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Evaluation of the Farmers’ Workload and Thermal Environments
during Chili Harvest in the Open Field
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ABSTRACT

Physiological and subjective responses of the farmers and thermal environment during chili
harvest in the open field were investigated to evaluate the thermal environments and farmers’s
workload. Eight career female farmers in their sixties participated as subjects both in morning
work(MW, AM 9:00~10:30) and in afternoon work(AW, PM 15:00~16:30) with each lasting about
90 minutes. The results were as follows. 1) Air temperature, air humidity, globe temperature
and WBGT of MW were mean 25.54C, 81.82%RH, 37.72°C, 26.27C and AW were mean 30.6
3C 82.50%RH, 40.11C, 30.02C, respectively. By the WBGT, we evaluated that the thermal
environment in the afternoon in the open field gave a thermal burden to farmers. 2) Mean skin
temperature of AW(34.8+0.8°C) was higher than MW(33.5£1.2°C )(p<0.05). Clothing microclimate
temperature on the chest of each work time were 31.3C (MW) and 32.7°C(AW). Clothing
microclimate humidity on the chest of each work time were over 80%RH. Heart rate were
88.5bpm(MW) and 91.7bpm(AW) respectively. 3) Farmers working in the afternoon felt
uncomfortable after 45~60 min. of work and in the morning they felt uncomfortable after 90
min. of work. We evaluated that the harvesting of chilies in the open field was ‘moderate work’
by the physiological responses but the level of thermal burden increased over time especially
in the afternoon work. It is suggested that farm workers should drink fluids between work to
stay in homeostasis by sweating and to take frequent rests. Active clothing ventilation and wearing
functional garments would help farm workers excrete sweat effectively.
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Gender Age(year) Height(cm)

Weight(kg) Work years  BSA(m®)  BMiI(kg/m’)

Subject(n=8) Female 69.5+1.3 157.52.4

57.6£10.1 32+7 1.6+0.1 23.143.4

BSA = W™ * H"™ * (007246 (Takahira’s equation)
BMI = Weight/(Height)® (Kettler’s equation)
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Table 2. Scales of subjective sensation
Scale Thermal sensation Wet sensation Thermal comfort Subjective workload
-4 Very cold
-3 Cold Very dry
-2 Cool Dry Extremely light
-1 Slightly cool A little dry Very light
0 Neutral Not both Comfortable Fairly light
1 Slightly warm A little humid Slightly uncomfortable Somewhat hard
2 Warm Humid Uncomfortable Hard
3 Hot Very humid Very uncomfortable Very hard
4 Very hot Extremely hard
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Table 3. The environmental condition during chili harvest
Air Air humidi lobe Insolation Air veloci
Time temperature(C) (%RH;ity tempzei)tzre(@) (i’\//mz(; (:1‘:'?) y WBGT(C)
Work at AM 25.54+1.90" 81.82+6.67 37.72+4.10 689.65+144.60 0.64+0.35 26.27+£2.30
(9:00~10:30) 22.5-29.3% 70.1-97.2 30.9-41.9 446-868 0.14-1.77 22.7-30.1
Work at PM 30.63+0.99 82.50+12.38 40.11£2.23 812.34+154.15 0.82+0.43 30.02+1.91
(15:00~16:30) 28.2-33.3 55.0-98.2 34.77-42.55 650-1121 0.17-2.54 25.8-32.7
PM 12:00~14:00 33.89+0.66 86.47+5.45 43.39+0.74 1086.10+173.05 0.52+0.24 33.93+0.87
31.6-35.3 55.8-95.2 41.3-44.7 812-1314 0.15-2.07 28.4-34.7
Y Mean + SD, ? Range
WBGT7} %1 BALeEel YA w3 2ol &1 A ofE YL F8 Ajolv, MY YEI A
ARl B 2 Aolme B o ek Fue AAE BEE WA I ggos £
o Fe AZHdE L%, WBGT, YA, & Zdolgt 4 A Qloi(Kim & Hwang 1991) 54!
ARRE, FE7F &% ARUEGE Fob 7hEF o] ALY F AUe Kz &5 Hujy 7177t 9
FTAUE Fajof & Ao ATHTh @ Zdate] AE BE A =& & 5
2 Aol ZAHE 7 FE 05-08ms2, AF & Aoz AzEn AAR 250 wAYA
A e 879 FAA FHEAeH Rt 7 ASED vl 9d FuE B 49e e
A W ok tigo] AA FAYe] o] JE h} o5 BHFPo| o] Z AL BA
oAE nFLE e Y dAse 1RF @T YoE= un A3 el ey HL)
S E B e E2RA dulE de FEE Ho
20 AYe e sAA ] Fae vl AR 2. BRmRes
7b FEHA A HER A @712 A7 AlA o5 AP IR R2EE 48CE o &
W& Zigstrlele BEd Fxot =3 F 4 33.5CHTE F98A EUTHp<05, Table 4).
ZGA AGQAE 13 AYS fldl HEolE F ol 9718 BALEY} eART 230 5C A
< AEANAT 2o 7hsdtar, uiEol A5 T A5l et 5Y AGA #wA He 29
1HE HEo] Fol|7tA] 137t o] 5 A 2ot w3t =713k Aolgt & 4 Utk
27T Ut ojAs A2 2 Eak AZ 225K Lee et al. 2003)° W= AukH<l
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Table 4. Physiological responses according to the work time

Mean Ty (C) Mean To Mean H Mean HR(bpm)
on the chest(C) on the chest(%RH)
Work in AM 33.5+1.2* 31.3t1.4 87.24£5.2 88.5+9.5
(9:00~10:30) (34.90) (33.5) (97.0) (107)
Work in PM 34.8+0.8* 32.7£1.0 90.0+£5.4 91.7+£13.6
(15:00~16:30) (36.0) (34.6) (98.0) (122)

Mean + SD, (Maximum value)

Mean Ty(AM) vs. Mean Ty(PM) .
Mean Ty
Mean Ty .

*p<0.05

Mean temperature inside clothing, Mean H, .

. Mean skin temperature, Mean HR : Mean heart rate
Mean humidity inside clothing
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Table 5. Subjective responses during the 90min.
work

Work at AM  Work at PM

Thermal sensation 2.75+1.2" 3.12+1.4
Wet sensation 1.28+0.8 1.97£1.7
Thermal comfort 0.98+0.7 1.51£0.9
Subjective workload 1.02+0.6 1.93+£1.3

YMean+SD

Table 6& 4ROl HEwlRe, 71559 o
B eme] YR Astolth. eH=Ye] 4
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Table 6. Correlation coefficient according to the

work time
Ta on the
Tsk
chest
Heart rate during AM work 0.044 0.625%*

Heart rate during PM work  0.456**  0.544**

**p<0.01
Te . Mean skin temperature, Te . Mean temperature

inside clothing
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