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Abstract: Agriculture is one of the most important occupations in informal sector in India,
including West Bengal. Agricultural workers are engaged in the field throughout the day
irrespective of the climatic conditions. Unfavorable environmental condition may have some
impact on the health of the individuals working in agricultural field. In this backdrop, present
study has been undertaken to evaluate the effect of work and workplace heat exposure on
cardiovascular parameters in 35 male agricultural workers (21-31 years) of southern Bengal.
It has been found that environmental condition was above the recommended threshold
value making the activity strenuous as conveyed from the computed physiological strain
indicators.

1 Introduction

The total land area of West Bengal is 88,752 sq km [19]; whereas the estimated
population of the state is almost 91.3 million [8]. 62.7% of rural work force and 70% of the
rural population of the state depends on agriculture. Studies have reported that physical work
capacity and work-performance are getting negatively affected [12, 20, 23-24, 35] in high
temperature [3, 4, 10, 27-28, 35]. In this backdrop, the present study has been undertaken to
evaluate the effect of workplace heat exposure on cv strain in male agricultural workers of
southern Bengal.

2 Methodology

The present study was conducted on 35 consenting adult male individuals (age range
21-31 years), with a minimum working experience of three years, and without any history of
chronic illness (self - reported). Information regarding age (year), socio — economic status
(SES) [33], working experience (year), and average working time (hr.day-1) was recorded in
a pre-designed schedule. Dry bulb temperature (TDB), wet bulb (TWB) temperature (° C),
globe temperature (Tg) and natural wet bulb temperature (T nwb) were noted during the
working hours. The values of Wet bulb globe temperature (WBGT) [17], corrected effective

2015
<€ 166 ISBN 978-93-5258-836-7 Conference proceedings HWWE



temperature (CET) [7], and discomfort index (DI) [14] were found out. Body height (cm) and
body weight (kg) were measured using anthropometric measurement kit and a pre calibrated
weighing scale respectively and BMI was calculated. The resting heart rate (beats. min-1),
systolic and diastolic blood pressure (mm Hg) were recorded. Physiological strain indicators
in terms of peak heart rate (HR peak) (beats.min-1) [15], heart rate reserve (HRR) [36], net
cardiac cost (NCC) [9], relative cardiac cost (RCC) [6] and estimated energy expenditure
(EEE) (kcal.min-1) [32] were found out. The environmental and cardiac response data were
collected during morning, around noon and afternoon hours, respectively referred to as first
to third spell (§1-S2-S3). Obtained data were tabulated and statistically analysed. P value
lower than 0.05 (P < 0.05) was considered significant.

3 Results

Background information of the participants has been presented in Table 1.

Table 1 Background information of the study participants

Variables Values

Age (year) 27.8 £ 2.35
Marital Status (%) 80

SES Lower Middle
Working experience (year) 8.1+ 2.56
Working time (hr.day™ 8.5 + 1.66

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

Environmental indicators Spell 1 Spell 2 Spell 3
WBGT (°C) 28.5 + 1.61 34.0 £ 1.79 33.9 + 1.65
CET (°C) 26.4 + 0.55 32.0 + 1.31 31.5 + 2.41
DI (°C) 28.3 £ 1.03 32.0 £ 2.15 31.3+2.04

The physical characteristics in terms of some anthropometric parametersand the physiologi-
cal characteristics are presented in table 3.

Table 3 Physical and physiological characteristics of the study participants

Variables Values

Body height (cm) 167.5+ 3.12
Body weight (kg) 65.5+ 442
BEMI 225+ 1.45
HR pre werr (beats. min™) 82.2+9.75
HR ma(beats.min) 191.5 + 5.77
HRR (beats.min™) 115.2 £ 5.12
SBP prewerk (MM Hg) 125.2 = 8.05
DBP pre wor (MM Hg) 855+ 546
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In figure 1 the cardiac response profile in terms of HR peak (beats. min-1) (a), NCC (beats.
min-1) (b), RCC (%) (c), EEE (kcal.min-1) (d) of the study participants has been presented.
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Fig 1 Cardiac response profile of the study participants in terms of HR pes (beats. min™)
(@), NCC (beats.min™) (b), RCC (%) () and EEE (kcal.min™) (d)

Degree of physiological strain [2, 9, 5 and 32] has been presented in Table 4.
Table 4 Degree of physiological strain in terms of indicators of Physiological Strain

Indicators of Physiological Strain Categorization

Working Spell s1 52 S3
HR ea (beats. min™) H VH VH
NCC (beats. min™) M H H
RCC (%) M H H
EEE (kcal.min™ M H H

M= Moderate, H= Heavy, VH= Very Heavy
4 Discussions

Thermal comfort is a zone or span of conditions where 80% sedentary or slightly
active person finds the environment thermally acceptable [14, 25, 30]. In the present study,
in the first spell, the human resources should work ideally upto 75% of the total working
time during the spell. In the second spell, no work is permissible [1, 13, 14, 22]. Whereas, in
the third spell only ‘light’ category of work is ideally allowable and human resources should
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work ideally upto 25%;similar trend of result has been observed in an earlier study [18].
The average values of CET indicate at first spell, there is no restriction for carrying out any
work. Whereas at second spell, only ‘light’ category of work is permissible and at third spell
‘moderate’ category of work is permissible [7]. The average values of DI are very similar to the
WBGT index calculated in the present study. In the present study at the first spell individuals
feel hot but physical work may be performed with minor difficulties. The second and third
spell of the working hours, the environmental exposure is felt to be ‘stressful’ to the working
human resources [14]. It has been further observed that in the first, second and third spells
the average values of HR Peak, one of the most important indicators of physiological strain
[2, 11, 26], indicating 'heavy’, 'very heavy’ and 'very heavy' category of physiological strain
[(Figure 1(a)]; the findings are in agreement with earlier findings [29, 31, 34]. Averages NCC
(beats.min-1) values indicate ‘moderate’ work load in the first spell, whereas the second and
third spells fall under 'heavy’ category [Figure 1(b)]; this is in agreement with the finding of
an earlier study [16]. Similar trend of results were also observed for RCC values 1(c)]. The
average EEE values in the first spell, in-dicating the strain to fall under ‘moderate’ category;
whereas in the second spell and the third spell it is considered 'heavy’ category [Figure 1(d)];
this is also in consonance with the finding of earlier studies [21, 29, 34].

5 Conclusion

From the results of the present study, it may be concluded that environmental
condition adjudged by selective heat stress indices are shifted, i.e. above the recommended
threshold values, making the task strenuous for the human resources engaged as indicated
from the indicators of physiological strain.

Acknowledgement
Authors are thankful to all volunteers for their participation.
References

1. ACGIH. Threshold limit values and biological exposure indices. (Cincinnati, Ohio) (2008).

2. Astrand, P.O., Rodhal, K.: Text book of work physiology. (McGraw Hill. New York), (1986).

3. Banerjee, N, Chatterjee, S., Chatterjee, A., Chatterjee, S., Mitra, S., Agrawal, K.M., Mukherjee,
S: Climate change: Occupational health and performance implications for informal sector
human resources. Managing Sustainable Development: Innovations and Best Practices,
Springer (India). (2015). (Accepted).

4. Banerjee, N., Chatterjee, S., Santra, T., Mukherjee, S.: Significance of Thermal Comfort
Standard for Indian Urban Household: A review, Impact of Pollution: Assessment and
Awareness, (ISBN 978-81-921083-8-4).NP, 147-151 (2014).

5. Biswas, R, Samanta, A.: Assessment of physiological strain in inland fishing activity. Indian
Journal of Occupational and Environmental Medicine. 10, 19-23 (2006).

6. Bhatt, H., Sidhu, M., Sandhu, P., Bakhshi, R.: Assessment of physiological stress parameters
of female workers engaged in selected cooking activities. Stud Home Com Sci. 5, 73-77
(2011).

2015
HWWE Conference proceedings ISBN 978-93-5258-836-7 169 »



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Brake, R., Bates, G.A.: Valid method for comparing rational and empirical heat stress
indices. Ann Occup. Hyg. 46, 165-174 (2002).
Census of India, Government of India, (2011).
Chamoux. A., Borel, AM., Catilina, P.: Pour la standardization d'unifrequence cardiaque
de repos. Arch Mal Prof. 46, 241-250 (1985).
Chatterjee, S., Chatterjee, S., Banerjee. N., Chatterjee, A, Mitra, S., Agrawal, KM,
Mukherjee, S.: Management strategies for water scarcity in urban areas in the context of
climate change. Proceedings of IWWA 47th Annual Convention. 352 (2015).
Chengalur, S.N., Rudgers, S.H., Bernard, T.E.: Kodak's ergonomic design for people at
work, 2nd edition. John Wiley and Sons, Inc, Hobkon, New Jersey (2004).

Dash, S.K,, Kjellstrom, T.: Workplace heat stress in the context of rising temperature in
India. Current Science. 101, 496-503 (2011).

Dehghan, H., Mortazavi, S.B., Jafari, M.J., Maracy, M.R.: Evaluation of wet bulb globe
temperature index for estimation of heat strain in hot/humid conditions in the Persian
Gulf. J Res Med Sci. 17, 1108-1113 (2012).

Epstein, Y., Moran, D., Thermal comfort and the heat stress indices. Industrial Health. 44,
388-398 (2006).
Groborz, A., Juliszewski, T.. Comparison of farmers workload by manual and mechanical
tasks on family farms. Annals of Agricultural and Environmental Medicine. 20, 356-360
(2013).
Ghosh, S., Kar, SK., Sau, S.K, Banerjeg, S., Dhara, P.C.: Cardiovascular stress of women
engaged in different paddy cultivation activities. Ind J Physiol and Allied Sc. 57, 74-82
(2003).

Habibi, P., Dehghan, H., Haghi, A., Shakerian, M.: The relationship between wet bulb globe
temperature and physiological strain index in Muslim women in hot-dry condition in the
climatic chamber. Health Scope. 4, 19349 (2015).

Heidari, H., Golbabaei, F., Shamsipour, A., Forushani, A.R., Gaeini, A.: Evaluation of heat
stress among farmers using environmental and biological monitoring: A study in North
of Iran. JOH. 7, 1-9 (2015).

India’s fifth national report to the convention on biological diversity ministry of
environment and forests. Government of India. (2014).
Jackson, L.L., Rosenberg, H.R.: Preventing heat-related illness among agricultural workers.
Journal of Agromedicine. 15, 200 -215 (2010).
Jena, D., Mohanty, S.K., Circulo respiratory efficiency of agricultural workers in Odisha,
India. International journal of scientific & technology research. 3, 265-269 (2014).
Khodarahmi, B., Dehghan, H., Motamedzadeh, M., Zeinodini, M., Hosseini, S.M.: Effect of
respiratory protection equipments wear on heart rate in different workload. Int. J Environ
Health Eng. 2, 26 (2013).

Kjellstrom, T., Gabrysch, S., Lemke, B., Dear, K.: The Hothaps programme for assessing
climate change impacts on occupational health and productivity: an invitation to carry
out field studies. Global Health Action, 2, 1-7 (2009)

Kjellstorm, T., Holmer, I, Lemke, B.: Workplace heat stress, health and productivity- an
increasing challenge for low and middle-income countries during climate changes in
heat, work and health: implications of climate change. Global Health Action, 1-6 (2009).
Miller, V.S., Bates, G.P.: The thermal work limit is a simple reliable heat index for the

2015

<€ 170 ISBN 978-93-5258-836-7 Conference proceedings HWWE



protection of workers in thermally stressful environments. Ann. Occup. Hyg. 51, 553-561
(2007).

20. Motamedzade, M., Azari, M.R.: Heat stress evaluation using en—vironmental and biological
monitoring. Pakistan J Biol Sci. 9, 457-459 (2006).

21. Mukherjee, S.: Climate Change: Implications for Human Resources in Informal sector of
Eastern India. In: Ergonomics for Rural Development (ISBN 978-93-5174-905-9). 174 -178
(2013).

22. Mukherjee, S.: Occupational Health Scenario in Unorganized Sector in India: Emerging
Issues. Proceedings of 100th Indian Science Congress. 123-124 (2013).

23.Ojha, P, Kwatra, S.: Analysis of different paddy transplanting methods in northern India:
ergo - economical study. Journal of Applied and Natural Science. 6, 654-658 (2014).

24.Parsons, K: Human thermal environments. the effects of hot, moderate and cold
temperatures on human health, comfort and performance, 2nd Ed., Taylor & Francis.
London (2003).

25. Pradhan, S., Mohanty, S.K.: Ergo-economical analysis of different paddy transplanting
operations in eastern India. IOSR Journal of Agriculture and Veterinary Science (IOSR-
JAVS). 6, 23-27 (2014).

26. Ramanathan, N.L, Dutta, S.R, Roy, B.N., Chatterjee, A., Mullick, L. N.: Energy cost of
different muscular tests performed by Indian subjects. Indian Journal of Occupational
Health. 10, 253-261 (1967).

27.Ravi Kumar, B.P., Dudala, S.R,, Rao, AR. Kuppuswamy's socio-economic status scale
— a revision of economic parameter for 2012. International Journal of Research and
Development of Health. 1, 2-4 (2013).

28.Sam, B.: Ergonomic evaluation of cono weeder for wet land paddy. IJSR. 4, 2818- 2822
(2015).

29.Santra, T., Chatterjee, S., Banerjee, N., Mukherjeg, S.: Global warming: Impact on human
health, Impact of pollution. Assessment and Awareness, (ISBN 978-81-921083-8-4),NP,
113 - 119 (2014).

30. Silalahi, R., Ushada, M., Affan, M.F.F., Takayama, K,, Takahashi, N., Nishina, H.: Assessment
of workers' body temperature and workload in tomato production greenhouse work.
Agroindustrial Journal. 3, 133-139 (2014).

2015
HWWE Conference proceedings ISBN 978-93-5258-836-7 171 b



