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Impact of Variation in Thermal
Working Environment on Cardiac

Performance in Bengalee Male Crop
Cultivators of a Southern District of

West Bengal

Abstract: During different agricultural tasks, the crop
cultivators work manually in the agricultural field, which
may have some impact on the cardiac performance of the
human resources engaged in paddy cultivation. Keeping this
in view, a study has been undertaken, to assess the thermal
environmental conditions and impact of workplace heat
exposure, and workload on cardiac performance in 39 male
paddy cultivators (age range 21 - 30 years) primarily
engaged in manual reaping task during 'Boro' type of paddy
cultivation time in the southern area of Hooghly district.
Data on physical and physiological parameters of study
participants were collected. Indicators of cardiac strain were
calculated. The result of the present study indicated that
there was strain in male crop cultivators primarily engaged
in reaping task in paddy cultivation because of the nature
of the work and the exposure to the thermal environment.

Keywords: Agriculture, PSI, thermal comfort, climate change,
workload, paddy cultivation

Agriculture is the art or science of cultivating the
ground, including management of livestock,

husbandry farming including farming1. In many regions of
the world, especially but not exclusively in the rural areas
an appreciable proportion of the population is still engaged
in physically demanding activities relating to agricultural
tasks2-4. Agricultural work involving different type of tasks
such as crop cultivation, sowing of seeds, uprooting,
transplantation, weeding, reaping, binding of straw,
carrying of straw bundles, threshing and collection of crops
and straw bundles, requires substantial physical strength5-

7. In India, agricultural work is till date significantly
dependent on non-mechanized techniques. Moreover, the
working conditions of agricultural workers are extremely
difficult due to severe environmental conditions, long
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working hours, strenuous work and the use of improper
equipment8-10. Earlier studies have reported that physical
work capacity and work-performance were getting affected
due to unpleasant thermal conditions prevailing in the
working environment in different occupation including
agriculture11-14. Rise in ambient temperature, a major
determinant of thermal aspects of working environment,
may have some impact on the cardiac performance of the
male individuals working in the open – air non-mechanized
agricultural field daily for a considerable period of
time15-17 as different tasks performed by agricultural
workers demand considerable time and energy for the
agricultural workers18-22. Manual reaping or cutting task
of paddy in field is a labor-intensive task, and may have
some impact on the health status of the human resources.
In this backdrop, the present study has been undertaken
to assess the impact of workplace heat exposure and
workload on cardiac performance in male paddy cultivators
primarily engaged in manual reaping task (cutting the
paddy which is the first task in paddy harvesting) in the
paddy field of the Hooghly district in West Bengal
during ‘Boro’ (i.e. summer paddy; cultivating period
December – May and reaping of the ‘Boro’ type of
paddy is usually done in April) type of paddy cultivating
time.

Methodology: The present study was carried out in
villages in and around Goghat II administrative block, in
Arambagh subdivision in Hooghly district, West Bengal.
Initially human resources engaged in paddy cultivation,
with no known chronic disease history (self - reported)
and having a minimum working experience of three years,
regularly working on an average for at least a period of
six to six and half hours in the agricultural field, was
approached for participation in the study. On obtaining
individual consent and ethical clearance, the present study
was carried out on 39 adult male agricultural workers of
age range of 21 – 30 years, primarily engaged in manual
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reaping tasks. Information regarding their age (year), socio
– economic status (SES) - assessed by using the modified
version of Kuppuswamy’s socioeconomic scale 23, working
experience (year), and average working time (hr.day-1) were
recorded in a pre-designed schedule. Ambient temperature
(Ta) (ºC), wet bulb temperature (TWB) (ºC), globe
temperature (Tg) (ºC) and natural wet bulb temperature (T

nwb) (ºC) were noted during the working hours in the
agriculture field. The values of relative humidity (RH) (%),
wet bulb globe temperature (WBGT) (ºC) 24, physiological
strain index (PSI) 25, and modified discomfort index (MDI)
(ºC)26 were found out. Anthropometric parameters - stature
(cm), body weight (BW) (kg) – were measured using
anthropometric measurement set and weighing scale
respectively; and BMI was calculated. The pre work heart
rate (beats. min-1), systolic and diastolic blood pressure
(mm Hg) were recorded in the morning hours before the
individuals started working. Indicators of physiological
strain in terms of peak heart rate (HR peak) (beats.min-1)27,
peak estimated energy expenditure (PEEE) (kcal.min-1)28,
relative cardiac cost (RCC) (%), and absolute cardiac cost
(ACC) (beats.min-1)29 were found out. Cardiac performance
indicators in terms of human physical drudgery index
(HPDI) and drudgery index30 of the study participants were
also calculated. The data were collected during the period
of March – middle of April (During ‘Boro’ type of paddy
cultivation) in the year 2017. The environmental and cardiac
response data were collected at regular intervals during
morning [6.15 - 9.00 am], around noon [10.00 am-1pm] and
afternoon hours [3.00 - 5 pm] respectively referred to as
first to third spell [S1, S2 and S3].
Data have been presented in AM
± SD form. Obtained data were
analyzed and presented
graphically. As the thermal
environmental conditions were
assessed in terms of several
indices, the correlation between
them was found out. P value lower
than 0.05 (P<0.05) was considered
significant.

Results and Discussion:
Basic characteristics including age
(year), SES, working experience
(year), and average working time
(hr.day-1) of 39 participating
volunteers of the present study are
presented in Table 1.

Table 1: Basic Profile of the Study Participants

Variables Values

Age (years) 27.8 ±1.05

SES Lower  middle

Working Experience (years) 8.3 ±1.13

Working Time (hr.day-1) 6.8 ± 1.15

AM± SD

The thermal environmental condition was adjudged
in terms of relative humidity and three indicators of thermal
environmental condition–WBGT, PSI, and MDI. The
comparisons of the indicators of thermal environmental
status along the spells are presented in Figure 1.

India is a country with varied geographical and
climatic features and therefore different parts of the country
experience different ranges of temperature and rainfall, even
during the same month of the year or season. In addition,
the extreme weather events in India have geographical
heterogeneity31. On the other hand, despite technological
improvements in protective equipment, workers are still
exposed to severe environmental heat hazard, a common
occupational health hazard for outdoor and indoor workers
in hot environment. Therefore, the assessment of different
heat stress indices was necessary. The wet-bulb globe
temperature (WBGT) is one of the most widely used index
of thermal environmental status throughout the world.  In
the present study, calculated WBGT value in the first spell
was 24.1°C and during this spell, there is no restriction
recommended against carrying out the work. During the
second spell of the working hours, the calculated WBGT

Fig. 1 Indicators of Thermal Environmental Status along the Working Spells
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value was 34.1°C, during this spell no work is ideally
allowable32. Whereas during the third spell of the working
hours, the calculated average WBGT, value was 30.6°C,
human resources should ideally work upto 50% of the
time each hour in work rest cycle and only ‘light’ type of
work is allowable at this thermal condition. In addition,
upto 50% ‘moderate’ type of work each hour in work rest
cycle is allowable32,33. Physiological strain index adequately
depicts the combined strain reflected by the cardiovascular
and thermoregulatory systems. In the present study during
the first spell of the working hours, the calculated PSI
value was 2.7 and at this condition, there is no restriction
for carrying out any work. During the second and third
spell of the working hours, the calculated PSI values were
4.7 and 3.8 respectively, i.e. during the second and third
spell no work is allowable25. Another indicator of thermal
environmental condition was MDI. In the first spell, the
calculated MDI value was 25.0°C. With this temperature,
the heat load was ‘moderately heavy’, people feel very
hot, and physical work may be performed with some
difficulties.  During second spell of the working hours
with calculated MDI value was 30.1°C. During this spell,
heat load was ‘severe’, and human resources engaged in
physical work are at increased risk for heat illness.  In the
third spell of the working hours  the average calculated
MDI value was 26.2°C, at this temperature; human
resources feel a ‘mild sensation’ of heat34. However, the
values of these three indices are indicating similar
environmental condition. This is further affirmed by
significant positive correlation among these indices [WBGT
and PSI (P < 0.05)], [WBGT and MDI (P<0.05)], and [PSI
and MDI (P<0.05)]. There is a risk
of suffering from developing
different degree of physiological
strain among the study participants
for continuation of work for long
time in such adverse thermal
environmental condition.

Physique can be characterized
by the individuals’ body structure,
body size and body composition.
On the other hand body
composition, anthropometric
dimensions, and morphological
characteristics play a vital role in
maintaining regular working
activity35. The physical and
physiological characteristics of the
study participants are presented in
Table 2. The mean BMI of the
participants was 21.5 kg.m-2, which

indicated that, all the participants were an as average in
‘normal weight’ category as per the classification of WHO
(WHO, 2000)36; the result is in agreement with earlier
studies carried out on individuals regularly undertaking
different forms of physical activities including37-

41recreational dance42-49. Earlier studies also reported that,
a significant effect of BMI in increasing of work related
musculoskeletal disorder among sedentary workers,
regularly working in front of computer at least for a period
of five to six hours in course of their regular occupational
responsibility50-51.

Table 2: Physical and physiological profile of the study
participants

Variables Values

Stature (cm) 159.5 ±5.16

BW (kg) 55.2 ± 5.11

BMI 21.5± 3.52

HR Pre-work (beats.min-1) 72.6 ± 7.21

SBP Pre-work (mmHg) 123.5 ± 5.21

DBP Pre-work  (mmHg) 78.5 ± 6.01

AM± SD

Indicators of cardiac strain52 in terms of HR peak
(beats. min-1), PEEE (kcal.min-1), RCC (%), and ACC (beats.
min-1) of the study participants are presented in figure 2.

Cardiac strain of human resources engaged in manual
reaping task assessed in terms of HR Peak (beats.min-1),

Fig. 2 Indicators of cardiac strain in terms of HR Peak (beats. min-1) (a), PEEE (kcal.min-1) (b),
RCC (%) (c) and ACC (beats. min-1) (d) of the study participants
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PEEE (kcal.min-1), RCC (%), and ACC (beats.min-1). An
earlier study reported that, heart rate, the principal indicator,
was used to assess circulatory strain imposed by the
workload of varying intensity. In the present study, the
average values of HR Peak indicated in the first spell
‘moderate’ degree where as in the second and third spell
‘heavy’ degree of physiological strain [Fig.2 (a)]. An earlier
study reported that, heart rate in industry should not
exceed 110 beats.min-1, as cumulative fatigue could ensue
beyond this heart rate level53. It has been observed that
the acceptable workload for sustained physical activity
might be estimated as 35% of the maximal aerobic power
for Indian male workers, which corresponded to working
HR of 110 beats.min-1 54. In the present study, average-
working heart rate greatly exceeded the threshed; therefore,
the work is heavy27. As the work is heavy and stressful,
it requires extreme muscle force and strength and more
cardiac efficiency. Average PEEE values denoted ‘heavy’
degree of physiological strain throughout the working spell
(Fig. 2 (b)]. An almost similar trend of result was observed
in terms of another indicator of
physiological strain, RCC (%) [(Fig.
2(c)]. Another indicator of cardiac
strain was ACC (beats.min-1),
according to it, the heaviness of the
workload in the first, second and
third spell of the working hours, fell
into ‘heavy’ category [(Fig. 2 (d)].
The magnitude of indicators of
cardiac strain was found to vary
with the change of working spell.
The environmental heat load might
be one of the reasons for increased
cardiovascular strain. From the
result of the present study, it was observed that human
resources working in the agricultural field felt very hot
and uncomfortable, especially around noon, i.e. during the
second spell. This is because of as the source of the
solar beam is directly overhead at 12:00 noon, with shortest
ray path through the atmosphere will be shortest, resulting
in the highest heat load55. An earlier study reported that,
the WBGT level during the midday of the working spells
was very high in outdoor work where sun exposure is a
major contributor to high WBGTs. The resulting work
capacity during different hours for an individual who works
at a heavy work intensity of 500 W is very low: on an
average only 20% of work capacity remains at 12 noon56.
Moreover, continuation of work for long time, in such
adverse thermal environmental conditions, may force the
agricultural workers to terminate their work early, resulting
in decrease in work output. Earlier studies also reported

that, environmental condition might have some impact on
the work performance of the human resources
occupationally engaged in different outdoor tasks57-59. In
order to avoid the occupational heat stress, individual may
use ‘siesta’, or similar approaches to work primarily during
less hot time of the 24-hour period. The result of the
present study shows that, environmental conditions
adjudged by the indices thermal environment status are
not favorable in second spell, i.e. above the recommended
threshold value, making the task strenuous for the paddy
cultivators engaged in manual reaping task. Earlier studies
reported that, different environmental heat indices as
WBGT index were higher than ACGIH threshold limit
values in the working environment making the task
stressful for the paddy cultivators involved in different
type of tasks during paddy cultivating time8, 9, which is
further confirmed in the present study.

Cardiac performance indicators of study participants
in terms of HPDI (a) and Drudgery index (b) have been
presented in figure 3.

Cardiac response of the study participants was
adjudged in terns of HPDI and drudgery index. HPDI, one
of the most important indicators to assess the cardiac
response profile especially for the working individuals; can
be calculated based on linear combination method using
the scores obtained from time spent on the activity, task
performance score, difficulty score of the activity, body
posture adopted, frequency of postural change, load/force
and postural discomfort60-62. HPDI value was significantly
higher in second spell and lower in the first spell and
higher values of HPDI denoting the less working efficiency.
Another important indicator is the drudgery index. The
values of drudgery index were significantly higher in first
spell and lower in second spell. Higher values of drudgery
index denoting better working efficiency63. In the present
study HPDI score was significantly higher in second spell
of the working hours and drudgery index was significantly

Fig. 3 Cardiac performance indicators in terms of HPDI and drudgery index of the
study participants
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higher in first spell of the working hours. This finding
was in consonance with the finding of earlier studies
carried out among the Bengalee male paddy cultivators in
southern area of West Bengal57-59. The results of the
present study indicated that, work in a warm humid
condition was more stressful than doing the same in lower
environmental temperature. Moreover, manual reaping or
cutting task during ‘Boro’ type of paddy cultivation is
more strenuous in terms of the indices of physiological
strain. The finding of the present study is in consonance
with the finding of an earlier study conducted among the
paddy cultivators occupationally engaged in reaping or
cutting task during ‘Aman’  type of paddy cultivation
(winter paddy) that reports manual reaping task was found
to be a heavier task of paddy cultivation 8,9. This is further
affirmed by the finding of the present study carried out
during the ‘Boro’ type of paddy cultivation. To alleviate
the situation, several strategies like modification of work
rest schedule, i.e. early starting of the work may be adopted
and/or attempts should be made through design
interventions and other means to reduce the extent of
strain for ensuring better working performance.

Conclusion: From the present study, it may be
concluded that manual reaping or cutting the paddy in
the field is a laborious task and the paddy cultivators
engaged in manual reaping task experience ‘moderate’ to
‘heavy’ degree of cardiac strain, as indicated from the
physiological strain indicators. This is due to the prevailing
thermal environmental conditions existing in different spells
along the day, the demand of the work, and posture that
had to be adopted for carrying out the work. This may
have serious implications in view of the fact that average
ambient temperature is on the rise throughout the world
leading to climate change and the challenges are more in
tropical country like India with huge number of people
being involved in open sky livelihood earning in the
unorganized sector.
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