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ABSTRACT

Introduction: Sugarcane is an important and strategic product in many countries, including Iran. While
the introduction of mechanization, e.g., sugarcane harvesting machines, has significantly enhanced the
production process, operators of these machines still face many ergonomic and safety challenges.

Material and Methods: The present study investigated the ergonomic status of sugarcane harvester
operators by examining some of their physiological and physical evaluations. Physiological evaluations
included heart rate, oral temperature, and energy consumption of the operators, perceptual strain index,
and physiological strain index. Physical evaluation included estimating the amount of pain and discomfort
in body segments. The correlation between pain and discomfort of body parts with some demographic
and physiological indices of users was investigated using IBM SPSS 24 software.

Results: Sugarcane harvester operators’ heart rate, energy consumption, and physiological strain index
were 79.05 beats/min, 18.81 kJ/min, and 0.83, respectively. The average of three indices of thermal
sensation, perceived exertion of activity, and perceptual strain index were estimated as 4.40, 9.21, and
8.86, respectively.

Conclusion: Pain and discomfort in the neck and back segments, like many agricultural activities, had
the highest rate among the body parts. Also, shorter and thinner operators reported higher pain and
discomfort in some segments of the body.

Keywords: Body pain and discomfort, Physiological indices, Agricultural mechanization, Present status
evaluation
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1. INTRODUCTION 7000 model), due to the mechanical properties of

Despite the importance of economic and
strategic status of sugarcane in Iran and the world,
workers involved in various operations of sugarcane
production, like many agricultural activities, face
many ergonomic problems, including physical and
physiological risks. Harvesting sugarcane is done by
a sugarcane combine harvester machine. Operators
of some models of sugarcane harvesters (such
as the harvester made by Case company, Austoft
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the levers and pedals, are constantly twisting and
bending their back, neck and upper body muscles
during work and endure a lot of pressure. Even
though the introduction of sugarcane harvesting
machines has resulted in a significant improvement
in work speed and performance, field evidence
shows that the operators of these machines face
ergonomic and safety problems that have not been
evaluated in a formal manner. In the present study,
specifically, the working conditions of sugarcane
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harvester machine operators were evaluated with a
focus on ergonomic factors.

2. MATERIAL AND METHODS

37 out of 90 sugarcane harvester operators
in Bandar-e Emam Khomeyni’s agriculture and
industry in southwest Iran agreed to participate
in the present study. Using below equation, the
operator’s energy consumption (in kilojoules per
minute) was calculated using age (in years), body
mass (in kilograms) and heart rate in work mode
(in beats per minute):

EE =-55.09669+0.6309x HR +0.1988xM +0.2017x A

in which EE 1is the operators energy
consumption, M is the body mass, HR is the heart
rate at work, and A is the operator’s age.

To estimate the heat strain, physiological strain
index (PSI) caused by heat was used according to
below equation. In this regard, temperature and
heart rate were used in degrees Celsius and beats
per minute respectively:

pst—sx L= h) 5, (HR-HR,)
(39.5-T,) (180—HR,)

PSI (dimensionless), T, TO, HR and HRO
respectively are physiological strain index, oral
temperature at work, oral temperature at rest, heart
rate at work and heart rate at rest. Also, subjective
strain index was estimated from the amount of
perceived heat and the intensity of the perceived
exertion according to the below equation:

PeSI:5xM+5x%

where PeSI is the perceptual strain index
(dimensionless), TS is the thermal sensation index
(dimensionless) and PE is perceived exertion
of activity (dimensionless). The numerical
value corresponding to the operators’ response
included wvalues 1 (comfortable), 2 (slightly
warm), 3 (warm), 4 (hot) and 5 (very hot). Then,
the operator’s linguistic evaluation was matched
with the numerical score of the thermal sensation
index. The perceived exertion of activity, such as
the feeling of heat, was estimated from a numerical
value of 0 (infinitely easy) to 10 (infinitely hard).

To determine the presence of pain and
discomfort in the body, a visual analog scale (zero
(insignificant pain) to 10 (severe pain)) and a body
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map were used. The history of heat stroke, work
injury and history of musculoskeletal problems
was collected by asking the operators about the
occurrence of the conditions in the last year and
the answers were recorded as “yes or no”. A visual
analog scale (zero (completely dissatisfied) to 10
(completely satisfied)) was used to investigate the
level of job satisfaction of sugarcane harvester
operators. Finally, all data were recorded in Excel
version 2016 and statistical analysis was done using
IBM SPSS version 24 software.

3. RESULTS AND DISCUSSION

The average height and weight of the studied
operators were 177.51 cm and 83.33 kg, respectively.
27% of them had a second job. Also, more than half
of the operators had university education. Heart
rate, energy consumption, physiological strain
index, thermal sensation, perceived exertion of
activity, perceptual strain index and job satisfaction
of sugarcane harvester operators were, respectively,
79.05 beats/min, 18.81 kJ/min, 0.83, 4.40, 9.21, 8.86
and 6.56. The history of heat stroke, injury during
work and musculoskeletal problems among the
studied operators was found to be 56%, 48% and
48%, respectively. This prevalence rate of heatstroke
was almost equal to the corresponding quantity
obtained among palm grove workers. Also, the
average amount of pain and discomfort in the back
and neck were 8.05 out of 10 points, which was
more than the rest of the body. The significant and
negative relationship between the height attribute
and the thoracic part of the back (r = -0.41) and
hand (r = -0.33) can indicate the inappropriate
dimensions of the seat and equipment in the
harvester cabin for shorter operators (Table 1).
Also, the existence of a significant and positive
relationship between the attribute of body mass and
pain in the thigh region (r = -0.43) can indicate the
inappropriate ergonomic conditions of the chair for
thinner operators. Some previous studies confirm
these two findings.

Establishing a negative relationship (significant
for hips region) between the level of education and
pain and discomfort in all parts of the body might
be due to the fact that more educated people were
more successful in controlling pain and following
the principles of ergonomics. Due to the increase
in risk aversion, knowledge, insight and skill,
they perform their work activities more correctly
and more principled, and they experience less
occupational injury. In this regard, the findings of
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the present study were in line with the results of the
mentioned research both in the field of agriculture
and also in some other jobs.

There was a significant positive relationship
between having a second job and the middle
back of operators. This indicated higher pain and
discomfort in this part of the body among people
with a second job. It is worth mentioning that
one of the factors of long-term absences caused
by occupational diseases is having multiple jobs,
which can cause professional risks such as pain and
discomfort.

The presence of a negative relationship
(although non-significant) between the hand
dominance and more pain and discomfort in body
parts showed that left-handed people would suffer
more pain and discomfort. Past studies consider the
cause of this problem in the inappropriate design
of workstations for left-handed people, because
almost all tools and workstations are designed to fit
right-handed people.

The correlation between musculoskeletal
diseases experience and the discomfort of hand
was significant at a significance level of five percent
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(Table 1). This issue can indicate that people with a
musculoskeletal experience are more vulnerable to
pain and physical discomfort. Studies have stated
that even the type of musculoskeletal disease affects
the amount of pain and discomfort in the body.

4. CONCLUSIONS

Pain and discomfort in the neck and back
regions among sugarcane harvester operators, like
many agricultural activities, had higher values than
other body segments. In addition, the significant
correlation of pain and discomfort in some
segments of the body with the physical attributes
of the operators (height and mass) indicated
the relationship between the anthropometric
characteristics of the people and the amount of
pain in the body. In this regard, it should be said
that pain and discomfort in some parts of the body
were higher among shorter and thinner operators.
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