce the publication of Journal
of Occupational Safety and Health (JOSH).

JOSH is devoted to enhancing the knowledge and practice
of occupational safety and health by widely disseminating
research articles and applied studies of highest quality.

JOSH provides a solid base to bridge the issues and
concerns related to occupational safety and health. JOSH
offers scholarly, peer-reviewed articles, including
correspondence, regular papers, articles and short reports,
announcements and etc.

It is intended that this journal should serve the OSH
community, practitioners, students and public while
providing vital information for the promotion of workplace
health and safety.

From the Editor-in-Chief

Apart from that JOSH aims:

e To promote debate and discussion on practical and
theoretical aspects of OSH

* To encourage authors to comment critically on current
OSH practices and discuss new concepts and emerging
theories in OSH

¢ To inform OSH practitioners and students of current
issues

JOSH is poised to become an essential resource in our
efforts to promote and protect the safety and health of
workers.

Workplace safety is a priority. Much needs to be done to
encourage employees, employers and industries to put
occupational safety and health at the top of their agenda. The
most important thing is our commitment in taking action; our
commitment to make the necessary changes to
ensure that safety is at the forefront of everyone’s thinking.

The Journal of Occupational Safety and Health (JOSH), the
first to be published in Malaysia, aims to boost awareness on
safety and health in the workplace.

It is no longer sufficient to simply identifying the hazards
and assessing the risks. We aim to increase understanding
on the OSH management system. We aim to strengthen
commitment to workplace safety and better working
conditions. We believe these aims can be achieved through
participations and involvement from every industry.

We hope the contents of the journal will be read and
reviewed by a wider audience hence it will have a broader
academic base, and there should be an increased cumulative
experience to draw on for debate and comment within the
journal.

It is our hope that the journal will benefit all readers, as
our purpose is to serve the interest of everybody from all
industries. Prime focus will be on issues that are of direct
relevance to our day-to-day practices.

I would personally like to take this opportunity to welcome
all our readers and contributors to JOSH (Vol 15, No 1).
I look forward to receive contributions from the OSH
community in Malaysia and elsewhere for our next issues.

Ayop Bin Salleh
Editor-in-chief
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ABSTRACT : Air pollution in steel making operations would lead to adverse effect on respiratory health. This study
aimed to measure the dust exposure and evaluate the respiratory health among steel workers. A cross sectional study was
conducted among 402 male workers. Respiratory symptoms were assessed using British Medical Research Council
(BMRC) Questionnaire while lung function was measured by spirometer. The airborne dust [PM;s, PM;o, and Total
Particulate Matter (TPM)] were monitored by Handheld 3016 IAQ Particle Counter. All the parameters studied exceeded
the limit of Malaysian guideline standard. Prevalence of chronic cough, chronic phlegm, chest of tightness, and shortness
of breath were 35.8 %, 32.8 %, 23.4 %, and 22.4 %, respectively. There were significant differences between shortness of
breath and work section (3?=9.236, p=0.026) and %FEV /FVC with work section [F (3, 3.98=3.194), p=0.025]. Smoking
was associated with chronic cough (Adj OR =1.07, 95% CI: 1.04 - 1.10), chronic phlegm (Adj OR =1.05, 95% CI: 1.03 -
1.08), and shortness of breath (Adj OR = 1.05, 95% CI: 1.00 - 1.10) while past respiratory illnesses was associated with
chest tightness (Adj OR = 2.24, 95% CI: 1.04 - 4.84) and shortness of breath (Adj OR = 4.16, 95% CI: 1.92 - 9.92).
Duration of employment was associated with FEV; ($=-0.025, 95%CI:-0.030-0.020) while past respiratory illnesses was
associated with %FEVI/FVC (p =-1.784, 95% CI: -3.017 - 0.551). Steel workers are at risk of developing respiratory
symptoms and lung function impairment.

Keywords - Dust Exposure, Lung Function, Occupational Respiratory Diseases, Respiratory Symptoms, Steel Workers

All rights reserved.

1.0 INTRODUCTION

Various raw materials with different physical and chemical properties are used to produce steel. Seventy five percent of them
have been developed in the last 20 years (Wilson & Anthony, 2001). Operations in the steel industry create major air
pollution and have always been environmental and health hazards. As a consequence, steel workers are exposed to wide
range of hazards or workplace activities that may cause incidents, death, illnesses or diseases (ILO, 1983). Pulmonary system
(lungs) exposed to harmful agents either through acute effects or chronic effects may eventually develop lung diseases, such
as pulmonary dysfunction and lung cancer (Cugell, 1992).

Occupational Respiratory Diseases (ORD) were observed among workers in iron and steel industry (Bogadi-Sare
1990; Lowe et al., 1970; Pham et al., 1979) Acute respiratory symptoms such as cough and phlegm were also observed and a
high prevalence of chronic respiratory symptoms was found among steel production workers (Singh et al., 2011; Singh et al.,
2013; Kayhan et al., 2013). Exposure to dust could cause airway obstruction (Abdel-Rasoul et al., 2009 & Johnson et al.,
1985) and lung function impairment (Kuo et al., 1999, Low & Mithcelli 1985; Nemery et al., 1985). At the moment, the
relationship between respirable dust with respiratory symptoms and lung function, as well as the additive effects of smoking
and the frequency of mask usage during working hours has yet to be established.
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In a steel manufacturing plant, the differences in work schedule, workplace, processes, and materials may lead to
variations in intensity, frequency, and types of respirable dust exposure. As a result, workers engaged in different work
section might suffer from different respiratory effects. The objective of this study was to assess respirable dust exposure, to
determine the respiratory symptoms and lung function of steel workers, as well as to identify the contributing factors to
respiratory health.

2.0 METHOD
2.1 Study Design and Population

A cross sectional study was conducted in a steel foundry in Terengganu, located at the eastern coast of Peninsular Malaysia.
This 30-year old foundry is the only steel foundry operating in that region during the study period, employing 1675 workers
with nearly 900 workers in the production section. A total of 424 workers were recruited by stratified random sampling
based on these criteria; male, aged from 18 to 56 years old, and at least 1 year of employment (Table 1). Ninety four percent
of them completed the questionnaire and spirometry. Subjects who were unable to produce acceptable spirograms meeting
the American Thoracic Society (ATS, 1995) (N=20), those who were ill e.g. asthma (N=3) and had upper respiratory tract
infection (URTI) (N=11) were excluded from statistical analysis. Therefore, the remaining 402 data were used in the final
analysis.

Table 1: Distribution of Parts, Work Units, Number of Workers and the Samples Required of Steel Manufacturing Plant

Division and work Unit Number of Workers Number of Required Samples
1) Steel Making (SM) Plant

- Furnace
- Ladle Furnace 70 34
. 29 14
- Ladle Handling
Caster 4l 20
S b 99 48
- Scrap bay 31 15
Total 270 131
2) Direct Reduced (DR) Plant
- Igdlitglaert?njlmg 62 30
- R Pperatio 56 27
Total 118 57
3) Maintenance
- Electrical I
eCtl‘lCé'l and Instruments 26 40
- Mechanical 93 45
- Machining Facilities 14 7
- Refractory
Fabricati 41 20
- Fabrication 95 46
Total 326 158
4) Support Group
. 6 3
- Crane operation 6
- Raw Material Handling 13 16
- Logistics 19 9
- Upstream Conveyer 83 21
Total 161 78
Total Number 875 424
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2.2 Dust Monitoring

Dust monitoring [(PM 25, PM 10, and Total Particulate Matter (TPM)] was done using Indoor Air Quality (Handheld 3016
IAQ, Model Lighthouse). The location of all sampling spot was recorded on the layout plan and instrument was run
simultaneously according to Industry Code of Practice (ICOP) on Indoor Air Quality 2010 (DOSH, 2010). Instruments were
located at the center of every sampling location and placed 75 cm above the ground. The numbers of sampling points were
estimated based on the total volume of plant area in each building. The sampling points were determined based on the
position of respondents and source of contaminants. The measurements of particulates were conducted five days a week
continuously from 8 am to 5 pm and data were logged in every 10 minutes for the 8 hours. Fig. 1 represents the monitoring
procedure implemented in gathering the data on-site. Partial period of consecutive sampling was performed three times
(morning, noon, and evening) to obtain indoor air particles inside the plant throughout all day.

| Selection of the Workplace |

¥ T H

| Set-up Equipment | [ On - Site Calibration ]

| Data Collection |

| Data Transfer | I:
1

‘ oo !

| Data Analysis |

> 4

| Result |

Figure 1: Sampling Procedure 1

Thirteen work areas were assessed within three month. The work sections monitored were: (i) Steel Making (SM)
plant [furnace, ladle furnace, ladle handling, continuous casting machine, and crane operation], (ii) Direct Reduced (DR)
plant [DR Shed and DR operation], and (iii) support group [raw material handling, refractory, and fabrication center (Fig. 2).
The TAQ monitor was placed within the working area and the data were logged in every 10 minutes for 8 hours. Proper
calibration was conducted on annual basis and on site just before measurements.

Legend:

A —Port

B — Warehouse/iron store

C — Conveyor

D — Direct Reduction Reactor

E — DRI Shed

F — Steel Making (Furnace, Ladle
Furnaces, Casting Machine)

G — Billet Yard

Figure 2: Layout Plan of Iron and Steel Plant
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2.3 Measurement of Respiratory Health

A structured questionnaires of respiratory symptoms adopted from British Medical Respiratory Symptoms (BMRS)
Questionnaire (BMRC, 1960) was pre tested, validated, and administered by the authors. The demographics, respiratory
symptoms, current and past occupational history, subjective assessment regarding levels of dust in current job, smoking
habits, past respiratory illnesses, and frequency of mask usage were covered in the questionnaires. The respiratory
questionnaire responses also yielded subjective indicators of dust exposure i.e., subjective dustiness in current job
corresponding to slight, moderate, and severe. Hours exposed to dust per day were also asked in the questionnaire and were
divided into five levels corresponding to 0, 1-2, 3-4, 5-6, and 7-8 hours per day.

The following definitions of smoking were used: non-smokers were subjects who had never smoked of cigarette or
tobacco in their lifetime: ex-smokers were those who had stopped smoking at least six months before the study was
commenced, and everybody else were classified as current smokers. Lifetime cigarette consumption was coded and analyzed
as a continuous variable-cigarette equivalent (packs per day multiplied by number of years smoked). The frequency of mask
usage during the working period was divided into three levels corresponding to often, seldom, and always.

Lung function measurement was performed with Spiro lab (MIR) Model according to the American Thoracic
Society 1995 (ATS, 1995) standard. Height and weight were measured beforehand. However, those who were unable to
produce acceptable spirograms meeting the American Thoracic Society criteria (N=22) were excluded from the analysis to
enhance the valid contrast. Daily instrument calibration was done before and after use. Each subject was given the
opportunity to learn the technique while watching the others performed the lung function measurement. The subjects were
measured in standing position with their nose clamped. The best forced expiratory volume in one second (FEV,) and forced
vital capacity (FVC) out of a minimum of three acceptable forced expirations were used as outcomes. Percentage of
FEV/FVC was also calculated. As the spirometer is a flow-measuring devices, it was reasonable to neglect the body
temperature pressure saturated (BTPS, temperature 37 °C, ambient pressure, saturated with water vapor at 37 °C) conversion
under environmental conditions.

24 Definition of Respiratory Symptoms

Chronic cough refers to cough symptoms for at least three days a week for at least three months a year for two consecutive
years or more. Chronic phlegm refers to phlegm production for at least three days a week for at least three months a year for
two consecutive years or more. Chest tightness is defined as discomfort or pain anywhere along the front of body between
the neck and upper abdomen and shortness of breath as breathlessness when hurrying on the level or walking up a slight
incline. The respondents also must had reported the occurrence at least 1-3 days per week during the last four weeks and
must had reported that the symptoms subsided when they were away from their workplace (Hodgson, 2002).

Past respiratory illnesses are defined as any history of respiratory diseases including bronchitis, pneumonia, chronic
bronchitis, emphysema, asthma, pleurisies, pulmonary tuberculosis or any chest operation confirmed by medical doctors, and
past occupational dust exposures for more than two years prior to joining the company.

2.5 Statistical Analysis

Data was analyzed using IBM SPSS version 21.0. Frequencies, percentages, mean, and standard deviations were calculated
for appropriate variables. Chi Square test was used to compare percentages of respiratory symptoms according to work
section. Analysis of variance (ANOVA) was used to evaluate differences between the means of lung function values
according to work section. A Bonferroni test was used to explore the differences between groups if ANOVA showed a
significant result.

Logistic regression analysis was used to determine the most important factors (predictors) to the presence of
respiratory symptoms. The outcome variables analyzed were chronic cough, chronic phlegm, chest tightness, and shortness
of breath. The exposure variables used were duration of employment and subjective dustiness in current job. The
confounding variables controlled were age, duration of employment, cigarette equivalent, past dusty occupations, past
respiratory illnesses, and frequency of using mask. Using the logistic model, adjusted odds ratios and confidence intervals of
respiratory symptoms were calculated for any predictive variable.

Multiple linear regression was used to determine the contributing factors to lung function values. The outcome
variables used were duration of employment and subjective dustiness in current job. The confounding variables controlled
were age, Body Mass Index (BMI), cigarette equivalent, past dusty occupations, past respiratory illnesses, and frequency of
mask usage. Ethnicity factor was abandoned because it did not significantly contribute to the model of lung function values
as subjects were all Malays. Cigarette equivalent was not normally distributed and was therefore transformed logarithmically
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to yield log-normal distributions before the analysis commenced. An enter method was carried out as a mean of assessing the
associations between multiple variables.

2.6 Ethical Considerations

All the procedures were explained to these workers and their willingness to participate was confirmed by their signatures on
the consent form. The study was approved by the Research and Ethics Committee, Universiti Kebangsaan Malaysia (UKM)
Medical Center (Reference number UKM 1.5.3.5/244/FF-055-2013 dated on 6™ February 2013). All data were kept
confidential throughout the study.

3.0 RESULTS
3.1 Background of the Subjects

Four hundred and two male Malay subjects were assessed. The mean age was 36.8 years = 8.81 and the mean duration of
employment was 12.2 years + 8.23 years of work. Fifty percent of the workers were current smokers while 66.5% percent of
them had been consuming for more than 10 years. Mean cigarette equivalent was 9.9 + 9.71 packs per year. Prior to joining
this company, 5.2% had been working in dusty occupations and 4.2% had a history of respiratory diseases. Majority of the
workers (65.7%) did not wear mask frequently during the working period.

Various types of masks were available for all workers. One hundred and thirty eight (34.3%) workers used masks
“full time’ during the working hours, 188 workers (46.8%) used masks ‘most of the time’, and 76 workers (18.9 %) were
‘seldom’ using masks. From the observation and walk-through survey, most of the workers used ‘traditional methods’ to
protect themselves from the dust by using ordinary cloth, handkerchief, and T-shirt. (Table 2).

Table 2: Sociodemographic, Occupations, Smoking Characteristics and Frequency of Mask Usage

Demographic Frequency, (%) Mean + SD Average
Age (year) 36.8 +8.81 19 -56
Height (cm) 1.67 +£0.06 150 -183
Weight (kg) 72.4+13.89 44 -125
Body Mass Index (kg/ms?) 26.00 + 4.68 13.89 —44.08
Duration of employment (years) 12.2+£823 1-30
Work Section

- Steel Making (SM) Plant 108 (26.3)

- Direct Reduced (DR) Plant 54 (13.2)

- Scrap Bay 153.7)

- Raw Material Handling 16 (3.9)

- Crane Operation 32(7.8)

- Fabrication 46 (11.2)

- Refractory 20 (4.9)

- Machining & Mechanical 52 (12.7)

- Logistic & Workshop 9(2.2)

- Electrical & Instrumentation 37(9.0)

- Upstream Conveyor 21 (5.1)
Pasty dusty occupations (Yes) 21(5.2)
Past respiratory illnesses (Yes) 17 (4.2)
Subjective dustiness (Grades)

- None 9(2.2)

- Slight 81 (20.1)

- Moderate 119 (29.6)

- Severe 193 (48.0)
Smoking

- Non Smoker 129 31.7)

- Ex Smoker (Quit since 12 months) 55(13.7)

- Current Smoker 218 (54.2)
Year of Smoked (N=218) 15.1+11.97 1-34
Number of cigarette (per day) 11.8+6.78 1 -40
Mean cigarette equivalent (pack/year) 9.9+9.71 0.20 - 64.0
Frequency of mask usage

- Full time 138 (34.3%)

- Most of the time 188 (46.8)

- Random 76 (18.9)
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32 Dust Concentrations

The distribution of mean particulate matters [(PM 25, PM 19, and Total Particulate Matter (TPM)] according to different
section is presented in Table 3. In the Steel Making (SM) plant, the highest PM 5 showed a mean of 0.50 mg/m? in ladle
handling section, and the range was within 0.01 — 0.11 mg/m®. The mean concentration of PM;o was 1.58 mg/m® within
range 0.09 — 5.37 mg/m® while the mean concentration and the range of Total Particulate Matter (TPM) was 2.76 mg/m’ and
0.13 — 11.18 mg/m? respectively. The proportion of PM ;5 and PM 1 in TPM were found to be 18.11 % and 57.25 % which
more inhalable than in other sections.

Table 3: Mean of Respirable Dust according to the Work Section

Proportion of  Proportion of

mgn)  mgmd  mgmy M2 PMIO
1 Steel Making (SM) Plant

Furnace (0.02 —1 5.29) (0.1?)'163.73 (. 13 ?2.47) 11.34 7835

Ladle furnace (o,og ll(()).m) (0.03l 2217.27) (0.04129152.59) 513 62.05

Ladle handing (0.0(1)‘—5 o1 b (0.09l f§.37) (0.1324716 1.18) 18.11 5723

Continuous Casting Machine

(CCM)

(HME3 (0.0? .—3%.63) (0.02 21250) (0.061 Eé.SO) 12.10 75.00
(IT) Concast (0.010 22?).64) (0.04(1) 232.53) (0.051 ;52.84) 968 69.10

Crane operation (0.0??%).08) (0.0;)'?%50) (0‘02?;1%.70) 13.33 53.33

Scrap bay (0.005.2—005.64) (0.151!287.88) (0. 14221?3.45) 16.35 5981
2 Direct Reduced (DR) Plant

DR shed (o.og f)§51.23) (0.0912418 207 (01 o 635) 388 76.70

DR operation (0.0??%).03) (0.02'71%.19) (0.02—%.24) 16.67 83.33
3 Support Group

Fabrication Centre (0.0?‘?4(‘).09) (0.0;)'_21).41) (0.02'_2%.51) 16.00 84.00

Refractory Centre (0.0?'71%.50) (0.071 '7799.13) (0.102;9167.95) 6.08 60.47

Raw Material House (RMH) 0.0 ?'?304) (0.02'71%.52) (0.02;250'72) 8.00 72.00

g;ftlrlémng & Mechanical 0.0 ! %.06) (0.04(1) f%.38) (o.of '—1%).73) 16.67 83.33

Electrical & Instrumentation 0.01 0.07 0.09 11.11 77.78

(0.01-0.06)  (0.02 - 0.40) (0.02 - 0.46)

() range

In the Direct Reduced (DR) plant, the highest mean of PMs observed in the DR Shed section was 0.08 mg/m?
within the range of 0.02-4.23 mg/m>. The mean concentration of PM;o was 1.58 mg/m* within the range of 0.09-12.07
mg/m?, while the mean concentration and range of TPM was 2.06 mg/m>m and 0.11-16.35 mg/m’, respectively. The
proportions of PM »5 and PM 10in TPM were found to be 3.88 % and 76.70 %. The support group for both plants consisted
of fabrication center, refractory, raw material handling, mechanical and machining center. The highest average of PM, s was
observed in refractory section was 0.18 mg/m?® within the range of 0.01-0.50 mg/m?. The mean PM 19 was 1.79 mg/m?,
within the range of 0.07 — 9.13 mg/m?, while TPM was 2.96 mg/m* and 0.10-17.95 mg/m?, respectively. The proportions of
PM ,5 and PM ;o in TPM were found to be 6.08 % and 60.47 %.
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33 Respiratory Symptoms and Lung Function

Symptoms were grouped into four main categories namely chronic cough, chronic phlegm, chest tightness, and shortness of
breath. These symptoms were based on workers’ experience during the last 12 months. Chronic cough was the common
symptoms (35.8 %) as claimed by the workers, followed by chronic phlegm (32.8 %), chest of tightness (23.4 %), and
shortness of breath (22.4 %).

Respiratory symptoms of the workers were grouped according to four main work section namely SM Plant, DR
plant, support plant group, and maintenance. The prevalence of chronic cough, chronic phlegm, chest tightness, and
shortness of breath was the highest in the SM Plant. There was a significant difference of chronic cough with work section
(x*= 9.236, p = 0.026). In contrast, no significant difference was found between chronic phlegm, chest tightness, and
shortness of breath with work section (Table 4). Lung function factor was divided into four main work section namely SM
Plant, DR plant, support plant group, and maintenance. There was a significant mean difference between %FEV/FVC with
work section (p = 0.025). Furthermore, Bonferroni test showed a significance difference of FEV/FVC (%) for SM Plant and
DR plant (p=0.014). However, no significance different was found between FEV | and FVC with work section (Table 5).

Table 4: Comparison of Respiratory Symptoms according to Work Section

Respiratory Symptoms (n, %)

Work section Chronic Cough

Yes No %2 (df) p-value
SM Plant 53 (43.8) 68 (56.2) 9.236 0.026*
DR plant 26 (29.5) 62 (70.5)
Support plant group 41 (39.4) 63 (60.6)
Maintenance 24 (27.0) 65 (73.0)

Chronic Phlegm

Yes No %2 (df) p
SM Plant 44 (36.4) 77 (63.6) 2.177 (3) 0.536
DR plant 25 (28.4) 63 (71.6)
Support plant group 37 (35.6) 67 (64.4)
Maintenance 26(29.2) 63 (70.8)

Chest of Tightness

Yes No %2 (df) p
SM Plant 30(24.8) 91 (75.2) 0.252 (3) 0.969
DR plant 20(22.7) 68 (77.3)
Support plant group 25 (24.0) 79 (76.0)
Maintenance 19 (21.3) 70 (78.7)

Shortness of Breath (Dsypnea)

Yes No ¥2 (df) p
SM Plant 30(24.8) 91 (75.3) 1.952 (3) 0.583
DR plant 15 (17.0) 69 (83.0)
Support plant group 25 (24.0) 79 (76.0)
Maintenance 20 (22.5) 69 (77.5)

%* Chi Square Values
* Significant at p at 0.05 or less



Journal of Occupational Safety and Health

Table 5: Comparison of Lung Function according to Work Section

Work section n Mean + S.D F stat (df)* p-value
FEV (liter)
SM Plant 121 2.88 +0.406 0.380 0.767
DR Plant 88 2.93+0.443 (3; 398)
Support Plant 104 2.89+0.517
Maintenance 89 2.94 £0.050
FVC (liter
SM Plant 121 3.41+0.445 0.410 0.746
DR Plant 88 3.48 £0.572 (3; 398)
Support Plant group 104 3.44 £0.544
Maintenance 89 3.48 +£0.533
FEVI/EVC (%)
SM Plant 121 82.99 +5.37 3.154 0.025°
DR Plant 88 84.47 +535 (3; 398)
Support Plant group 104 84.23 +5.64
Maintenance 89 85.35+5.64
* One Way ANOVA

® Bonferroni test showed significance differences of FEV/FVC (%) for SM Plant and DR Plant at p=0.014

34 Contributing Factors to Respiratory Symptoms and Lung Function

Each of respiratory symptom was further analyzed for any relationship with age, duration of employment, cigarette
equivalent, past dusty occupations, past respiratory illnesses, subjective dustiness, and frequency of using mask. Smoking
(cigarette equivalent) was associated with chronic cough (4dj OR =1.07, 95% CI: 1.04 - 1.10), chronic phlegm (4dj OR
=1.05, 95% CI: 1.03 - 1.08), and shortness of breath (4dj OR = 1.05, 95% CI: 1.00 - 1.10) while past respiratory illnesses
was associated with chest tightness (4dj OR = 2.24, 95% CI: 1.04 - 4.84) and shortness of breath (4dj OR = 4.16, 95% CI:
1.92 - 9.92) after controlling the confounding variables. In addition, duration of employment also found to be associated with
reported shortness of breath (4dj OR = 1.05, 95% CI: 1.00 — 1.10). However, level of dustiness (subjective dustiness) and
frequency of using mask had no relationship with all the reported symptoms (Table 6).

Table 6: Contributing Factors to the Presence of Respiratory Symptoms

Respiratory symptoms Crude OR ¢ » -value Adjusted OR Wald stat - value
(95% C.L.) (95% C.L.) (df)

Chronic cough
Age (year) 1.02 (0.98, 1.06) 0.286 0.99 (0.91, 1.08) 0.029 (1) 0.865
Duration of employment (year) 1.01 (0.99, 1.04) 0.295 0.98 (0.92, 1.04) 0.516 (1) 0.473
Cigarette equivalent (packs/year) 1.05 (1.01, 1.09) 0.011* 1.07 (1.04, 1.10) 6.40 (1) <0.001**
Past dusty occupations (Yes) 0.74 (0.13,4.16) 0.731 1.58 (0.14, 8.35) 0.133 (1) 0.176
Past respiratory illnesses (Yes) 1.21 (0.36,4.11) 0.763 1.60 (1.11, 3.27) 0.348 (1) 0.554
Subjective dustiness (Grades) 0.89 (0.66, 1.22) 0.478 0.83(0.57, 1.22) 0.860 (1) 0.354
Frequency of using mask (Yes) 1.21 (0.48, 3.03) 0.689 1.49 (0.40, 5.51) 0.350 (1) 0.250
Nagekel R =0.101
Chronic phlegm
Age (year) 1.03 (0.99, 1.07) 0.195 1.00 (0.91, 1.09) 0.501 (1) 0.997
Duration of employment (year) 1.02 (1.00, 1.05) 0.120 0.99 (0.94, 1.04) 0.116 (1) 0.733
Cigarette equivalent (packs/year) 1.06 (1.02, 1.10) 0.002* 1.05 (1.03, 1.08) 9.767 (1) <0.001**
Past dusty occupations (Yes) 1.52 (0.27, 8.60) 0.634 2.38(0.21, 16.47) 1.496 (1) 0.481
Past respiratory illnesses (Yes) 1.98 (0.61, 6.39) 0.250 1.00 (0.21, 4.62) 0.786 (1) 0.990
Subjective dustiness (Grades) 0.81 (0.60, 1.11) 0.193 0.87 (0.60. 1.27) 0.525 (1) 0.206
Frequency of using mask (Yes) 1.33(0.51,3.51) 0.560 1.61 (0.43, 6.03) 0.492 (1) 0.483
Nagekel R=0.113
Chest tightness
Age (year) 1.02 (0.99, 1.05) 0.087 1.03 (0.98, 1.08) 1.339 (1) 0.247
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Duration of employment (year) 1.02 (0.99, 1.040 0.148 0.94 (0.89, 0.99) 0.117 (1) 0.733
Cigarette equivalent (packs/year) 1.02 (0.99, 1.06) 0.196 1.01 (0.98, 1.04) 0.849 (1) 0.357
Past dusty occupations (Yes) 2.30(0.45,11.72) 0.318 2.29 (0.25,20.71) 0.543 (1) 0.462
Past respiratory illnesses (Yes) 4.71 (2.21, 10.04) <0.001** 2.24(1.04,4.84) 4.255(1) 0.039*
Subjective dustiness (Grades) 0.83 (0.59, 1.16) 0.271 0.87 (0.59, 1.27) 0.525 (1) 0.469
Frequency of using mask (Yes) 1.00 (0.42,2.35) 0.994 0.83 (0.453, 1.52) 0.361 (1) 0.548
Nagekel R =0.23

Shortness of breath

Age (year) 1.01 (0.99, 1.04) 0.295 0.96 (0.91, 1.01) 2275 (1) 0.131
Duration of employment (year) 1.02 (1.00, 1.05) 0.04* 1.05 (1.00, 1.10) 4.371(1) 0.037*
Cigarette equivalent (packs/year) 1.04 (1.01, 1.06) 0.004* 1.03 (1.00, 1.06) 6.376 (1) 0.012*
Past dusty occupations (Yes) 1.78 (0.11, 28.96) 0.679 2.13(0.13, 36.57) 0.273(1) 0.601
Past respiratory illnesses (Yes) 4.05 (1.09, 8.62) <0.001** 4.16 (1.92,9.92) 13.05 (1) <0.001**
Subjective dustiness (Grades) 0.90 (0.66, 1.22) 0.895 0.78 (0.57,1.11) 1.800 (1) 0.180
Frequency of using mask (Yes) 1.26 (0.74, 2.15) 0.392 1.39 (0.79, 2.46) 1.303 (1) 0.254

Nagekel R =0.25

* Significant at p < 0.05, ** significant at p <0.001

The FEV;, FVC and %FEV|/FVC were further analyzed to find out the association with demographic and
occupational exposure after controlled the confounding variables. As expected, age, BMI and smoking were the important
determinants of lung function values. Duration of employment was found to be associated with FEV; (4dj OR = -0.025,
95% CI: -0.030 — 0.020) and past respiratory illnesses were significantly reduced the %FEV/FVC (4dj OR = -1.784, 95%
CI: -3.017 — 0.551). However, no associations were found between the lung function values with subjective dustiness,
smoking and frequency use of mask (Table 7).
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Table 7: Predictors of Lung Functions Values in Simple and Multiple Linear Regression

. SLR® MLR®
Predictors
b (95% CI) p value Adj b (95% CI) t-stat p value
FEV, (litre)
Constant - - 2.974 (2.656 3.292) 18.541 <0.001**
Age (year) -0.031 (-0.035,-0.026)  <0.001** -0.027 (-0.038,-0.016) -4.747 <0.001**
Duration of employment (year) -0.027 (-0.032, -0.022)  <0.001** -0.025 (-0.030, 0.020) -4.721 0.004*
BMI (kg/ms?) -0.020 (-0.029, -0.010)  <0.001** -0.010 (-0.020, 0.000) -1.899 0.059
Cigarette equivalent (packs/year)® -0.275(-0.397,-0.154)  <0.001** -0.166 (-0.371,0.039) -1.606 0.112
Past dusty occupations (yes) -0.565 (-1.212, 0.081) 0.086 -0.255 (-0.678.0.168) -1.196 0.234
Past respiratory illness (yes) -0.039 (-0.290,0.212) 0.760 -0.025 (-0.251, 0.201) -0.219 0.827
Subjective dustiness (grades) -0.091 (-0.257, 0.076) 0.286 -0.007 (-0.080, 0.067) -0.180 0.857
Frequency of using mask (yes) 0.085 (-0.032, 0.201) 0.153 0.165 (-0.009, 0.340) 0.977 0.063
R? 0.388
FVC (litre)
Constant - - 3.655(2.148, 5.162) 4.558 <0.001**
Age (year) -0.033 (-0.037,-0.028)  <0.001**  -0.028 (-0.041,-0.015)  -4.154 <0.001*
Duration of employment (year) -0.028 (-0.034,-0.023)  <0.001** -0.001 (-0.014, 0.013) -0.127 0.899
BMI (kg/ms?) -0.023 (-0.033,-0.012)  <0.001** -0.014 (-0.026, -0.020 -2.333 0.021*
Cigarette equivalent (packs/year)® -0.342 (-0.477,-0.206)  <0.001** -0.046 (-0.187, 0.095) -0.646 0.519
Past dusty occupations (yes) -0.728 (-1.451, -0.005) 0.048* -0.786 (-1.601, 0.030) -1.899 0.059
Past respiratory illness (yes) -0.173 (-0.359, 0.2012) 0.067 -0.149 (-0.338, 0.041) -1.550 0.123
Subjective dustiness (grades) -0.045 (-0.121, 0.032) 0.252 -0.073 (-0.159, 0.013) -1.681 0.094
Frequency of using mask (yes) 0.111 (-0.019,0.241) 0.095 0.049 (-0.098, 0.196) 0.653 0.514
R? 0.342
FEVI/EVC (%)

Constant - - 106.87 (74.49, 139.25) 6.553 <0.001%**
Age (year) - 0.097 (-0.158, -0.036) 0.002* -0.104 (-0.292, 0.084) -1.088 0.278
Duration of employment (year) -0.098 (-0.164, -0.032) 0.004* -0.133 (-0.328, 0.062) -1.345 0.180
BMI (kg/ms?) -0.023 (-0.140,0.094) 0.700 -0.052 (-0.221, 1.118) -0.598 0.550
Cigarette equivalent (packs/year)® -1.150 (-3.777, 1.477) 0.387 -1.709 (-3.736,0.317) -1.663 0.098
Past dusty occupations (yes) -1.395 (-4.501,1.711 0.377 -2.847 (-14.554, 8.859) -0.479 0.632
Past respiratory illness (yes) -1.207 (-4.00, -2.018) 0.003* -1.784 (-3.017, 0.551) -2.854 0.005*
Subjective dustiness (grades) -1.947 (-6.429, 2.535) 0.393 -0.177 (-2.897, 2.544) -0.128 0.898
Frequency of using mask (yes) 0.186 (-2.003, 2.375 0.867 1.428 (-0.684, 3.539) 1.313 0.184
R? 0.117

SLR- Simple linear regression, MLR -Multiple linear regression
* Crude regression coefficients, ® Adjusted regression coefficients
¢ Logarithm transformation before analysis, * p <0.05, ** p <0.01, # p <0.001
** Significance at p or below than 0.05, ** Significance at p or below than 0.001

The model reasonably fits well. Model assumptions are met. There are no interaction between independent variables and no multicollinearity problem

Model of lung function among steel workers

FEV, (litre) = 2.974 — [0.027*age] — [0.025 * duration of employment]
FVC (litre) = 3.655 — [0.028 * age] — [0.014 * BMI]
FEV//FVC (%) = 106.87 — [1.784* past respiratory illnesses]



June 2018, Vol. 15 No. 1

4.0 DISCUSSION
4.1 Dust Concentrations

In this study, measurement of dust in the working environment was done by using static sampling strategy. The instrument
was placed in different workplaces throughout the shift to trap the dust. There was significantly higher PM; s, PMo and TPM
level indoor air (in most of SM plant, DR shed, Fabrication and Refractory center) as compared to the allowable limit of 0.15
mg/m? by Industry Code of Practice of Indoor Air Quality, 2010 by the Department of Occupational Safety and Health
(DOSH), Malaysia.

Similarly, previous studies reported Steel Making (SM) plant had recorded higher occupational exposure to
respirable dust which was consistent (Singh et al., 2013, Kayhan et al., 2013, Gomes et al., 2001). Substantial amount of dust
was generated at many points in the steel manufacturing process (such as sintering, melting in furnaces, tapping, and slag
removal process), and the warm dust clouds tended to rise upwards. In contrast to the physics concept of gas distribution that
distributes equilibrium in an enclosed space, the higher the dimension size of the area the lower the concentration of PM s
became as compared to the lesser dimension size of the area.

Air pollution in the steel plant cause health effects to cardio-respiratory fitness although at the exposure below than
exposure standards (Nezhad & Siahkuhian, 2012). A study conducted by Singh et al. (2011) and Singh et al. (2013) in the
Indian steel mills reported that exposure levels of respirable suspended particulate matter (RSPM) in the casting section was
high, while the low dust concentrations was reported in the machining section. The RSPM level was also found to be above
the limit of 5 mg/m? as prescribed by Indian Factory Act. Kayhan et al. (2013) also found that the dust concentrations in the
core making and casting were more than 10 mg/m?, while the smelting and after processing did not exceed 10 mg/m?. Rafiei
et al. (2009) stated that respirable particulate matter (RPM) in steel production was also higher as compared to Industry Code
of Practice of Indoor Air Quality, 2010 by the Department of Occupational Safety and Health (DOSH), Malaysia.

The average dust concentrations in fabrication and refractory center were recorded higher than other support plant
groups. Fabrication workers (fabricators and welders) exposed to high respirable dust as compared to ambient dust exposure
in the workplace (Gomes et al., 2001). They were also exposed to high concentrations of metal dust during welding as
compared to other groups. Most of support groups for both plants were exposed to high respirable dust while doing regular
repairs as well as bi-annual maintenance.

Dust concentrations varied between work sections and types of work in each unit due to the efficiency of local
exhaust ventilation (LEV) in removing the dust out of the plant. High ambient temperatures in smelting and casting also
encouraged the accumulation of dust in such area. Therefore, the average dust concentration was higher in the upstream
(smelting) and downstream (casting) as compared to other working groups in the Steel Making (SM) Plant. In general,
airborne contaminants in the SM plant were well controlled through enclosed and Local Exhaust Ventilation (LEV) systems.
Since PMj particles were bigger, they moved at slower speed and shorter travelling distance in the air before settled to the
ground. Therefore, the LEV would help in removing more PM particles out from the plant successfully. However, the
result indicated that respirable dust exposure in the workplace still required more effective control to reduce the exposure as
suggested by Andersson et al. (2009) and Cotton & Underwood (2009). Therefore, workers are required to wear mask or
other respiratory protective equipment while doing work in order to reduce such exposure. However, the practice of using
mask ‘full time’ was also relatively low. Most of the workers were observed to use traditional methods by using towel,
handkerchief, and T-shirt to cover their nose and face to protect them from exposure to dust.

4.2 Comparison of Respiratory Symptoms and Lung Function According to Work Section

The prevalence rates of chronic cough, chronic phlegm, chest tightness, and shortness of breath were higher among workers
in SM plant as compared to workers in other work section. Only chronic cough was significantly different with work section
as reported in other studies in the developing counties. Some researchers reported that prevalence of cough, phlegm, chest
tightness, and shortness of breath was more frequent among workers in casting (Singh et al., 2012, Kayhan et al., 2013,
foundry (Gomes et al., 2001), and furnace (Low & Mithcelli 1985; Andersson et al., 2009) as compared to other work
section. In contrast, Low & Mitchell (1985) reported no significant difference between chronic cough and shortness of breath
among different working groups. However, the signs of acute respiratory such as sneezing and rhinorrhea were found to be
more frequent among foundry and core making workers while cough and phlegm were high among casting workers.

High respiratory symptoms in the population studied showed the existence of chronic irritation to the respiratory
tracts due to prolonged and repetitive exposure to airborne dust. The occurrence of respiratory symptoms may represent the
earlier response to dust exposure followed by lung function changes. Early respiratory symptoms have been suggestive as
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risk factors to subsequent loss of pulmonary function in steel workers (Abdel-Rasoul et al., 2009; Kayhan et al., 2013; Singh
et al., 2013). Respiratory symptoms reflecting airway inflammation resulting from dust, even occurring early and reversibly,
have a ‘lagged effect’ on subsequent on pulmonary function (Nurul et al, 2015). The authors suggested that workers who
develop respiratory symptoms at the early stage are more susceptible to subsequent pulmonary function loss.

The lung function values (FEV,, FVC, and %FEV/FVC) were to be found lower among workers in SM plant as
compared to other work section. Only the %FEV/FVC had a significant difference with all of the work sections. It was
apparent that the lowering of lung function values showed a combination of obstructive and restrictive pattern among the
subjects. This might be due to some occupational asthma (OA) cases among the population studied but the description of the
diseases has not been investigated in detail. Occupational asthma (OA) may cause symptoms of chest tightness, shortness of
breath, and chronic cough. Despite this, wheezing which was an important symptom of asthma was not assessed. Therefore,
the decline of the small airways should be investigated among those who may be experiencing an early symptom of asthma
in order to examine the relationship between chronic bronchial obstructions with respiratory failure.

These findings were in agreement with several studies done elsewhere in the steel manufacturing. Prevalence of OA
was higher among foundry workers as compared to other working section (Gomes et al., 2001). In addition, furnace and
fabrication workers were also found to have lower of lung function values as compared to other working section (Low &
Mitchelli 1985; Andersson et al., 2009). Besides, local study also found that workers in manufacturing section stated
significant difference of FEV; and FVC between the working sections (Azlihanis et al., 2007).

4.3 Contributing Factors to Respiratory Symptoms and Lung Function

Smoking was found to be the predictor of chronic cough, chronic phlegm and shortness of breath while duration of
employment and past respiratory illnesses as well as smoking was the predictors to shortness of breath. Those who smoked 1
cigarette pack per year had 1.07 times the risk of chronic cough, 1.05 times the risk of chronic phlegm, and 1.03 times of risk
of shortness of breath. Those who had past respiratory illnesses had 2.24 times risk of chest tightness and 4.04 times of risk
of shortness of breath. Furthermore, another year of employment putting the workers 1.05 times more likely to experience
shortness of breath. Similar findings were reported by few researchers. Smoker had higher risk of morning cough and
morning phlegm (Razlan et al., 2000). Those had been working for many years had higher risk of reporting shortness of
breath, chest tightness, morning cough, and morning phlegm (Razlan et al., 2000;2002; Nurul et al., 2015). High smoking
prevalence (54.2%) found in this study was also likely to explain the high prevalence of reported respiratory symptoms.
Earlier studies documented that smoking prevalence among the steel workers were 67.7% (Nurul et al., 2005) and 65.0%
(Azlihanis et al., 2006).

Some researchers reported that air pollution in the workplace was significantly associated with cough (Rafiei et al,
2009) and reduced respiratory function of the workers (Nezhad and Siahkuhian, 2012). In comparison, Chen at al. reported
smoking, duration of employment, and subjective dustiness as predictors of cough, phlegm, and breathlessness while past
respiratory illnesses as the only predictor of breathlessness (Chen et al. 2006). Likewise, a dose-response relationship
between cigarette-years of smoking and chronic cough and chronic phlegm was also well documented (Hu et al., 2006).
According to Mohammadien et al. (2013) the prevalence of respiratory symptoms increased with duration of employment
while prevalence of respiratory disorders increased with both duration of employment and dust level.

This study failed to reveal the association of subjective dustiness with all the reported respiratory symptoms and
lung function values. This might be due to the inadequate findings of dust indicator measurement whereas further protocol of
personal respirable measurement based on the regulations stated are needed. Exposure assessment is important in all
environmental/occupational-epidemiologic studies. Associations have been clarified by improved use of exposure
assessment even where indirect methods have been used. Thus, causal relation between exposure to certain chemical agents
and adverse health effect can be determined as well as to measure and characterize any cause relations (to assess the
exposure-response relationship or dose-response relationship). The estimation of cumulative doses also an important
component of many occupational-exposure studies, though such measures may not be valid even in occupational settings.
Therefore, the exposure-dose relation should be examined for nonlinearity before cumulative estimates are calculated. The
relation between cumulative exposure and peak exposure is known in many occupational-epidemiologic studies, particularly
those involving hazardous- site exposures or exposures to episodic pollution (Hamzah et al. 2014; Hamzah et al., 2016; Qian
etal, 2016).

Age and body mass index (BMI) were independent predictors to lung function, which is a well-documented fact
(Leslie & Lunau 1992; Corn 1993). It should be noted that the subjective dustiness (grades in dust exposure based on job
task) was also appeared to be an independent predictor of %FEV/FVC. Furthermore, the duration of employment had
negative association with all the parameters of pulmonary function and was an independent predictor of FEV . This study
also failed to reveal a clear picture of obstructive and restrictive impairments and the relationship with duration of exposure
as suggested in other studied. This might be due to the inadequate findings of lung function abnormalities as chest x-ray and
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radiological opacities were not examined. Large range of duration employment can provide significant results for both
pattern of lung function.

Smoking was also negatively associated with lung function but it was not found to an independent predictor of lung
function. The misclassification of smoking indices especially among ex-smokers in calculating packs/year might lead to zero
value within each category. Separate analysis based on smoking category is warranted to better evaluate the effect of
smoking. Past respiratory illnesses also increased the deterioration of lung function, where an association was found with
%FEV1/FVC. One out of five cases of chronic obstructive pulmonary diseases (COPD) may be attributable to occupational
exposures (Silvana & Afrim 2010). Therefore, physicians and health policy makers should address this potential causes and
consequences of COPD as well as introducing an ambient air-safety protection at the workplace.

The current study showed that exposure to respirable dust in the steel making could lead to the development of
respiratory symptoms and impairment of lung function. Therefore, preventive measures or control measures should be
adopted (Corn 1993; Harrington et al., 1992; Vincent 1999; Williams & James 2000). Local exhaust ventilation (LEV) is
required in the SM plant to remove out the pollution from the main source, while general ventilation is suitable for those
working in the fabrication, refractory, machining and mechanical center as well as in the DR shed. In addition, protective
respirable equipment such as air-purifying air respirator should be provided. Workers may also get benefit from the health
surveillance and educational program. In fact, Malaysia mandates the annual health examinations, including lung functions
test and chest X-ray for workers exposed in the dusty environments. Although smoking did not appear to be a significant
predictor to lung function, its effect to lung by enhancing the toxicities of other occupational hazards by interfering the lung
defense mechanism are well documented (Vincent 1999; Williams & James 2000). Therefore, anti-smoking campaigns are
still desirable especially in the male working population.

No significance association was found between frequency of mask usage with the presence of respiratory symptoms
and lung function values. This might be due to inappropriate (poor quality and not very effective) facemasks available to the
workers in this study as compared to the respirator masks available in other studies (Ahmed & Abdullah 2002; Lee et al.,
2005; Wu 2002). Furthermore, compliance of Personal Protective Equipment (PPE) especially usage of mask was low and
being ignored, only 34.3% of the workers were frequently using mask during the working period. Similar percentages of
mask usage were reported by other researchers. Sirajuddin et al. (2005) reported that 34.4% of steel workers wore masks all
the time while Singh et al. (2013) found that 25.0% of casting workers used nose/mouth mask properly. Mwaiselage et al.
also mentioned that 41.2% of highly exposed workers used face masks but not during the whole shift (Mwaiselage et al.,
2006). Yasin et al., (2002) found that 21.7% of farmers wore oral-nasal masks during handling of pesticides. Providing a
safe working environments can minimize exposure to harmful effect of dust and adopting safe work practices. There is
strong evidence that working environments and unsafe practices are associated with adverse health effects outcomes in
working population (Ahmed & Abdullah 2002; Yassin et al., 2002; Lee et al., 2005; Wu 2002; Mwaiselage et al., 2006).

4.4 Limitation of the Study.

Self-reporting could cause underestimation of respiratory symptoms among the workers. Some workers might have feared of
losing jobs if they admitted to have health problems. This was probably reduced in the present study by the private setting of
the interview, and the assurance of privacy of the information they provided.

Both personal dust exposure and the extent of radiological opacities were not well measured in this study. These
factors might link to the respiratory symptoms and pulmonary function. The subjective dustiness and duration of
employment were not good indicators for exposure as there were various categories of steel workers with different level of
exposures. The composition of dust exposure also contributes primarily to the respiratory health effect other than particle
size and concentration. This study also did not analyse the components of dust. Care should be taken in assessing the
adequacy by applying the threshold limit values for nuisance particles.

Besides, this study was conducted among current employed workers. The possibility of Healthy Worker Effect
(HWE) might have arisen from the subjects who had suffered less exposure as compared to those who already left their jobs.
Some of the subjects might be due to the illness sustained from the occupational exposure. This would be typically result in
underestimate of the association between exposure and respiratory health effects. Confounding from previous job exposures
prior to joining this factory was not considered much. Most of the workers were of lower educational group. They joined
the factory soon after leaving school, were trained to become semi-skilled workers, and satisfied with their salaries.
Therefore, they stayed with the factory for the rest of their working lives.
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5.0 CONCLUSION

It has been shown that workers engaged in steel manufacturing are at risk of developing respiratory symptoms and lung
function impairment even though at low exposure level. Smoking has already been known to exert deleterious effect to
respiratory health, while the additional exposures to respirable dusts exacerbate the symptoms even worse. Air Purifying
Respirator and N95 should be provided and the workers should be encouraged to use them during working hours to reduce
the dust exposure as low as reasonably practicable (ALARP).
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ABSTRACT : The prevalence of Musculoskeletal Symptoms (MSS) rapidly increases and it is recognized as a
significant health outcome in agricultural sector. Agricultural ergonomics risk factor is one of hazards constantly
arising from all job task activities including awkward postures and heavy lifting. Job hazard analyses (JHA) were
conducted to assess the exposure of ergonomics risk factors in Malaysia Pineapple Plantation. The analyses
performed involved two steps. They were: 1) guidelines and manual book Malaysia Pineapple Plantation as
references,; and 2) conducting walkthrough observation based on checklist approaches at the plantation. The
identified risk factors were prolonged exposure of standing, squatting, stooping and kneeling, highly repetitive
motion on the lower limbs, deviation and twisting of wrist and lastly, heavy lifting. The analyses confirmed that
the exposure to ergonomics risk factors in pineapple plantation is high. It would be desirable to reduce the risk
factors by educating and training the pineapple workers to perform their task with strong consideration of
occupational safety and health.

Keywords — Ergonomics Risk Factors, Job Hazard Analysis (JHA), Malaysia Pineapple Plantation,
Musculoskeletal Symptoms (MSS),.

All rights reserved.

1.0 INTRODUCTION

Agricultural sector is one of the main sources of income in Malaysia especially for the community in rural areas.
It is known that agricultural works were associated with several occupational disorders among the farmers (Das
& Gangopadhyay, 2011). Several epidemiological studies showed consistent occurrence of a great number of
accidents and work related diseases among agricultural workers (Kirkhorn & Schenker, 2002; Earle-Richardson
et al. 2003).

The most prominent risk factors were the ergonomics factors including combination of load and working
postures (Heather & John, 2003), postural activities (Reid et al. 2010), awkward working postures (Scuffham et
al. 2010) and heavy lifting (Andersen et al. 2007). The pineapple industry in Malaysia is escalating as Malaysia
is one of the main pineapple producers in the world because of the well-known producing quality, golden-yellow
fruit (Tamrin and Aumran, 2014).

Starting and growing pineapple plants is one of the most aggressive agricultural activities (Abrahdo et
al. 2013). During agricultural-based pineapple plantation activities, most farmers are exposed to several types of
ergonomics risk factors such as prolonged and awkward postures (Tamrin & Aumran, 2014). Moreover, the
workers also exposed to heavy lifting of materials (Abrahdo et al. 2013). As pineapple tree is a short rotation crop
that grows with the maximum height of 1.5 meter from the ground, workers were therefore required to bend their
body in positions which were defined as awkward posture for many job tasks such as cultivating, weeding,
harvesting and preparation which could lead to muscle pain the feeling discomfort (Tamrin et al. 2014).

According to the most current occupational musculoskeletal disorders statistics by the Social Security
Organization (SOCSO) annual report in 2016, the total numbers of affected workers were steadily increasing from
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the year 2011 to 2016. There was an effort to characterize exposure to ergonomics risk factors in 2016 (Rani, et
al. 2016). The distribution of one-year Musculoskeletal Symptoms (MSS) prevalence among the pineapple
plantation workers showed that lower back, feet/ankles and knees were the most affected body parts. On the other
hands, Guo et al. (1996) also reported that pineapple workers were exposed to direct sunlight leading to dermatitis
and heavy manual work. Despite the big number of publications examining the risk of work-related
musculoskeletal disorders in the agricultural field, research addressing occupational safety and health in pineapple
sector is still limited, thus making it harder to provide information about ergonomics risks in the pineapple
industry.

Occupational Safety and Health Administration of United States defines Job Hazard Analysis (JHA) as
a technique that focuses on job tasks as a way to identify hazards before they occur (OSHA, 2002). In Malaysia,
according to Department of Occupational Safety and Health (DOSH, 2008), to perform JHA, the tasks needed to
be breakdown into specific steps. After that, each step for specific hazards needed to be analyzed. Next, safe work
procedures to eliminate or reduce those hazards were developed and safe work procedures integrated into safety
and health programs. It was a practical method of identifying, evaluating and controlling risks in industrial
procedures (Chao & Henshaw, 2002).

This study aimed to document JHA which were conducted to identify the ergonomics risk factors of MSS
in the process cycle of pineapple plantation and to suggest recommendations in reducing the risk factors identified.
Malaysia pineapple agricultural activity involved four separated job sequences started with (1) land cultivation
preparation, (2) planting, (3) maintaining crops and (4) harvesting. Each job process had its own subtask to be
completed in order to ensure pineapple trees were planted with quality. JHA approaches required the subtasks to
be critically analysed for hazard. JHA was conducted and documented for all four main processes to be completed
with their subtasks.

2.0 METHOD
2.1 Job Hazard Analysis (JHA)

JHA method had proven to be effective in planning the safest way to perform a task. The process of JHA included
three main stages (Chao et al. 2002) which were:

(i) The Identification

This stage involved choosing a specific job or activity and breaking it down into sequence of stages and identify
all possible loss of control incident that might occurred during work task.

(i1) The Assessment
This stage involved evaluating the relative level of risk for all of the identified incidents.
(iii) The Action

The last stage was the action on controlling the risk by taking sufficient measures to reduce or eliminating it.

2.2 Analysis and recommendations

JHA were performed according to the guidelines by Occupational Safety and Health Administration (OSHA,
2002). It was conducted in a group of researchers by involving two steps. Step one was to refer to the manual
guidebook of pineapple plantation which was published by the Malaysian Pineapple Industry Board (MPIB). This
handbook contained all information and techniques from MPIB starting with the selection of soil and plant areas
until the last stage which was collecting fruits. The actual purpose on establishing the manual guide book was to
assist local pineapple farmers in order for them to perform the standard sequence pattern of work task. The
handbook was used as a reference in JHA method for researchers to have deep understanding on the plantation
processes. Step two included assessing workers exposure to Work-Related Musculoskeletal Disorders
(WRMSDs) risk factors using walkthrough observation and checklist approaches at the plantation. This step was
crucial in order to determine the actual activity or process during working cycle of pineapple plantation workers.
Dynamic activities of workers were also recorded using video recording technique for detailed analyses on
Personal Computer (PC). Four main processes with its subtasks were videotaped by using a video camera. Detailed
posture analyses were undertaken for all main processes.
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3.0 RESULTS & DISCUSSION

From the four cycles of pineapple plantation procession, it was shown from the analysis that ergonomics risk
exposure was high among workers. The results from JHA analysis were shown in each process which was
categorized in different tables. Each table discussed possible consequences of exposure and recommendations to
control the exposure.

3.1 First process - Preparing cultivation land

Figure 1: The Area for Pineapple Cultivation

Fig. 1 shows the image of pineapple cultivation land. The first process in pineapple plantation work cycles was
preparing the cultivation land. The area was selected according to the soil ability to support the growth of
pineapple plants for plants’ fertility. The area needed to be clear from all trees and well-drained. Cutting big trees
was done by using machineries however, small trees and bushes needed to be managed manually by using grass
sickle or chemical weed killers. Next, treating soil process was made using small hoe.

From JHA analysis, (Table 1) it shows that ergonomics risk factors involved were the forceful exertion
of hand (gripping an unsupported object more than three hours per day) and prolonged stooping (more than four
hours per day). The possible consequences from these two risk factors were shoulder and low back disorders. An
investigation of ergonomics study conducted by (Fathallah, 2010) showed that forceful and repetitive of hand
and stooping can cause hand/wrist pain and lower back disorder, while based on (Reid, McCauley Bush,
Karwowski & Durrani, 2010) study, stooping posture affected most of lower extremity body parts.

Table 1: JHA for Land Cultivation Preparation

Main Sub Ergonomics Criterion Possible References Recommended
Process process risk factors consequences controls
Preparing Cutting Forceful Gripping an Shoulder Davis (2007); Redesign tools or
cultivation  and exertion of unsupported object  disorders Osborne etal.  equipment to
land cleaning hand weighing 4.5 kg or (2010); enable neutral
bushes in more per hand, or (Fathallah, postures
cultivation gripping with a 2010)
areas force of 4.5 kg or

more per hand
more than 3 hours

total per day
Treating Prolonged Constant bending Low back Reid et al. Reduce exposure
soil stooping of trunk more than  disorders (2010); by changing job
60° along working Osborne et al. scheduling for
hours (more than 4 (2010); more breaks to
hour per day) Steven et al. allow rest and

(2013) recovery
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32 Second process - Planting

Figure 2: Workers were Planting Pineapple Suckers on Crop Beds

Fig. 2 shows workers were doing pineapple planting. The insect and algae treatment on the pineapple suckers was
done earlier by dipping them into pesticide and algae poison solution. Workers were then required to create
cultivation holes on plant beds. A sharp-end wood was normally used to make the hole according to the right size.
The depth of the hole should be between 10cm to 15cm or appropriately fit with the size of pineapple suckers.
Next, the pineapple suckers were planted by using hands. JHA analysis showed that the ergonomics risk was the
repetitive motion of hand and prolonged poor postures from planting the pineapple suckers which were stooping,
kneeling and squatting. During squatting, high pressure was imposed on the knee joint of workers (Cooper et al.
1994). Meanwhile, in the study of Thambyah et al. (2005) it is shown that osteoarthritis and cartilage damage
occurred in the knees as a result of frequent or high contact stress of knee surface area.

Stooping postures required a forward torso bend while keeping the legs and knees as close to neutral as
possible. In an agricultural postural research by Meyer and Radwin (2007), the results portrayed that stooping
postures entailing a high level of discomfort and fatigue on the body, while a squatting posture studied by Chung
et al. (2003, 2005), severe knee flexion was considered as a higher level of discomfort compared to other postures,
similar with Jin et al. (2009) which also concluded that in agricultural industry, when compared to kneeling and
stooping, squatting was found to be the most causing lower extremity muscle fatigue and discomfort. Several
studies showed repetitive task can cause muscle fatigue (Walker-Bone & Palmer, 2002; Rosecrance et al. 2006;
Davis, 2007). On top of that, a study by Zadry et al. (2011) also proved that repetition task can also caused both
muscles and mental fatigue. The JHA summary for planting activity can be seen in Table 2.

Table 2: JHA for Pineapple Suckers Planting

Main Sub process  Ergonomics Criterion Possible References Recommended controls
Process risk factors consequences
Plantin  Seed is Prolonged Constant Low back Reid et al. Increase the number of
g being dip stooping bending of disorders (2010); workers to reduce
into trunk more Genaidy et al. individual workloads
concentrate than 60° along (1994)
d insect or working hours Meyer and
algae (more than 4 Radwin (2007)
poison. hour per day)
Create High Repetitively Shoulder Walker-Bone Establish system so
cultivation repetition hand motion disorders & Palmer workers are rotated
holes motion in making Hand/wrists (2002); away from tasks to
hole using pain Rosecrance et minimize the duration
sharp-end al. (2006); of continual repetitive
wood more Davis (2007); motions and awkward
than 20 times postures.
per minute
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Planting Awkward Kneeling and  Hip and knee Thambyah Rotate workers among
pineapple kneeling/squat  squatting arthritis, Knee  (2005); Maity different task to rest the
suckers ting more than pain (including et al.(2016); various muscle groups
three hours osteoarthritis) Reid et al. of body, reduce
total per day (2010); Chung repetition and ease
etal. mental demands
(2003,2005)
33 Third process - Maintaining crops

Figure 3: A worker is Doing Hormone, Fertilizing and Weed Controlling

Table 3: JHA for Maintaining Crops Process

Main Sub Ergonomics risk factors  Criterion Possible References Recommended
Process process consequences controls
Maintaining ~ Fertiliser ~ Prolonged standing and ~ Prolonged Cramp legs Balasu- Increase the
crops and bending standing and Ankle/foot bramanian number of
hormone bending pain etal. (2009)  workers to
alternately of ~ Low back Ngomo et reduce
trunk more pain al. (2008) individual
than 60° workloads
along
working

hours (more
than 4 hours

per day)
Deviation and twisting Repetitive Hand/wrist Guo, Change job
of wrist from neutral motion of tendonitis (2002); Juul  scheduling for
position repetitively hand (more such as carpal et al, more breaks to
than 20 times  tunnel (2005); allow rest and
per minutes) syndrome (McKeown,  recovery
2008).
Manual Highly repetitive Repeating the ~ Cramp legs Walker- Use more hard
weed motion in lower same motion  Ankle/foot Bone & pad footwear to
control extremities with the feet pain Palmer reduce direct
with little or (2002); contact with
no variation Osborne et unstable terrain
every few al. (2010)
seconds more (Reid et al.
than 4 hours 2010)
total per day
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Fig. 3 illustrates a worker who was doing maintaining crop task. This stage involved some phases namely
fertilizing, hormone and weed controlling. The job task was manually done by the pineapple workers. The
formulation and amount of fertilisers had been determined and there were two types of methods which were by
spraying or spreading using hands. For fertilising and hormone, JHA showed that workers experienced prolonged
standing and bending trunk with more than 60° throughout the working hours about more than four hours per day.
They also repetitively were using their hands at least 20 times per minute. JHA analysis for manual weed control
task revealed that workers repeated the same feet motion with little or no variation every few seconds more than
four hours total per day. Prolonged standing can cause leg discomfort (Balasubramanian et al. 2009; Ngomoet al.
2008). A study by Messing et al. (2006) also observed that periods of prolonged standing with little movement to
no movement can cause lower level of discomfort to the lower limbs. Repetitive, deviation and twisting of wrist
can lead to repetitive motion injury (RMI) or cumulative trauma disorder (CTD). Typically these injuries were
caused by repetitive motions, such as of a hand, and there was a cumulative effect so that RMI might develop
after an extended period of time (McKeown, 2008). Table 3 shows the JHA for maintaining crops process for
further understanding.

34 Fourth process — Harvesting

Figure 4: A Worker Using Sharp Object (Sickle or Machete) to Cut Pineapple Fruit from its Tree

Fig. 4 shows a worker was harvesting pineapple fruit by using sharp sickle or machete. Harvesting pineapples
required the workers to use sharp objects to cut off the fruit from its tree. Therefore, it involved awkward posture
of the trunk area and forceful exertion while performing task using shoulders, arms, wrists and hands. After cutting
the fruit, workers then required to put them into a knapsack basket until the basket was full. The minimum weight
of full knapsack basket with fruits was 50 kilograms and if modified, the basket could carry up to 70 kilogram per
session and this would go for more than four hours in a day total up to 500 to 600 kg of fruits per day. Pineapples
were planted on a hilly terrain peat soil, causing the workers to work on unstable base of land.

A study by Pope et al. (2003) revealed a correlation between workers whose jobs required lifting moving
objects heavier than 23 kg with lower back discomfort along with hip discomfort. Also, study by Rani et al. (2016)
found that harvesting pineapples was the task with the highest rating hazard as the knapsack basket was too heavy
and exceeded the safe limit and ideal lifting load. Furthermore, an investigation of back pain among agricultural
workers by Sukadarin et al. (2016) revealed that upper back and lower back discomfort usually happened due to
repeated activities, twisting motion, poor posture and overuse of muscles or due to injuries received while
engaging in heavy physical activities. Table 4 shows the JHA for the last process in pineapple plantation which is
harvesting.
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Main Sub process  Ergonomics Criterion Possible References Recommended
Process risk factors consequences controls
Harvest Cuttingand  High exertion  Forceful exertions of ~ Shoulder NIOSH Use adjustable
collecting force shoulder, arm, wrist,  disorders (1997); and suitable
and trunk Rosecrance et tools to cut the
al. (2006); fruit to shorten
Lee (2016) the reaching
distances.
Highly Deviation and Hand/wrists Sukadarin et Redesign tools
repetitive twisting of wrist pain al. (2014); or equipment to
hand motion from neutral position ~Hand/wrist Swangnetr et enable neutral
repetitively (more tendonitis al. (2014); postures
than 20 times per Buckle &
minute) Jason
Devereux
(2002)
Prolonged Excessive bending Low back Reid et al. Adapt neutral
stooping during unloading the  pain (2010); postures
pineapple to the Sukadarin et
ground (more than al. (2016)
60°)
Transportto  Heavy and Carry heavy load Koltan (2009); Reduce the
pack house awkward during working (Govindu & weight load to
lifting hours (50 to 70 Babski-reeves  limit force
kilogram (2014); exertion
per session), total Kuta, Ciez, &  Cultivate
500-600 kg in a day Mitotek (2015)  teamwork
skills to lift
heavy objects
Encourage
proper body
mechanics and
use safety
lifting
techniques

4.0 CONCLUSION

Job hazard analysis was conducted to assess ergonomics risk factors in Malaysian pineapple plantation. The
prominent part of body affected was at the lower extremities as working in a pineapple plantation demanded
workers to constantly use their lower extremities. The eminent risk factors were poor postures and heavy lifting.
Poor postures included were squatting, kneeling and stooping.

This study suggested that pineapple plantation workers were exposed to various ergonomics risks which
could contribute in developing of MSS. The observation found that ergonomics risk was one of the main hazards
in pineapple plantation regarding on the safety and health issue. Some of the highlighted risks during preliminary
study were heavy lifting, highly repetitive motion in lower extremities, stooping, squatting, kneeling and bending.
There were considerable high risks of poor and awkward posture as well as prolonged time exposure. The tasks
which also were described as labour intensive and physically demanding present forceful exertion and heavy
lifting.

Appropriate ergonomics programmes such as expert’s support, training and education were necessary to
reduce the prevalence and to prevent the risk of exposure to MSS among these workers. Besides, ergonomics
intervention design should also take place in order to reduce the exposure. To achieve successful mechanization
design of tools or equipment, the involvement of workers is essential. Their opinion and interpretation is crucial
as most agricultural workers often play the primary role of identification, refinement and conformity on tools and
equipment.
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ABSTRACT: Malaysia has the highest road fatality risk (per 100,000 populations) compared to other ASEAN nations and
more than 50% of the road accident fatalities involving motorcyclists. Hence, this becomes the leading cause of death among
young people, aged 15-29 years. The most common cause of fatalities involving motorcyclist is the head injury., This study
aimed to evaluate the knowledge, attitude, and practice on motorcycle helmet usage among secondary school students in
Kuantan, Malaysia. A descriptive cross-sectional design (two months of data collection) was used in this study. Questionnaires
were distributed to 200 participants from two schools in Kuantan. The main finding of this study suggests that common reason
for the participants to wear a helmet is that ‘it can save a life’. Besides that, the poor practice regarding helmet usage was also
Sfound as only 4.5% of them wore the helmet all the time. However, the overall result showed that most of the participants have
a good knowledge and positive attitude regarding utilization of helmet.

Keywords — Attitude, Head Injury, Helmet Usage, Knowledge, Practice
All rights reserved.

1.0 INTRODUCTION

The motorcycle has become an important mode of transport among Malaysians yet currently, Malaysia ranks seventh place
for motorcycle fatalities among ASEAN countries (Abdul Manan & Varhelyi, 2012). Serious head injury or traumatic brain
injury (TBI) is the leading cause of the fatality and severity of motorcycle accident due to the lack of safety procedure
compliance particularly by not wearing a head protector during a motorcycle ride (Olakulehin et al., 2015). Surprisingly,
43.9% of the collisions between motorcycles involved students and 37.7% of those who sustained head injuries are in the 10-
16 age groups (Oxley et al., 2013). Road Safety Annual Report in Malaysia revealed that 63% of road deaths are among
motorcyclists and the fatality rate increasing in trend between years 2000 to 2015 by 19% (ITF, 2017). Besides that,
according to World Health Organization (2018), road traffic injuries are the leading cause of death among young people aged
15-29 years. An accident involving young people between 16-20 years was reported fluctuating in number from the year
2012 to 2015 which is 1032, 960, 1131, and 934 cases respectively (ITF, 2017).

Pahang state has 31.4% population of children under 18 years old which is about 1648000 (The Office of Chief
Statistician Malaysia, 2017). According to Ministry of Transport Malaysia (2016), Pahang shown the highest incident rate
for road accident (19635 cases) and death rate (532 cases) caused by road accident compare with other east coast regions in
Malaysia. Students who withstand road traffic injuries (RTI) frequently require long-term care, depriving them of education
and social advancement chances (Mohamed, Voon, Hashim & Othman, 2011). There is a study that has been conducted on
knowledge, attitude, and practice regarding safety helmet usage among motorcyclist in Selangor (Ambak, Ismail, Rahmat &
Shokri, 2011), however, the study did not specifically do among secondary school children especially in Kuantan. Therefore,
this study is undertaken in order to evaluate the knowledge, attitude, and practice regarding motorcycle helmet usage among
secondary school students in Kuantan. The hypotheses of this study are: 1) there is no significant relationship between
demographic data with knowledge, attitude, and practices of helmet usage; and 2) there is no association between dependence
variables (knowledge, attitude, practice) toward helmet usage.
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2.0 METHOD

The location of this cross-sectional study was in Kuantan, Pahang. Two secondary schools out from 44 schools were selected
from two different areas (Fig. 1). One of the schools represented an urban location, and another represented the suburban
area. A purposive sampling method was used in this study where the participants must be within the range of 16-19 years old
as 16 years old is the legal age to get a motorcycle license in Malaysia, and the participants must ride a motorcycle to school.
A set of questionnaire adapted from a previous study (Bachani, Ismail, Rahmat & Shokri, 2011) was used as an instrument
for this study. The sample size used in this study was 200 participants. The calculation was done using Roasoft software with
a confidence level of 95%. The pilot study was done before distributing the questionnaire to the actual participants and the
Cronbach alpha for each part: knowledge; 0.717, attitude; 0.700, and practice; 0.730.
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Figure 1: Location of the Schools

The 200 participants were successfully selected and willing to answer the questionnaire after the objectives and
purposes of the study were explained to them. The questionnaire consisted of four parts, namely, Part A: social-demographic
data, Part B: the participants’ knowledge about helmet usage, Part C: the attitude of the participants about helmet usage, and
Part D: their helmet usage practices. The completed questionnaires were collected by the researcher after 30 minutes of
distribution.

Ethical approvals were obtained from Kulliyyah of Nursing Postgraduate and Research Committee (KNPGRC),
IIUM Research Ethics Committee (IREC), Ministry of Education Malaysia (MOE), Jabatan Pendidikan Negeri Pahang
(JPNP) and the principals of the selected schools. All the participants were provided with written consent. The identities of
all participants were kept confidential in the study. The participants had the right to drop out of the study if they chose to do
sO.

Statistics

The Statistical Package for the Social Sciences (SPSS) version 19.0 was used to analyze the data of this study. Descriptive
frequency and Chi-square were used to analyze the collected data.
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3.0 RESULTS

3.1 Demographic data

Data collection was conducted from February 2017 — March 2017 and the total numbers of participants for this study were
200 students, comprising of 129 males (64.5%) and 71 females (35.5%). One hundred and twenty-three participants (61.5%)
were aged 16 years old, and they formed the majority of the participants. A hundred participants were selected from each
school. Out of 200 participants, 149 participants (74.5%) did not have a motorcycle license. Thirty-four or 66.7% of the
participants had a license hold the license less than six months from the survey period, and 24 (47.1%) of them had a
Learner's Driving License (LDL). Table 1 shows the demographic data of participants.

Table 1: Demographic Data of Participants

Characteristic Frequency (N=200) Percentage (%)
Gender
Male 129 64.5
Female 71 355
Age
16 years old 123 61.5
18 years old 63 315
19 years old 14 7.0
School
School A (urban) School B 100 50
(sub-urban) 100 50
Having license
Yes 51 25.5
No 149 74.5
Period of having a license
< 6 months 34 66.7
6 months - 1 year 6 11.8
> 1 year 11 21.6
Type of license
Learner Driving (LDL) 24 47.1
Probationary ~ Driving 21 412
Competent Driving 6 11.8

32 Knowledge about safety helmet usage

Table 2 reveals that 131 participants (65.5%) from the whole populations state that by wearing a helmet can save their life.
However, only 18.5% (37 participants) wore their helmet when traveling long distances.

Table 2: Knowledge of the Importance of Wearing a Helmet

Response Frequency (N=200) Percentage (%)
It can save my life 131 65.5
It protects against sunlight and dust 59 29.5
I travel long distances 37 18.5
I travel on a highway 60 30.0
To prevent the head injury 118 59.0
33 The attitude of secondary school students regarding helmet usage

Based on Table 3, 123 of participants (61.5%) do not wear a helmet because they only traveled a short distance. Only 27 out
of 200 participants accounted for not wearing a helmet due to the price of the helmet.
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Table 3: Reason for Not Wearing a Helmet

Response Frequency Percentage (%)
Messes up my hair 49 24.5
Only traveling a short distance 123 61.5
Traveling on the local road 75 375
Helmet price is expensive 27 13.5
No police/ laws enforcement in this community 59 29.5

34 The practice of helmet usage

As tabulated in Table 4, the highest result of the practice of helmet usage is accounted by 73 of participants (36.5%) who
choose to wear their helmets ‘rarely’ while 58 participants (29%) wear them ‘sometimes’. On the other hand, only 4.5% (9
participants) wear the helmet ‘all the time” when riding their motorcycles.

Table 4: Practicing on Wearing a Helmet in Past 30 Days

Responses Frequency Percentage (%)
All the time 9 4.5
Most of the time 32 16.0
Sometimes 58 29.0
Rarely 73 36.5
Never 28 14.0
Total 200 100
3.5 The relationship between the selected demographic status of the participants with the knowledge, attitude, and

practices regarding helmet usage

From the results, it can be concluded that there is a significant relationship (p<0.05) between attitude on helmet usage with
gender and location of the school (Table 6). The same result also found between gender and practice on helmet usage (Table
7). However, no significant relationships were found between knowledge on helmet usage with gender and location of the
school (Table 5), and between locations of the school with practices on helmet usage (Table 7).

Table 5: Relationship between Knowledge of Helmet Usage against Gender and Location of the School

. Knowledge Knowledge X?
Variables N Yes (%) No (%) statistics P value
Male 129 123 (95.3) 6(4.7) 3.404 (1) 0.069
Gender
Female 71 71 (100) 0 (0)
Urban 100 95 (95) 5(5) 0.740 (1) 0.284
Location
Suburban 100 92 (92) 8(8)

Table 6: Relationship between the Attitude of Helmet Usage against Gender and Location of the School

. Attitude Attitude X2
Variables N Yes (%) No (%) Statistics P value
Male 129 103(79.8) 26 (20.2) 4.668(1) 0.022
Gender
Female 71 65(91.5) 6 (8.5)
Locat Urban 100 92(92) 8 (8) 9.524(1) 0.002
ocation
Suburban 100 76(76) 24 (24)
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Table 7: Relationship between Practices of Helmet Usage against Gender and Location of the School

. Practice Practice X2

Variables N Yes (%) No (%) Statistics P value
Male 129 109(84.5) 20(15.5) 22.558(1) 0.0001

Gender
Female 71 38(53.5) 33(46.5)

, Urban 100 78(78) 22(22) 2.079(1) 0.100
Location
Suburban 100 69(69) 31(31)
3.6 Association between dependence variables toward helmet usage

Tables 8, 9 and 10 show the association between knowledge with attitude, the association between knowledge with practice,
and the association between attitudes with practice regarding helmet usage. Results from Chi-square tests suggested that the
p-value for knowledge with attitude, knowledge with practice, and attitude with practice are 0.134, 0.281 and 0.321,
respectively. Therefore, indicating that there was no association between all the dependent variables with helmet usage. The
location of the schools which is quite near to each other (about 7 to 9 kilometers) might influence the result with the
assumption that they need to follow the same law enforcement. Besides, the number of participants may also contribute to
such result.

Table 8: Association between Knowledge and Attitude of Helmet Usage

2

. Knowledge Knowledge X
Variable N P value
Yes (%) No (%) Statistics (DF) o
Attitude (Yes) 168 159 (94.6) 9(5.4) 2.257(1) 0.134
Attitude (No) 32 28(87.5) 4(12.5)
Table 9: Association between Knowledge and Practice of Helmet Usage
. Knowledge Knowledge X2
Variable N P value
Yes (%) No (%) Statistics (DF)
Practice (Yes) 147 136(92.5) 11(7.5) 0.882(1) 0.281
Practice (No) 53 51(96.2) 2(3.8)
Table 10: Association between Attitude and Practice of Helmet Usage
. Attitude Attitude X2
Variable N P value
Yes (%) No (%) Statistics (DF)
Practice (Yes) 147 125(85) 22(15) 0.441(1) 0.321
Practice (No) 53 43(81.1) 10(18.9)
4.0 DISCUSSION

4.1 Demographic Data

In this study, the researcher found that 64.5% of the participant was males. This is similar to the findings of other studies.
Even in the African culture, they also found more male than female motorcyclists (Olakulehin et al., 2015). As for the
license status, the study revealed that only 25.5% (51 participants) had motorcycle license whereas the others 74.5% (149
participants) did not have any licenses. The same pattern also occurred in India where out of 158 (32.57%) students who rode
motorcycles, only four of them had a driving license. Oxley et al. (2013) suggested few interventions that should be
implemented in order to reduce the number of road fatality rate among younger-aged includes monitoring on unlicensed
riders and encourage helmet wearing.
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4.2 Knowledge about safety helmet usage

The most popular responses from the participants were ‘it can save my life” and ‘to prevent head injury” which accounted for
131 participants (65.5%) and 118 participants (59%) respectively. The same findings could be witnessed in a previous study
which stated that 56% of the respondents strongly agreed that the correct use of a helmet might keep the head from being
injured (Ambak, Ismail, Rahmat & Shokri, 2011). In another study, it was recorded that 99.2% of the respondents who
always wear helmets claimed that wearing a head protector could save their head from injury (Wadhwaniya et al.,
2015).Participant in this study response that, ‘I travel long distances’ (18.5%) as the reason least to wear a helmet. Contrary,
one study in Malaysia found that long distance travels (more than 5 km) are not solely the reason to wear a helmet as proven
that one-third (33%) of the respondents disagreed that the helmet is only fit for long distance travels (Ambak, Ismail, Rahmat
& Shokri, 2011). All the above result indicate that the young generation is still not fully aware or maybe not receive
sufficient information on this issues.

4.3 The attitude of secondary school student regarding helmet usage

In this study, more than half of participants (61.5%) believe that the common reason for them to not wear a helmet was due
to short distance travel. Other studies also revealed that the adolescents rarely wear helmets especially in short distance
journey which are less than 2 kilometers (Ahmed, Ambak, Raqib & Sukor, 2013). It is because they believe that the
possibility of any casualty and crash is remote if they only traveled in short distances (Jiwattanakulpaisarn et al., 2013).
However, this perception had been demonstrated to be wrong by the Trauma Registry information from the Khon Kaen
Regional Hospital, which showed that the most motorcycle injuries happened because of street accidents occurring inside 1
km of their homes (Jiwattanakulpaisarn et al., 2013). Fifty-nine of participants out of 200 (29.5%) from this study claimed
that it was not necessary for them to wear a helmet all the time as there was no police/ laws enforcement in their community.
This had been supported by a previous study which showed that 44% of the respondents agreed that the lack of enforcement
made motorcyclist disobey the law about helmet wearing and 36% of the respondents agreed that RM100 compound is still
considered inexpensive (Ambak, Ismail, Rahmat & Shokri, 2011). Because of this reason, it can be observed that still many
of the riders chose not to wear a helmet.

4.4 The practice of helmet usage

ITF (2017) mentioned that wearing a helmet has been compulsory for motorcyclist since 1973, and highest fatality rate
happens among young population (18-20 years old) and the senior population (above 65 years old) about 30 deaths per 100
000. In this study, it showed that the participant had a poor practice of helmet usage as only 4.5% (9 participants) wore the
helmet ‘all the time’ and 16% (32 participants) wore it ‘most of the time’. These results were different with the finding from
a previous study done in Malaysia where it had a slightly positive outcome which was 36.3% (109) of the respondents
admitted they often wore a helmet (Ambak, Ismail, Rahmat & Shokri, 2011). Rabihah et al. (2015) revealed that helmet
wearing rate is high (94.40%) and the rate of proper helmet wearing is 77.05%. As mention by Mohamed Ghazali, Khairil
and Mohd Pozi (2012), wearing a helmet properly is one of the precautions that can be practiced by motorcyclists in order to
protect them from injury. It can be said that factor contributed to compliance on helmet wearing was due to a comprehensive
knowledge of the life-saving action, laws enforcement, and also the education level (Bachani, Ismail, Rahmat & Shokri,
2011). Disappointedly, 29% of the participants in this study claimed that they had rarely worn a helmet during motorcycle
rides, and this is higher compared to a previous study by Bachani, Ismail, Rahmat and Shokri (2011) which accounted only
1.7% (5) of respondents who have never used a helmet. An effective action should be considered into account in order to
enhance practice on helmet wearing especially for the young population since the campaign alone seemed not really effective
to give awareness on it.

4.5 The relationship between selected demographic status with knowledge, attitude, and practices of helmet usage

Both female and male participants showed similar knowledge level regarding helmet usage (100% and 95.3%, respectively).
However, for attitude and practice, the result was differing between male and female participants. Male show 79.8% while
female 91.5% for their attitude toward helmet usage. However, for the practice of helmet usage, the result showed the
opposite result where 84.5% male revealed good practice on helmet usage, while female only 53.5%. In contrast, a study
done in Thailand did not find any relationship between gender and deficiency of intention to use a helmet and non-helmet
use (Siviroj, Peltzer, Pengpid & Morarit, 2012). As for the attitude, it was found that the female participants had a more
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positive attitude (91.5%) toward helmet usage compared to the male participants (79.8%). This had been proven by a similar
result in Hyderabad that found men to be at a higher risk of not wearing helmets; but in terms of practice, the male
participants (84.5%) were more likely to use helmet than female riders (53.5%) (Wadhwaniya ez al., 2017). Such scenario
happened may be because the male regularly rode motorcycles than the females. Conversely, Ambak, Ismail, Rahmat and
Shokri (2011) stated that in Malaysia, female riders are more likely to use helmets compared to male riders.

Furthermore, this study revealed that the attitude regarding helmet usage was statistically significant (p=0.002) with
the location of the school itself. A study conducted in Klang Valley found that the distribution of helmet use among the
respondents in urban schools is higher than in non-urban (Hamzah, Ahmad, & Voon, 2009) and the same result noted in this
study. Study byRabihah et al. (2015) mention that helmet wearing rate in primary roads in Malaysia is as high as 94.4%, but
the rate is decreased when an aspect of properly wearing a helmet takes into account, and Pahang state showed 83.22% from
population wearing a helmet. Although there was no significant difference in terms of knowledge (p=0.284) and practice
(p=0.100 ) in this study, the finding showed a positive link between knowledge and practice as all of these elements were
recorded as most of the participants had comprehensive knowledge, and practice as well as attitude regarding helmet usage.

4.6 Association between dependence variables toward helmet usage

The findings of the study illustrated that there were no associations between knowledge attitude, knowledge and practice, and
also an association between attitude and practice toward helmet usage as represented by the p-values 0.134, 0.281 and 0.321
respectively. These contradict from the results of the previous study (Rezazadeh et al., 2015) which reported a significant
relationship between knowledge and attitude and age, marital status, occupation, level of education, place of residence, and
having driver's license. However, no significant relationship was found between knowledge and attitude with the history of
the accident (Rezazadeh et al., 2015). This means that the association between knowledge and attitude also depend on others
variables. Meanwhile, others found that knowledge and practice had a significant link as inconsistent helmet wearing was
secondary to ineffective law enforcement of helmet usage and from this, it was suggested that that low level of helmet use
may be partly attributed to the lack of knowledge of the protective benefits of helmets and low law enforcement is regarding
helmet use (Mwakapasa & Outwater, 2012).

5.0 CONCLUSION

The objective of this study has been achieved when it was revealed that both males and females had good knowledge and
attitude on helmet usage. However, in general, they had a poor practice on helmet usage as the majority of them rarely
wearing the helmet. Participants also had positive knowledge, attitude and practice about helmet usage regardless the
location of the school, whether it is urban or suburban. Unfortunately, the researcher believes that the finding is not
significant as the environment of both locations were quite similar.

This study can be a baseline data for the school in promoting the awareness of helmet usage to their students.
Besides that, it is hoped that this study will provide insight for healthcare providers in implementing helmet usage campaigns
and programs with different strategies to increase awareness about it in order to decrease the severity and mortality rate
among motorcyclists due to head injuries. In order to obtain a more accurate data, it is suggested that future studies conduct a
study with different approaches such as interventional or observational study among secondary school children in Kuantan.
Further study is also recommended to test the association of knowledge, attitude and practice to each other in order to
identify another factor that may be related to them.
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ABSTRACT: Workers who are exposed to high noise level were at risk of noise-induced hearing loss (NIHL). This cross-
sectional study was conducted to investigate the noise exposure level and hearing symptoms among workers exposed to noise
in a teaching hospital. Utilising convenience sampling method, 20 laundry workers and 17 mechanical cutters were recruited
into this study. Noise exposure levels were measured using noise dosimeter for 8 hours and information on hearing symptoms
were gathered using a modified questionnaire adopted from the American Speech Language Hearing Association (ASHA).
A significantly higher mean noise level (85+2 dB(A)) was reported among mechanical cutters as compared to laundry
workers (80£3 dB(4)), p=0.001 although the former had shorter duration of noise exposure (20+3 hours per week vs. 2812
hours per week). Fourteen (70%) laundry workers and six (35%) mechanical cutters had reported having hearing problem
in noisy background. Higher proportion of laundry workers (n=8, 57%) had reported hearing symptoms compared to
mechanical cutters (n=6, 43%) and longer work years was found to be significantly associated with hearing symptoms
(p=0.049). There is a need of appropriate education and training on noise exposure, NIHL and hearing protection devices
usage in the workplaces.

Keywords - Hearing Symptoms, Laundry Workers, Mechanical Cutters, Noise Exposure
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1.0 INTRODUCTION

Noise-induced hearing loss (NIHL) is a public health concern and considered as the major preventable cause of hearing loss
in the workplace (Basner et al., 2014). Workers engaged in heavy industries, factories, forge hammering, coal and ore mining,
construction, cement plants, gas processing industries and mechanical engineering, mill and stationary machine device
operators and workers at oil refineries are at risk of occupational NIHL (Azizi, 2010). In Malaysia, occupational noise-induced
hearing disorders (which include NIHL, hearing impairment and Permanent Standard Threshold Shift) was the highest reported
occupational disease compared to other diseases in the year 2016 with 2876 cases (74.5%) (DOSH, 2017).

Many factors have been suggested contributing to the NIHL such as age, smoking, gender, race, individual
susceptibility, sound pressure level or noise intensity, the duration of noise, daily exposure period, total exposure period,
existence of ear disease, working conditions, distance to noise source, direction of sound waves and the position of the ears
and poor usage of hearing protection devices (Cruickshanks et al., 2003). The Malaysia Factories and Machinery (Noise
Exposure) Regulation 1989 was introduced to protect the workers from excessive exposure to noise (FMA, 2015). Under this
regulation, workers are protected from excessive noise exposure to reduce the risk of NIHL. The Act stated that employees
shall not be exposed to noise level exceeding equivalent continuous A-weighted sound pressure level of 90 dB(A) nor to noise
level exceeding 115 dB(A) at any time. Excessive exposure to the permissible limit should be prevented and the noise reduction
plan must be initiated.

In this study, the potentially high risk noise-exposed groups of hospital workers identified were among workers at the
laundry unit and mechanical department. The use of heavy machineries in the laundry unit such as washer and dryer machines
may produce harmful noise level. Mechanical department workers in the hospital are involved with mechanical machines that
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produce high noise level which were used for maintenance activities such as grass, wood and metal cutting. It was believed
that continuous exposure to high levels of sound pressure may bring about permanent changes in the workers’ hearing threshold
(Fontoura et al., 2014). Thus, in this current research, reported hearing loss symptoms related to noise exposure at workplace
among laundry workers and mechanical cutters were studied. This study finding could be used to increase awareness to both
parties and may lead to suggestions or appropriate intervention for preventing NIHL among workers at the studied workplaces.

2.0 METHOD

2.1 Study Design

This cross sectional study was conducted using convenience sampling method recruiting 20 laundry workers and 17 mechanical
cutters such as grass, metal and wood cutters at a teaching hospital in measuring their noise exposure level and associated
hearing symptoms. The study was approved by the Campus Director and Human Research Ethics Committee (reference:
USM/JEPeM/16110504). All study participants were provided with research information and voluntarily signed the research
and publication consent forms before data collection.

2.2 Questionnaire

All participants were requested to complete a self-administered questionnaire and work activity diary. The questionnaire
comprised of four parts that include socio-demographic information (part A), medical history (part B), workplace noise
exposure (part C) and hearing symptoms (part D). Part D was adapted and modified from the American Speech Language
Hearing Association (ASHA) (ASHA, 2016). To ensure the validity and suitability of the questionnaires, it was piloted among
10% of the intended total population (among six supporting staff) that were not included in this study. Cronbach’s alpha
analysis was conducted to test the reliability of the questionnaire. The result obtained was 0.843 which was considered good
and reliable as the acceptable value of alpha is between 0.70 to 0.95 (Tavakol & Dennick, 2011).

23 Walk through Survey and Personal Noise Monitoring

A walk through survey was conducted to identify the high noise level areas and job tasks at different job sections. The workers
who agreed to participate in this study were requested to wear a personal noise dosimeter (Model: Spark 703, Larson Davis,
Sweden) with the microphone clipped on to the collar of the worker near the hearing zone. Determination of the noise exposure
level was accomplished using calibrated noise dosimeter for eight hours during working day. Pre-calibration and post-
calibration of the dosimeter was performed following the manufacturer’s instruction. The workers were ensured that they were
comfortable wearing the device without disturbing their work routines.

2.4 Data Analysis

Blaze software (Larson Davis, Sweden) was used to analyse the noise exposure level data and the IBM SPSS software Version
22 was used to perform the statistical analyses. The statistical analysis with p value of less than 0.05 was set as significant.
Normality was tested using the Shapiro-Wilk test and the result showed that data were normally distributed (p>0.05).
Descriptive statistics were performed in presenting the sociodemographic characteristics and work descriptions of workers in
frequencies, percentages, mean and standard deviation (SD). The independent t-test was performed to compare the mean noise
exposure level between laundry workers and mechanical cutters. Meanwhile, Pearson Chi-Square test was utilised in
establishing the association of hearing symptoms between the two groups.

3.0 RESULTS

3.1 Sociodemographic Characteristics and Work Description

The response rate of this study was 82% (N=37). All workers were Malaysian with an average (meantstandard deviation
(SD)) age of 48+11 years old. Majority were males (81%, n=30) and more than half received education up to Sijil Pelajaran
Malaysia (SPM) level (68%, n=25). Less than half (38%, n=14) of the workers reported a history of current smoking.

The laundry workers reported longer work employment duration (mean+SD) of 28412 years compared to mechanical
cutters, 20£3 years (p=0.127). When comparing the duration of noise exposure between laundry workers and mechanical
cutters, the former had reported a significantly longer duration of noise exposure per week compared to the latter (28 hours per
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week vs. 20 hours per week), p=0.009. Only five workers (14%); two laundry workers and three mechanical cutters were found
to have used hearing protection devices (Table 1).

Table 1: Sociodemographic and Work Characteristics of Workers

Variables Laundry workers Mechanical cutters Total
(n=20) (n=17) (N=37)
Mean age, years = SD 45+12 5148 48+11
Gender, frequency (%)
Male 13 (65) 17 (100) 30 (81)
Female 7(35) 0(0) 7(19)
Education level, frequency (%)
SRP/PMR 2 (10) 10 (59) 12 (32)
SPM 18 (90) 7(41) 25 (68)
Smoking status, frequency (%)
Yes 6(30) 8 (47) 14 (38)
No 14 (70) 9(53) 23 (62)
Mean working years + SD 18+13 23+10 20412
Duration of noise exposure, hours per week
Mean + SD 28+12 20+3 25+10
Min 10 15 10
Max 39 24 39
Use of HPD
Yes 2(10) 3(18) 5(14)
No 18 (90) 14 (82) 32 (86)

SD - standard deviation; SRP - Sijil Rendah Pelajaran; PMR - Penilaian Menengah Rendah; SPM - Sijil Pelajaran Malaysia; HPD - Hearing protection
devices

32 Walk through Survey and Noise Exposure Levels

Table 2 describes the work tasks and their average noise levels for laundry workers and mechanical cutters. Generally, laundry
workers worked in five sections which are sorting and folding (15%), washing and drying (25%), ironing and folding (35%),
sewing (10%) and supplying (15%). However, it is noteworthy that the workers work by rotation system according to job
demand. Almost all the mechanical cutters recruited in this study involved in grass cutting (88%, n=15). However, they were
usually involved in grass cutting activity in the morning (8.30 a.m. to 12.30 noon) and in the afternoon (2.00 p.m. to 5.00 p.m.),
and also performed other duties such as sweeping and collecting garbage.

Table 2: Work Task Description and Average Noise Level among Laundry Workers and Mechanical Cutters

Work Task Frequency Percentage Mean noise level Lacq + SD (dB(A))

Laundry workers (n=20)

Sorting and folding 3 15 82+4

Washing and drying 5 25 8242

Ironing and folding 7 35 81+2

Sewing 2 10 762

Supplying and folding 3 15 761
Mechanical cutters (n=17)

Hand grass cutting 13 77 8542

Tractor grass cutting 2 12 86+3

Wood cutting 1 6 87

Metal cutting 1 6 85

dB(A) - Decibel (A); SD - Standard Deviation
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There was one worker each at the sorting and folding section and at the washing and drying section who had noise
exposure level of more than 85 dB(A), but on average both sections reported 82 dB(A). The highest level of noise exposure
was recorded for a hand grass cutter (90 dB(A)), but on average their overall exposure was 8542 dB(A) (Table 2). Whereas
Table 3 shows the mean noise level measurement among mechanical cutters were significantly higher (Lacq = 852 dB(A))
compared to laundry workers (Lacq = 80+3 dB(A)), p=0.001. The work groups’ noise exposures were further categorised based
on the action level, of which majority of laundry workers (90%, n=18) were exposed to noise for <85 dB(A), while majority
of mechanical cutters were exposed to noise for >85 dB(A) (59%, n=10), p=0.002.

Table 3: Comparison of Mean Noise Exposure Level between Laundry Workers and Mechanical Cutters

Laundry workers

Variable (n=20) Mechanical cutters (n=17) p-value
Mean Laeq+ SD (dB(A)) 80+3 85+2 0.001%**
Noise exposure category, n (%)
<85 dB(A) 18 (90) 7 (41) 0.002*b
>85 dB(A) 2 (10) 10 (59)

dB(A) - Decibel (A); *p-values were based on Independent t test; ® p-values were based on Pearson Chi-Square *p<0.05

33 Reported Hearing Symptoms

Table 4 shows the perception of workers towards hearing symptoms due to noise exposure. Only one symptom (trouble hearing
in a noisy background) showed significant association as majority, 70% (n=14) of laundry workers had reported such symptom
compared to only 35% (n=6) among mechanical cutters. Similarly, more laundry workers reported problem of hearing in noisy
restaurants (55%, n=11), although the difference was non-significant.

Table 4: Reported Hearing Symptoms among Laundry Workers and Mechanical Cutters

Frequency (%) p-value

Variables Laundry workers Mechanical
(n=20) cutters (n=17)

Hearing problem over the telephone 2 (10) 1 (6) 1.000*
Hear better through one ear than the other when on the telephone 5(25) 3 (18) 0.701%
Trouble following the conversation with two or more people talking at the 6 (30) 3 (18) 0.462°
same time
Being complained that has turned the TV volume up too high 3(15) 2 (12) 1.000?
Having to strain to understand conversation 5(25) 6 (35) 0.495°
Trouble hearing in a noisy background 14 (70) 6 (35) 0.035%
Trouble hearing in restaurants 11 (55) 6 (35) 0.231°
Having dizziness, pain or ringing in the ears 1(5) 4(24) 0.1592
Asking people to repeat themselves 3 (15) 0(0) 0.2342
Family members or co-workers remark about missing what has been said 2 (10) 0(0) 0.489%
Many people seem to mumble (or not speak clearly) 2 (10) 2(12) 1.000*
Misunderstand what others are saying and respond inappropriately 4(20) 1 (6) 0.348*
Trouble in understanding the speech of women and children 2 (10) 2(12) 1.000*
Having people getting annoyed because of misunderstand what they say 2 (10) 1 (6) 1.000*

p-values were based on Fisher’s Exact test; "p-values were based on Pearson Chi-Square test; *p<0.05

34 Association between Work Factors and ASHA’s Category of Hearing Symptoms

The American Speech Language Hearing Association (ASHA) recommended that when there is presence of more than two
hearing symptoms, the particular person is suggested to be evaluated by a certified audiologist. Table 5 shows that a higher
proportion of laundry workers (57%, n=8) needed further evaluation by a certified audiologist as compared to mechanical
cutters (43%, n=6). Majority of the workers were exposed to noise level below 85 dB(A), 71% (n=10), compared to only four
workers (29%) were exposed to noise exceeding 85 dB (A) and reported having more than two hearing symptoms. Hence, no
significant association was found between noise exposure categories and hearing symptoms. However, only working years
was found to be associated with hearing symptoms (p=0.049). Majority of the workers, 64% (n=9) reporting more than two
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associated with hearing symptoms based on ASHA’s recommendation (results were not tabulated).

Table 5: Association between Work Factors and ASHA’s Category of Hearing Symptoms

Characteristics ASHA’s category of workers reporting more than two hearing X? p-value?
symptoms requiring further evaluation, n (%)
Yes (n=14) No (n=23)
Work groups
Laundry workers 8 (57) 12 (52) 0.087 0.769
Mechanical cutters 6 (43) 11 (48)
Noise exposure categories
<85dB(A) 10 (71) 15 (65) 0.153 0.695
>85 dB(A) 4(29) 8(35)
Duration of working years
<9 4(29) 3(13) 7.840 0.049*
10-19 1(7) 10 (43)
20-29 0(0) 209
30-39 9 (64) 8(35)

Statistical test - Pearson Chi-Square; *p<0.05

4.0 DISCUSSION

This study reported important findings with regards to noise exposure and hearing symptoms involving support group workers
in a teaching hospital. The mean noise exposure level measured among laundry workers was found to be significantly lower
than mechanical cutters (p=0.001). This finding contradicted with the findings from previous studies (Fontoura et al., 2014;
Elias, [jaduola and Sofola, 2003). Higher noise exposure levels were reported at the laundry unit of Public Federal Hospital in
Brazil and Laundry Department of Lagos University Teaching Hospital (LUTH) in Nigeria, ranging from 77 to 99 dB(A) and
101 dB(A), respectively. This contradiction could also be due to the different environmental noise exposure. Although the
intensity of noise exposure was lower among laundry workers compared to mechanical cutters, they were exposed to noise for
longer duration per week compared to cutters. It is well known that intensity, frequency, exposure duration and type of noise
play crucial influence on increasing the risk of health hazard (i.e. occupational hearing loss) (Ahmed et al., 2001).

The Factories and Machinery (Noise Exposure) Regulation 1989 stated that the permissible exposure limit of an
equivalent continuous A-weighted sound pressure level shall not exceed 90 dB(A) (FMA, 2015). The criterion for action
(action level) adopted is 85 dB(A) that necessitates the implementation of activities to reduce the risk of NIHL. This study
found that there were 10 out of 17 (59%) mechanical cutters but only 2 out of 20 (10%) laundry workers who were exposed to
noise of more than 85 dB(A) (p=0.002). Although the mean noise level among laundry workers were below the action level, a
worker at the sorting and folding section and a worker at the washing and drying section had exceeded the action level for
noise exposure. Similar scenario was observed among majority of mechanical cutters especially grass cutters, with the highest
level of noise exposure recorded being 90 dB(A). Fontoura et al. (2014) also found that the noise exposure level at sorting,
washing, drying and spinning area had exceeded the 85 dB(A) level which resulted in 18.9% of the workers diagnosed with
NIHL. Similarly, they found that the folding area had slightly lower level (84 dB(A)) of noise exposure. The low level of noise
at the folding area in the laundry unit may be due to its location which was farther away from the machineries (washer or
dryer).

Similar to previous finding, the noise exposure level among mechanical cutters in this study was higher than action
level maybe due to being in closer proximity to noisy equipment (Tengku Hanidza et al., 2013). They reported that grass cutters
were exposed to an average noise level of 88 dB(A), ranging from 84 dB(A) to 92 dB(A). Although noise exposure levels
between 80-85 dB(A) have only a small influence on hearing over the long term but in the high frequency range, these levels
are capable of inducing measurable hearing threshold shifts in susceptible subjects (Plontke & Zenner, 2004). Normally, NIHL
affects both sides of the ears due to noise exposure above 85 dB(A) (Ahmad Filza et al., 2013). Furthermore, the small number
of noise induced hearing loss reported to the Social Security Organisation (SOCSO) may be due to underreporting or failure
to capture workers’ morbidities especially in the small and medium size enterprises (SME) in Malaysia (Hashim et al., 2005).
Nonetheless, Berglund and Lindvall (1995) reported an estimated 15-20% of the working population in industrial countries
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affected by sound pressure levels of 75-85 dB(A). They also reported that to protect the majority of people from being
moderately annoyed, the sound pressure level should not exceed 50 dB(A) during the daytime and 45 dB(A) during the night
time (outdoors).

Based on ASHA'’s category of hearing symptoms, more laundry workers reported hearing symptoms compared to
mechanical cutters, although it was not significant. However, there was significantly higher proportion of laundry workers
reporting hearing problem in noisy background compared to mechanical cutters. Interestingly, even though more mechanical
cutters were exposed to occupational noise exceeding the action level, the reported hearing problem among the laundry workers
could be due to previous noise exposure at the old laundry building. Majority of the workers had been working in an enclosed
building with potentially higher noise level before moving into the current building in 2013. Unfortunately, no previous noise
measurement was conducted hence the suspicions could not be proven.

It was found that only 29% among all respondents with noise exposure of more than 85 dB(A) had hearing loss
symptoms (Table 5). The small percentage may be due to homogenous level of exposure and small number of affected workers.
In this study, all six (43%) mechanical cutters who reported more than two hearing symptoms were workers performing hand
grass cutting. This might be contributed by high intensity of noise exposure and the proximity of the machine to the workers’
ears, with the highest recorded noise exposure level being 90 dB(A). Tengku Hanidza et al. (2013) reported in their study that
28% (n=5) of grass cutters at Universiti Putra Malaysia experienced hearing impairment.

Increasing employment years was found to be significantly associated with hearing symptoms. The duration of
employment may also reflect the cumulative duration of noise exposure. Higher year of employment may also relatively
indicate higher age. A local study among airport workers showed that workers who are more than 40 years old had four times
higher incidence of hearing impairment (Nasir & Rampal, 2012). However, this association was not found in the present study
despites the mean age of workers were above 40 years. Nevertheless, this may indicate that hearing symptoms in this study
were not due to older age but solely related to longer year of employment.

Although workers in this study were aware of occupational noise exposure, the usage of hearing protection devices
(HPD) was below the targeted compliance rate of 100% as 86% of the workers did not use HPD during work. This was similar
to a previous study where only 5% of factory workers regularly wore HPD despite 80.5% of them being provided with HPD
(Maisarah & Said, 1993). Tengku Hanidza et al. (2013) also reported poor compliance in PPE usage among their respondents
due to discomfort. In addition to discomfort, Daniel (2007) added other reasons such as safety concerns, design, lack of
knowledge related to NIHL and peer pressure. Ahmed et al. (2001) reported that education level of the workers was positively
related to the use of the ear protection (p=0.03). It is very important to take several preventive strategies such as using earplugs,
reducing the duration of exposure and keeping a safe distance from the source in controlling the risk, thereby preventing NIHL
(Manakandan & Jaafar, 2017).

5.0 CONCLUSION

Mechanical cutters have higher 8-hours noise exposure level with short duration of hours weekly exposure while laundry
workers have lower noise exposure level but longer hours of weekly exposure. Laundry unit reported significantly higher
proportion of workers with hearing symptoms associated with work employment. The use of HPD is also poor in both groups
indicating the need for appropriate education and training on noise exposure and hearing effects as some workers were found
to be exposed to excessive noise level. Although some of these workers showed evidence of tendencies to have impairment,
there is no evidence to specifically indicate that it is caused by excessive noise exposure related to their work. It can only be
speculated that they are at risk of acquiring NIHL because of their noise exposure at work exceeding the action level.

The hearing symptoms were self-reported hence may lead to data misreporting. Ideally, hearing loss should be
measured using pure tone audiometric (PTA) test which is more accurate. The presence of hearing problem due to occupation
may have been missed as it was based on self-reporting and no baseline PTA data was previously recorded during pre-
employment stage. This may further limit us in establishing if the NIHL is due to current workplace or past workplace exposure.
In 2015, Hearing Conservation Programme (HCP) was initiated and the PTA testing is still under progress hence not included
in this paper due to incomplete data. Moreover, the Occupational Safety and Health Unit has made an effort by involving with
the Systematic Occupational Health Enhancement Level Programme (SoHELP), establishing a partnership with the
Department of Safety and Health (DOSH). Future research with longitudinal study design could show the trend of noise
exposure and hearing effects among workers. Through continuous monitoring, researchers could study other factors and
determine causal relationship between noise exposure at work and NIHL. It is noteworthy that even with the mentioned
limitations, this study has achieved its objectives according to the limited time and resources.
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ABSTRACT: Motorcycle accidents are common among employees whose working nature is mostly outdoors. According
to the statistics, the frequency of motorcycle accidents increases every year. In Syarikat Bekalan Air Selangor (SYABAS), a
substantial number of motorcycle accidents occurred between the year 2009 and 2013. The increased number of accidents
serves as a wake-up call to the company to come up with a behavioural-based safety system for commuting accident. The
objective of this paper is to look into the effectiveness of behavioural-based system in a company. A total of one hundred
and thirty (130) respondents participated in the data-collection session for this study. From this data-collection, along with
accident data from the company, a number of criteria that contributes to commuting accidents in the company is obtained.
At the end of this study, the behavioural-based safety system is applied, thus showing how its implementation assists in
curbing the issue of commuting accidents in the company.

Keywords - Accident Data, Behavioural-Based Safety System, Commuting Accident, Motorcycle Accident, Number of
Motorcycle

All rights reserved.

1.0 INTRODUCTION

Syarikat Bekalan Air Selangor Sdn. Bhd. (SYABAS) was established on 8" July 1996 under the Malaysian Companies Act,
1965 to undertake the privatization of water in the state service supply Selangor and Wilayah Persekutuan Kuala Lumpur and
Putrajaya. The company was granted for a period of thirty (30) years from the date of January 1, 2005 to take over the duties
and functions of Selangor Water Governance Corporation Berhad (PUAS) in the field of water supply and distribution of water
to consumers in the State of Selangor and the federal territories of Kuala Lumpur and Putrajaya involving more than 7.3 million
residents and industrial and commercial users through 1.52 million accounts.

In SYABAS, the company’s main revenue derives from the utilisation of water by consumers in the state of
Selangor and Federal Territories. A large number of meter readers are employed to read water consumption meters at the
customers’ premises and produce water bill to the consumers. These meter readers use motorcycles to execute their daily
works.

Although there are many other workers in SYABAS who utilise the motorcycle in their daily work, the meter
readers have contributed a substantial increase of commuting accidents in SYABAS. During the first year, more than one
hundred (100) motorcycles accidents have been recorded. Subsequently, an average of 20 cases are registered throughout
SYABAS either at the district or head offices levels every year. This has caused a lot of problem to the management since it
involves a number of subsequent activities such as requirements to carry out investigation, preparation of claims to SOCSO,
Construction Industry Development Board Malaysia (CIDB) or the insurance company, and even the need to attend court
hearing should the accident escalates to a court case.

In 2011, thirty-nine (39) accident cases involving motorcycle and six (6) cases involving other vehicles were
recorded among SYABAS staff. Preventive measures have been taken by the management; however, the number of accident
recorded is consistently increasing with a few records every year. In 2013, a percentage of 22.3%, 16.9%, and 10% accident
cases are recorded for Hulu Langat, Klang and Kuala Lumpur. There is no consistent decrease in the number of commuting
accidents recorded although the management of SYABAS with the cooperation from PERKESO and Malaysia Society
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Occupational Safety Health (MSOSH) has conducted the defensive riding program commencing 2011 to 2012 which
involves all staff who uses motorcycle in their daily work, and this includes those who are previously involved in motorcycle
accidents.

Through this study, the behaviour aspects that may affect safety towards commuting accident rate is identified, the
relationship between behaviour aspect identified and the number of motorcycle accident is investigated, and the behavioural-
based safety system for improvement to the current safety systems as suitable countermeasures to reduce the commuting
accidents among SYABAS staffs is recommended.

2.0 METHOD

This study begins by distributing questionnaires to a random one hundred (100) staff within the company’s ten (10) districts
in Selangor area with the intention of gaining information and data collection. These staff are those who frequently use
motorcycles as primary transportation in daily work operations. Next, the processing and extraction of these data will be
analysed according to the collection and recording of the evidence in the questionnaires through the Statistical Package for
Social Sciences (SPSS) Version 17.0 software which includes Cronbach’s Alpha Analysis, Mean and Pearson Correlation.
Finally would be the publication of the result obtained and recommendation that can be given to improve the situation.

Quantitative data in the form of survey questionnaires is used in this research. Choices of three (3) answers are
given to be selected in the form, as well as the Likert Scale is used. Apart from these questionnaires, data from organization
sources are obtained. They are the Accident Statistics Report (2009 — 2013) and the Incident and Accident Investigation
Report (2009 — 2013). Other outsourced data obtained are from Polis Di Raja Malaysia (PDRM), Malaysian Institute of Road
Safety (MIROS) and Social Security Organization (SOCSO).

Table 1 shows the number of respondents who attended the data collection at their respective territories.

Table 1: Total Number of Respondents

No. Location Total Respondents
1 Gombak District 10
2 Kuala Langat District 10
3 Hulu Langat District 10
4 Klang District 10
5 Hulu Selangor District 10
6 Kuala Lumpur District 10
7 Kuala Selangor District 10
8 Petaling District 10
9 Sabak Bernam District 10
10 Sepang District 10

3.0 RESULTS

From the aspect of sociodemographic data, one hundred (100) random respondents throughout SYABAS who commute on
the motorcycle on a daily basis who are involved in this study, fifty-one percent (51%) are meter readers. Seventy-one (71)
of them are married and Malay respondents are the most since the company employs more Malays than the other races. In
addition to that, fifty-four (54) respondents are SPM holders with forty (40) of them have served the company for more than
six (6) years. Surprisingly, the employees who own a valid license for more than eight (8) years contribute to the largest
number involved in commuting accident with sixty-five (65) cases. The accidents in SYABAS mostly happen in the evening
when returning home from work, with sixty (60) cases. Nevertheless, lunch time can also be said as a critical time since there
is also a number of staff who is still at work at this hour, especially those working on site.

From the socio-demographic data collected also, motorcycle type Yamaha LC has the highest numr for the type of
motorcycle most involved in accidents in SYABAS with thirty-five (35) cases, more than other types of motorcycle. In
second place is Honda EXS5 with twenty-two (22) cases. Without realizing, the ability and strength of a motorcycle plays a
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vital role in influencing the mind or way of thinking, emotion and attitude of the staff. These two motorcycles are the most
used by SYABAS staffs in their daily activities.

Finally, a total of sixty-one percent (61%) of the respondents are involved in an accident for at least one time,
compared to those who were involved in an accident twice with thirty-two percent (32%), the thrice with three percent (3%).
This shows staffs who use the motorcycle as their main transportation in their daily work are prone to be involved in an
accident for the first time, as depicted in the percentage above.

From another part of the questionnaire, which is from the effectiveness of the attitude aspect towards motorcycle-
riding responsibly by respondents, the record options average between 3 to 5 with the highest mean at 4.48 under the
category of Scenery shows that the scenery plays an important role in affecting a rider’s concentration. Besides that, under
the respondent’s assessment of skills theory, the data shows a highest mean of 4.49 for drugs and illegal driver which means
that most respondents agree that drugs and riders who do not possess a valid driver license contribute to dangerous behaviour
on the road. Apart from that, under the respondent’s evaluation in terms of application of personal protective equipment
(PPE), the data shows a highest mean of 4.44 for SIRIM, which means that they have the perception that a SIRIM approved
helmet is important in ensuring the safety of a rider. Next, under the respondent’s evaluation on motorcycle maintenance, the
highest mean is 4.13 under condition which means that the respondents agree that the condition of the motorcycle is crucial
to ensure safeness on the road. Finally, under the comparison between mean score and behavioural aspects, the answers
given by the respondents from the evaluation are between the values of 3 to 5 which the majority of answers agree that
behavioural aspects as a role an important part to reduce the motorcycle accident happen. It also shows that the behavioural
aspects from the practical skills are the most strongly agree from the respondents through the highest score by the mean
value of 4.37.

Table 2 below shows that the OSH Management System available is effective as a measure to reduce accidents.
This is further reinforced by the results obtained through the questionnaire respondents showed absolutely agree that this
system is effective in reducing accidents but there are problem lack of commuting safety management and element of road
safety in OSH management system.

Table 2: Total Number of Motorcycle Accidents (By Year)

No. Type of Years Year Number of case recorded
1 Year before OSH system 2009 37
2 2010 41
3 2011 45
4 Year after OSH system 2012 16
5 2013 14
Total 153

4.0 DISCUSSION

4.1 The Behavioural-Based Safety System

From the data analysis and result obtained, several ways are identified to decrease the rising number of commuting accidents
in SYABAS. They are to apply the Behaviour-Based Safety System through the seven key principles, to implement the HSE
policy, to prepare a Critical Behaviour Checklist (CBC), to arrange consultant and communication, as well as to have safety
intervention and intensive programs.

In the Behaviour-Based Safety System through the seven key principles, the following elements are emphasized.
They are: 1. Focus intervention on observable behaviour 2. Look for external factors to understand and improve behaviour 3.
Direct with activators and motivate with consequences 4. Focus on positive consequences to motivate behaviour 5. Apply the
scientific method to improve intervention 6. Use theory to integrate information, not to limit possibilities 7. Design
interventions with consideration of internal feelings and attitudes.

4.2 HSE Policy

It is the policy of SYABAS to conduct its business at the highest international standards, providing a healthy, safe and
environmental friendly workplace for all employees, consumers, contractors, visitors and others, and promoting a positive
health, safety and environment culture with proactive involvement by the management, employees and contractors. In order
to achieve the above, SYABAS endeavours to: 1. Recognize health, safety and environment objectives as an integral part of
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its business performance 2. Implement a continually improved Health, Safety and Environment Management System 3.
Periodically establish and review the health, safety and environmental objectives and targets 4. Comply with all applicable
health, safety and environment legal and other requirements to which SYABAS subscribes 5. Provide sufficient information,
instruction, training and supervision to enhance employee’s health, safety and environment consciousness in ensuring works
is performed safely 6. Minimize waste and continually prevent pollution in all activities 7. Continuously prevent injury and
ill health at workplace 8. Investigate any incidents where the findings will be used to develop and continually improve the
health, safety and environment conditions and performance.

The policy HSE will be reviewed yearly through the management review meeting which involves safety and health
committee members from all levels including employer representative and employee representative to evaluate and discuss
on continuous improvement. SYABAS is committed to periodically review this policy to ensure it is understood by all
employees and is made available to all interested parties.

4.3 A Critical Behaviour Checklist (CBC)

A BBS checklist can be specific to a particular task, such as a critical behaviour checklist for motorcycle-riding to train the
employees to develop safe riding habits, or at least to demonstrate to other employees the right way and how to ride safely. It
is also to enhance the participation of employees to use the checklist as a guidance to encourage safe riding. In a water
distribution organization like SYABAS, this type of behavioural checklist could be applied among staffs who commute on
the motorcycle regularly as part of their daily work.

The BBS checklist for safe riding is a tool to facilitate employees towards the target behaviour through the action
taken. There are two (2) observers for each activity of work which are through safe observation and risk observation. The use
of the basic elements of riding can be vary such as behaviour identified, road direction if turn signal, intersection, speed
limits, passing and two second rule.

4.4 Consultation and Communication

The responsibility and commitment of employees in health and safety issues and safety risks is communicated to and from
employees as well as other interested parties.

The Head of Section shall communicate effectively to employees on matters related to the significant environmental
impacts and safety risks, at least through departmental meetings, briefing or memos. Employees who receive information,
feedback or complaint from any external interested parties shall forward the information to the Head of Section or the Head
of Department directly. Interested parties can communicate through the website maintained by SYABAS and also through
the hotline maintained by PUSPEL. PUSPEL will then channel the communication to the relevant department within
SYABAS which will then decide on the actions to be taken.

The Head of Department will then, in consultation with the Safety and Health Committee decides on the actions to
be taken and the reply to the interested parties. This information, feedback or complaint together with the decision and a
copy of the reply would be maintained by the respective department/district. A Safety and Health Committee (SHC) has been
established with members from the shop floor employees. Employees can channel their views through the SHC members for
consideration by the management. All policies with regards to safety & health and environment are reviewed by the SHC
before being approved. The SHC meets at least once in two months and the Secretary of the committee maintains minute of
this meeting.

4.5 Safety Intervention

The Head of Department (HQ) / Head of Section (District) shall carry out the hazard and risks identification using the
Hazard Identification, Risk Assessment and Determining Control Form (HRAR-HSE-01/01) and the aspect/impact
identification using the Identification of Environmental Aspect and Impacts Form (HRAR-HSE-01/02) for all processes
under their jurisdiction. If necessary, assistance from other relevant department/section, suppliers or consultant may be
requested to complete the identification process.

The process of safety and health hazards/environmental aspects identification shall be conducted by taking into
consideration of the following conditions: 1. Normal Condition - All process carried out under this condition are without any
problems and are under control during normal operating hours. This does not include non-routine activities like maintenance
2. Abnormal Condition - This applies to process when the processes are functionally upset or functioning with abnormalities.
E.g.: Machine functioning with abnormal sound or spillages of hazardous chemical on floor 3. Emergency Condition - This
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applies to processes where the processes cause a disaster unexpectedly. E.g.: Machine catch fire or large amounts of
emissions to the atmosphere. It shall also include the non-routine activities like maintenance, repair and others.

4.6 Intensive Program

The success of the behavioural based safety system depends on how the process of managing and maintaining continuously
improve from time to time and covers the entire area on OSH management system. Other than consultation and
communication area, the employee needs to adopt the safety culture in workplaces or any changes and instruction of
company about HSE as stated in section 24 (ii) which is the responsibility of employee according to Occupational Safety and
Health Act 1994. To enhance the ways of working safely, programs such as motivational talks, social relationship programs
and spiritual enhancement programs.

Social relationship programs are one of the BBS strategies to enhance the behaviour of employee in the workplace,
construct and maintain relationships, communication networks and process, problem solving and communication skills.
While the spiritual enhancement programs are important to employee to strengthened connection between the physical,
emotional and spiritual for relaxing body pains and internal body parts or organs through natural way.

“It is the responsibility of the master (employer), to provide work for the employee, what made it easy. They should
not be given a job that causes health is jeopardized.” Hadith Riwayat Muslim Ibnu Majah.

"There can be a danger to yourself, and not be a danger to others.” Riwayat Muslim.

5.0 CONCLUSION

This study shows that there are indeed significant relationships between the behaviour aspects and the number of accidents. It
is proposed to improve the existing system with commuting safety management and road safety element in the OSH
management system at workplace. Apart from SYABAS, the proposed improvements in OSH management system can be
carried out by other organisations, particularly organisations involved with the use of motorcycles in daily operations. The
studies previously cited the lack of provision of training leading to an increase in cases of accidents have always been a
subject of dispute among each other.

Besides implementing the behavioural-based safety system, the result of the research also needs to be looked into.
Demographic factors such as the group of staff, total years of service and level of education need to be taken into
consideration before placing a staff in a job that requires the daily usage of motorcycle.

Furthermore, SYABAS needs to work together with the official authorities such as PDRM, JKR, MIROS and
NIOSH in order to enforce strict ruling to ensure staffs comply with the road-safety requirements. The authorities need to
oversee the matter and the condition of the roads under their coverage and responsibility.
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ABSTRACT: Roles of principal employer is very important in enhancing and empowering Occupational Safety and
Health (OSH) implementation. This study have identified four elements (i.e., high commitment, effective communication,
full compliance and good behavior) as among the crucial elements required to be possessed by the principal employers in three
sectors, namely manufacturing, public services and construction. In relation to this, this paper describe the development and
validation of instruments prior to the measurement of principal employers’ roles and responsibilities in the implementation
of OSH. Three assessment tools were developed, namely the Benchmarking Interview, Questionnaire and Workplace Inspec-
tion. Fifteen companies were selected for the benchmarking interview, 50 employers conveniently selected for the survey
interview (covering three sectors) and 90 employers selected for the workplace inspection (30 respondents for each sector). The
development of benchmarking interview and workplace inspection scores are briefly discussed while the main focus is on the
validation of the survey constructs (or items). The reliability check on 53 items representing four elements (i.e., Commitment,
Communication, Compliance, Behaviour) of employers’ roles and responsibilities in the implementation of OSH showed that
the Cronbach’s Alpha coefficient is more than 0.90 which indicates that the internal consistency is extremely reliable. It also
indicates that the set of items in each element are closely related and well understood by the respondents. Validity check on the
items based on the Rasch measurement infit and outfit mean square statistics and standardized z-score found that nine items
had misfitting values and finally corrected for further analysis. This study had shown that a valid and reliable instruments are
important in ensuring that accurate and precise findings are obtained in measuring the roles and responsibilities of principal
employer in the implementation of OSH.

Keywords: Behaviour, Commitment, Communication, Compliance, Employer, Occupational Safety and Health
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1.0 INTRODUCTION

This paper will focus on the development of the instruments used in this study and the validation process of the
instruments. In order to ensure the quality of instrument to measure the element of leadership from employers in
Occupational Safety and Health (OSH) aspect, validation test has to be done.

Under the Social Security Act 1969, the definition of a principal employer is the person who employ workers
directly to work with them. Whereas the direct employer means a person who conducting a work by him or through a
primary employer. Whereas, under the Occupational Safety and Health Act (OSHA) 1994, the principal employer means an
industry or person with which an employee has contracted a service such as a manager, agent, or person in charge of
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payment of wages to a worker, occupier of a workplace, legal representative of the owner, any government department, local
authority or statutory body. Meanwhile, direct employers mean employees who are employed by or through them. Principal
employer means the owner of a workplace and who hire workers to work for them. In many cases, principal employer is
grouped as the company top management team.

The roles of employer in Occupational Safety and Health (OSH) are stated clearly in Section 15, Occupational
Safety and Health Act 1994 (OSHA 1994). An employer is responsible to ensure safety, health and welfare of every person
at the place of work. This includes providing OSH instructions, OSH training, communicate hazards and practical hazards
control measure. Clearly, an employer plays important role in implementing and sustaining OSH requirements. In reality,
spoken with ethical conduct is simple rather than truly ethical treatment. There are challenges in delivering the call for
responsibility in OSH as the employer has a big role attending other parts of organization needs. However, continuous
improvement in OSH is vital towards empowerment of employers’ responsibility. Leading by example is the key of being a
good employer in order to gain trust from his employees and contractors as well as portraying positive leadership approach.

According to Wu, Tsung Chih (2010), involvement by employer or top management has a huge impact on OSH.
Employer has three responsibilities, namely (a) ensuring the performance of OSH among middle management teams, (b)
ensuring quality of OSH management, and (c) participate in each OSH activity. The concept of Wu, Tsung Chih (2010) in
the OSH leadership by employers highlighted the three main elements which are Safety Caring, Safety Coaching and Safety
Controlling. This is reinforced in the Reason (1997) study, which states that the individual's status is higher in an
organization where all its actions have a greater impact. In detail, senior management should approve and disseminate the
OSH policies, regularly review the OSH performance and create reasonable incentives for middle management involve in the
implementation of OSH (Petersen, 1998).

In this study, the main element in OSH leadership of employers is measured based on their practice at the place of
work. Apart from that, others issues such as factors hindering the employer to deliver their roles and responsibilities in OSH
as well as most common hazards and control measures at the place of work are also being analyzed. Therefore, the right
instrument used gives reliable and adequate findings. There are three instrument used in this study:

i. Benchmarking interview questionnaire

ii. Questionnaire form

iii. Workplace inspection checklist

Benchmarking interview questionnaire used to get the initial opinion regarding the issues related to study such as
types of hazards and preferred control measures, common obstacles in delivering roles and responsibilities in OSH. The
findings from interview session are use in developing the questionnaire for this study. Pilot test on the developed
questionnaire were conducted before executing data collection. Along with data collection, workplace inspection were
conducted using workplace inspection form to verify the OSH practice at place of work.

2.0 LITERATURE REVIEW

Management commitment, communication, compliance and behavior are among important elements to be studied
related to the roles and responsibilities of principle employer. Commitment is referred to actions or responsibilities that the
management should shoulder on regarding to the employees’ OSH issues. It is particularly important to the employer in
managing employees and to reduce the number of accidents at the workplace. Mohamed Taufek et. al (2016) states that the
element of commitment has a strong relationship with the factors of workplace accidents.

Salleh, Hamid, Zakaria & Mutalib (2015) found that medium of communication is very important in providing
useful information to employees. Use of appropriate, attractive and easily understood communications are recommended
especially for foreign workers so that they can understand the overall aspects of OSH in the construction industry in
Malaysia. The Malay language is commonly used as the intermediate language in Malaysia during information delivery and
OSH Induction Course either in oral or written form. However, the use of Malay language is not understood by most of the
foreign workers. The OSH information should be understood by foreign workers so that they aware the dangers at the
construction sites. Effective communication is important since Kamar et al. (2014) had shown that 55.9% of respondents
said that effective communication is very important to be practiced in any organizations.

Compliance with safety requirements enable work to be done both efficiently and safely. One very promising line of
enquiry concerning the behavioral antecedents of accidents concerns the relationship among these procedural instructions
governing work and the way in which work is done (Che Hassan et al., 2007). Previous study also found that any support or
assistance received by Small and Medium Enterprises (SME) in implementing OSH will be able to encourage the industries
(Lingard & Rowlinson, 2005). In the operation analysis report by Abdul Rahman (2007), 80% of the workplaces did not
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comply fully to the OSH regulations. Therefore, compliance issue should be intensively studied in order to identify the
barriers in OSH implementation at place of work.

Several previous researches found the predictors towards developing safe working behavior at the workplaces. The
predictors are namely management commitment, management safety practices, company’s safety policy and procedures
(Chinda, 2011; Vinod Kumar & Bhasi, 2010; Lu and Tsai 2008). Previous studies furthermore concluded that accident in
workplaces could be reduced if the employees and employer were committed in having and maintaining good safety
behavior (Makin & Suntherland, 1994; Christian et.al., 2009). Therefore, safety behavior must be seriously addressed and
promptly monitored at the workplaces to prevent industrial accident cases.

3.0 METHOD

This section describes the development and validation of instruments for measuring the principal employer roles
and responsibilities in OSH implementation in Malaysia. The instruments include Benchmarking Interview Form, Survey
Questionnaire and Workplace Inspections checklist. For the Benchmarking Interview, an open-ended interview session was
conducted to fifteen organizations that have been identified as recipients of the National Council of Occupational Safety and
Health (NCOSH) CEO Excellence Award for the year 2010-2015. The intention is to obtain a benchmark for best practice in
Occupational Safety and Health. The other reason is to gain insights and understanding regarding their opinion in measuring
the employer’s roles and responsibilities in OSH implementation in Malaysia. The benchmarking interview session was
conducted face-to-face using a set of open-ended interview questions. For the survey questionnaire, it was developed based
on an extensive discussions of subject matter with the industrial experts. The questionnaire had gone through several
validation processes which include content, face and construct validation from the industrial and statistics experts.
Comments and suggestions were obtained from the industrial experts on the OSH legislative contents and structure of the
questionnaire.

Table 1: Questionnaire for Development of OSH Improvement Plan to Empower the Role of Principle Employers on OSH
Implementation in Malaysia

Questions / Statements

Part Elements Reliability Index

(Items)
A Respondent Profile 11 Questions nil
B Company Profile 6 Questions nil
C Hazard At Workplace 5 items nil
D Control Of Hazard 6 items nil
B oo T The P Enploer
F Management Commitment 18 items 0.953
G OSH Communication 9 items 0.935
H OSH Compliance 18 items 0.964
1 Behaviour 8 items 0.938
7 Others: Accident Data & Respondent Opinion 4 items nil
On Method/ Product

For Part F, G, H and I, a 6-point numerical scales are used to measure the items in Fig. 1:

Scale 1 2 3 4 5 6

»

Strongly disagree < > Strongly agree

Figure 1: Numerical Scales

For measuring the construct reliability of the questionnaire, a pilot study was conducted on 50 employers from the
target sectors of industry. The purpose is to assess the reliability of the measured items using Cronbach’s Alpha (o), which is
a measure of internal consistency. Table 1 shows four elements which have been identified as important in measuring the
employer’s roles and responsibilities in OSH implementation in Malaysia. These elements are Management Commitment,
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OSH Communication, OSH Compliance and Behavior. Each element is represented by a number of relevant items (or
constructs) which have been subjected to a reliability check. The Cronbach’s Alpha values for the four elements in Part F, G,
H and I are shown in Table 1. The Cronbach’s Alpha for all four elements are well above 0.90 which indicate that the set of
items in each element are closely related and well understood by the respondents.

The selection of scales correspond to the respondent’s true opinion relating to the statements. This study used
Stratified Random Sampling in order to select the sample unit (i.e., employers). According to Vries (1986), this type of
sampling technique is suitable since the population can be divided into heterogonous strata with sample size calculated
proportionately according to the size of the sub-population (Lohr, 2010). This sampling technique is applicable in this study
since the population can be divided into three sectors namely, manufacturing, construction and public services where each
sector of industry or strata is further divided into sub-strata or sub-sector. Based on the calculation of sample size, the
validated questionnaires were distributed to 380 employers across the three sectors. The criteria for the sampling element is
a respondent at the managerial level or at par with the principle employer’s position.

Validation of the items in Part F, Part G, Part H and Part I were further investigated using the infit/outfit mean
square (MNSQ) statistics which was obtained based on the Rasch rating model in Equation 1.

DR

Pnik(X/Bn’Di’Fk)szm (Eq. D)

Where P, is the probability of person n choosing “disagree” (Category 1) over “strongly agree” (Category 0) on
any item (7). In this equation, F; is the difficulty of the threshold, and this difficulty calibration is estimated only once for this
threshold across the entire set of items in the rating scale. The threshold difficulty F; is added to the item difficulty D; (i.e.,
D+ F;) to indicate the difficulty of Threshold / on item i. Given that B, — (D;+ F;) has the same value as B, — D;- F; and
helps to show more easily the shared bases of the Rasch models. Thus the general form of the rating scale model expresses
the probability of any person choosing any given category on any item as a function of the agreeability of the Person n (B.,)
Wright, B.D., & Masters, G.N. (1982). Rating scale analysis. Chicago: MESA Press.

Out of 53 items which was validated for misfit or inappropriate response, there are 9 items as shown in Table 2
which have been identified as misfit since these items does not fall within the acceptable range of the Rasch expected model,
at standardized t-scale between -2.0 and +2.0 and/or infit/outfit range between 0.6 and 1.4 logit (Bond and Fox, 2011). These
items are also validated in the Wright map as shown in Fig. 2.

Table 2: Item Statistics Misfit Order for 53 items

Items Measure Infit MNSQ Infit ZSTD Outfit MNSQ  Outside ZSTD
Fl6 98 1.37 4.9 1.68 7.8
F17 -.06 1.50 5.7 1.64 6.8
F14 15 1.43 5.1 1.56 6.2
H3 34 1.39 4.8 1.46 53
F7 .36 1.29 3.6 1.44 5.1
12 .76 1.24 32 1.44 5.2
F1 -1.13 1.32 3.9 1.44 2.3
F4 34 1.28 3.5 1.23 33
F2 .07 1.20 2.5 1.27 2.7
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Figure 2: Wright Map of Statistics Misfit Order

The next instrument used which is the Workplace Inspection List was used to verify the company’s OSH status
based on on-site inspections conducted by OSH officers at selected workplaces. A total of 90 workplaces covering all
related sub-sectors were inspected. The methods of inspection consist of workplace observation and OSH documentation
review. The workplace inspection checklist has been validated by several experts and used by the National Institute of
Occupational Safety and Health (NIOSH) Malaysia for standard workplace inspection. The workplace inspection checklist
content is shown in Table 3. Marks obtained from the company inspection check list for Part 2 and 3 are categorized under
the Compliance Level as “not satisfactory, satisfactory, good and excellent”. The data collected was analyzed using the IBM
SPSS Statistics 21 (IBM Corp., Armonk, N. Y., USA, 2017).

Table 3: Workplace Inspection Checklist & Score

Part Elemen Stat t
1 Company Profile 11
2 OSH Documentation Review 21 (including 5 sub-elements)
3 Workplace Physical Inspection 12 (including 66 sub-statements)

Marks Percentage (%) Compliance Level
75t0100  Excellent
50to 74  Good
25t049  Satisfactory
0to24 Not satisfactory

4.0 RESULTS AND DISCUSSION

Results from the pilot study showed that Cronbach’s Alpha coefficient (o) for all items/ statements in Sections D,
F, G, H and I is 0.98 which indicate the an extremely high reliability on the items. The individual Cronbach’s Alpha
coefficients (a) for sections D, F, G, H and I are 0.83, 0.91, 0.91, 0.91 and 0.97, respectively which is generally above 0.9.
DeVellis (2003) claims that Cronbach’s alpha coefficient greater than 0.7 is reasonably reliable. When the value approaches
1, it indicates that the internal consistency is extremely reliable.

However, there are several research limitations are expected from this study. Researchers are likely to encounter
difficulties in getting full cooperation from the principal employers, in obtaining information such as details of workers and
number of accidents or occupational disease as it is classified as confidential. Other than that, researchers encounter
problems in getting the accurate information of company such as their contact address, type of business and number of
workers. This is due to the company’s failure to update their records on time or misunderstood in supplying required
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information to DOSH and SOCSO. Workplace inspection might also requires verbal permission from the respective
companies before it can be conducted. There might be a situation where not many work activities running while inspection is
conducted making the Furthermore, few construction project were located far from office making the logistic arrangement
were quite difficult and time consuming.

Respondent shares their commitment, communication, compliance and behavior in delivering their roles and
responsibilities in OSH implementation. Furthermore, other information such as types of hazard and the control measure
taken can be complied in a priority list to see the trend of most practical control. Other than that, limitation factors on
delivering the roles and responsibilities of employers can be obtained from the complete questionnaire. All off these data can
be considered as accurate due to strong validity and high reliability of the instrument used. It can be concluded that all the
items/statements are reliable, consistent, has minimal error and statements are well understood by respondents.
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