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Abstract

To evaluate the thermal environments and the workload of farmers in the rice field in summer, this
study investigated rice farmers’ physiological, psychological responses, work postures, work clothes, air
temperature and air humidity during the spraying pesticide in the rice field. Five career farmers (3 males,
2 females) volunteered as the subjects. During the spraying pesticide in the rice field, physiological
responses were monitored continuously. The results were as follows.

1. Farmers wore only raincoats not pesticide-proof clothing.

2. The value of WBGT, rectal temperature(Tx), mean skin temperature(Tq) were 24.9~28.9°C, 37.8(+
0.3)C and 33.6(+0.6)C, respectively. Clothing microclimate temperature(Tq4) on the chest and back
were 32.5(%£2.6)'C and 33.6(+2.6)'C, respectively(p<0.001). Humidity inside of the clothing (Ha) was
over 80%RH and heart rate(HR) was 112(+27) bpm. We evaluated that the spraying pesticide was ‘heavy
work’ by the Tre and HR.

3. To four subjective questionnaires, all farmers expressed ‘hard, hot, humid and uncomfortable’
without individual difference at the end of works.

We suggested that 1) the spraying pesticide in the rice field was a heavy work, 2) because the workload of
farmers in the raincoat/pesticide-proof clothing can’ t be evaluated by only WBGT, assessors should
measure physiological, psychological responses as well as thermal environments, 3) to alleviate farmers’
heat strain, clothing manufacturers must consider not only the improvement of textile materials and
clothing weight but also the designing of personal cooling equipment.
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Table 1. Characteristics of subjects

Date Subject Sex Age (year) | Height (cm) | Weight (kg) | Workyears | BSA(m?) BMI
18 C Male 42 173 84 20 2.00 28.1
Y Male 42 180 80 15 2.01 24.7

August
L Female 41 164 70 16 1.78 26.0
23 K Male 43 170 72 20 1.85 24.9
August P Female 42 150 73 18 1.70 324
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Table 2. Thermal environments around the field during the spraying pesticide and work duration
Date/Time Physical environment Mean SD Max. Min.
Air temperature ('C) 29.8 0.6 30.5 29.0
18 Air humidity (%RH) 68.6 3.6 75 62
August, Globe temperature ('C) 39.8 1.7 418 382
Am 08:00-10:02 WBGT(C) 289 0.5 29.5 279
Air velocity (ms!) 1.04 0.38 1.82 0.3%
Air temperature ('C) 26.7 0.7 28.0 26.0
23 Air humidity (%RH) 73.6 4.3 78 66
August, Globe temperature ('C) 28.7 1.3 31.0 275
Pm 17:00-18:40 WBGT('C) 24.9 0.4 255 244
Air velocity (ms) 0.05 0.01 0.08 0.04
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Fig. 1. The spraying pesticide in a rice field directly and assisting on a ridge between rice fields.
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Table 3. Wearing garments of farmers during the
spraying pesticide

Garments clo**
Panties, Shirt with long sleeves,
CY* KM) Work pants, Rain suit (jacket+ L1-15
pants), Cap, Mask, Rubber gloves,
Socks, Rubber shoes,
Briefs, Bra, Shirt with long
LP(F) |sleeves, Work pants, Cap, Thin 0.4-0.6
cotton gloves, Socks, Sport shoes
*Y wore rain pants without rain jacket;
**estimated from ISO 9920

Subject (Sex)
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Table 4. Physiological responses of farmers during the spraying pesticide

AU Z7hol 7 A

Mean
Physiological responses Moo — Totdl Sb Max. Min.
T(C) 37.8 379 37.8 0.3 38.3 371
Tu(C) 337 33.4 33.6 0.6 35.0 31.2
Tao on the chest (C) 32.7 325 32.6 26 38.0 25.2
Tao0on the back ('C) 33.6 33.8 337 2.6 39.3 273
Hao 0n the chest (%RH) 87.0 79.5 84.0 10 9 53
Hao on the back (%RH) 92.3 70.0 83.4 14 99 42
HR (bpm) 117 104 112 27 184 67
Table 5. Rectal temperatures and heart rates of farmers during the spraying pesticide
Subject C SubjectY Subject L Subject K Subject P
Total work duration (min) 122 122 122 100 100
Tremar Treo (C) - 1.01 0.45 0.74 -
Taking time to Tr. 38°C (min) - 108 48 41 -
Tre>38°C /Total work duration (%) - 12.3 32.8 60 -
Work duration HR > 140bpm /Total work duration (%) 33.6 10.7 16 14 9
HRu- HRy (bpm) 184-62 164-86 134-73 154-77 165-82
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Fig. 2. Time course of rectal temperature and mean skin temperature during the spraying pesticide.
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temperature on the chest
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Fig. 3. Time course of clothing microclimate temperature during the spraying pesticide.
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Fig. 4. Time course of clothing microclimate humidity during the spraying pesticide.
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Fig. 5. Percentage of heart rate by range during
the spraying pesticide.
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Table 6. Subjective responses of farmers immediately after the end of the work for 100-122min

Subject C Subject Y Subject L Subject K Subject P
Work load Very hard Hard Somewhat hard Hard Somewhat hard
Thermal sensation Hot Very hot Hot Hot Hot
Sensation of humidity Very humid Very humid Humid Very humid Humid
Thermal comfort Uncomfortable Alittle Alitle Uncomfortable Altle
L uncomfortable uncomfortable uncomfortable
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