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Abstract: Rice (Oryza sativa L.) is a plant belonging to the family of grasses, Gramineae. During the paddy cultivating time, huge 

numbers of agricultural workers work manually in the agricultural field irrespective of variations in weather conditions, 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 response profile in 39 male paddy cultivators (age range 21 - 30 years) primarily engaged in manual reaping task 

during ‘Boro’ type of paddy cultivation in the southern area of Hooghly district. Physical and physiological parameters of study 

participants were collected. Indicators of cardiac strain were calculated. The result of the present study indicated that there is 

strain in Bengalee male individuals primarily engaged in reaping task in paddy cultivation because of the nature of the work and 

the exposure to the thermal environment. 
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I. INTRODUCTION 

Agriculture is the main livelihood of life for the majority of population in West Bengal (WB), where about 90 percent of the 

total population living in rural areas depends on agriculture for their livelihood. Besides that, more than 60 per cent of total 

land area of the WB has been used in different agricultural task. Paddy is the most important cereal food crops in India. And 

Paddy is cultivated in WB in three different seasons viz., ‘Aus’ (autumn rice), ‘Aman’ (winter rice) and ‘Boro’ (summer rice) 1. 

Furthermore, during the paddy cultivating time agricultural workers has to execute a miscellany of tasks throughout the year 

even in a single day 2-4. Agriculture being an open air task and a large number of agricultural workers work manually in the 

agricultural field for substantial phase of time every day, throughout the year, irrespective of variation in thermal 

environmental status (Chatterjee et al., 2018a; 2018b; 2017b; 2016b; 2015a; 2015b; 2015c). On the other hand, increase in 

ambient temperature, which is taking place, in our tropical environment associated with climate change is having a profound 

impact on several sectors of the society including public health, especially for individuals occupationally exposed to high 

temperature (Kjellstrom et al., 2016; Banerjee et al., 2015a; 2014; Santra et al., 2014). And earlier studies report that physical 

work capacity and work-performance are getting affected due to unpleasant thermal conditions prevailing in the working 

environment in different occupation including agriculture (Lucas et al., 2014; Parson, 2014; Mukherjee, 2015; 2013a). Hence, 

rise in ambient temperature, a major determinant of thermal aspect of working environment, may have some impact on the 

physiological status on the individuals working in the open – air non-mechanized agricultural field daily for a considerable 

period of time. Additionally, paddy cultivation involves in various tasks - ploughing, transplanting, weeding, reaping, binding 

of straw, carrying of straw bundles, threshing, collection of crops and parboiling which requiring substantial physical strength 

mostly performed by manual efforts. Therefore, different tasks performed by agricultural workers not only demand 

considerable time and energy but also sources of drudgery for the agricultural workers (Chatterjee et al., 2019a; 2019b; 2018c; 

2018d; 2018e; 2018f). In addition, manual reaping or cutting is depending on the crop's condition, and availability of labor. 

Moreover, manual reaping or cutting task of paddy in puddle field is a labor-intensive task, which 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 on cardiac response profile in male paddy cultivators primarily engaged in manual reaping task 

(cutting the paddy, it 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 usually done in April) 

type of paddy cultivating time. 

II. METHODOLOGY 

Initially the study deign was approved by the Institutional ethical committee. On obtaining the consent from the institutional 

ethical committee the study purpose of the study was explained to the crop cultivators. Location of the study was - villages in 

and around Goghat II administrative block, in Arambagh subdivision – in Hooghly district, West Bengal. Crop cultivators 

without any past disease history (self reported) and having a minimum working experience of three years, regularly working on 

an average for six to six and half hours in the agricultural field, was approached for participation in the study. On obtaining 

consent from the individual the study was carried out on 39 adult male agricultural workers with age range of 21 – 30 years, 

primarily engaged in manual reaping tasks. Basic information regarding their age (year), socio – economic status (SES) - 

assessed by using the modified version of Kuppuswamy’s socioeconomic scale (Ravi Kumar et al., 2013), 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 
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working hours. The values of relative humidity (RH) (%), wet bulb globe temperature (WBGT) (ºC) (Heidari et al., 2015), 

physiological strain index (PSI) (Moran et al., 1998), and modified discomfort index (MDI) (ºC) (Epstein and Moran, 2006) 

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 resting heart rate (beats. min-1), systolic and 

diastolic blood pressure (mm Hg) were recorded in the morning hours before the individuals started working schedule. Markers 

of physiological strain in terms of peak heart rate (HR peak) (beats.min-1) (Astrand and Rodhal, 1986), peak estimated energy 

expenditure (PEEE) (kcal.min-1) (Ramanathan et al., 1967), relative cardiac cost (RCC) (%), and absolute cardiac cost (ACC) 

(beats.min-1) (Pancardo et al., 2015) were found out. Markers Cardiac performance in terms of human physical drudgery index 

(HPDI) and drudgery index (Joshi et al., 2015) also calculated. The data 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 during 

morning hours [6.15 - 9.00 am], around noon [10.00 am-1pm] and afternoon hours [3.00 - 5 pm] 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. 

III. 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 characteristics of the study participants 

    AM±SD 

In the present study, the thermal environmental condition was adjudged in terms of relative humidity and three indices of       

thermal environmental condition–WBGT, PSI, and MDI. The thermal environmental status along the spells is presented in 

Figure 1. 

  
a) Comparison of RH Values along the working 

spells 

b) Comparison of WBGT Values along the working 

spells 

  
c) Comparison of PSI Values along the working 

spells 

d) Comparison of MDI Values along the working spells 

                                         S1,       S2 ,      S3 - Working Spells 

     Figure 1 Indicators of Thermal Environmental Status along the Working Spells 
 

 The wet-bulb globe temperature (WBGT) is one of the most widely used heat stress indices 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. At the second spell of the working hours, the calculated WBGT value was 34.1°C, during this spell no 

work is ideally allowable. Whereas during the third spell of the working hours, the calculated average WBGT, value was 30.6°C, 

during the third spell, 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 temperature. In addition, upto 50% ‘moderate’ type of work each hour in work rest cycle is 

allowable (ACGIH, 2008; Miller and Bates, 2007). 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 allowable 

(Moran et al., 1998). 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 
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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 

http://www.jetir.org/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                             www.jetir.org (ISSN-2349-5162) 

JETIR1906B69 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 440 
 

spell of the working hours  the average calculated MDI value was 26.2°C, at this temperature; human resources feel a ‘mild 

sensation’ of heat (Sohar et al., 1962). 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 environmental condition. 

Body composition, anthropometric dimensions, and morphological characteristics play a vital role in maintaining regular working 

activity (Chatterjee et al., 2015d). The physical and physiological characteristics of the study participants are presented in Table 

2.  

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 

 

The mean BMI of the participants was 21.5 kg.m-2, which indicated that, all the participants were in ‘normal weight’ category as 

per the classification of WHO (WHO, 2000); the result is in agreement with earlier studies carried out on individuals regularly 

undertaking different forms of physical activities including recreational dance (Mukherjee et al., 2014a; 2014b; 2013b, Banerjee 

et al., 2015b). 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 responsibility (Chatterjee et al., 2015e; 2014).  

Indicators of cardiac strain 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. 

  

a) HR peak (beats. min-1) status of the study 

participants 

b) PEEE (kcal.min-1) status of the study participants 

  
c) RCC (%) status of the study participants d) ACC (beats. min-1) status of the study participants 

                 S1,         S2,     S3- Working Spells 

Figure 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 

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

RCC (%), and ACC (beats.min-1). 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)]. 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 be ats.min-1 (Saha et al., 1979). In the present study, average-working heart rate greatly 

exceeded this value; therefore, according to Åstrand and Rodahl, their work is heavy. 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 load (Khodarmi et al., 2013). 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 
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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 noon. Moreover, continuation of work for long time, in such 

adverse environmental conditions, may force the agricultural workers to terminate their work early, resulting in decrease in work 

output. Earlier studies also report that, environmental condition may have some impact on the work performance of the human 

resources occupationally engaged in different outdoor task (Venugopal et al., 2016; Mohan et al., 2014). 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 condition adjudged by the heat stress indices 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 were higher than ACGIH threshold limit values in 

the working environment making the task stressful for the paddy cultivators involving different type of task during paddy 

cultivating time (Chatterjee et al., 2018; 2018b; 2018g; 2018h), which is further confirmed in the present study.  

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

3.. 

  
a) HPDI score of the study participants b) Drudgery index score of study participants 

                                                                                        S1        S2         S3- Working spells       
 

Figure 3: Cardiac performance indicators in terms of HPDI and drudgery index of the study participants 
 

Cardiac response of the study participants was adjudged in tern s 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 spend on the activity, task performance score, difficulty score of the 

activity, body posture adopted, frequency of postural change, load/force and postural discomfort. HPDI value was significantly 

higher in second spell and lower in the first spell and higher values of HPDI denoting the less working efficiency [Fig. 3(a)]. 

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 efficiency [Fig. 3(b)]. In the present study HPDI score 

significantly higher in second spell of the working hours and drudgery index was significantly higher in first spell of the working 

hours. This finding was in consonance with the finding on an earlier study carried out among the Bengalee male paddy cultivators 

in southern area of West Bengal (Chatterjee et al., 2019a). The results of the present study indicated that, work in a warm humid 

condition is 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 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. This is further affirmed by the finding of the present study carried out during the ‘Boro’ type 

of paddy cultivation.  

 

IV. 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 the 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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