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Abstract: Introduction: Indian agricultural sector has been undergoing changes since 1950s. The record production of
food grains from 50 million tons in 1950 to 241 million tons in 2009-10 is hailed as a breakthrough in Indian agriculture.
However, agricultural sector in India is till date significantly dependent on non-mechanized techniques. An agricultural
worker has to perform variety of tasks including ploughing, transplanting, threshing which require great physical effort.
During the paddy cultivation, agricultural workers are engaged in the work field though out the day in different thermal
conditions. Objective: A study has been carried out, in this backdrop, to assess the thermal environmental condition and
effect of work and exposure to heat on physiological status in 31 male agricultural workers primarily engaged in
transplanting of paddy seedlings tasks in southern area of West Bengal. Results and conclusion: The result of the study has
indicated that environmental condition was above the recommended threshold value and the activities are strenuous as
indicated from indicators of physiological strain.
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individuals, occupationally exposed to high temperature [5-
8].In this backdrop, the present study has been undertaken to
evaluate the effect of exposure to heat in the work
environment in causing cardiovascular strain in male
agricultural workers primarily engaged in transplanting of

1. Introduction

Agriculture is the prime occupation in India, including in
West Bengal and it accounts for about 13.9% of GDP. More
than 60 per cent of total land area of the state has been used

in agriculture and a large number of human resources
including male and females are engaged in different types of
agricultural tasks, of which paddy cultivation is most
common [1-2]. Agricultural workers perform a variety of
tasks throughout the year even in a day during the paddy
cultivation [3]. Paddy cultivation involves i various tasks -
sowing of seeds, ploughing, transplantation, weeding,
reaping, binding of straw, carrying of straw bundles,
threshing and collection of crops: requiring substantial
physical strength mostly performed by manual efforts [4].
Therefore the agricultural workers have to remain engaged in
the field for almost 8 — 10 hours per day throughout the year,
exposed to different thermal conditions. It has been also
observed that rise in ambient temperature is strenuous for the

paddy seedlings tasks in district Hooghly in southern area of
West Bengal.

2. Methodology

At first human resources engaged in paddy cultivation
were approached for their preliminary consent for
participation in the study, following ethical procedure. On
obtaining the individual consent, the study was carried out
on mutually convenient dates. 31 adult male individuals
(age range 24 - 36 years) primarily engaged in transplanting
of paddy seedlings, residing in and around the village
Begampur, BlockChanditala II, District Hooghly (latitude
23°01'N to 22°39'N and longitude 88°30'E to 87° 39' E) and
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having a minimum working experience of four years and
working for a period of at least 6 hours per day in the field,
participated in the present study. Information about
participants’ age (year), working experience (year) and
working time (hr.day")wererecorded in a pre-designed
schedule. Socio-economic status (SES) was assessedusing
the updated Kuppuswamy’s socio economic scale [9]. Air
temperature (T,, or dry bulb temperature) (°C), wet bulb
(Tws) temperature (°C), globe temperature (T,) and natural
wet bulb temperature (T,,) were noted during the working
hours in the agriculture field [10]. The values of Wet bulb
globe temperature (WBGT) (°C) [10], corrected effective
temperature (CET) (°C) [11] and discomfort index (DI) (°C)
[12] were found out from temperature of dry bulb, wet bulb
and globe thermometers.

Relative Humidity (RH) of the working environment has
been calculated. Physical and physiological parameters in
terms of body height (BH) (cm), nearest to 0.1 cm, using an
anthropometric rod and body weight (BW) (kg) nearest to 0.1
kg, using a pre calibrated weighing scale, with the
participants without shoes and light clothing were measured.
BMI was calculated from the measured body height and body
weight of the individuals. Oral Temperature (OT) (°C) of the
participants was obtained at the beginning of the work. The
pre work Heart Rate (HRp, worx) (beats. min'l), systolic
(SBPpe.work) and diastolic (DBPpeyorx) blood pressure (mm
Hg) were recorded in the morning hours before the
individuals started working. Physiological strain indicators -
Peak heart rate (HRpey) (beats. min™) [13], estimated energy
expenditure (EEE) (kcal.min™) [14], net cardiac cost (NCC)
[15] and cardio vascular strain index (CSI) [16] were found
out following standard procedure.The environmental and
cardiac response data were collected at regular intervals
during morning (7-10 am), around noon (10:30 am — | pm)
and afternoon (2 — 5 pm) respectively, referred as first,
second and third spell.

The obtained data have been presented in AM + SD form.
They were analyzed statistically andP value lower than 0.05
(P<0.05) was considered as significant.

3. Results

Basic characteristics including age (year), SES, working
experience (year), average working time (hr.day™) of the
participants of the present study are presented in Table 1.

Table 1. Back ground information of the study participants.

Table 2. Indicators of thermal environmental condition in three different
spells.

Indicators of thermal

environmental condition Spelll Spell2 e
RH(%) 66.5£9.51 55.94+8.05 47.5£11.09
WBGT(°C) 28.7+1.56 33.9+1.87 32.0+1.63
CET(°C) 26.0+0.45 31.5+1.28 29.0+2.46
DI(°C) 26.3+1.03 34.3+2.15 31.7£2.04

The physical and physiological variables are presented in
Table 3.

Table 3. Physical and physiological characteristics of the study participants.

Variables Values
BH(cm) 166.3+5.21
BW(kg) 64.249.71
BMiI(kg.m?) 20.9+2.88
OTbre-work(°C) 36.8+0.15
HR pre-work(beats.min™) 78.445.31
SBPpre.wor(mmHg) 122.7+7.57
DBPpre.yorl(mmHg) 83.5+£8.13
AM = SD.

In figurel the cardiac response profile in terms of HReqx
(beats.min™) (a), EEE (kcal.min™") (b) NCC (beats.min™") (c),
CSI (d) of the study participants has been presented.
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b) EEE (kcal. min™) profile of the study participants.

Variables Values
Age(year) 26.6+5.69
SES Lower middle
Working experience (year) 7.6£3.61
Working time(hr.day™") 7.1+1.15

The environmental condition adjudged by RH, WBGT,
CET, and DI are presented in Table 2.

= 80
E 60 T
F 40 I 1
=
3 20
]
Z 0

s1 s2 83

‘Working Spells

¢) NCC (beats. min™") profile of the study participants.



10 Ayan Chatterjee ef al.: Assessment of Physiological Strain Due to Work and Exposure to Heat of
Working Environments in Male Paddy Cultivators

60
50
40 T
30
20 -
10

=
—

CSI Values

S1 52 53
Working Spells

d) CSI profile of the study participants.

Fig. 1. Cardiac response profile of the study participants in terms of HRpea
(beats.min™) (a), EEE (kcal. min”) (b), NCC (beats.min™) (c), CSI (d).

4. Discussions

India is a tropical country with wide variation in climatic
condition. In addition, the extreme weather events in India
have geographical heterogeneity [10]. On the other hand,
agriculture, one of the most important occupations of India,
is largely dependent on the natural environmental conditions,
mainly temperature and rainfall. Besides that, the agricultural
activity involves manual woks in different phases of crop
cultivation; and paddy cultivation is no exception to
it. Transplanting of seedlings, one of the important tasks of
paddy cultivation,is mainly carried out during rainy season.
During the transplanting of paddy seedling task,
physiological strain in terms of HRpe (beats.min'l), EEE
(kcal.min™), NCC (beats.min™") and CSI of the male paddy
cultivators, has been assessed. It has been observed from the
present study that in the first, second and third spells of the
working hours, the average values of HR p.,, one of the most
important indicators of physiological strain [17], varied from
107-112 beats.min”, 125-129 and 115-117 beats.min’
respectively and thereby denoting ‘moderate’, ‘heavy’ and
‘heavy’ category of physiological strain [Fig. 1 (a)].The
findings of the present study are in agreement with findings
of earlier studies conducted on agriculture workers engaged
in paddy cultivation [18-21]. EEE varied from 3.51-3.55
keal.min™ and 3.50 -3.55 kcal.min™ in the first and third spell
of the working hours respectively, indicating the work loads
are in ‘moderate’ category; whereas in the second spell, the
work is in ‘heavy’ category, as the EEE value is in range of
4.51 kecal.min'[(Fig. 1 (b)]; findings are in agreement with
earlier reports[18-19].NCC (beats.min™) was found to vary
from37-39 beats.min™'in first spell and indicating ‘moderate’
whereas at second and third spell it varied from 55.0-60.5
beats.min"'and 45.0-49.0 beats.min™ respectively, indicating
‘heavy’ ‘rather heavy’ degree of physiological strain at
second and third spells[(Fig. 1 (c)]. Similar trend of results
has been observed in terms of CSI in the agricultural workers
during second spell of the working hours. The magnitude of
CSI was found to vary with the change of working spell. The
environmental heat load might be one of the reasons for
increased cardiovascular strain. On the other hand, thermal
comfort condition of the environment is one of the major
prerequisites for better performance of the individuals [5, 22-
26]. Thermal condition of the environment in the present

study has been adjudged by some popular indicators like
WBGT, CET and DI. In the first spell the average WBGT
value has been found to be 28.7°C where up to 75% of the
total working time is allowed; at second spell, the value of
WBGT index has been found to be 33.9°C, though no work
is allowed [27-29] in this stage, human resources continue
the work. Therefore, there is a risk of suffering from
developing different degree of physiological strain in the
agricultural workers. At third spell the average WBGT index
value has been found to be 32.0°C, where light category
work only up to 25% of working hours is recommended.
Continuation of work for long time in such adverse
environmental condition may force agricultural workers for
early termination of the work resulting deterioration of
physical efficiency and decrease in work output.

It has been also found that in the present study the average
CET values were 26.4°C, 31.5°C and 29.0°C respectively. At
the first spell with average CET value being 26.4°C, there is
no restriction recommended against carrying out of the work.
At second and third spell, only the ‘light’ category of work is
permissible [11] as the average CET value has been found
out to be 31.5°C and 29.0°C. The human resources continue
the tasks at second and third spell during the working hours
therefore there is a risk of suffering from ‘moderate’ to
‘heavy’ degree of physiological stain during these spells.
Another indicator of thermal environmental condition was
DI. At the first spell average DI value has been found out to
be 28.3°C, indicating individual feel hot but physical work
may be performed with minor difficulties. At second and
third spell of the working hours with DI value 34.3°C and
32.0°C, indicating this environmental exposure is ‘stressful’
to human resources and human resources performed their
work with some difficulties [12] hence human resources
performed their work with more difficulties. The
environmental condition of the present study has been
adjudged by three popular heat stress indices namely WBGT,
CET and DI; 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 CET (P < 0.05), WBGT and DI (P <
0.05), CET and DI (P < 0.01)]. From the result of the present
study, it has been observed that the individuals working in
the agricultural field would feel very hot and uncomfortable
most of the day time, especially at around noon, i.e. during
the spell 2. Moreover the magnitudes of physiological strain
for the agricultural workers’ were higher during the second
spell compared to first and third spell.

5. Conclusion

From the present study, it may be concluded that
unfavorable thermal environmental condition in working
environment i.e. shift from the recommended threshold
value, as adjudged in terms of select heat stress indices, is
having negative health impacts on the agricultural workers
involved in transplanting of paddy seedlings task as indicated
by the physiological indicators.
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