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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.
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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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