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1. 
INTRODUCTION 

 

 

Concerns of climate change and its consequent impacts on human health 

have become rhetoric (IPCC 2007), wide across scientific, political and 

multiple professional groups. Changes in land use pattern, excessive 

deforestation, increased urbanization, industrialization, and production of 

greenhouse gases are the mounting evidences to cause climatic imbalance. 

Climate change manifests in different conditions, such as increased number of 

extreme heat events, or precipitation, water availability, air quality, 

agricultural conditions and practices, pattern and distribution of infectious 

disease pathogens, vectors, and hosts. Climate-related atmospheric changes 

(higher ambient and surface temperatures and greater penetration of 

ultraviolet radiation towards the earth’s surface) lead to formation of ground-
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level ozone and other air pollutants. Increased occurrence of extreme heat 

episodes causes increased demand for electric power generation, contributing 

to further degradation of air quality.  

The general public has become much sensitized of the possible 

calamity to health, life and property (Blashki et al., 2007; Menne and Ebi 

2006; Ebi 2008). Indeed, every body is vulnerable to climate change, and it is 

likely to affect the health status of millions of people, particularly those with 

low ability to respond to the impacts of climate change (adaptive capacity, 

IPCC 2007). A range of health outcomes such as asthma, heart disease, 

infectious diseases and other weather related mortality, heat-related illnesses 

(D'Amato and Cecchi 2008; De'Donato et al., 2008; Pengelly et al., 2007) 

might be impacted by climate change.  

Extreme heat-related illnesses emerge as a major health issue (El 

Abidine et al., 2007), and studies indicate increase in mortality during heat 

waves in addition to the deaths identified as heat related (Basu and Samet 

2002). Heat especially increases the vulnerability of persons with 

cardiovascular, respiratory, and/or cerebrovascular diseases. With the 

changing pattern of climate, frequent heat episodes might impact areas 

currently not affected by heat waves. The population is those areas might be 

at a greater risk, due to less physiological adaptive capacity and lack of 
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awareness of the risks and mitigation measures, including the built 

environment) (Haines et al., 2006).  

Evidences of heat wave incidences available from different parts of 

India, e.g., Orissa, Bihar, Andhra Pradesh, clearly indicate that most mortality 

took place outdoor, among those who live at poverty threshold. The compiled 

report of six newspapers of Orissa (Eastern India) noted 1470 deaths and 

1662 injuries in the year 1998-99 due to severe heat wave (OUAT 2002). 

Fatality due to heat stroke among the farmers was ~11% of the total 

reported rural casualties at workplaces. This is in contrast to those extreme 

heat related calamities reported from the countries of Europe, North and 

South America.  

In spite of the recurrence of extreme heat eventualities in different 

states of India, there is a lack of health surveillance data in order to ascertain 

the magnitude of vulnerability of the populace nation of ours. Despite 

projections by climate models of a warming climate and increasing frequency 

of extreme heat events in the coming years, the public recognition of the 

magnitude of hazards remains at a minimal level. Administrative support 

system generally lack preparedness measures, such as heat wave response 

plans (Sheridan 2007; O’Malley 2007). Fact remains that most people come 

to believe that the natural phenomena are unavoidable, and therefore, the 



 
4 | Vulnerability of Heat Stress: Introduction 
 

heat-related mortalities that might be grave during a particular year in a 

region do not leave lasting reminder of physical devastation.  

Besides naturally occurring hot climates in different geographic 

regions, occupational situations, such as glass and ceramic production, 

molten metal operations, different iron works, clothes laundering, and other 

different forms of artificial hot atmospheres often exceed the climatic stresses 

found in extreme natural climates. The exposure of workers to hot 

occupational environment remains a persistent impediment to improve 

productivity and problems affecting the health of the workers. The 

combination of heat stress, dehydration and physical activity impose 

challenge for physical adjustment, with potential risk of ensuing heat related 

injuries and disorders, e.g., heat cramp, heat exhaustion, heat syncope 

(Wildeboor and Camp 1993). A substantial amount of body water may be lost 

as sweat, including loss of fluid through respiration, gastrointestinal tract as 

well as kidney (Gisolfi et al., 1995). Increased dehydration disturbs the 

homeostasis of the body (Maughan et al. 1996), leading to decreased skin 

blood flow, elevated core body temperature (Tcr), decreased sweat rate and 

tolerance to work, and increased risks of heat injuries (Nag and Nag 2001; 

Sawka 1992). If Tcr exceeds 38°C over several hours, non-fatal impacts on 

health and well being, including heat exhaustion, reduced psychometric and 
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motor capacity will occur. Above 39°C of Tcr, more serious heat stroke and 

neurological effects may occur. Serious heat stroke and even death may 

occur even after a relatively short time if Tcr goes above 41°C (Parsons 2003).  

Epidemiologic studies indicate that the risks of heat induced human 

illnesses, disorders and accidents are substantial for men and women, with 

relative vulnerability to children and elderly. Urban and rural poor who can 

not afford shelters even with minimum living quality, and those living alone 

and can not afford access to cooling systems are at higher risk of adverse 

health effects from extreme heat exposures (Semenza et al., 2008; Curriero 

et al, 2002). Needless to mention that the persons with chronic mental 

disorders, pre-existing medical conditions (such as obesity, cardiovascular 

and neurological diseases) are at increased risk.  

Despite understanding that human being has enormous physiological 

and psychological potentials to combat environmental adversities, systematic 

research on climate change phenomena and adaptive techniques for human 

exposure to climatic extremes to situations in India are scanty (Nag 1996). In 

rural India, for example, there are evidences of influences of tropical heat on 

the prevalence of tropical diseases -  prevalence of malaria, iron deficiency in 

sugar cane cutters, anaemia among tea pluckers, farmers, tobacco and coir 

workers (NIOH 1978a&b, 1979, 1983), suggesting that a large working 



 
6 | Vulnerability of Heat Stress: Introduction 
 

population are already in pathological state. In view of the population 

differences in the health status, work capacity, physical habituation and state 

of heat acclimatization, there is a genuine need to generate experimental 

data from the heat-exposed working population, with reference to morbidity 

of heat disorders and heat strain assessment.  

In the light of the understanding that vivid climate changes are real 

and fast happening, and evidence of negative impacts of frequent heat 

extreme incidences on human health and safety, the present study focuses 

on examining the vulnerability of heat stress of selected occupational groups 

in Western India. The specific objectives of the study are (a) to undertake 

area environmental surveillance, physiological measurements and morbidity 

assessment of heat related effects and disorders, and (b) based on the 

environmental and physiological/biophysical data, estimate heat exchanges 

and determine heat susceptibility limits of workers in selected occupational 

areas. The data might be useful in geo-spatial statistical mapping of warning 

zones, in order to protecting human life from heat-related calamity in 

extreme hot environment. 
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2. 
METHODS AND APPROACHES OF HEAT STRESS 

EVALUATION 
 

 

The occupational groups included in the study are rural and semi-urban 

based industries - ceramics and pottery and iron works (Gujarat) and stone 

quarry (Rajasthan). The prevailing climatic conditions indicate that this kind 

of occupational groups are potentially at risk of high heat exposures during 

the peak summer months. 

 

Occupational group: Iron works  

Iron works encompass manufacturing of a range of consumer products, like 

almorahs, chairs, tables, steel case cabinets, racks, compound gates, etc., 
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which are required for domestic purposes, offices and factories. The 

manufacturing process involves cutting of iron sheets, tubes, flats of desired 

size, folding, bending, drilling, punching, welding, riveting and assembling. 

Finally the items are to be spray painted. Both skilled and unskilled workers 

might be involved in these occupations, depending on the type of tasks 

performed (Figure 1). The workers in these occupations are potentially 

exposed to high source of heat, welding fumes and noise, in addition to 

physical exertional activity. 

 

Occupational group: Ceramic industry  

A century old Indian ceramic industry is ranked 7th in the world, in term of 

volume of production of ceramic tiles. Ceramic products, such as ceramic 

tiles, sanitary ware, crockery items, are manufactured both in large and 

small-scale industrial units, with variations in type, size, quality and standard. 

The process of ceramic works (Figure 2) exposes workers to constant high 

heat throughout the working day. 
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Occupational group: Stone quarry  

A quarry is a type of open-pit mine, from which rocks and minerals are 

extracted. Types of rock extracted from quarries include cinder, chalk, china 

clay, clay, coal, coquina, construction aggregate (sand and gravel), 

globigerina limestone (Malta), granite, grit stone, gypsum, limestone, marble, 

ores, phosphate rock, sandstone. The process of quarrying is an open 

excavation from which the stone is obtained by digging, blasting or cutting. 

The quarried stone is further processed for dressing, cutting/ sawing, surface 

grinding and polishing, and edge-cutting-trimming. Large numbers of sand 

stone quarries are situated in Rajasthan and Madhya Pradesh, and in few 

locations in Gujarat, Orissa, Karnataka, Tamil Nadu, Andaman and Nicobar 

Islands. Stone quarrying and crushing are carried out by labor-intensive and 

highly strenuous methods (Figure 3a&b), employing unskilled workers on a 

seasonal basis. The workers are routinely exposed to high levels of dust, 

silica, heat, and vibration from the drilling equipment.  

Figure 3b includes a photograph of a shelter that the quarry workers 

use for rest/lunch break. A very comfortable aeration in the shelter is the only 

solace for the workers to spend 2 to 3 hours each day, to cope against solar 

heat.    
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Survey and Measurements 

Environmental surveillance was undertaken at some villages and towns of 

Gujarat —  Ahmedabad (iron works), Morbi and Surat (ceramic and pottery 

works), Ambaji (stone quarry works), and Rajasthan —  Jodhpur and adjoining 

areas (stone quarry works). In the selected regions, the summer 

temperatures (May and June) reach nearly 45 to 48°C, with relative humidity 

varying between 50 to 80%. The survey in the Ambaji areas was undertaken 

during the month of October. Direct measurements of the thermometric 

parameters (relative humidity, ambient temperature, wet bulb globe 

temperature index) were undertaken by QUESTemp, Thermal Environment 

Monitor (USA) and RH/Temp data logger (Lascar electronics, UK).  

Health risk surveillance was introduced among the work groups for 

systematic collection, analysis and interpretation of heat related morbidity 

data. Men folks in the age range between 18 to 60 years were selected in the 

study and their informed consent to participate in the study was taken, as per 

the ICMR (2000) ethical guidelines.  

Generally noted that during the occupational exposures, as evident 

from the pictures, the workers were wearing light clothing – either might 

wearing shorts, trouser, or a lungi/dhuti (a loose fabric wrapped around at 

the ankle length), and a half-sleeve banian or t-shirt with insulation values 
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ranged within 0.4 to 0.6 clo. The physical characteristics of the sample groups 

in three occupations are given in Table 1.  

 

Table 1. Physical characteristics of workers  

 Mean SD Percentile Skew Kurt 
    5 50 95   
 
Iron Workers (N=197) (May-June 2009)   

Age (yrs) 33.6 12.50 19 31.0 59.1 0.81 0.11 

Body height (cm) 161.0 10.86 139.6 162.6 175.3 -1.60 4.08 

Body weight (kg) 58.9 14.15 37.9 56 85 0.76 0.93 

 

Ceramic  Workers (N=138) 

Age (yrs) 25.3 7.31 19 22 40.2 1.50 2.14 

Body height (cm) 161.0 8.23 147.2 161.3 172.7 -0.49 0.18 

Body weight (kg) 53.2 7.42 41.9 53 65.3 0.46 0.59 

 
Stone quarry workers (N=248): May-June 2009 

Age (yrs) 32.4 10.11 19 30.50 50 0.44 -0.78 

Body height (cm) 165.4 9.14 151.1 165.1 177.8 -0.84 4.53 

Body weight (kg) 56.6 10.16 44 54.0 76.6 1.09 1.62 

 
Stone quarry workers (N=158): October 2009 

Age (yrs) 29.4 8.53 19 28 45.1 0.76 0.07 

Body height (cm) 170.2 114.63 152.4 161.3 170.3 12.52 15.72 

Body weight (kg) 49.3 6.40 41 49 61.1 1.08 1.70 
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Objective measurements were undertaken for physiological heat strain 

assessment, including body temperature gradient of skin surface and deep 

body, sweating response (the net change in body weight after a given period 

of exposure), heart rate, and blood pressure measurements. Emphasis was 

placed on infrared thermo-graphic (ThermoCAM, Flir system, Sweden) 

profiling of the human body for determining segmental heat distribution 

pattern.  

Heat exchanges through classical interfaces of human body, 

microclimate and outer environment are governed by certain physical laws. 

Different biophysical approaches (Nag and Bandyopadhyay 2003; Werner and 

Buse 1988) have been proposed, representing the body 

components/segments as cylindrical. That is, (a) one-cylinder model, with 

four body layers, and the temperature characteristics are the functions of 

radius and time, (b) three, six or ten cylinder models, with two shell skin-core 

concept, and (c) three, six or ten cylinder models, representing four 

concentric layers of body elements (i.e., the inner core surrounded by layers 

of muscle, fat and skin, and the temperature characteristics are the functions 

of radius and time. In the present attempt, the analysis included the heat 

exchanges through different avenues across the segments (i.e., head, trunk, 

arm, hand, leg and feet) and body layers —  blood, core (viscera plus 
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skeleton), muscle, fat and skin (i.e., 6 segments ?  5 layers = 30 

compartments) (Figure 4). A general thermodynamic equation of heat 

balance of each segment (when storage ?  H = 0) is as follows:  

Y ? T/? t = 

(V? ? S)Blood ?  (TBlood ) + ? M – [{KBlood-Core (TBlood - TCore) + KCore-Muscle (TCore - 

TMuscle) + KMuscle-Fat (TMuscle - TFat) + KFat-Skin (TFat - TSkin) + H(i) (TSkin - 

TEnvironment)}  ?  SA + (CRes + ERes+ ESkin)]                                                                                

where Y, product of compartmental mass and specific heat, ? T/? t, 

change in temperature with time, V, volume (liter), ? , density (kg/L), S, 

specific heat of blood (W.h/kg.oC), ? M, (total – basal metabolic energy, W.h), 

K, conductance of body compartments (W/m2.?C), T, resultant body 

temperature (?C), H(i), combined heat transfer coefficients of segments 

(W/m2.?C) (Nag 1984), SA, surface area of segments (m2), CRes and ERes, 

respiratory heat loss through convection and evaporation (W.h), ESkin, 

evaporative heat loss from skin (W.h) (Gagge et al., 1986). The algorithm 

allowed computation of multiple dimensions of heat exchange parameters, 

including heat conductance, metabolic load, effective heat load, the body 

heat storage, and the rate of change in segmental and compartmental 

temperatures, and the overall build-up of the internal core temperature. 

These dimensions, in combination, predicted heat exposure related 
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susceptibility of selected occupational groups. The readers may refer to Nag 

and Bandyopadhyay (2003) and Nag et al. (2007), for methodological details 

of determining thermal limits. 

 

 
 

Figure 4. Primary steps for calculating biophysical components 

 
 

Human responses to environmental warmth manifest, depending upon 

the personal characteristics and other modifying variables. For example, heat 

stress and disorders, as described in section 6, are specific to state of 

acclimatization to the specific level of heat exposure and also, one’s ability to 

respond to the level of exposure. In order to ascertain vulnerability to heat 
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stress, a checklist enquiry incorporated examining symptoms of heat related 

illnesses, including environmental warmth assessment, physical fatigue and 

perceived effort, which were rated by the individual workers in Likert scale. 

In addition, the meteorological data recorded from different district of 

the Gujarat state were treated for analysis of heat stress that prevailed over 

the decades, and applied in GIS based spatial distribution for general 

indication of temperature variation in different districts and prediction of heat 

stress and strain. While analyzing the meteorological data, it was noted that 

the land surface temperature is not directly equivalent to ambient air 

temperature which is measured by ground based thermometers, recorded as 

standard high and low temperature weather forecasts. The land surface 

temperature is a remote measure of the thermal inertia of surface 

characteristics, and the ambient air temperature measures the thermal inertia 

of the surface atmospheric components.  

Studies have been reported that the areas of higher surface 

temperature contribute to higher levels of localized ambient air temperature 

(Wang et al., 2004; Hinkel 2007); however, the relationship between surface 

temperature and the ambient air temperature is to be ascertained, since wind 

velocity and condition are highly variable in urban and rural areas. Also, 
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uncertainty remains as regard to the land use and land cover characteristics 

(Voogt and Oke 2003; Aniello et al., 1995). 
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3. 
THERMAL ENVIRONMENT AT WORKPLACES 

 

As mentioned above, the occupational locations selected in the study are: 

ceramics and pottery, iron works (Gujarat) and stone quarry (Gujarat and 

Rajasthan). The study period spreads over the summer month, and also in 

cooler month of October. Day time ambient dry-bulb temperature ranged 

from 35 to 41OC in iron works (May-June 2009), 36 to 46OC in ceramic and 

pottery works (May-June, 2009), 36 to 43OC in stone quarry works (May-June 

2009), and 33 to 39OC in stone quarry works (October 2009), within 5th to 

95th percentile point of distribution. Besides, a day’s continuous recording of 

ambient air temperature and dew point temperature over the entire workday 

at ceramic works (September) and stone quarry works (October) are shown 

in Figure 5, that indicated gradual build up of ambient temperature up to 

3:30 PM.  
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Figure 5. Ambient temperature and dew point temperature variation  

 

Taking into account of other thermometric measurements including 

dew point and globe temperature, the environmental warmth was expressed 
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in terms of WBGT index (Liljegren et al., 2008), as given in Table 2. The 

WBGT index has often been preferred, due to its simplicity in evaluating 

human response to hot environments (Parsons, 2003), which is used in 

international heat exposure standards (ISO, 1989). The globe temperature is 

a measure of temperature due to mean radiant field in a given area. Dew 

point is an indicator of absolute humidity of the air. The higher the dew point, 

the more humid the air is. The calculation of WBGT reflects that the 

increasing dew point level contributes to increasing WBGT, however, the 

researchers (Kjellstrom 2009a&b) have also viewed that a factor has not been 

taken into account is the possibility of increasing cloud cover as humidity 

builds up in a region.  

The thermometric variables were treated for statistical normality 

distribution in terms kurtosis and skewness tests. Kurtosis is a measure of 

how outlier-prone a distribution is. The distributions that are more outlier-

prone than the normal distribution, the kurtosis values have >3, and those 

are less outlier-prone have kurtosis <3. The positive kurtosis indicates a 

relatively peaked distribution, and the negative kurtosis indicates a flatter 

distribution. Skewness is a measure of the asymmetry of the data around the 

sample mean. The skewness value of a normal distribution (or any perfectly 

symmetric distribution) is zero. When the skewness is negative, the data 
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spread out more to the left of the mean than to the right. When the 

skewness is positive, the data spread out more to the right. In view of the 

frequent occurrence of lethal heat waves in different districts of Gujarat 

during the summer months, the statistical distribution characteristics of 

environmental warmth indices, physiological and biophysical variables might 

serve as indicators to ascertain vulnerability of a population group to heat 

stress. Also, the lower 95% confidence limit value of a particular normally 

distributed indicator at a limit of tolerance may reflect about imminent 

collapse at a given climatic condition.  

In case of stone quarry works during the summer months, the 

distribution of WBGT outdoor index was more outlier-prone than the normal 

distribution, however, the positive kurtosis indicated a relatively peaked 

distribution. Whereas, the distributions of WBGT indoors during the summer 

months in case of iron, ceramic and pottery works, were less outlier prone, 

however, the distribution appeared to be much flatter. On the other hand, the 

skewness values of WBGT indoor in case of iron, ceramic and pottery works 

remain symmetric around the sample mean. In case of stone quarry works, 

however, there was a greater asymmetry of the distribution of WBGT outdoor 

values, and the data spread out more to the right from the proximity of the 
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mean, and thereby indicating a component in heat vulnerability to the 

population concerned. 

 
 

Table 2. Environmental conditions at workplaces 
 

  Mean SD Percentiles Skew Kurt 

      5 50 95     

Iron workers: May-June 2009 (N=197)        
Ambient 

temperature (OC) 38.7 1.79 35.2 40.3 40.4 -0.44 -1.32 

WBGT indoor (OC) 32.4 1.83 30.3 31.1 35.5 0.24 -1.62 

Ceramic workers: May-June 2009 (N=138)       

Ambient 

temperature (OC)  39.3 3.31 36.2 38.6 45.4 1.00 -0.39 

WBGT indoor (OC) 33.9 1.88 31.7 33.0 36.5 0.31 -1.62 

Stone quarry workers: May- June 2009 (N=248)     
Ambient 

temperature (OC)  40.3 2.2 36.1 40.6 42.8 -0.35 -1.11 

WBGT outdoor  (OC) 35.0 2.3 32.6 34.6 42.7 1.85 4.45 

Stone quarry workers: October 2009 (N =158)   

Ambient 

temperature (OC)  35.4 2.3 33.1 34 38.9 0.72 -1.17 

WBGT outdoor  (OC) 33.1 2.2 28.2 33.2 36.2 -0.93 0.88 
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Figure 6. Environmental warmth in terms of WBGT index in different districts of 
Gujarat 
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In addition to the direct measurement of thermal data of workplaces, 

the meteorological observations of monthly variations of different districts of 

Gujarat were compiled, and derived as WBGT index for different districts. The 

WBGT values of two summer months of April and June 2009 are illustrated in 

Figure 6. There is general indication of increasing nature of environmental 

warmth from April to June, the peak summer months. The population in the 

districts, such as Surat, Tapi, Amreli and Junaghad) appeared to have lesser 

environmental warmth, compared to other districts, such as Kachch, 

Sabarkantha, Navsari and Valsad. The most warming zones are Rajkot, 

Surendranagar, Patan, and other districts identified in the map. The global 

warming will make the places worse by the coming decades. 
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4. 
PHYSIOLOGICAL RESPONSES TO HEAT STRESS  

 

In order to maintain the body core temperature (Tcr) close to its initial value, 

different physiological systems are required to function at an optimum level. 

Food consumption, metabolic processes, physical activity and gain of heat 

from the environment, all build up effective heat load on the body, which 

needs to be dissipated to avoid any build up of Tcr. Different physiological 

characteristics, such as profile of skin temperatures (Tsk), compartmental 

variations of temperature between body core and surface, and sweating and 

thermoregulatory behaviors respond in tandem to maintain thermal balance. 

The Tsk profile of the human body is often taken as the first rank strain 

indicator particularly in extremely hot situations. The Tsk tends to increase 

with the increasing thermal stress, as one of the important steps of body's 

thermo-regulatory efforts. The Tcr does not vary to the same extent as the 
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mean Tsk. When the body is unable to regulate its temperature in the 

extreme heat, the rate of change in Tcr becomes the physiological index of 

man's heat tolerance. Sweat rate is a parameter of choice as an indicator of 

total strain. Such observations provide useful information on the extent to 

which workers may become dehydrated in the hot environment.  

The magnitudes of physiological strains due to environmental warmth 

were analyzed for three occupational groups, based on field observations. 

Data indicated that the combined stress of work and heat imposed significant 

thermoregulatory load on the workers, with potential health consequences. 

An illustration of thermographic profiles of skin areas of stone quarry worker 

is shown in Figure 7. The clothings worn by the workers in three different 

workplaces were at basic level, and that helped in recording of the 

temperatures of the exposed skin areas, as given in Table 3. It was noted 

that forehead remained protective zone, in comparison to other local areas. 

When the temperature of forehead remained <340C, the temperatures of 

other local areas exceeded 34.5 to 35.90C. A comparison of local Tsk of 

workers in stone quarry in May and October 2009 indicated that the local 

area responses differed widely during high summer heat. On the other hand, 

during the month of October, local Tsk remained within a narrow range of 

34.5 and 350C.  
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Figure 7. Thermographic profiles of skin areas of a stone quarry worker  
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Table 3. Local skin temperature profile of workers at workplaces 

 
  Mean SD Percentile Skew Kurt 

    5 50 95   
 
Iron Workers (N=197)     

Head 33.49 1.49 31.65 33.08 36.75 1.12 0.39 

Trunk 34.91 0.97 33.26 34.87 36.60 -0.18 0.34 

Arm 35.52 0.82 33.90 35.55 36.80 -0.51 0.07 

Hand 34.74 1.00 33.04 34.75 36.48 0.00 -0.23 

Leg 34.86 0.86 33.50 34.83 36.40 0.08 -0.28 

Foot 35.45 0.83 33.95 35.50 36.85 -0.16 0.40 

Ceramic  Workers (N=138) 

Head 33.49 1.67 31.31 33.35 36.57 -0.21 2.16 

Trunk 35.49 0.85 34.07 35.50 36.94 0.02 -0.20 

Arm 35.49 0.98 33.75 35.55 37.10 -0.46 0.39 

Hand 35.23 0.80 33.87 35.23 36.60 0.00 -0.33 

Leg 35.32 0.94 33.67 35.40 36.86 -0.06 0.65 

Foot 35.66 0.95 34.00 35.78 37.15 -0.32 -0.79 

 
Stone Quarry workers (N=248): May-June 2009 

Head 33.22 2.84 29.66 33.55 36.15 -6.63 75.15 

Trunk 34.70 1.09 32.89 34.70 36.45 0.15 0.18 

Arm 35.48 1.32 33.17 35.40 37.63 -0.14 -0.18 

Hand 35.06 1.13 32.93 35.19 36.78 -0.32 -0.09 

Leg 35.55 1.21 33.45 35.53 37.49 0.16 0.15 

Foot 36.51 1.74 34.05 36.45 39.05 0.82 2.80 

 
Stone Quarry workers (N=158): October 2009 
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  Mean SD Percentile Skew Kurt 
    5 50 95   
Head 34.49 3.50 28.78 35.08 37.13 -6.51 60.44 

Trunk 34.73 1.01 33.00 34.82 36.40 -0.26 -0.12 

Arm 34.41 1.14 32.65 34.35 36.46 0.06 0.17 

Hand 34.63 1.15 32.72 34.60 36.65 0.21 -0.47 

Leg 34.74 1.14 33.07 34.75 36.65 0.03 -0.59 

Foot 34.90 1.42 32.80 34.85 37.06 0.18 -0.69 
 
 
 

Different physiological responses of the workers are given in Table 4, 

indicating a wide range of bodily strain among the workers, partly attributed 

to the environmental exposure and also partly to difference in the intensity of 

physical activity performed. The variations in heart rates and the oxygen 

uptake estimates at different environmental warmth are shown in Figure 8 

and 9. The trend indicated a distinctive pattern of oxygen uptakes and heart 

rate responses. That is, the environmental warmth caused a similar response 

to the heart rate response for the entire range of exposure, suggesting that 

the workers might be adopting self adjustment strategy in the pace of work. 

For example, the workers may be taking "siesta" during the hottest hours. It 

is also likely that the hourly distribution of work and workload might be 

varying with the environmental exposures. This was evident from the trend of 

oxygen uptakes up to 360C WBGT, however, beyond this heat exposure level 

the oxygen uptakes tended to increase significantly.  
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Earlier, in simulated environmental study, the present investigators 

(Nag et al., 2007) recorded that the heart rates might increase upward at a 

rate of 1 to 1.5 beats per degree rise in WBGT during the moderate and 

heavy work respectively. About 30% of the iron workers and 16% of the 

stone quarry workers (May and October) had diastolic blood pressure greater 

than 90 mm Hg. As indicated, the estimated oxygen uptakes varied from 0.75 

to 1.46l/min, and therefore, the severity of work was generally categorized as 

moderate to heavy physical activity in three groups. Most ceramic workers 

had moderate intensity of work, whereas the combined load of work and heat 

for the iron and stone quarry workers ranged from heavy to extremely heavy.  
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Table 4. Physiological responses of workers at workplaces 

 
 Mean SD Percentiles Skew Kurt 
      5 50 95     
Iron Workers: May-June 2009 (N=197)  

Heart Rate  92 14.69 71 90 117 0.36 0.14 

VO2 (l/min)  1.16 0.31 0.70 1.12 1.7 0.09 2.04 

Sweat Loss (gm/min)  12.9 1.40 11.3 11.92 15.3 0.24 -1.62 

Average Tsk (OC)  34.7 0.81 33.6 34.7 35.8 -2.69 21.21 

Tcr (OC) 36.9 0.52 36.3 36.9 37.5 1.31 14.77 

Tolerance Time (min) 91 14.99 67 100 109 -0.16 -1.72 

Systolic BP (mm Hg) 132 15.31 109 130 157 0.36 0.55 

Diastolic BP (mm Hg) 89 44.64 69 85 109 12.40 16.63 

Ceramic Workers: May-June 2009 (N=138)  

Heart Rate  91 16.41 68 89 120 0.63 0.14 

VO2 (l/min)  0.75 0.14 0.58 0.75 0.93 -1.93 10.79 

Sweat Loss (gm/min)  14.0 1.43 12.3 13.4 16.0 0.31 -1.62 

Average Tsk (OC) 35.0 0.66 33.9 35.0 36.0 -0.31 0.55 

Tcr (OC) 37.1 0.60 36.2 37 38.0 -0.96 5.58 

Tolerance Time (min) 79 13.31 61 84 96 -0.23 -1.61 

Systolic BP (mm Hg) 128 18.89 85 131 153 -2.47 11.33 

Diastolic BP (mm Hg) 81 9.09 66 81 96 0.04 -0.09 

Stone quarry workers: May 2009 (N=248) 

Heart Rate  110 18.03 88 108 140 1.04 1.41 

VO2 (l/min)  1.46 0.26 1.13 1.39 1.97 1.09 1.62 

Sweat Loss (gm/min)  14.9 1.73 13.0 14.6 20.7 1.85 4.45 

Average Tsk (OC) 34.8 1.03 33.1 34.9 36.3 -1.17 4.96 

Tcr (OC) 37.9 1.28 36.7 37.4 40.7 1.23 0.79 
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 Mean SD Percentiles Skew Kurt 
      5 50 95     
Tolerance Time (min) 71 12.75 34 73 88 -0.90 1.95 

Systolic BP (mm Hg) 129 17.39 101 127 155 0.73 2.03 

Diastolic BP (mm Hg) 79 14.65 58 77 102 2.22 17.01 

Stone quarry workers: October 2009 (N=158) 

Heart Rate  109 23.01 85 100 139 1.28 0.45 

VO2 (l/min)  1.27 0.16 1.05 1.26 1.57 1.08 1.70 

Sweat Loss (gm/min)  13.5 1.65 9.7 13.5 15.8 -0.93 0.88 

Average Tsk (OC) 34.6 1.03 33.2 34.6 36.2 -0.91 4.26 

Tcr (OC) 37.4 0.60 36.6 37.1 38.4 0.48 -1.31 

Tolerance Time (min) 85 18.83 65 83 132 1.48 1.78 

Systolic BP (mm Hg) 127 12.49 108 126 150 0.52 0.04 

Diastolic BP (mm Hg) 81 11.89 61 80 102 0.63 1.52 
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Figure 8. Heart rate responses at different environmental warmth 
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Figure 9. Oxygen uptakes at different environmental warmth 

 

Similarly, the workers had increased rate of sweating with higher 

environmental warmth, as given in Table 4. Since each litre of sweat 

evaporated from the skin surface represented a loss of nearly 675 W of heat, 

the extent of sweating was a large potential source of cooling, provided all 

the sweat was evaporated. The average sweating response in case of 

workers in iron, ceramic and stone quarry works (May and October) were  

12.9 ± 1.4, 14.0 ± 1.4, 14.9 ± 1.8 13.5 ± 1.7 gm/min respectively (i.e., 3 to 

3.6 litre of sweating for 4 hours of exposure).  

The heat gain outstripped heat loss, and as a result, a distinctive build 

up of Tcr (Figure 10) was noted in response to environmental stress. The 
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average levels of Tcr in case of iron works and ceramic works were close to 

370C. Obviously, the stone quarry workers in May had a much higher level of 

Tcr (37.90C), in addition to the fact that 95th value reached to 40.70C. In other 

words, it counted that nearly 17% of the stone quarry workers during their 

work in summer month crossed the critical limit value of heat tolerance. In 

the month of October, however, the stone quarry workers did not cross the 

tolerance criteria. No other workers in iron and ceramic works exceeded Tcr 

greater than 390C. It may be noted that the stone quarry workers in the 

month of May and October were different in two different locations. Having 

similar physical characteristics of the workers, and engaged in equivalent 

nature of work in both locations, the relatively increased physiological strain 

of the stone quarry workers in the month of May, do indicate the excess 

physiological demand of about 12 to 14% due to the hot environment.  

The Tcr was essentially in dynamic equilibrium supposedly maintained 

by the interaction of mechanism that allowed heat transfer to the periphery 

or shell and regulated the build up of body temperature. The profile of 

segmental Tsk, given in Table 3, indicated the relative space for adjustment 

against the build up of Tcr. The weighted average Tsk was obtained using 

surface area and sensitivity weighting of each local areas, and the pooled 

data of workers in different occupations were grouped according to the range 
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of WBGT values (Figure 11), showing a general trend of increasing weighted 

average Tsk corresponding to Tcr and oxygen uptakes.  
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Figure 10. Deep body temperatures at different environmental warmth 
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Figure 11. Weighted average Tsk in different ranges of WBGT 
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While each of the physiological responses are the resultant of 

combined effect of environmental warmth and the severity of physical work, 

it is yet to be ascertained the relative effects of environmental stress on the 

thermoregulatory responses that would be expected beyond the level 

attributed to physical work. It was observed that the environmental effects on 

the segmental Tsk appeared to be greater than the effects of work severity, 

indicating that the deviations from the thermo-neutral reference provoked a 

distinctive nature of the peripheral response for feedback and regulation. 

The present limitation of the field study was that the physical activity 

of three different work groups could not be equated, nor the same 

occupational group could be study in different time period of the year to 

examine the responses at different environmental warmth. The results of the 

study are indicative that the body responded differently to the effects of work 

and heat stress, with the dominant effect reflected in the responses. This was 

evident from the comparison of the physiological responses of the stone 

quarry workers during the month of May and October.  
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5. 

LIMIT OF TOLERANCE  

 

Heat stress has a major effect on a persons’ ability to carry out physical 

activity, whether it is habitual physical activity or occupational work. At high 

severity of heat exposures, the criteria taken for discontinuing the exposure 

was the level of tolerance to an individual. In other words, the tolerance level 

of heat exposure is generally taken as the time when Tcr reaches 39 to 

39.5oC, or the person is at incipient collapse (Nag et al., 1997), or the gradual 

narrowing of gradient between the Tcr and Tsk (Nag et al., 1986). Since many 

individuals in formal sectors of industry, and in informal sectors, such as 

construction and farming work may reach to incipient collapse due to other 

modifying factors, this limit of heat and work exposure may include a margin 

of safety for habitual community application.  
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Based on the current cross-sectional data of three occupational 

groups, and the biophysical relationship of the temperature gradient between 

the body core and skin surface, the segmental heat exchanges and the rate 

of body temperature build up were estimated. Accordingly, it was possible to 

arrive at a time duration that corresponded to the limit of tolerance of 390C, 

and referred to as tolerance time. This prediction closely corroborated the 

findings of longitudinal experimental data (Nag et al., 2007).  

There are obvious differences between the controlled experimental 

studies in environmental chamber, to that in field conditions. Rigid 

maintenance of work and heat in the experimental situation is certainly a 

better option to observe the physiological impacts. With this limitation, the 

real-life field situation required a predictive approach to arrive at the limit of 

tolerance. Besides determining the limit values for different occupational 

groups, the relationship was also extended for geo-spatial distribution to 

different districts of Guarat, as shown in section 8. 

The tolerance time data of the entire sample of workers were treated 

for statistical distribution, as given in Figure 12. The average tolerance time 

arrived at 81 ± 17 min. Within the present scope of comparison, the relative 

difference in the tolerance time among the occupational groups might be due 

to the differences in the environmental variables and workload. The tolerance 
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time level in case of iron works was 91 ± 15 min, at WBGT 32.4 ± 1.80C, and 

in case of ceramic and pottery works was 79 ± 13 min at WBGT 33.9 ± 

1.90C. The difference of 1.50C WBGT in two occupational groups 

corresponded to 12 min decrease of tolerance time. In case of stone quarry 

works in summer months, the tolerance time arrived at was less (71 ± 13 min 

at WBGT 35 ± 2.30C) than in other two occupational groups. For a similar 

work situation of the stone quarry workers in the month of October, the 

tolerance time was arrived at 85 ± 19 min at WBGT 33.1 ± 2.20C; that is, 

about 14 min drop of tolerance time for 1.90C increase in WBGT. These 

estimated ~8% loss of tolerance time per degree increase of WBGT. These 

losses of tolerance time might also indicate losses of productivity (Nag and 

Nag 1992) due to heat exposure, which Kjellstrom (2000, 2009) referred to 

as High Occupational Temperature Health and Productivity Suppression 

(Hothaps) effect, for loss of working ability or working capacity.  
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Figure 12. Tolerance time distribution 

 

For the benefit of the readers, the proposed reference values of 

thermoregulatory responses to heat stress for acclimatized and 

unacclimatized persons and the corresponding WBGT levels for different 

severity of physical activity are presented in Table 5 and 6. The reference 

values are those at which almost all individuals can be ordinarily exposed 

without any harmful effect. With reference to the levels indicated, it was 

noted that the engagement of the iron and stone quarry workers at the 

equivalent metabolic levels cannot be pursued continuously at the exposure 

conditions that recorded during the months of May and June, and also for the 

quarry workers during the cooler month of October. 

Minute 
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Table 5. Reference values of thermoregulatory responses for occupational 
exposure (Nag 1996) 

 
Unacclimatized  Acclimatized Criterion 
Warning Danger Warning Danger 

Skin wettedness ratio: 
Moderate to Heavy Work 0.50 0.80 0.85 1.0 

Tcr (oC) 38.0 38.5 38.7  39.2 

Tcr increase (oC)  1.2 1.7 1.8 2.3  

Gradient of Tcr –Tsk (oC) 2.0 1.7 1.8 1.5 

Sweat Rate (gm/h): 
Moderate to Heavy Work 

520 720 840 1020 

Maximal 8 h Sweat 
Production (gm)  

3000 
(2100) 

3600 
(2900) 

4500 
(3500) 

5300 
(4200) 

 Values given in parenthesis indicate 8 h sweat rate of women. 
 
  

 
Table 6. Reference values of ET and WBGT for occupational exposure (Nag 

1996) 
 

ET (0C) WBGT (0C) Work Severity 
Unacclimatized Acclimatized Unacclimatized Acclimatized 

Sedentary 34 35.5 35.5 37 

Light 32.5 34 34.5 35 

Moderate 30.5 32 32 33.5 

Heavy 28 30 29 31.5 

Extremely 
Heavy 

25.5 27.5 26.5 28 
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The NIOH studies based on longitudinal exposures to workers (Nag et 

al., 2007) evidenced that the distribution of duration of combined exposure of 

work and heat to the point, at which the exposure was discontinued, had an 

exponential nature of decay with the increase in WBGT [i.e., Tolerance time, 

min = 1841 e -0.103 WBGT]. The distributions of tolerance time in case of iron, 

and ceramic and pottery works appeared flatter, the kurtosis values being 

negative and <3. Whereas, the positive kurtosis distributions of tolerance 

time in stone quarry workers during the summer month and also in the 

month of October, were indicative of peaked distribution, however, the 

distributions were more outlier-prone than the normal distribution. On the 

other hand, the skewness values of tolerance time were negative in case of 

iron, ceramic and pottery, and stone quarry works during the summer 

months, indicating that the data spread out more to the left of the sample 

mean. In case of stone quarry works in the month of October, however, the 

skewness was positive, suggesting that the tolerance time data spread out 

more to the right from the proximity of the mean. The observed uniqueness 

of the tolerance time distribution has the utility to consider the variable as a 

component in heat vulnerability assessment and also prescribing safe 

exposure limits for work and habitual living of the population concerned.  
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It is noted that the efficacy of biophysical approach of analyzing heat 

exchanges and arriving at the limit of tolerance, depends on inclusion of a 

large number of thermal and non-thermal physiological factors. Also, there is 

non-uniformity in heat exchanges and temperature distribution in any spatial 

direction in body compartments. In spite of the recognition of the research 

challenges, there is a need to bring more simplicity in the biophysical 

derivation, in order to making susceptibility/vulnerability assessment for 

reference population. Since the present short duration study had limited 

scope of follow-up measurement, it included cross-sectional point 

measurements on 741 adult male volunteers, who were at different phases of 

exposure. The challenge remains in appropriate defining of the reference 

population, with respect to different regions of the country. This may include 

different vulnerable groups, as described in Section 7. Also, longer term 

measurements, spreading over days during the peak summer months would 

bring better resolution of the input variables in the biophysical model.  

This kind of data with further validation from a larger sample size can 

be of great importance for assessment of the health, safety and productivity 

impacts of climate change, and therefore, may be useful to develop 

prevention programmes in different regions. The modeling option has 

fundamental potential to associate physiological susceptibility assessment 
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with geo-spatial statistical mapping for area surveillance and identifying the 

population at risk to heat stress and strain, and developing warning systems 

for situations like frequently occurring heat waves in certain regions of the 

country. A humble attempt is presented in this contribution for prediction of 

progression of climatic build-up across the districts of Gujarat, with reference 

to time period of 1980, 2009 and forward prediction to 2040. 
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6. 

HEAT STRESS AND HEAT DISORDERS  

 

Acclimatization to heat is an unsurpassed example of physiological 

adaptation. With repeated heat exposures, human's defense mechanism 

undergoes progressive changes for internal thermal stability. The degree of 

exposure to combined load of work and heat, however, reflects differently on 

the thermoregulatory mechanism. This brings the limitation that individuals 

may not have the ability to be exposed at widely different hot environments. 

This calls for attention that acclimatization may be specific to the level of heat 

exposure to which a person is exposed and may not respond well above the 

levels of exposure. In examining mechanism of acclimatization in hot-dry and 

hot-humid exposures, it appears that men in hot-humid exposures have 

shown better adaptive changes than in hot-dry exposures (Nag et al., 1996).  
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For men folks, the hot-humid environment induces the cardio-respiratory sys-

tems relatively at a higher level, compared to those in dry environment. That 

is, humid exposure has a better effect in acclimation. Ogawa et al. (1982) 

observed that the secretory capacity of sweat glands improves better with 

acclimation in humid heat. Thermoregulatory responses (e.g., secretary 

capacity of sweat glands) are sluggish in elderly compared to younger people 

(Ogawa et al., 1993), which may partly be attributed to reduced aerobic 

capacity with increasing age. In general, women tend to show early signs of 

thermoregulatory adjustment than men.  

When people exposed to hot environment in a habitual basis are 

naturally acclimatized; however, brief daily heat exposures about 1.5 to 2 h 

for 6 to 7 days may result in short term acclimatization. Withdrawal from 

exposure for a week or more results in a significant loss in adaptations, 

though acclimatization can be regained in 2 to 3 days upon return to a hot 

job. The physiological acclimatization is primarily an improvement of sweating 

efficiency (Parsons, 2003), however, the behavioural adaptations to the hot 

working environment include, for example, taking frequent rest breaks in the 

shade, improving air circulation, reducing physical activity by slowing the 

pace of work (Pilcher et al., 2002). The relative differences of the reference 

values between acclimatized and unacclimatized persons are given in Table 5 
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and 6. It is relevant to indicate that because of specificity of acclimatization, 

sudden seasonal shifts in environmental warmth may manifest in heat related 

disorders to persons who are acclimatized below the levels of exposure. For 

general awareness, the heat related disorders are described below. 

Heat stress can be developed to any individual if subjected to intense 

physical activity and/or exposed to environmental warmth. Regardless of age, 

gender or health status, one’s physiological mechanism allows maintaining 

the Tcr in a range ~37°C. In any situation that causes rise in Tcr rises, the 

physiological response sets in for sweating and dissipating heat by circulating 

blood across temperature gradients. On repeated daily exposures for days to 

conditions that elevate Tcr may result in a process of acclimatization. Even 

when acclimatized, adequate hydration is critical to avoid development of 

heat-related illness. When heat exposure exceeds beyond a certain level of 

rise in Tcr, then a range of heat-related symptoms and conditions can ensue.  

Associated with the problems of dehydration, there are ample 

emphasis of the disease pattern related to renal failure for the elderly, 

children and also adult workers engaged in heavy work in hot environments. 

Studies of military troops deployed in hot, arid climates have demonstrated 

increased occurrence of kidney stones (Cramer and Forrest, 2006). Brikowski 

et al. (2008) reported the incidence of kidney stones in hot parts of the USA, 
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indicating association of heat exposure and dehydration. Dehydration 

increases the concentration of calcium and other compounds in the urine, 

which facilitates the formation of kidney stones.  

Semenza et al. (1997) reported significantly increased hospital 

admissions for acute renal failure and co-morbidity of renal disease during the 

severe heat wave in Chigaco in 1995. Hansen et al. (2008) reported hospital 

admissions during heat waves in Adelaide, Australia, showing an incidence 

rate ratio of 1.10 for renal diseases and 1.26 for acute renal failure compared 

with non-heat wave days Knowlton et al. (2008) reported the extreme heat 

related health effects in California, showing significant increases of 

emergency visits for electrolyte imbalance and acute renal failure (~16% 

increase), nephritis and nephrotic syndrome (6% increase), as compared to 

diabetes and cardiovascular diseases (~3% increase). Gracia-Trabanino et al. 

(2005) reported ~13% prevalence of renal disease problems potentially 

influenced by heat exposure among coastland male farmers in El Salvador. 

One might hypothesize that repeated dehydration caused by heavy physical 

work undertaken in high heat could be a risk factor for renal disease in the 

farming population. In the present study, particularly among the workers in 

stone quarry, the incidences of kidney stones remain common. However, a 
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detailed investigation may elucidate the association of the prevalence of renal 

diseases to the heat exposures. 

Heat cramps involve painful cramping of muscles in the legs or 

abdomen, and result from electrolyte imbalance, particularly when plasma 

sodium level falls significantly below normal. Exertion, with profuse sweating, 

is a common cause of heal cramps. Heat edema is essentially swelling of the 

legs due to accumulation of fluids in the tissues, those results from prolonged 

dilation of the small arteries in the legs.  

Heat syncope is characterized by a sudden loss of consciousness 

(results from orthostatic hypotension that is related to peripheral blood 

pooling). Sunburn is when skin becomes red, painful and unusually warm 

after being in the sun. Sunburn should be avoided because it damages the 

skin and could lead to more serious illness.  

Heat exhaustion is a result of large depletion of blood plasma volume, 

coincident with low plasma levels as well as peripheral blood pooling. Heat 

exhaustion is a milder illness that happens when too much water and salt is 

lost. Symptoms include mild disorientation, generalized malaise, weakness, 

nausea, vomiting, headache, tachycardia, and drop in blood pressure. 

Untreated heat exhaustion can lead to heat stroke, a serious form of heat-

related illness. A person with signs of heat exhaustion should immediately be 
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removed from exposure, and moved a cooler area; fluid and electrolyte 

supplements are essential. Measures such as loosening of clothing, skin 

cooling by increased air flow, wiping of skin areas with cool waler, or rubbing 

ice packs on the extremities of the victim.  

Heat stroke occurs when person’s Tcr rises above 40°C, as a result of 

impaired thermoregulation. High Tcr, cardiovascular stress, intravascular 

coagulation may result in cell damage in vital organs, such as the brain, liver, 

and kidneys, leading to serious medical emergency. Death may occur due to 

cardiac failure or hypoxia, or it can occur days later as a result of renal failure 

due to dehydration. The neurologic impacts of heat stroke include headache, 

dizziness, which can be followed by loss of consciousness, or other 

complications. Heat stroke patients may suffer a recurrent or continuous 

seizure activity, with risk of brain damage. The victims must receive 

immediate treatment to replace blood volume and electrolytes, and bring the 

Tcr down to 39°C or below.  

Heat stroke might be classic heat stroke or exertional heat stroke. The 

classic heat stroke usually affects susceptible individuals, such as infants and 

the elderly, or people with chronic illness. Exertional heat stroke involves high 

physical activity under high temperature conditions to which the heat stroke 

victim might not be acclimatized. As reported, the mortality rate among the 
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heat stroke victims is as high as one-third, and one-fifth of the heat stroke 

survivors suffer neurologic damage.  

 

Vulnerable population – Elderly  

The elderly are at higher risk due to reduced ability to acclimatize to changing 

temperatures and higher likelihood of pre-existing chronic health conditions. 

Thermoregulatory mechanisms in older adults often do not function optimally, 

even when the individual is relatively healthy (Merck 2006). Impaired 

cognitive function in some older adults may also affect in avoiding heat 

exposure, consuming fluids and food, and seeking suitable medical 

assistance. Social isolation and medication use are other factors that make 

the elderly more susceptible to the effects of heat. Therefore, the emergency 

response personnel, and health care providers must be cognizant of the 

factors that medical conditions of the elderly may predispose individuals to 

impaired thermoregulation. Some common medications available over the 

counter (e.g., antihistamines, cough and cold medications - anticholinergics, 

blood pressure, heart, and prostate medicines, alpha and beta blockers, 

calcium channel blockers, diuretics, amphetamines, laxatives) can increase 

the risk of dehydration or be associated with impaired thermoregulation.  
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Vulnerable population – Children  

Children are physiologically and morphologically less able than adults to 

maintain an optimum Tcr when exposed to environmental heat. The children 

have a greater surface area-to-body mass ratio than adults leading to greater 

heat gain. Metabolic heat productions per unit of mass of children when 

engaged in physical activity are more, as compared to adults. The children 

also have sweating ability, and thus reducing ones’ efficacy of body cooling. 

The children are also less likely to sense thirst to voluntarily replenish fluids, 

thus increasing their risk of dehydration. 

Based on the above understanding, the present study included 

questionnaire survey among the occupational groups and the subjective 

responses of the workers are embodied in section 7. 
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7. 

VULNERABILITY OF HEAT STRESS 

 

The occupational groups selected in the study are apparently naturally 

acclimatized, since they have been engaged in their respective jobs on a 

regular basis. The questionnaire survey essentially looked into signs and 

symptoms of heat-related illnesses. Different heat strain indicators (Figure 

13a & b) were responded on a 5-point scale, mid point being taken as 3. 

Some of the indicators such as feeling of chill, redness of face, seizure, 

sensation of shivering, slurred speech, the extent of urine output, etc. could 

not be reflected in the responses of the workers in all occupational groups. 

The responses generally indicated that the stone quarry workers had 

increased severity of heat strain, in most indicators of heat disorders, such as 

excessive sweating and thirst, hot and dry skin, muscle cramps, mental 
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disorientation, etc., in the summer month and also in the cooler month of 

October.  

The workers’ subjective response as 4 and 5 were taken as indication 

of high strain response, as given in Table 7. Over 30% of the stone quarry 

workers complained of decreased urine output and no sweat situation during 

the summer exposures, in comparison to only 8% workers complained of 

such situation in the month of October. Corresponding to observation of the 

physiological responses presented in section 4, and the subjective responses 

to heat illnesses, the occupational groups are vulnerable to heat stress. In 

comparison to iron, and ceramic and pottery workers, the relative severity of 

work in terms of oxygen uptakes of the stone quarry workers was much 

higher, as per the work severity classification (Nag et al., 1980). Also, ~90% 

of the stone quarry workers complained of excessive sweating, elevated Tcr 

and excessive thirst. About 2/3rd of the stone quarry workers, in comparison 

to only 1/3rd of the iron and ceramic workers complained of loss of working 

capacity. 
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Figure 13a. Signs and symptoms of heat related illness 
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Figure 13b. Signs and symptoms of heat related illness 
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Table 7. Workers’ subjective response to signs and symptoms of heat strains  

 

 

Iron 
Workers 
(N=195) 
 

Ceramic 
Workers 
(N=137) 

Stone 
Quarry 
Workers  
(N=243) 

Stone 
Quarry 
Workers  
(N=158) 

 %age of workers expressed high strain 

Heavy sweating 68.7 79.6 90.5 89.9 

High pulse rate 41.5 43.8 81.1 58.9 

Extreme weakness/fatigue 36.9 50.4 69.5 76.6 

Dizziness /nausea  14.9 18.2 40.7 32.3 

Headache 26.7 27.7 51.4 41.1 

Confused & Irritated 14.4 21.9 50.6 17.7 

Clammy, moist skin 22.6 25.5 52.7 51.9 

Pale or flushed complexion 16.4 18.2 51.0 5.7 

Muscle cramps    15.9 29.9 61.3 20.3 

Fast and shallow breathing  19.0 24.1 52.3 60.8 

Excessive thirst 86.7 82.5 90.9 84.8 

Decreased urine output     6.2 12.4 30.5 7.0 

Loss of appetite 11.3 19.7 41.2 24.1 

Blurred vision    20.0 16.1 38.7 41.8 

Low blood pressure   6.2 1.5 11.9 0.6 
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Iron 
Workers 
(N=195) 
 

Ceramic 
Workers 
(N=137) 

Stone 
Quarry 
Workers  
(N=243) 

Stone 
Quarry 
Workers  
(N=158) 

 %age of workers expressed high strain 

Hot or dry skin (no sweat) 4.6 5.8 30.5 8.2 

Red face 5.6 8.8 38.7 26.6 

Chill feeling 2.1 5.1 24.3 19.6 

Mental disorientation  18.5 22.6 48.6 5.7 

Seizure 1.5 0.7 17.3 0.0 

Shivers  2.6 3.6 20.2 3.8 

Slurred speech  3.1 2.2 14.8 0.6 

Abdomen spasms 6.2 16.1 29.6 38.6 

Muscle pain/arms spasms          20.5 19.7 36.6 51.3 

Muscle pain/legs spasms 27.2 22.6 43.6 57.6 

Fainting/feel collapse 10.8 19.0 35.4 8.2 

Elevated body temperature 54.4 54.7 60.5 12.7 

Loss of consciousness 6.2 10.9 25.1 3.8 

Pink or red bumps 21.5 28.5 37.9 21.5 

Itching skin               24.1 21.2 31.3 20.3 

Irritation/prickly sensation 5.6 5.8 15.2 30.4 

Loss of work capacity  25.1 31.4 62.1 63.3 

Dry mouth                 31.3 50.4 74.9 51.9 
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 Perceived effort/exertion of an individual scored using Borg’s scale 

closely resembles to the severity of the tasks performed. Figure 14 illustrates 

the worker’s response to physical fatigue and perceived effort, which was 

drawn from the pooled data of the workers, against the environmental 

warmth indicator of WBGT values ranging from 31 to 400C. The average 

perceived effort levels remained in the range of 14 to 17, and for this level of 

subjective response, the heart rate variations should correspond to 140 to 

170 beats/min. However, the intermittent nature of physical work that was 

recorded in the short duration measurement cycle, by Polar heart rate 

monitor, might have missed the peak loads, as observed from Table 4. The 

95th percentile values of heart rates for iron works, ceramic and stone quarry 

workers (May and October) were 117, 120, 140 and 139 beats/min 

respectively. Also, the subjective response to physical fatigue score, given in 

Figure 14, remained close to 9 to 10 in 13 point scale, indicating that the 

overall fatigue being expressed remained at a high level, however, the 

relative fatigue to different levels of environment warmth could not be 

reflected. 

The scope of the study was limited to adult working population (Table 

1). The occupational exposures are potential risks of developing heat-related 

illness, in environmental conditions to which they may not be fully acclimated 

(Morioka et al 2006). Apart from the occupational groups, the elderly and 
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The self-reporting of perceived effort, physical fatigue or any other 

heat related symptoms have limitations, since the illiterate workers might not 

be much conversed with the relative Likert scores and scoring method. 

Appropriate indoctrination of the workers and consistent recording by the 

field investigators are very much essential in order to establish the 

relationship between the symptoms and heat exposures.  

 

 
Figure 14: Rating of perceived exertion scale (Borg scale) and physical fatigue 
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children are at risk of vulnerability to high heat stress. The pavement dwellers 

and others, who are deprived of suitable shelters, are at a much higher risk 

of heat-related consequences. 
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8. 

GEO-SPATIAL MAPPING OF BIOPHYSICAL 
DESCRIPTORS  

 

 

IPCC (2007) predictions are becoming evident that the climate has been 

getting hotter during the recent decades. Rainfall distribution is changing at 

places, along with increasing dew point levels. Health effects from the 

changing climate are further more evident (McMichael et al., 2003), with 

increased incidences of heat stroke including mortality during heat waves, 

malaria spreading to new places, diarrhoeal diseases and occurrence of 

injuries due to storms and floods, and effects of increased ozone in urban air 

pollution. Population vulnerabilities depend on several determinants, including 

biological, behavioural, social, and environmental and economics dimensions. 

Surveillance of climate related health vulnerabilities requires consideration of 
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different factors and their interdependence. WHO (2004) recognizes the role 

of the national health agencies in the management of and adaptation to the 

potential negative impacts of the climate change event on health and 

wellbeing through appropriate surveillance system effective in a region or 

country.  

There has been emphasis on the integration of geo-spatial information 

and health outcome measures, for understanding of area-specific based 

population characteristics associated with vulnerability to heat stress, and 

also consequences to climate change. The methods that provide spatial 

information are useful for prospective planning and intervention in areas 

where increased prevalence of heat-related illness is likely to occur. GIS 

technology has been used in obtaining, storing, managing, analyzing and 

visualizing geographical, enviro-climatic, socio-economic and health data for 

effective decision making (Brooker and Utzinger, 2007; Simoonga et al., 

2008).  

Climate-based forecast systems have been developed and applied in 

displaying the population at risk, the prevalence of disease/infection etc. 

(Malone, 2005; Genchi et al., 2005). Displays have been made in the form of 

proportional circle maps, choroplethic maps and iso-plethic maps (Cringoli et 

al., 2005). National Oceanic and Atmospheric Administration (NOAA) data 
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(2007) provide seasonal and intra-daily variations in heat exposure across 

countries and presented in GIS based maps. Bernier et al (2009) described 

web-based spatial OLAP (On-line Analytical Processing) application for 

surveillance of climate related health vulnerabilities, and applied in certain 

cities in Canada. Based on census data analysis, studies have been attempted 

in mapping spatial variation in vulnerability (LaDochy et al. 2007), and 

epidemiologic data indicated the vulnerable population at higher risk from 

extreme heat (Curriero et al., 2002; Kalkstein and Sheridan 2007). The 

approach has limitation, however, that it does not account for contributions of 

physical environment to increased risk of heat related illness. Particularly, a 

research challenge exists in identifying heat intolerant people. An example 

may be drawn that heat acclimatization is specific to environmental conditions 

(Morioka et al 2006) and also depends on the body composition profile of 

population involved. The likely heat intolerant population living in an area of 

low environmental heat load may be less at risk than a group living in an area 

of high heat load.  

The potentials of GIS in the surveillance of environmentally related 

health disasters in India, including the relationship between climatic change 

and extreme heat stress disorder are yet to be explored. Climate modeling 

with respect to physiological heat strain indicators of different regions of India 
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is lacking. The environmental warmth depends on the characteristics of the 

environment and anthropogenic activities and that reflect in physiological and 

biophysical criteria of heat stress and strain. With the known base 

temperature, the coincident relationships between spatial, demographic, 

biophysical, and environmental factors may yield a robust approach for 

vulnerability assessment to heat stress disorders. The long-term goal of the 

methodological approach is to provide public health personnel with a practical 

tool to better prepare for heat related eventuality and tailor intervention 

measures for spatial examination of vulnerability.  

In order to identify indicators and measures of indicators for heat-

related morbidity and mortality, information required are – (i) literature 

review of heat wave events, in order to identifying population vulnerabilities 

and analyzing heat illnesses and disorders, and mortality records, (ii) extent 

of elevated ambient temperature in the region under study, and the 

availability of adaptive approaches and measures, i.e., public centers for 

community services. For applying biophysical approach to developing 

predictions of heat stress and strain, two approaches were adopted in the 

present study. On the one hand, direct environmental measurements were 

undertaken from different study locations spreading certain regions of Gujarat 

and Rajasthan, and based on the data of the field investigations, the 
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biophysical analysis of heat stress and strain was undertaken, that yielded 

multiple dimensions of importance with reference to WBGT index. On the 

other hand, meteorological observations of monthly variations of different 

districts of Gujarat were compiled. Ambient and dew point temperatures of 

over 106 years were treated for prediction analysis in terms of WBGT index, 

and examined its interplay with different biophysical variables. The premise is 

that if the biophysical indicators are close to one another of the spatial 

distribution, coincident with the population characteristics, the risk potentials 

of the respective population can be indicated. It is important to emphasize 

that the approach presented in this contribution represents a first step toward 

developing a system for improving determination of risk to heat related 

hazards within the districts of Gujarat.  

Western states of India show increased frequency of high heat stress 

events that occur regularly, having high temperatures, high humidity and 

strong solar heat radiation, and often such situation prevail over few weeks, 

and therefore, these events may not always be defined as heat waves. 

During the hottest parts of the day in the hottest months, the heat exposures 

get so high that even people at rest may be seriously affected and even die 

from the heat. Working people are even more affected due to their internal 

waste heat production. 
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In section 3, the GIS based map indicated the WBGT range in different 

districts, during the summer months of 2009 (Figure 6). This is indicative that 

the populations in most parts of Gujarat are potentially exposed to high 

environmental warmth during the months of April to June, since the WBGT 

values exceeded the reference values (Table 6). At these levels, the adult 

individuals, acclimatized or otherwise, may not be able to engage in 

moderate/heavy intensity of physical activity. With reference to the ambient 

range of heat stress prevailing in the districts of Gujarat in the months of 

April, May and June during the last 2 to 3 decades, the linear regression 

analysis arrived at that the ambient temperature build up might be at a rate 

of 0.02 to 0.042°C per year, with varying magnitude across the districts. 

Some of the central districts of Gujarat can be referred to as industrial zones 

and relatively more urbanized. This ambient temperature build up in the 

districts of Gujarat is equivalent to a temperature increase of 2 to 4.2oC per 

century, the upper range is about 2.3 times the global average temperature 

increase of 1.8oC/century in recent decades, and higher than the estimated 

average increase of 3.0oC/century by 2100 (IPCC, 2007). Due to a variety of 

modifying factors, the estimated increase of ambient temperature may not be 

linear for a whole century. The Western India being a rapidly industrializing 

region, the local climate change in the districts of Gujarat will depend on 

geographic and meteorological conditions influenced by urbanization, 
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industrialization, power plants and burning of fossil fuels, and also on 

concerted actions to limit green gas emissions.  
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Figure 15. Limit of Tolerance to heat exposure in different districts of Gujarat 
(2009) during the summer months 
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Figure 16. Sweat loss (4 hours) in different districts of Gujarat (2009) during the 
summer months 
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The biophysical derivations of the limit of tolerance time during the 

summer months are shown in GIS map (Figure 15). The limit of tolerance of 

human exposure to heat might be taken as an indicator to ascertain 

vulnerability of a population group. During the month of May and June, 

people in most districts were limited by the prevailing climatic conditions and 

the tolerance time might be in the range of 70 to 90 min, or less for habitual 

exposures. Tolerance time of people in the districts of Ahmedabad, Anand, 

Banaskantha, Gandhinagar, Kheda, Mehasana, Patan, Rajkot and 

Surendranagar appeared to be markedly less during the summer months. 

Relatively, however, Surat, Amreli and Kachch were more comfortable regions 

to live on. 

With the trend of climatic change recorded during the last decades, it 

is evident that the state of Gujarat might face increased length and intensity 

of heat exposure periods, with consequent direct effects on physiological and 

pathological processes (Costello et al., 2009). One of the mitigation measures 

is to encourage people for likely replenishment of water loss due to sweating. 

Figure 16 illustrates the predictive sweating response of adult individuals in 

different districts. Taking 4 hour peak heat exposure into account, it is 

suggested that the population in the regions may supplement fluid at least 

4.0 litre, and also alternatives may be considered to supplement a suitable 
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osmotically active solute prior to heat exposures, in order to avoid 

dehydration and heat exhaustion. 
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9. 

 
RESEARCH AGENDA AND STRATEGIES TO 

MITIGATE HEAT RELATED HAZARDS  
 

 

The states of western India, by and large, are the hot zones and these states 

will continue to confront with extreme heat emergencies in increasing 

frequencies. The meteorological data of Gujarat analyzed in the present 

contribution and selective investigations in certain workplaces are indicative 

of distinct high temperature build up in the districts of Gujarat, and broad 

spectrum symptoms of heat-related illness among people. The children, the 

elderly, the chronically ill, outdoor workers, pavement and slum dwellers, 

street venders, rickshaw pullers and others, are at much greater risk of heat-

related illnesses.  
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Climate change mitigation and dealing with extreme heat eventuality 

demand newer insight, such as the role of the block development authorities 

and the public health agencies to meet up the challenges. The district level 

internal control administrative machinery and health care services should be 

geared up to communicate and provide services to these populations and 

conduct appropriate outreach, education, and mitigation activities. 

Administrative preparedness needs to be ensured to address community 

programme in the event of extreme heat related circumstances; for example, 

facilities can be created for cooling strategies for persons who are at risk of 

combined load of work and heat.  

Raising awareness about the climate related health hazard among 

employers, workers and communities is a highest priority, in order to look for 

populations at risk. By deploying early heat warning systems, it may be 

possible to notify populations to reach support areas and services. Beside 

media attention, targeted outreach campaigns by health educators, public 

health agencies have high weightages for better social contacts and taking 

measures for vulnerable individuals (e.g., necessity of first aid, proper 

hydration and other fluid supplementation, shifting people to cooler places).  

Unpredictable heat waves may change geographic risk in certain 

regions of the state, due to limitations of physiological adaptability. For 
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example, some remote rural India is grossly devoid of electricity supply and 

artificial sources of cooling of living areas, where a high proportion of children 

and poor elderly might be living, thereby make the regions more vulnerable 

to heat extremes. Suitable surveillance systems are not yet available, 

however, such systems might allow rapid tracking of cases of heat-related 

emergencies, and provide services.  

International standards and guidelines for human exposure to hot 

environment have differently been applied for exposure optimization, design 

and evaluation of heating, ventilation and air conditioning systems, heat 

protective clothing, and optimization of work-rest schedules. No regulatory 

guideline in India is available in determining ceiling limit of exposure. 

Available international standards are to be validated for application in 

extreme weather conditions that prevail in different regions of the country. In 

view of the emerging vulnerability to heat stress, it may be obligatory for the 

Government and industry initiatives to establish safety and health standards 

for exposure to hot environments, with strategic options to mitigate extreme 

heat eventualities. For example, vast occupations in the informal sector are 

seasonal in nature, and the people concerned are subjected to extreme heat 

exposure outdoors, with risk of health and human performance problems for 

the population. The analysis of climate change impacts should therefore 
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ideally include estimates for each month of the year, and examine permissible 

heat exposure limits according to occupational work schedules.   

Forming of national guidelines would demand research on 

epidemiological cross correlation between chronic heat exposure and 

susceptibility of persons to heat disorders. Heat adaptability and biological 

monitoring are the essential proposals to be examined, taking account of the 

modifying factors that (a) increase biologic sensitivity or reduce resilience to 

heat (e.g., age, gender, body composition, pre-existing disease, or genetics), 

(b) determine adaptive capacity, human behavioural pattern in built 

environment or outdoor locations, and (c) socio-economic factors that 

influence biological response and exposure. Vulnerability assessment requires 

medium and long term objectives, in order to identify demographic trend and 

determinants of risk, health impairments, economic status, type of housing 

and shelters, clothing designs and preferences, urban islands, industrial 

hotspots, air pollution, local transport system and access to public health care 

services.  

Heat intolerant persons must be identified for productivity and health 

reasons. There is an urgent need for research to establish the relationship 

between heat stress, workers’ health, accidents and injuries, and productivity, 

and the likely estimate of the economic costs of climate change in different 
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occupational and habitual settings. Since heat acclimatization is specific to 

environmental conditions and body composition characteristics, there is a 

need for developing screening tests to determine the adaptive capacity. 

Under nutrition and environmental heat are inter-related to affect human 

health, since the effective heat load on the body is relatively high for low 

calorie intake persons.  

It might be possible to estimate the risks of heat exhaustion, heat 

stroke and daily productivity losses, including disability adjusted life year loss, 

based on the physiological understanding and epidemiological prediction 

approaches. In order to mitigate the negative health impacts, research is 

needed in developing biophysical model for analysis of work and exposure 

situation, heat stress dimensions in different occupational settings, and 

provisions of cooling methods.  

Overall, research studies on climate change phenomena with reference 

to its negative impact on human health are scanty in India. There is a 

genuine need to generate experimental data from the heat exposed 

population from the community and work environment, with reference to 

morbidity of heat disorders and possible productivity impacts in different 

regions of the country. A better understanding of the climatic threat on 

human health and wellbeing, and economic and social costs may strengthen 
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the need for mitigation of climate change and interventions for improving 

adaptive capacity. This may incorporate consideration into planning for rural 

and urban area development, housing schemes, agricultural and industry 

investments, and through public and occupational health programmes that 

protect individuals at risk.  
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