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The Study on the Sweating Responses of Adult
Female according to Garment types

Hee Gyong Yeom and Jeong Wha Choi

Dept. of Agricultural Home Economics, Seoul National University
(1992. 7. 22 A <)

Abstract

This study was performed to investigate correlation between total body weight loss and
local sweat rate and to find out any possible method that can estimate total body weight loss
judging from local sweat rate.

Twelve adult females were kept at 44 £1°C, 50 +£5% R.H.. D Physiological responses such as
total body weight loss, local sweat rate, rectal temperature, skin temperature, blood pressure
and pulse, @ micro climate inside garment and @) subjective sensation were examined. Two
types of garment such as long-sleeves with long pants (Type I) and half-sleeves with short pants
(Type II) were used to observe the effect of garment types on sweating response. Both clothing
weight was equal (132+3 g/m?).

The results were as follows:

1. Regardless of the different types, total body weight loss was more interrelated with the
sweat rate on forehead than any other parts of the body. Except the forehead, different parts
of body with different types of garment influenced on body weight loss quite differently.

2. Total body weight loss was more interrelated with the weight gain of garment than the
local sweat rate.

3. Under the environment of 44+1°C, 50+5%R.H., body weight loss during 1 hour of subject
clothed and sitted was 275.2 g/hr and weight loss per body surface area was 178.9 g/m?/hr.
Garment types have no influences on total body weight loss.

4. Local sweat rate (mg/7.07 cm?/hr) was 208.0,191.0, 133.0,115.0,81.0,75.1 and 66.3 on
scruff, breast, forehead, forearm, thigh, upper arm, leg respectively. No evidence has been
found that garment types influenced on local sweat rate (p<0.1).

5. No interrelationships between rectal temperature and total body weight loss, local skin
temperature and total body weight loss, and local skin temperature and local sweat rate were

found.
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From this study, some possible method that we can estimate total body weight loss judging

from weight loss of garment. But considering the fact that clothing design factor, the physical

characteristics of fabric and environmental factor such as humidity and wind velocity should

be concerned in weight loss of garment, it should be studied further whether the total body

weight loss can be estimated properly from the weight loss of garment.

This experiment suggest that different parts of body with different types of garment can

influence on body weight loss quite differently. Therefore, in order to get more precise results,

more studies under the diversity of garment types should be done in the near future.
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Table 1. Description of experimental garments.

Fiber content (%) Weight (g)

TYPE1 wupper cotton 100 1031
under cotton 100 102+1
TYPE II upper cotton 100 1201
under cotton 100 85+1

@A 2743 A 44 1258e2 a2 AN =4

7\‘_]. “
o Ao, AERAL BHAD ol o5

61

TYPE |

long-sleeves + jong pants

TYPE II

half-sleeves +short pants

O front
@ back

Fig. 1. The shape of experimental garments and
measuring points of sweat volume with capsule.

Table 2. Physical characteristics of subjects.

Subjects Age Height | Weight | Body surface
(vear) (cm) (kg) area (m?
A 22 162 49.81 1.53
B 20 155 47.38 1.45
C 21 159 51.99 1.53
D 21 164 55.27 1.61
E 20 160 43.19 1.42
F 23 158 52.50 1.53
G 21 165 60.46 1.68
H 20 158 44.43 1.43
I 20 167 53.38 1.61
J 20 160 49.84 1.52
K 21 164 61.62 1.68
L 21 158 46.48 1.49
50+5%R.H.Z 2439}
YEREE &% 241200l 73 & 33+1°C, 55+5%R.

H.2 =45 2oji] Ay 9B o2 7oz 603 oA
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Table 3. Relation of the whole body weight loss (W), weight loss per body surface area (Wlbsa), weight loss per body
wight (Wlw) to local sweat rate and weight gain of garment (Wg).
(Fh: forehead, Br: breast, Sc: scruff, Ua: upper arm, Fa: forearm, Th: thigh, Le: leg)

Fh Br Sc Ua Fa Th Le Wg
TYPEI WI 0.57** 0.11 0.59°* 0.38 0.02 0.26 0.33 0.82***
Wilbsa 0.52** 0.03 0.63°** 0.39 ~0.03 0.12 0.26 0.83***
Wiw 0.33 —0.11 0.57°* 0.31 —0.08 —-0.19 0.03 0.66***
TYPEII Wi 0.58** —0.04 0.12 0.66*** 0.54** —0.01 0.40 0.85%**
Wlbsa 0.55** 0.01 0.16 0.68*** 0.53** 0.03 0.35 0.88***
Wiw 0.44* 0.10 0.22 0.65*** 0.48* 0.09 0.26 0.83***
Avg.* w1 0.54*** 0.02 0.28 0.55*** 0.12 0.02 0.38 0.83***
Wilbsa 0.50*** 0.01 0.31° 0.57*** 0.09 0.05 0.33 0.86***
Wiw 0.36* 0.02 0.34° 0.52*** 0.05 0.06 0.18 0.76***
Avg.* average of two garment types *p<0.05 **p<0.01 ***p<0.001

Weight loss (g/hr
00 )

:
400 o
.
3001 Y =03X+2288 r=0.54
by
200t HY
o TYPE |
L + TYPE 1l

0 100 200 300 400 500 600
Sweat rate on forehead (mg/7.07 cm? /hr)

Fig. 2. Relationship between weight loss and local
sweat rate on forehead.

Weight loss/body surface area (g/m? /hr)

350
o TYPE |
300t + TYPE II
250t
200F +
&
1501
5
100f
1
o —_ L "
0 5 10 15 20

Weight gain of garment (g/hr)

Fig. 3. Relationship between weight loss per body sur-
face area and garment weight gain.
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Fig. 4. Relationship between weight loss per body sur-
face area and local sweat rate on scurff (Type I).
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o] wretek(Sc) 7 Frel g Ae wyleh &3 Sce Wi,
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(r=0.54) 7} t] ¥ A% ¥ (Fig. 5, 6).
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5 Weight loss/body surface area (g/m? /hr)

300 *
Y =1.1X+104.2 r=0.68
250}
200}
150
100}
0 20 40 60 80 100 120 140 160

Sweat rate on upper arm (mg/7.07 cm? /hr)

Fig. 5. Relationship between weight loss per body sur-
face area and local sweat rate on upper arm
(Type II).

Weight loss (g/hr
00 eig (g/hr)

4
Y=11X+1721 r=0,54
400
300t
200
o 50 70 90 110 130 150 170 190

Sweat rate on forearm (mg/7.07 cm? /hr)

Fig. 6. Relationship between weight loss and local
sweat rate on fore arm (Type II).
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Table 4. Weight loss & Local sweat rate by garment types.
‘ Weight Local sweat rate (mg/7.07 cm?/hr)
! Sub. 0ss
‘ {g/hr) Forehead Breast Scruff  Upperarm  Forearm Thigh Leg
A 231.0 69.2 273.5 90.4 64.1 81.4 74.6 91.9
B 268.5 99.3 118.9 366.4 87.7 117.9 62.4 51.7
C 308.5 212.5 181.8 167.1 79.8 94.0 74.1 81.9
D 372.0 329.8 294.9 497.6 86.6 106.8 73.5 66.0
E 224.0 109.9 149.8 128.9 71.0 104.7 44.0 44 .4
F 320.0 115.3 143.7 107.6 83.3 94.8 78.4 95.9
G 245.0 216.2 213.7 84.6 105.0 109.2 69.6 61.4
TYPE I H 251.5 150.1 161.3 161.5 65.6 79.4 40.0 26.9
[ 277.5 142.4 160.2 121.6 58.5 386.5 55.8 61.0
J 261.5 104.8 174 .4 199.1 78.4 102.0 64.1 54.1
K 266.0 63.4 225.0 77.8 56.9 119.0 97.9 58.9
L 229.0 89.1 189.4 77.8 84.6 158.0 70.9 66.1
Mean 271.2 141.8 190.5 173.3 76.8 129.5 61.1 63.3
SE 10.2 21.2 22.4 31.6 4.1 24.5 4.1 4.3
A 329.5 66.0 158.4 158.7 88.1 135.2 83.8 124 .4
B 291.5 119.7 185.5 333.6 65.3 88.8 439.6 33.7
C 336.5 207.9 213.6 271.1 94.2 114.1 75.5 79.4
D 349.5 229.0 104.1 171.8 85.7 90.0 60.4 64.9
E 199.5 87.8 431.7 145.5 53.1 65.5 58.9 78.5
F 317.0 86.6 157.7 178.2 64.8 78.3 60.9 70.4
G 262.5 124.5 211.3 103.9 54.9 102.9 71.2 76.3
TYPE II H 231.5 103.6 173.8 304.0 65.5 79.3 39.0 44.6
1 242.5 110.7 241.7 570.9 69.9 83.2 47.4 51.3
i 308.0 151.6 179.8 165.3 104.3 165.3 68.4 63.5
K 266.0 110.2 117.9 100.0 61.3 98.4 64.2 85.2
| L 215.5 93.0 121.9 406.0 75.4 104.9 69.8 58.5
' Mean 279.1 124.2 191.4 242.6 73.5 100.5 94.9 69.2
SE 13.6 15.5 26.6 50.3 5.6 6.9 32.1 5.8
There was no significant differences of variables between garment types (p>0.1).
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Sweat loss (mg/7.07 cm? /hr)

300
m TYPE |
250122 TYPE 1]
Mean
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Ua F
Local sweat loss (part)
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Fig. 7. Local sweat rate (Fh: forehead, Br: breast, Sc:
scruff, Ua: upper arm, Fa: fore arm, Th: thigh,
Le: leg).
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Fig. 8. Rectal and mean skin temperature by garment
type. The subject were exposured to hot
temperature (44°C) after heat acclimation (33°C).
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a2 & 79 Aae LE Aatet dAlsA egk
Tull, 2 o]FE L AolollA 7lald Aoz Aled
t}, Jeong#} Tokurax 714w, 718}x] 2H&A|o& b
Zuoll, whnbA] gl R Ao 2 o Be ¥5F7) 5
Fier 523, #5739 v #H7-2d oef
Al 2SR A YA m, oA ANE I F
(counter-current heat exchange system) 2 4] %-2.0])
d3kg w kv ¥ ) ¥ Aol e 3
7ol eng, Fiwl e} 7vxE LS wol & ki
wiot ghubx]E 2HEPE sl AdiA ez o KA
d77F A5 o AgAlAA, Andoez 7l4n)e
ZIubA] 2-g-Alof| whAsho} winlz] AgAHc} 222
o 457 Ao g ALE s,

B, AReL BE1Ce A 12 A
(44=x1°0) 2 JAHA 102 Foll A4S olf 23 wbo}
Aew, 2 F A Agde 243E 213 (Fig. 8), °l
Sfzte] Aol ug A4 wolzle= AL, AP o
T-Vol 3hed, ol YA Ay AA & EF
7} FoE E, webA 33°C A AR e s 2} B
HR7 A7 E Aol FAFA AFE U5 E Aol
Uclelztx AT 4 Qleh,

=S, & ATl AR 329 vl JAPL
W] §738 Agited A AR e FAS el
o} (Fig. 8).

4411°Co #7dollA olmfet 7k Rl 9

Type 1 #84] Folale 73S ol Hb=(Table 5),
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oju} H.9]e] utslere Type IIollA] km, 7h&ol ut Type 1 #ejA|of v gkgke},
dge ¥ ogzdeld ot 9loich(Fig. 8). = S%9 532 o #olA Type Il 2elAlol 5
&, 7hs FoolM AT o5l 2Eot fEolME 9 Ao g i io}xl% 78S Bk o]AL AY oLy
2700) $2)2He QSR Wokek 4e)st she)7t 28004 AR Lo Type 1S A3

Type 1§ 2H&3& o =389l Ak, slg) 29 < wict Type 1§ 2&9% dol o F44 %Es
9] #H-E2 33+1°Ce #AolA= Type 19 7ol 7] WiFoz ALz ok
FL AEE v n, 44+1°Cel oA Type 117} Ha - A dts} Wate o) Brtoll F- b7t ol A 5
FEA%e uod, BAMCE folshe agkeh, A ok @ A3 A4 Wk 12 84 Q4 F

Type 14 243 A%, 33x1Cel BAclae 72 s dglont, ke 2ol B4 Qs
Type I #&Aldc} WA o 2onz s  FA4d Aesn, Azl Adadd 44 Zrhehe 7
o] golAla, 44+1°CH 7ol e ZHe o9 dx e B (p<0.001), Wte] n o)X FA43 Fr}
W Esz o b Aoz ARHeh dsolde B HE e WP YuAFez sl o Be Ao A
e F oude ol ulgsdn, ARRdeldr  023E $35H7 i Aoz AR,

Table 5. Physiological reaction by garment types.
33+1°C 44+1°C
TYPE I ) TYPE II TYPE I TYPE II
Mean SE Mean SE Mean SE Mean S.E

RE 37.48 0.04 37.36 0.05 - 37.47 0.02 37.41 0.02 *

FH 34.63 0.19 34.82 0.12 37.78 0.05 37.58 0.04 % %k k

BR 34.29 0.21 34.40 0.16 36.71 0.04 36.59 0.05 *

UA 34.23 0.18 33.55 0.16 *® % 36.97 0.05 37.09 0.06 -

FA 34.39 0.17 34.18 0.13 36.58 0.05 36.59 0.05

AB 34.13 0.20 34.32 0.18 36.61 0.05 36.76 0.05 *

TH 33.45 0.13 32.90 0.13 i %k 35.86 0.08 35.80 0.08

LE 32.63 0.22 32.53 0.16 35.59 0.09 35.71 0.07

MST 33.83 0.13 33.73 0.10 36.40 0.05 36.39 0.04

SBP 104.6 1.8 102.4 2.0 104.0 0.8 104.9 0.9

DBP 65.2 1.6 66.3 1.6 65.0 0.6 64.8 0.7

PUL 78.4 3.0 74.2 2 - 88.6 1.1 89.7 1.2

CT 31.73 0.33 31.29 0.21 36.06 0.05 36.03 0.06

CH 62.64 2.13 59.74 1.79 91.29 0.56 92.08 0.54

TS 4.1 0.1 4.0 0.1 6.0 0.1 6.0 0.1

HS 3.9 0.1 4.0 0.1 - 6.2 0.1 6.0 0.1 -

(O] 2.2 0.1 2.1 0.1 - 3.8 0.1 3.7 0.1 -

-p<0.1 *p<0.05 **p<0.01 ***p<0.001

RE: rectal temp.("C)

FH: forehead temp. ("C)
BR: breast temp. (°C)
UA: upper arm temp.(°C)
FA: fore arm temp. (*C)
AB: abdomen temp. ("C)

TH: thigh temp. ("C)
LE: leg temp. (°C)

PUL: pulse(beat/min)

MST: mean skin temp. (°C)
SBP: systolic blood pressure (immHg)
DBP: diastolic blood pressure (mmHg)

CT: temperature inside clothing (°C)
CH: humidity inside clothing (% R.H.)
TS: temperature sensation

HS: humidity sensation

CS: comfort sensation
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