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Effects of Cooling the Upper Torso on Thermophysiological
Responses and Clothing Microclimate in Subjects Wearing
Protective Clothing for Pesticide

Chiho HavAsHI and Hiromi TOKURA*

Nagano Prefectural College, Nagano 380
* Department of Envivonmental Health, Nara Women’s University, Nara 630

We studied the effects of cooling the upper torso by frozen gel strip on thermophysiological
responses and clothing microclimate in female subjects wearing protective clothing for pesticide
during exercise and rest at an ambient temperature of 30°C, the 4verage summer temperature
during the daytime in Nagano. Five healthy female students volunteered as subjects. They wore
two kinds of protective clothing: one with and the other without frozen gel strip. After resting for
15 min on a chair, the subjects repeated 15 min exercise by a bicycle ergometer (50 W) and 5 min
rest 3 times under the circumstances of an ambient temperature of 30+0.3°C and a relative
humidity of 50+5%. Main results were as follows: 1) Cooling the upper torso inhibited an
increase of the forearm sweat rate during exercise. 2) The mean skin temperature and clothing
microclimate (temperature, humidity) at trunk were significantly lower by cooling. 3) Thermal
sensation was improved by cooling. It was concluded that cooling the upper torso could reduce
the physiological strain in the working subjects wearing protective clothing for pesticide at warm
ambient temperature of 30°C.
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Front Lk L 72,
Fig.1. Protective clothing made of cotton with (3) FEBRFIR
repellent finish BB &3 EIE 30+0.3C, BES50+5% N ALRME
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Table 1. Properties of the protective clothing for pesticide
Thickness Weight Density Moist}t)xre Aiz3 Moisture
Fabrics permeability permeability regain
e War eft
(mm) (g-m™?) (ends/in) (picks/in) (ml'm~2-h™') (ml-cm=2-s7!) (%)
Cotton (water repellent finish)

Outer 0.20 132.4 121 132 435 5.0 6.2
Liner* 0.18 85.5 115 97 538 57.5 5.8
Outer + Liner* 382 4.5

* Sleeves, front part and trousers in clothing were made of two layers (outer+liner).

Table 2. Scales of subjective sensation

Thermal Humidity Comfort
sensation sensation sensation
1. very hot 1. very wet 1. comfortable
2. hot 2. wet 2. slightly
3. warm 3. slightly wet uncomfortable
4. slightly warm 4. neutral 3. uncomfortable
5. neutral 5. slightly dry 4. very
6. slightly cool 6. dry uncomfortable
7. cool 7. very dry
8. cold
9. very cold
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Fig. 2. Schedules of cooling test
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Fig.3. Forearm sweat rates during rest exercise
under the influences of two kinds of pro-
tective clothing

The values are means*S.E. of 5 subjects. Open circles,
cooling off; closed circles, cooling on. * p<0.05, ** p <
0.01.
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Fig. 4. Rectal (upper) and tympanic (lower) tem-

peratures during rest and exercise under
the influences of two kinds of protective
clothing

The values are means*S.E. of 5 subjects. 0 in the X-
axis denotes the beginning time of first exercise. Open
circles, cooling off; closed circles, cooling on. * p <0.05,
** 5 <0.01.
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Fig.5. A comparison of the times and their
core temperatures (tympanic and rectal)
between “cooling on” and “cooling off”
when they become significantly higher for
the first time, compared with the values in
the beginning of measurements

0 in the X-axis (left) denotes the beginning time of 1st
exercise and that in the X-axis (right) the beginning
time of 2nd exercise. Open circles, cooling on; closed
circles, cooling off.
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Fig.6. Skin temperatures of chest (upper) and
back (lower) during rest and exercise
under the influences of two kinds of protec-
tive clothing

The values are means*=S.E. of 5 subjects. Open circles,
cooling off; closed circles, cooling on. * p<0.05, ** p <
0.01.
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Fig.7. Mean skin temperatures during rest and
exercise under the influences of two kinds
of protective clothing

The values are mean+S.E. of 5 subjects. Open circles,
cooling off; closed circles, cooling on. * p<0.05, ** p<
0.01.
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Fig.8. Heart rates expressed as their deviation
from those in each initial level during rest
and exercise under the influences of two
kinds protective clothing

0 in the X-axis denotes the beginning time of first
exercise. Dotted line, cooling off; solid line, cooling on.
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Fig.9. Clothing microclimate temperatures (up-
per) and absolute humidities (lower) on
chest during rest and exercise under the
influences of two kinds of protective cloth-

ing

Open circles, cooling off; closed circles, cooling on. * p <
0.05, ** p<0.01.
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Table 3. Moisture adsorbed to clothing

Vol. 45 No. 12 (1994)
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Table 3 i, BRAKRT tNfETFE L, BITET
BEBHIS N LAH L LI O THERE D S ic L
LTH5E, S1EESAZ»BHS ) OB FEK
RABETRIZD %, WHI ) EBHL LOBICARE
EZDRD LNz, Fiz, BAKRI L OLKRFETFE
FREHAE D » VI RIMAERIISC, BWHHY %
LOZELMOKRICHNTFEL KEL - 72,

Fig. 1012, ZBARICOWTRLZLDOTH 5. I8
W, F1E~FEIMMENESKTERE biC, WH
BN OFFEH L L LD EL W~ R S 1,
WHB ) LA L LOMICEEEIRBO LN, F72,
Pl R S IRERITIRH D ) DT ) TR B 7 FHifT H¢
Bonid, FEET k72,

4. % B

Pimental 5% (%, Bi#AREHT, 2 44°C, 517,
57C, MXHEE X Z N F149%, 33%, 25% NDIRE
&MT, <A bRz 3BT O 6 HMOREE (B
HEE4.6kg) ZWOMT, Pro FIinicd &8
% 2057 AT - 2R, WThoBAELRELZ AN
WA, BHELERR, GHEB I URTFR

(g)

Clothes Cooling S-1 S-2 S-3 S-4 S-5 Mean
) Cooling on 4.8 19.5 32.2 29.7 12.4 19.72
Under shirt )
Cooling off 1.7 24.2 39.6 42.0 21.5 25.80
Cooling on 2.7 5.2 9.3 7.4 3.7 5.66
Drawers .
Cooling off 4.3 5.7 10.8 9.9 6.8 7.50
Cooling on 3.4 4.4 8.8 10.6 4.6 6.36
Blouse .
Cooling off 6.6 9.3 13.1 16.9 10.3 11.24
Cooling on 2.6 3.0 4.7 4.6 2.2 3.42
Trousers )
Cooling off 0.9 3.1 3.9 5.4 0.9 3.04
Total Coolfng on 13.5 32.1 55.0 52.3 22.9 35.16 j*
Cooling off 13.5 42.3 67.4 74.2 40.5 47.58
* p<0.05.
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Fig. 10. Subjective sensation of thermal sensation
(upper), humid sensation (middle) and
thermal comfort sensation (bottom) dur-
ing rest and exercise under the influences of
two kinds of protective clothing

The values are means+S.E. of 5 subjects. Open circles,
cooling off; closed circles, cooling on. * p<0.05, ** p<
0.01.
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DEFARETICORE L HEEE5 2 &L LN 5,
I, Fig 9icA s 31%H» ) DO
WAESHEEE DRI L L N2 R 722 &, 7209
WE2EET 244 vV ORKBITETEIGHD Y O
FL kel o7z (Tabled) Z ¢ ZHictNE ST LN
5.

BREMRIED Trey, Toy 2OV TIE, ERBEORIEE
R IC BT 21HD N B H L LoMicizaEE12
Lo lzh, BEBPOLHERTRILDO LR, 25
& (Fig.5), B2EEE X T3, BHD N D H»H
HLED ERIBEIN, BHDORED ) bl
2. ZHIZRWMEBEE ST Lok ) HEE L RAE
MOBEDREI KEC L), EELTBRBREDITHA,
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Ty ERTRIBLSCHIGL, L2LBENLREFED
WIDALNTZ E2HBEL T3, RrensdENE
BT REBGIEEDERERICH T ) XD L WER
LT, B2 OBHBESKEVE ENZEED I
TWERAZ & L THRERIE LS4 8A 7225, T, ok
AN 2L L HBE L, BFED LAMHICES L
12 Z EHREEE LT,

Utz & 5 RIBRIC & 29I B 8
BEET 3¢, BTFBRHNOTELIHL, Z0RE,
L% (Fig. 8) RKRWIBEEEN LA MG 72 &
FEZ oD, WHITF BRI BT Ml £\ -
Sz, AL (F L BIERRIC IR IR - BB
DB K EIREB L VTSN EE T2 =
EEHEL TS, SEOGBHP Y B LEIICE
T2 FIRBRDEELZIIERENE BIESKNIE

(1143) 65

NI | -El ectronic Library Service



Japan soci ety of Home Economics

BAARBFESsE Vol.45 No.12 (1994)

ENFEELIKT (Fig.9) »RKE(BELTWELD
EEZ NS,

Epo BEKAAIEL TR, SEAVW P >12=R 7,
FRPLCRMOEEROERAIAFATRTH 505, Zh
LNEMEER L 2BETHEBENAEEL LTS
oIz, w27, FRORMOEMORFE L & LI
WHHEE DAL HEMI S 2 TR L EHERENEKT
Y ENEEICTALENDH L. $2, bHAENEOR
&2 EEL 2, LOBERET (LE23EE
80~90% R.H.) TORERe, ZMoMBENHED
B AHRKICOVWTH ELICRITT 2 LEHDH 5.
S EOBHEN R FRER OB & KICHFHEIC L -2 2 &
D LR EE 2 FR I EINHENRHAREIVLETHA
J.

5. 2 ¥

B AR EBENEBNEHENNE L S
HESTLUTDERZIT- 72,

BIEI5 30+0.3C, MHMNEES0E5% N ALRMESE
I2BWT, #HEBE S BICEE L CERIE LTI
B2V, BHLLBAELBHLLVWBEN oD%
HTT, BEEINLITX—F— BG0W) Ik 3EH
AR ZATY, RFTRTE, ERE SEE, O

KIEWIRIEES L UFARBIC OV THERE 2175 72,

BoNHERBILUTOEBY) TH- 72,

(1) FwBEBEEE®RD LW E EEOR BIRIZET
L7225 R OETIRELC, FBEOKRA
HEENMETIEETH ), BEEEB L UKRNIRIE
BErHicwHs ) EnHx LoBicEEE»rRBH LN
7z.

(2) HHD Y IWHL LIS, BFRED LR
FlEn, BIRHSELZ L CLRBROBF RIS N

Z &5, KRMEIHEERKRMNET &, LHR I Nz,

(3) L, WHL N OHEFEHLL L) D
b Ao, EREAFNOEATRRS 1172,

4) BHARDS b, FICRIBRIZBYT, WHBPY
LA LOZBRICER R ENEDH LN,
Ulnz &b, BEBMABBREKEKXTICBWT,
RSB EHRMLEICHTH I L 3RFEZIHIL,
EHHHOBRBOLEHRDOWEICOLH S Z LI
2= (WA

5l B X W

1) B E#H EHASE KB, & BE: A%HF
39, 185~189 (1975)

2) ERRABER  BEEARO#ERSEHERRESE
(1989)

3) BH B EAKR—, RBRE: HERES 34, 682~
683 (1985)

4) T, WTHR ZBESE BERREE 2803,
74 (1991)

5) #%k THE AR
21 (1992)

6) McCaffrey, T. V., Geis, G. S., Chung, J. M. and
Wurster, R. D.: Aviat. Space Environ. Med., 486,
1353~1357 (1975)

7) Brown, G. A. and Williams, G. M.: Aviat. Space
Environ. Med., 53, 583~586 (1982)

8) Pimental, N. A., Avellini, B. A. and Heaney, J. H.:
Proceedings of the Fifth International Conference
on Environmental Ergonomics, 226~227 (1992)

9) Hk T LTHE §FNET, BEEE (BRK
X)) FELEEAFZE, 38, 67~73 (1992)

10) /NI @ BACAEFEREE 48, 1~13 (1986)

11) EEEEE, FE & HeaEs sk BERR
55, 24, 135~144 (1987)

12) BRI, % EE . AH-4£ERERERSHERE,
571~574 (1991)

13) /NfdEHE - BAAEHE, 48, 1~13 (1986)

14) IWTHR  BMEAEFS, 17, 875~886 (1989)

15) Ogawa, T., Ohnishi, N., Yamashita, Y., Sugenoya,
J., Asayama, M. and Miyagawa, T.: Jpn. J. Physiol.,
38, 479~490 (1988)

16) FLILEEF, HFTRTF . BERSRE, 26, 143~154 (1989)

B (RRIOK) FEUERTSE, 39, 16~

66 (1144)

NI | -El ectronic Library Service



