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"IMPROVING OUTDOOR THERMAL COMFORT FOR AGRICULTURAL WORKERS: 

A STUDY OF HEAT STRESS RELIEF MEASURES" 

 

 

 

ABSTRACT 

The entire study was carried out on a group of 100 female farm workers at the CTAE university 

campus in Udaipur during the wheat crop harvesting season, with the aim of examining the 

effectiveness of various heat stress relief measures (sun protection lotion with different sun protection 

factors, SPF) in improving outdoor thermal comfort. The experiments were designed to assess the 

average skin temperature of Indian female farm workers under five fixed Wet Bulb Globe 

Temperature (WBGT) conditions (28, 29, 30, 31, 32°C), all falling within the heat stress category as 

per ACGIH standards. The mean skin temperature was determined using the Hardy du-bois 7-point 

model formula, which involved measuring the mean temperature of specific body parts of the 100 

female farm workers. A variation of ± 0.5°C was considered due to the challenge of achieving precise 

thermal conditions in open field settings. The experiment aimed to evaluate the thermal and 

physiological responses of the participants. The findings revealed that the use of sun protection lotion 

alone resulted in increased cooling effect, thereby expanding the thermal comfort range. Additionally, 

the application of sun protection lotion alone reduced the mean skin temperature by 0.39, 0.38, 0.36, 

0.30, 0.27°C by the end of the work period.  

Key words: Agricultural workers, Thermal comfort, Heat stress relief measures, Sun protection 

lotion, Mean skin temperature, WBGT conditions, Physiological responses, Outdoor environment 

1. Introduction 

 Udaipur experiences a hot semi-arid climate due to its location within the desert areas of 

Rajasthan, resulting in consistently high temperatures during the summer season, which typically 

spans from mid-March to June. During this period, temperatures range from 23°C to 44°C, with an 

average of 34°C. These temperature variations directly impact skin temperature. According to 

ACGIH write the abbreviation in full  norms, WBGT write the abbreviation? heat stress is identified 

between 28°C and 32°C. Heat stress, commonly observed in outdoor agricultural operations, arises 

from prolonged exposure to high temperatures, particularly during manual labour pursuits such as 

ploughing, sowing, intercultural operations, and harvesting. 

The majority of agricultural tasks in the country are carried out manually by labourers, 

including ploughing, sowing, intercultural operations, harvesting, and threshing, often under the hot 
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sun. Many of these tasks rely on manual tools, and the combination of physical exertion and harsh 

weather conditions significantly amplifyies the toil experienced by farm workers [1]. Physiological 

responses to heat stress include elevated heart rate, increased body-core temperature, and perspiration 

[2]. In extremely hot-humid environments, a notable decline in cognitive performance is observed at 

temperatures exceeding 32.2°C (Basic Effective Temperature), and in hot-dry environments, this 

decline is observed at temperatures surpassing 33°C [3]. Prolonged exposure to high temperatures 

such as … can lead to a variety of adverse health effects, ranging from acute conditions to more 

serious and chronic ailments, and in extreme cases, may even result in fatalities.  

"Heat Stress" refers to the external heat load resulting from a combination of various 

environmental factors, including muscle use and surrounding conditions. It is influenced by 

environmental conditions, work demands, and clothing requirements. The combined effect of 

internally generated metabolic heat from strenuous physical activity and external heat from the 

environment poses a significant risk of heat stress for workers [4]. Projections for 2030 suggest a 

potential loss of 880,000 work-life-years explain in what temperature range (min to maxi) due to 

occupational heat stroke mortality in both indoor and outdoor workplaces [5]. Agricultural workers 

are frequently exposed to hot environmental conditions that surpass international standards [6], [7], 

[8]. What is the international standard  recognizing it may change from country to county? 

Additionally, they often lack control over workplace health and safety practices and have inadequate 

access to water, shade, and rest breaks [9], [10]. 

Globally, there is a growing presence of migrants in the agricultural workforce, with 16.7 

million migrants –this figure appears to be low …? working in the agricultural sector worldwide [11]. 

The migration of agricultural workers is influenced by various social, economic, and environmental 

factors, which are expected to worsen with climate change, leading to an increased check it is 

decrease? flow of migrants, particularly from low-income countries [12]. Migrant agricultural 

workers often encounter unique vulnerabilities that impact their health and well-being, increasing 

their susceptibility to heat-related health issues. These workers are exposed to unsafe working 

conditions and heightened workplace harassment [13], [14], [15]. Furthermore, they lack protection 

from labor regulations, are not represented in labor unions, and frequently face language and cultural 

barriers, as well as limited access to social security [16]. Also, they are nt provided with appropriate 

PPEs to wear. 

Research suggests that when female farm workers are exposed to high temperatures during 

wheat harvesting, they may be at risk of developing various heat-related disorders such as systemic 

disorders, heat syncope, heat edema, heat cramps, heat exhaustion, and heat stroke (reference?). These 



 

3 
 

conditions can cause the body's temperature to rise due to changes in skin and muscle temperature. 

To prevent heat stress, it is important to educate and train workers on best practices.  Also, traon on 

PPEs and provide it too. Therefore, this study aimed to evaluate the thermal workload on the female 

body and physiological workloads during wheat crop harvesting operations. 

 

 

2. Justification of the Research Study 

 The research study aims to assess the thermal workload and physiological workloads on the 

female human body during wheat crop harvesting operations. Why only this operation and why not 

other operations? Researcher should evaluate the exposure for different agricultural operations ? This 

is important to understand the impact of heat stress on female farm workers and to develop effective 

prevention and protection measures. The study addresses a gap in knowledge about the specific 

vulnerabilities and risks faced by female agricultural workers, particularly in the context of increasing 

global migration and climate change. Ultimately, the research has the potential to inform policies and 

practices to safeguard the health and well-being of female farm workers.  

The objectives of the study were: 

i. Assessment of thermal and physiological workload (Heart Rate and Energy Expenditure Rate) on 

female farm workers during harvesting of wheat crop with sun protection lotion-I 

ii. Assessment of thermal and physiological workload on female farm workers during harvesting of 

wheat crop with sun protection lotion-II 

iii. Assessment of thermal workload and physiological workload on female farm workers during 

harvesting of wheat crop with sun protection lotion-III 

iv. Comparative analysis of sun protection lotion I, II and III. Was this study sponsored by a firm? If 

so, provide acknowledgement to them. 

3. Materials and Methods 

Heat stress levels were evaluated during wheat crop harvesting at the CTAE -meaning? 

Instructional farm in Udaipur. The study involved one hundred female farm workers selected from a 

representative population based on anthropometric criteria ranging from the 5th to the 95th percentile. 

All harvesting operations were carried out exclusively by these hundred female farm workers. The 

selected subjects relied primarily on agriculture for their livelihood and did not use tobacco or 

consume alcohol. They were aged between 18 and 45 years, free from chronic diseases and physical 

disorders, and deemed medically fit. Did they wear any PPE? 
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To evaluate the impact of environmental heat on the performance of female farm workers, 

five different WBGT (wet bulb globe temperature) conditions 28°C, 29°C, 30°C, 31°C, and 32°C – 

how did the experiment change temperatures? were chosen as independent variables during wheat 

crop harvesting. Three dependent parameters were selected for the study: Mean skin temperature 

(MST) as a measure of thermal workload, Heart Rate (HR) and Energy Expenditure Rate (EER) as 

indicators of physiological workload. 

In the morning, operations took place from 9 AM to 1 PM, and in the evening, from 2 PM to 

5 PM. Prior to the task, all female farm workers were given a 15-minute rest period and then instructed 

to engage in continuous harvesting for 30 minutes, followed by another 15-minute rest period. This 

work-rest cycle was consistently maintained throughout the entire operation. Explain why this was 

done? Under normal conditions. Workers will not have this rest regime.. 

A technique was developed to assess various calculation methods for mean skin temperature 

with the aim of identifying suitable methods for use in human thermal comfort studies by Liu et al., 

2011. Three criteria, namely reliability, sensitivity, and the number of measurement sites, were 

proposed to evaluate mean skin temperature (MST) calculation methods. The findings revealed that 

a 7 to 10 site calculation method for mean skin temperature demonstrated the highest reliability, 

excellent sensitivity, and required fewer measurement sites. Consequently, in line with these findings, 

the mean skin temperature of the body was measured using the Hardy Du-Bois- 7 Point model, which 

calculates mean skin temperature at seven different locations: forehead, left forearm, left hand, left 

foot, left anterior calf, left anterior thigh, and left abdomen. The formula for measuring the mean skin 

temperature for both models is provided below. 

Hardy Du-Bois- 7 Point model 

MT SK (C) = 0.07 Tsk Forehead + 0.14 Tsk Left forearm + 0.05 Tsk Left hand + 0.07 Tsk Left foot + 

0.13 Tsk Left anterior calf + 0.19 Tsk Left anterior thigh + 0.35 Tsk Left abdomen  

3.1. Instrumentation  

Instrumentation used to conduct the experiments for measurement of physiological and 

thermal workload is described below.  

3.1.1. Physiological workload 

1. Computerized ambulatory metabolic measurement system  

The computerized ambulatory metabolic measurement system is capable of measuring 

oxygen consumption with each breath, which is why it is referred to as a breath-by-breath 

measurement system and is considered more precise than the mixing chamber measurement. Heart 
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rate (both resting and during activity) and Energy Expenditure rate were assessed using the K4b2 

device manufactured by Cosmed (Italy). 

Increase in Heat rate, ∆HR (beats/min) = Average working heart rate – average resting heart rate  

3.1.2. Thermal workload 

1. Heat stress monitor  

The Quest Temp 36 heat stress monitor was utilized to evaluate the heat stress index, 

specifically the Wet Bulb Globe Temperature (WBGT). 

2. Contact type skin temperature thermometer  

The EXTECH contact-type skin temperature thermometer (Model- SDL200) was utilized for 

measuring skin temperature. The skin temperature probes are specifically designed for continuous 

temperature monitoring using the skin as an indicator of body temperature. These probes have a 2-

meter lead length and are designed to operate within the range of 0 to 50°C, making them suitable for 

applications such as biomedical temperature monitoring that require repeatability, high sensitivity, 

and rapid response. The four-channel data logging thermometer is compatible with both thermocouple 

and RTD probes. Data was recorded onto a standard SD memory card instead of a built-in memory, 

providing the advantage of easily changing out the SD card for unlimited data storage when the 

memory is full. 

3. Assessment of thermal workload 

1. Selection of natural sun protection lotion 

 Natural sun protection lotion contains natural ingredients, which have properties to protect 

the skin from environmental pollution .. how does this work? and from harmful ultraviolet radiations 

(Mishra, 2011). Three commercial herbal sun protection lotions were selected for the study which has 

aloe Vera and carrot seed oil as major ingredients and was purchased from local market. The selected 

sun protection lotions were divided into 3 categories defined by the European commission 

recommendation, 2006, based on sun protection factor (SPF) 
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Figure 1 Sun protection lotion I used in this study Figure 2 Sun protection lotion II used in this study

 Figure 3 Sun protection lotion III used in this study 

1. Low protection (SPF 0 - 15) – Sun protection lotion I  

 The sun protection lotion I had major ingredients as aloevera (Aloe barbadensis) and vitamin E. The 

sun protection lotion I used in this study is shown in figure 1. 

 2. Medium protection (SPF 15 – 30) - Sun protection lotion II  

The sun protection lotion II had major ingredients as aloevera (Aloe barbadensis), sunflower and 

safflower oils. The sun protection lotion II used in this study is shown in figure 2. 

3. High protection (SPF 30 – 60) - Sun protection lotion III  

The sun protection lotion III had major ingredients as pure carrot seed oil, extracts of carrot seed oil 

and lodhra bark, quince seed and aloevera. The sun protection lotion III used in this study is shown 

in figure 3. 

2. Application of sun protection lotion 

Five levels of WBGT 28, 29, 30, 31, and 32C for outdoor conditions were chosen to access 

the thermal workload on human skin in the assessment of heat stress of female farm workers due to 
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environmental conditions. Since achieving exact WBGT conditions in the field is difficult, a variance 

of 0.5C was assumed in open field conditions. Skin temperature were measured at seven different 

body sites of farm workers namely, forehead, left forearm, left hand, left foot, left anterior calf, left 

anterior thigh, left abdomen why only these body parts were selected? Heat is a serious issue for eyes 

and its protection has a value? . The three different types of sun protection lotions and hundred female 

farm workers were selected. The sun protection lotion was liberally applied to all over the exposed 

parts of the body for this study. The sun protection lotion was applied in significant amounts i.e., 2 

mg/cm2 on the exposed parts of the body (Sushma, 2019). The same amount of sun protection lotion 

was applied to all hundred female farm workers. Under study, effect of WBGT on female farm 

workers was accessed by using three different sun protection lotion and effect of WBGT without 

application of sun protection lotion. 

  Heart Rate (HR) and Energy Consumption Rate (EER) were also measured. In morning, the 

uniform time of 7 hours for all the operations was given in between 9 AM to 1 PM and in evening 

from 2 PM to 5 PM. All the female farm workers were allowed to take rest for 15 minutes before 

performing the task and asked to perform the operation continuously for 30 minutes and then allowed 

to take rest for 15 minutes. They must have had breakfast about two  hours  before  the  start  of  the  

work.  Hypertension and hyper glycemia were not present in the participants. The temperature was 

determined using a non-contact infrared thermometer and a contact thermometer. After swiping the 

sweat with clean cotton, the temperatures were registered. Heart rate and Energy Consumption Rate 

was measured by K4b2. 

4. Results and Discussion  

4.1. Thermal workload and physiological responses in harvesting of wheat 

Experiments were conducted to assess the effect of sun protection lotion on physiological, 

and thermal responses on different sites you mean parts?  of body. The effect of WBGT due to the 

application of different sun protection lotions on mean skin temperature, heart rate (resting HR, 

working HR, delta HR) AND Energy Expenditure Rate (EER) in the harvesting operation of wheat 

crop was accessed. Or assessed? 

 All the 100 female farm workers underwent all the four treatments (three different sun 

protection lotions and no sun protection lotion) in harvesting operation in wheat crop. There were no 

missing values that were left for any measurement.  
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4.1.1. Effect of WBGT on mean skin temperature without sun protection lotion 

Table 1 indicates the mean skin temperature at different WBGT conditions at the beginning 

of the operation without application of Sun protection lotion. Mean skin temperature was calculated 

by using Hardy du-bois 7-point model formula by measuring the mean temperature of forehead, left 

forearm, left hand, left foot, left anterior calf, left anterior thigh, left abdomen of ten female subjects. 

As indicated in table 1, the mean skin temperature at the beginning of the work increases with increase 

in WBGT. Kashyap et al. (2017) and Patil et al. (2019) also reported similar result that temperature 

of the body sites increases with increase in WBGT. It was noted that the lowest mean skin temperature 

was recorded as 30.67C at WBGT 28C and highest as 32.43C at WBGT 32C.  

Table 1 Mean skin temperature at the beginning of working period  

Thermal parameters 

 

WBGT, C 

28 29 30 31 32 

Forehead 31.41 31.83 32 32.56 33.77 

Left forearm 29.54 30.91 33.26 33.51 34.31 

Left hand 32.27 33.60 33.69 34.58 34.86 

Left foot 34.22 34.71 34.97 35.20 36.40 

Left anterior calf 29.71 29.86 30.09 30.61 30.86 

Left anterior thigh 31.81 32.66 32.91 33.05 33.11 

Left abdomen 29.65 29.81 29.85 30.36 30.48 

Mean skin temperature 30.67 31.25 31.83 32.05 32.43 

 

Table 2 indicates the mean skin temperature at different WBGT conditions at the end of the 

operation. The value of mean skin temperature of hundred female subjects at the end of the work 

increases with increase in WBGT. But forehead, left abdomen temperature decreased with increase 

in WBGT. This is mainly due to the sweating caused with increase in WBGT. Due to the air, the 

sweat was evaporated and reduced the forehead temperature and left abdomen temperature. Thus, the 



 

9 
 

increase in temperature due to environmental heat reduced the forehead and left abdomen 

temperature. Dhariya (2015), Patil et al. (2019) also reported that the forehead temperature decreased 

with increase in WBGT temperature. It was noted that the lowest mean skin temperature was recorded 

as 34.89C at WBGT 28C and highest as 36.22C at WBGT 32C.  

Table 2 Mean skin temperature at the end of working period  

 

Thermal parameters 

 

WBGT, C 

28 29 30 31 32 

Forehead 35.80 35.42 35.14 34.92 34.75 

Left forearm 34.72 35.46 36.01 37.30 37.51 

Left hand 34.35 35.50 36.58 37.02 37.84 

Left foot 34.95 35.87 36.76 37.34 37.69 

Left anterior calf 32.83 33.57 34.93 35.36 35.75 

Left anterior thigh 33.59 33.86 34.86 35.03 35.58 

Left abdomen 35.14 34.88 34.62 33.87 33.74 

Mean skin temperature 34.89 34.96 35.44 35.79 36.22 

You need to test whether the values in table 1 and 2 are significantly different? Otherwise your 

experiment has no validation 

4.1.2. Effect of WBGT on mean skin temperature with sun protection lotion-I 

Table 3, indicates the mean skin temperature at different WBGT conditions at the beginning 

of working period of the operation. As shown in table 2, the mean skin temperature at the beginning 

of working period increases with increase in WBGT. It was noted that the lowest mean skin 

temperature was recorded as 29.74C at WBGT 28C and highest as 32.15C at WBGT 32C. It can 

be seen that forehead, left forearm, left hand, left foot, left anterior calf, left anterior thigh and left 

abdomen temperature increases with increase in WBGT at the beginning of the working period. 

Kashyap et al. (2017) and Patil et al. (2019) also reported similar result that temperature of the body 

sites increases with increase in WBGT. 
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Table 3 Effect of sun protection lotion-I on mean skin temperature at the beginning of 

working period 

Thermal parameters 

 

WBGT, C 

28 29 30 31 32 

Forehead 30.55 30.99 31.48 31.78 32.06 

Left forearm 28.72 30.13 32.67 32.95 33.46 

Left hand 31.59 32.60 33.06 34.09 34.14 

Left foot 33.58 34.42 34.57 34.93 35.26 

Left anterior calf 28.47 29.01 29.56 30.02 30.29 

Left anterior thigh 30.95 31.69 32.32 32.53 32.78 

Left abdomen 28.79 28.92 29.22 29.28 29.52 

Mean skin temperature 29.74 30.84 31.56 31.79 32.15 

 

Table 4 Effect of sun protection lotion-I on mean skin temperature at the end of working 

period 

Thermal parameters 

 

WBGT, C 

28 29 30 31 32 

Forehead 34.69 34.30 33.99 33.80 33.64 

Left forearm 34.47 35.20 35.91 36.16 36.35 

Left hand 34.10 35.44 35.45 35.89 36.71 

Left foot 34.85 35.63 35.74 36.20 36.55 

Left anterior calf 31.60 32.38 33.85 34.26 34.64 

Left anterior thigh 32.50 32.74 33.76 33.90 34.43 
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Left abdomen 34.02 33.72 33.54 32.77 32.64 

Mean skin temperature 33.64 34.69 35.22 35.63 36.03 

 

Table 4 indicates the mean skin temperature at different WBGT conditions at the end of the 

working period. The value of mean skin temperature of 100 female subjects at the end of the work 

increases with increase in WBGT. But forehead, left abdomen temperature decreased with increase 

in WBGT. As the environmental temperature increased, forehead and left abdomen temperature 

decreased due to more sweat accumulated at these points along with the cooling effect of sun 

protection lotion-I caused a drop in temperature. Connolly (1994) also concluded that the application 

of sun protection lotion significantly reduces the mean skin temperature. It was noted that the lowest 

mean skin temperature was recorded as 33.64C at WBGT 28C and highest as 36.03C at WBGT 

32C.  

4.1.3. Effect of WBGT on mean skin temperature with sun protection lotion-II 

Table 5 indicates the mean skin temperature at different WBGT conditions at the beginning 

of working period of the operation. As evident in table 5, the mean skin temperature at the beginning 

of working period increases with increase in WBGT. It can be seen that forehead, left forearm, left 

hand, left foot, left anterior calf, left anterior thigh and left abdomen temperature increases with 

increase in WBGT at the beginning of the working period. Kashyap et al. (2017) and Patil et al. 

(2019) also reported similar result that temperature of the body sites increases with increase in 

WBGT. It was observed that the lowest mean skin temperature was recorded as 29.69C at WBGT 

28C and highest as 32.13C at WBGT 32C.   

Table 5 Effect of sun protection lotion-II on mean skin temperature at the beginning of 

working period 

Thermal parameters 

 

WBGT, C 

28 29 30 31 32 

Forehead 30.47 30.94 31.44 31.65 31.99 

Left forearm 28.68 30.09 32.64 32.93 33.41 
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Left hand 31.53 32.56 33.03 34.04 34.09 

Left foot 33.53 34.36 34.52 34.89 35.22 

Left anterior calf 28.41 29 29.53 29.97 30.25 

Left anterior thigh 30.9 31.65 32.27 32.50 32.73 

Left abdomen 28.75 28.88 29.20 29.26 29.48 

Mean skin temperature 29.69 30.72 31.42 31.78 32.13 

 

Table 6, indicates the mean skin temperature at different WBGT conditions at the end of the 

working period. The value of mean skin temperature of hundred female subjects at the end of the 

work increases with increase in WBGT. But forehead, left abdomen temperature decreased with 

increase in WBGT. As the environmental temperature increased, forehead and left abdomen 

temperature decreased due to more sweat accumulated at these points along with the cooling effect 

of sun protection lotion-II caused a drop in temperature. Connolly (1994) also concluded that the 

application of sun protection lotion-II significantly reduces the mean skin temperature. It was noted 

that the lowest mean skin temperature was recorded as 33.62C at WBGT 28C and highest as 

36.01C at WBGT 32C.  

Table 6 Effect of sun protection lotion-II on mean skin temperature at the end of working 

period 

Thermal parameters 

 

WBGT, C 

28 29 30 31 32 

Forehead 34.65 33.24 33.96 33.75 33.59 

Left forearm 33.42 34.14 35.84 36.07 36.25 

Left hand 34.06 35.32 35.36 35.8 36.65 

Left foot 34.79 35.53 35.67 36.11 36.47 

Left anterior calf 31.56 32.28 33.82 34.22 34.58 
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Left anterior thigh 32.43 32.69 33.7 33.84 34.32 

Left abdomen 33.94 33.68 33.47 32.71 32.58 

Mean skin temperature 33.62 34.65 35.16 35.56 36.01 

 

4.1.4. Effect of WBGT on mean skin temperature with sun protection lotion-III 

Table 7, indicates the mean skin temperature at different WBGT conditions at the beginning 

of working period of the operation. As indicated in table 7, the mean skin temperature at the beginning 

of working period increases with increase in WBGT. It can be seen that forehead, left forearm, left 

hand, left foot, left anterior calf, left anterior thigh and left abdomen temperature increases with 

increase in WBGT at the beginning of the working period. Kashyap et al. (2017) and Patil et al. 

(2019) also reported similar result that temperature of the body sites increases with increase in 

WBGT. It was noted that the lowest mean skin temperature was recorded as 29.54C at WBGT 28C 

and highest as 32.03C at WBGT 32C.  

Table 7 Effect of sun protection lotion-III on mean skin temperature at the beginning of 

working period 

Thermal parameters 

 

WBGT, C 

28 29 30 31 32 

Forehead 30.4 30.89 31.38 31.62 31.93 

Left forearm 28.63 30 32.55 32.88 33.34 

Left hand 31.48 32.49 32.97 33.97 34.02 

Left foot 33.47 34.3 34.42 34.82 35.13 

Left anterior calf 28.35 28.95 29.49 29.95 30.2 

Left anterior thigh 30.84 31.58 32.21 32.33 32.67 

Left abdomen 28.7 28.85 29.13 29.21 29.44 
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Mean skin temperature 29.54 30.63 31.36 31.64 32.03 

 

Table 8 Effect of sun protection lotion-III on mean skin temperature at end of working period 

Thermal parameters 

 

WBGT, C 

28 29 30 31 32 

Forehead 34.57 34.18 33.86 33.7 33.54 

Left forearm 33.35 34.03 35.76 35.95 36.09 

Left hand 33.95 34.19 35.24 35.67 36.54 

Left foot 33.63 34.44 35.53 36.05 36.28 

Left anterior calf 31.43 32.2 33.73 34.1 34.5 

Left anterior thigh 32.36 32.62 33.63 33.77 34.15 

Left abdomen 33.79 33.59 33.37 32.67 32.5 

Mean skin temperature 33.5 34.58 35.08 35.49 35.95 

 

Table 8 indicates the mean skin temperature at different WBGT conditions at the end of the 

working period. The value of mean skin temperature of left forearm, left hand, left foot, left anterior 

calf, left anterior thigh, of ten female subjects at the end of the work increases with increase in WBGT. 

But forehead, left abdomen temperature decreased with increase in WBGT. As the environmental 

temperature increased, forehead and left abdomen temperature decreased due to more sweat 

accumulated at these points along with the cooling effect of sun protection lotion-III caused a drop in 

temperature. Connolly (1994) also concluded that the application of sun protection lotion significantly 

reduces the mean skin temperature. It was noted that the lowest mean skin temperature was recorded 

as 33.50C at WBGT 28C and highest as 35.95C at WBGT 32C.  

4.1.5. Effect of sun protection lotions on physiological workload  
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Working heart rate (HR) and resting heart rate (HR) of 100 female subjects were measured 

by using three different sun protection lotions and without sun protection lotion under different 

WBGT conditions, i.e., 28, 29, 30, 31 and 32 C. It was observed that the mean resting heart rate of 

100 female farm workers by using sun protection lotion-I varied from 77.2 beats/min at 28C to 83.4 

beats/min at 32C and mean working heart rate varied from 99.8 beats/min at 28C to 113.5 beats/min 

at 32C. Mean resting heart rate by using sun protection lotion-II varied from 78.3 beats/min at 28C 

to 83.6 beats/min at 32C and mean working heart rate varied from 99.3 beats/min at 28C to 112.6 

beats/min at 32C. Mean resting heart rate by using sun protection lotion-III varied from 77.8 

beats/min at 28C to 84.1 beats/min at 32C and mean working heart rate varied from 99.2 beats/min 

at 28C to 111.8 beats/min at 32C. Your conclusion is not backed by statistical analysis of data. It 

has no proper validation and can be disputed.  

It can be clearly seen from the figure 4, that there was significant – how did you come into 

this conclusion without testing whether differences are significant?? effect of WBGT on heart rate. 

Resting HR and working HR were observed to increase linearly with increase in WBGT. In figure 4, 

the working heart rate was observed to increase with increase in WBGT. This was mostly due to an 

increase in core body and skin temperature, which require additional pumping of blood to compensate 

for the temperature increase. The increase in working heart rate was almost same for all the sun 

protection lotions and without sun protection lotion condition. There was a linear relationship with 

between WBGT and working heart rate and R2 values were higher than 0.964 in all the three sun 

protection lotions and without sun protection lotion condition, which shows higher degree of 

correlation with WBGT as shown in figure 4. Singh et al. (2013), , Dharaiya (2015), Kashyap et al. 

(2017), Patil et al. (2019) also found that resting HR and working HR increases with increase in 

WBGT conditions.  
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Figure 4. Trendline of working HR at different WBGT conditions with sun protection lotions 

Have you tested whether the coefficients are not zero? ANOVA of mean resting heart rate 

(RHR) in resting period and working heart rate (WHR) in working period was conducted to detect 

any differences between responses measured over different WBGT conditions for the three different 

sun protection lotions used versus no sun protection lotion treatment. Results of the study indicates 

that there was no significant difference between the heart rate measured with different sun protection 

lotions. There does not appear any effect of sun protection lotions at different WBGT conditions on 

resting heart rate (P=0.49), and working heart rate (P=0.87). Wells et al (1984) also reported that 

there were no significant differences in HR, VO2, rectal temperature, or sweat loss in exercise trials 

while using sun protection lotion as compared to exercise trials without sun protection lotion. Conolly 

et al. (1994) also concluded that there was no significant effect of sun protection lotion on heart rate 

(P=0.51) and Rating of perceived exertion (P=0.92) 
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4.1.6. Statistical analysis of mean skin temperatures at the beginning of working period 

Statistical analysis was carried out to find the significant effect of WBGT on mean skin 

temperature by using three different sun protection lotions and without sun protection lotion condition 

at the beginning of working period by means of data analysis tool pack provided in Ms-Excel. Two-

way ANOVA (analysis of variance) analysis was carried out to find the statistical significance 

between the factors. As from the results obtained from the statistical analysis that there was significant 

effect of WBGT on mean skin temperature at 1 percent level of significance (P<0.01) at the beginning 

of working period.  

Table 9 Mean skin temperatures at the beginning of working period 

Treatment 

WBGT, C 

28 29 30 31 32 

Sun protection lotion-I 29.74 30.84 31.56 31.79 32.15 

Sun protection lotion-II 29.69 30.72 31.42 31.78 32.13 

Sun protection lotion-III 29.54 30.63 31.36 31.64 32.03 

No sun protection lotion 30.67 31.25 31.83 32.05 32.43 

Mean 29.91 30.86 31.54 31.82 32.19 

CV 5.74 

 

Mean skin temperatures by using different sun protection lotions and without sun protection 

lotion condition at the beginning of working period is given in table 9. The results of the study showed 

that, application of all sun protection lotions significantly decreased the mean skin temperature of the 

body at different selected sites, when compared to the mean skin temperature without application of 

sun protection lotion condition. Table 9, also shows that mean skin temperature increased with 

increase in WBGT in resting period. Kashyap et al. (2017) also found the similar results of increasing 

mean skin temperature with increase in WBGT on using hand guards. 
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Sun protection lotion has given immediate cooling effect upon application. Mean skin 

temperature (MST) as being significantly decreased while using sun protection lotion-III, on 

approximately 0.83, 0.62, 0.47, 0.41 and 0.40C at WBGT 28, 29, 30, 31 and 32C respectively when 

compared to MST at without sun protection lotion condition at the beginning of working period. The 

greatest difference in mean skin temperature between all the three sun protection lotion condition and 

without sun protection lotion condition was observed on the immediate application of sun protection 

lotion at the beginning of working period at 28C WBGT while using sun protection lotion-III. 

Connolly et al (1995) also observed reduction in MST on immediate application of sun protection 

lotion at lower WBGT conditions. 

 

Figure 5 Mean skin temperature at the beginning of working period 

Is the difference with and without sun protection cream is significant? Mean skin temperature 

was highest in case of sun protection lotion-I and lowest in case of Sun protection lotion-III when 

compared to no sun protection lotion condition at the beginning of the working period as shown in 

figure 5. 
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4.1.7. Statistical analysis of mean skin temperatures at the end of working period 

From the results obtained from the statistical analysis, that there was significant effect of 

WBGT on mean skin temperature at 1 percent level of significance (P<0.01) at the end of working 

period. The results of the study showed that, application of all sun protection lotions decreased the 

mean skin temperature of the body at different selected sites, when compared to the mean skin 

temperature without application of sun protection lotion condition at the end of working period. Table 

10, also shows that, mean skin temperature increased with increase in WBGT in working period. 

Table 10 Mean skin temperatures at the end of working period 

Treatment 

WBGT, C 

28 29 30 31 32 

Sun protection lotion-I 33.64 34.69 35.22 35.63 36.03 

Sun protection lotion-II 33.62 34.65 35.16 35.56 36.01 

Sun protection lotion-III 33.5 34.58 35.08 35.49 35.95 

No sun protection lotion 33.89 34.96 35.44 35.79 36.22 

Mean 33.66 34.72 35.23 35.62 36.05 

CV 5.93 

Are the means significantly different?  

Mean skin temperature (MST) as being significantly decreased while using sun protection 

lotion-III, on approximately 0.39, 0.38, 0.36, 0.30, 0.27C at WBGT 28, 29, 30, 31 and 32C 

respectively when compared to MST at without sun protection lotion condition at the end of working 

period. That means sun protection lotion has given immediate cooling effect upon application and 

continued to give cooling effect till the end of working period. The greatest difference in mean skin 

temperature between all the three sun protection lotion condition and without sun protection lotion 

condition was observed on the immediate application of sun protection lotion at the end of working 

period at 28C WBGT while using sun protection lotion-III. Connolly et al (1995) also observed 

reduction in MST on immediate application of sun protection lotion at lower WBGT conditions. Mean 
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skin temperature was highest in case of sun protection lotion-I and lowest in case of sun protection 

lotion-III when compared to no sun protection lotion condition at the end of working period as shown 

in figure 6. 

 

Figure 6 Mean skin temperature at the end of working period 

Conclusions 

This study used three different sun protection lotions at five different WBGT conditions. The 

mean skin temperature was lower at 28C WBGT, followed by 29C in case of all the three sun 

protection lotions when compared to no sun protection lotion condition. On immediate application, 

all the three sun protection lotions have cooled the skin temperature most likely at 28C WBGT, 

followed by 29C when the temperatures were measured at the beginning of working period. While 

it was also a prolonged effect lasting throughout the working period and reduced the mean skin 

temperature at 30, 31 and 32C when compared to no sun protection lotion condition. Connolly (1995) 

also concluded that, the application of sun protection lotion is a prolonged effect and lasted throughout 

the exercise period. The effect of reducing the mean skin temperature was better in case of sun 

protection lotion-III when compared to no sun protection lotion condition in working period. 
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- What is the cost of sun protection cream used in the experiment? Does the research think that 

it is economical to use the cream or some other cream or measure (PPE) 

- Why only this type of cream was used? Why not other typers ? why not locally available 

cream used? 

- Any suggestion on the lowering of worker productivity for not applying cream?  

- What is the overall economic value of findings of the study? 
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