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m ABSTRACT : Rgasthan state is in west region of India. Maximum temperatures rise sharply
exceeding 45° C by the end of May and early June resulting in harsh summers in the state. Heat
stress is a condition that is caused by worker over-exposure to the high temperature work
environments often found in outdoor agriculture operations. Wet Bulb Globe Temperature (WBGT)
isameasure of heat stress. Considering the range of temperatures prevalent in the Rgjasthan state
during the months of May and June, agricultural operations during these months and the associated
heat stress on the agricultural workers, this study was designed to ascertain the effect of WBGT
on body thermal responses of agricultural workers. Southern Rajasthan was selected to conduct
this study. The study was conducted on 12 farm workers. Different WBGT of 28°C, 29°C, 30°C,
31°C and 32°C were selected for thisstudy. Thermal parametersincluded head, forehead and oral
temperature. Forehead temperature was observed to decrease with an increase in WBGT. Heavy
sweating was observed at high WBGT and this resulted in the decrease in skin and forehead
temperature. Oral and head temperature was observed to increase with increase in WBGT. Since
oral temperature is also considered to be the core temperature of body, it increased with increase
in WBGT. Head absorbs the direct solar radiations and hence, its temperature increased with
increasein WBGT.

mKEY WORDS: WBGT (Wet Bulb Globe Temperature), Heat stress, Thermal responses, Head
temperature, Forehead temperature, Oral temperature, Core body temperature
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performed by manual 1abour. High drudgery and low
incomeisthemain hurdlein agricultural production.
Ploughing (June, July, October and April), sowing (July-
August, October-November and March- April),
intercultural operations (August, April — May), harvesting
(September-October, March-April and May-June) are
the main agricultural operations which are being
performed mostly by small hand toolsin hot sunny days.
Rajasthan stateisin west region of India. Maximum

I nIndia, most of the agricultural operationsare being

temperaturesrise sharply exceeding 45° C by the end of
May and early June resulting in harsh summers in the
state.

Heat stressis acondition that is caused by worker
over-exposure to the high temperature work
environments often found in outdoor agriculture
operations. Heat stressis abuild-up of heat in the body
generated by muscle use and surrounding conditions. It
istheresult of acombination of environmental conditions,
work demands, and clothing requirementsthat arelikely
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to increase body temperature. When the body cannot
adequately cool itself, injury, illness, or even death can
occur. The more intense the work, the hotter the
conditions and the higher the humidity, the faster heat
will be generated and the body will struggleto get rid of
excess heat. Dash and Kjellstrom (2011) concluded that
heat stressis an important aspect in the lives of people
working under exposed conditionsfor long hours. Climate
change may lead to significant increase of heat events
and hence, heat stress during the hot seasons in most
partsof India. Heat stressmay cause occupational health
risksaswell asreductions of work productivity that can
have a negative impact on family income and the
community economy. Ismail et al. (2009) stated that the
environmental factors such as temperature and relative
humidity contribute to the effect of comfort, health,
performance and worker productivity. Huguette and
Pierre (2009) showed that the heart rate, increased body-
core temperature and sweating are the physiological
responsesto heat stressand they are collectively known
as physiological strain. Keim et al. (2002) found that
thermal stress from cold and heat can affect health and
productivity in a wide range of environmental and
workload conditions. Parsons (2006) presented heat
stress Standard 1 SO 7243, which is based upon the wet
bulb globetemperatureindex (WBGT) and considersits
suitability for useworldwide.

Heat stress can be prevented by introducing work
practices which can be accomplished by reducing the
physical workload imposed on an individual worker or
by scheduling appropriate breaks for thermal recovery.

Work in extreme thermal conditions may require
persona thermal protection in the form of specialized
clothing. Passive protection is provided by insulative and
reflective garments; insulation alone can buffer the skin
fromthermal transients. Reflective aprons may be used to
protect personnel who work facing alimited radiant source.

Considering therange of temperatures prevalent in
the Rajasthan state during the months of May and June,
agricultural operations during these months and the
associated heat stress on the agricultural workers, this
study was designed to ascertain the effect of WBGT on
body thermal responsesof agricultural workers. Southern
Rajasthan was sel ected to conduct this study.

B METHODOLOGY
Intercultural operation like weeding was selected
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for this study as it was performed in the month of 15"
May to 15" June. The temperature is at peak with very
low humidity. The average temperature is ranges
between 35°C to 43°C which causes high heat stress
conditions.

The study was conducted on 12 farm workers.
During the study period all the operations for the study
were performed by these 12 farm workers. The farm
workers selected from the 50" percentile of the
anthropometric criteria and physical strength. Selected
subjectswere having agriculture as their main source of
livelihood. All the subj ects sel ected were not having the
habits of chewing tobacco and taking any type of liquor.
Subjectswere between 20 - 40 years of age. Theweeding
operation was performed both in morning and evening
shifts. In morning the time of operation waskept from9
AM to 1 PM and in evening 3 PM to 5 PM. For the
assessment of effect on body thermal responses due to
heat stress condition the subjectswere asked to perform
the weeding operation continuously for one hour.

Heat Stress Monitor offers high quality heat stress
monitoring without the hassle of wet-bulb maintenance.
This model measures/calculates the dry bulb, wet bulb
and globe temperatures along with WBGT indoors,
WBGT outdoors, relative humidity and heat index. Real
timeclock providesaccurate reporting with time stamping.
Thiswas used to measure the WBGT at the study area.
Different WBGT of 28°C, 29°C, 30°C, 31°C and 32°C
were selected for this study.

An infrared non contact thermometer is a
thermometer which infers temperature from a portion
of the thermal radiation sometimes called blackbody
radiation emitted by the object being measured. They
havethe ability to measure temperature from adistance.
By knowing the amount of infrared energy emitted by
the object and its emissivity, the object’s temperature
can often be determined. Thiswas used to measure head
and forehead temperatures of twelve subjects.

A Doctor’s thermometer is a device that measures
temperature or temperature gradient using a variety of
different principles. It has two important elements: the
temperature sensor (e.g. the bulb on a mercury-in-glass
thermometer) in which some physical change occurswith
temperature, plus some means of converting thisphysical
changeinto anumerical value (e.g. thevisible scalethat
ismarked on amercury-in-glassthermometer). Thiswas
used to measurethe oral temperature of twelve subjects.
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Following thermal parameters were measured
during the study:

— Head temperature in °C using an infrared non
contact thermometer

— Forehead temperature in °C using an infrared
non-contact thermometer

— Oral temperature in °C using a doctor’s
thermometer

B RESULTSAND DISCUSSION

Heat stress and physiological responses of twelve
mal e farm workers were assessed for weeding operation
in summer Moong (green gram) in Southern Rajasthan,
India. Wet Bulb Globe Temperature (WBGT) was
recorded with the Quest temp 36 heat stress monitor.
Clear sky duration of five dayswas sel ected in the month
of May to meet the required heat stress. Work was
started at 09:00 AM to 01:00 PM and then 03:00 PM to
05:00 PM and the physiological parameters were
measured after one hour of continuous operation. All
the 12 subjects were asked to work simultaneously for
three days. Following data presented are the average of
three days observation. The days were selected after
visiting the current satelliteimages hosted on thewebsite
www.imd.gov.in of Indian Meteorological Department,
Government of India, Pune. Also theforecast statement
issued by Indian Meteorological Department was
considered to see the clear sky.

The data of the study were collected in the month
of May 2009. The parameters which were recorded

Tablel: Mean values of thermal parameterswith WBGT

were asfollows:

— Head temperature in °C

— Forehead temperature in °C

— Ora temperaturein °C

These experimentswere conducted for five WBGT
of 28°C, 29°C, 30°C, 31 °C and 32 °C. Mean val ues of
thermal parameters of twelve workers were calculated
from the observations and the mean value tabl e of thermal
parameters with WBGT is shownin Table 1.

It can be seen that oral temperature varied from
36.7° Cat WBGT of 28° Cto 38.1° Cat WBGT of 32°
C. Head temperature varied from 40.3° C at WBGT of
28° C to 44.8° C at WBGT of 32° C. Forehead
temperature varied from 36.1° C at WBGT of 28° C to
33.2° Cat WBGT of 32° C.

Forehead temperature was observed to decrease
with an increase in WBGT. Heavy sweating was
observed at high WBGT and thisresulted inthe decrease
in skin and forehead temperature. Oral and head
temperature was observed to increase with increase in
WBGT. Since oral temperatureis also considered to be
the core temperature of body, it increased with increase
in WBGT due to heat stress. Head absorbs the direct
solar radiations and hence, itstemperature increased with
increase in WBGT due to heat stress.

There was a linear trend in graph and R? values
were higher than 0.98 in all cases of variance of thermal
parameterswith WBGT (Fig. 1). Forehead temperature
exhibited a negative linear trend while oral and head
temperatures showed positivelinear trend with increase

Treatments Oral temp Head temp Forehead temp
28°C WBGT 36.7 40.3 36.1
29°C WBGT 37.0 415 35.3
30°C WBGT 374 425 34.5
31°C WBGT 379 43.7 337
32°C WBGT 38.1 44.8 332
GM 374 42.61 34.60
C.D. (P=0.01) 0.29 0.76 0.81
Ccv 0.72 1.65 2.17

Table2: ANOVA for thermal parameterswith WBGT

Sr. No. Characters

1. Oral temp

2. Head temp

3 Forehead temp

Treatments Error
4,38** 0.07
36.99** 04
17.46%* 0.5

** jndicates significance of value at P=0.01
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Variation of body thermal responses with WBGT
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Statistical analysis of the data was carried out to
find out the significance of effect of WBGT on thermal
parameters. ANOVA table of thermal parameters and
their variancewith WBGT isgivenin Table 2.

It can be seen from the ANOVA Table 2 that skin
temperature of subjects significantly decreased with
increaseinWBGT at 1 per cent level, Oral Temperature
of subjectssignificantly increasewithincreasein WBGT
at 1 per cent level, head temperature of subjects
significantly increased with increasein WBGT at 1 per
cent level and forehead temperature of subjects
significantly change with increase in WBGT at 1 per
cent level. The difference of CD at 1 per cent was
observed in all the mean values of skin, oral, head and
forehead temperature.

Conclusion :

The study conducted on twelve farm workers for
ng the effect of WBGT on body thermal responses
revealsthat WBGT induces heat stress on the bodies of

( 58 Internat. J. agric. Engg., 10(1) Apr., 2017 : 55-59
3 HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE

agricultural workers. The head temperature and oral
temperature of workers increased with increase of
WBGT from 28 °C to 32 °C, whileforehead temperature
of workers decreased with increase of WBGT due to
heavy sweating during agricultural operation of weeding
in summer season crop.

Considering thisincreasein oral temperaturewhich
isalso considered the coretemperature of body, aproper
work rest cycle should be devel oped so that the worker
may stop working after an increase of oral temperature
of certain range and then shall take rest till the oral
temperature drops back to normal. Proper head gear
should beintroduced so asto reduce theincreasein head
temperature of agricultural workers during field
operationsin which they are exposed to direct sunlight.
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