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Abstract

The purpose of this study was to evaluate thermal properties of lab gowns developed from the point of safety
and work efficiency. We evaluated thermal and subjective responses of subjects wearing functional new lab
gowns (Type B, C, D) and a popular lab gown on the market (Type A). Type B was a new lab gown made of
woven fabric with functional cuffs. Type C was a new apron made of woven fabric with arm protectors. Type D
was a new lab gown made of non-woven material with functional cuffs and openings around the armpits.
Temperature in the climatic chamber was set at 19°C as an indoor temperature in winter and at 24°C in summer.
There were no significant differences in rectal temperature and heart rate among four types of gowns and
between two air temperatures for 120 min. Mean skin temperature was much higher in the type A and B than in
the type C and D (p<.05). In the 19°C air, clothing microclimate temperature on the back was the highest in the
type B and was the lowest in the type C (p<.05). Clothing microclimate humidity was not significant differences
among gowns. In subjective responses, subjects perceived that Type B was the warmest gown in the 19°C and
the hottest and more humid in the 24°C than other gowns. Inversely, type C was the coolest gown among four
gowns. Both in the 19°C and in the 24°C, the Type D had gained most responses of being comfortable. In
conclusion, the temperature difference of 5°C was more of an influencing factor than the difference from four
types of lab gowns. Secondly, we recommend the manufacturers to make lab gowns with functional cuffs for
safety purposes. Thirdly, the spread of the type of apron with arm protector will contribute to increase of the
frequency of wearing in summer. Fourthly, it is necessary to study continuously about lab gowns with non-
woven materials for researchers exposed to toxic chemical and biological materials.
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Table 1. Characteristics of subjects

BSA

Age
(m’)*

(years)

Height
(cm)

Weight
kg

Mean 233 177.3 721 1.90
SD 52 5.1 53 0.09

*BSA=Height(cm)""> weight(kg)"**°»0.007246;
**BMI=Weight (kg)/Height(m)
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Fig. 1. Schematics of experimental lab gowns.
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Table 2. Characteristics of experimental gowns and materials
Type A Type B Type C Type D
. bic ki MR ELA A EE 0 7Ee | DR 24
Descriptions Adrte Agne (+ZEA) Aerte
Garment < ot (2) 504 581 421 172
Covering area (%)* 70 71 42 71
EL8 (%) P/C (63.7/36.3) | PIC (64.2/35.8) Cotton 100 PP 100
2 (g/m’) 196.6 212.7 166.5 63.6
2282 (AADH 219.4 2770 -
=) _
2= (KS K 0511-1999, /5cm) 1140 (9h 116.0 1340 -
~ 20.6 (ZAh 20.1 30.0 -
H% (KS K 0415) 20.5 (S1Ah) 20.1 300 -
968.1 (ZAAH 11219 546.2 98.5 (Z°])
o] &} n
4745 (KS K 0520-2001, N) 443.3 (912D 517.8 229.5 67.8 (%)
Material | o]0 ! 21 (3*h 18 10 27 (el
1A E (KS K 0520-1995, %) 18 (I1Ah) 16 9 _
' 3374 (AAH 5660.0 1798.8 -
o)A 7} -
ALEE (KS K 0535-1999, gf) 2078 (942 5061.9 1390.9 -
¥ 4 (KS K 0610-1996,) 4.0 3.0 13 45
vl A A (KS K 0555-2000, B, volt) 60 (B X) 110 260 6600
WekE4d (40% NaOH) Awsl, o ks ol sl o1l E oS
H28 (KS K 0560, %) 39.5 31.8 28.2 23.1
E&% (KS K 0594-1998, g/m*/24h) 108 108 110 110
*Estimated from <figure B.8> in ISO 9920 (1995).
T 5=0.07XTtorehead+0.35X Tirunic+0. 14X Ty +0.05 F33 Bgo UF $He 2 gut W v
XThana+0. 19X Tunigh+0.13XTearr+0.07XTroe (& 1) (%)ZE BABIATE 7 7HA 34 7123 W) 71A] 95
Bejol W o) ZP% 7&%3}71 174 5% ol

Ta?t Ho2 F4 98 71§ Z=47|(Thermo
Recorder TR-728, T&D Corp., Japan)E ©]-&3} 7t
&3 5 RYdA SA3E L, HRE Foll& Ak
27 7] (Polar, Polar Electro INC..USA)S ©]-&3}d
2450, AT 120 B =5 A ¢
AME EAY 71 & 3 E 3tE S 39 th(1.0~1.2
Mev). 7 7FA] $73 =709 i8] W] S5/ A48 7h&
S ZEtgoern= el s A8 5 F 8
Blolm, 2Ale] &g FS wlAst7] 8] AL F
A7k o) Fo) 24 -& Al A7) dES
ste] wjd FUg Aol AEe dAstg e, AlE
o W& AT w9 Wolo o8 EFL Fol7|
8 Age & & oo ZFsM%4
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Fig. 2. Time course of rectal and mean skin tem-
perature during the 120 min exposure at 19°C

and 24

°C.

Table 3. Physiological responses during the 120 min exposure at 19°C and 24°C

Room Temp. 19°C 24°C

Types of Gown A B C D Mean(SD) A B C D Mean(SD)
T (°C) 37.3(0.1) | 37.2(0.1) | 37.4(0.1) | 37.3(0.1) | 37.3(0.1) | 37.3(0.0) | 37.4(0.1) | 37.5(0.1) | 37.3(0.0) | 37.4(0.1)
AT, (°C) -0.34 —041 —0.52 ~0.45 —04 —0.06 -0.34 -0.36 -0.19 —0.25
T« (°C) 33.4(0.2) | 33.2(0.3) | 32.5(0.3) | 32.9(0.3) | 33.0(0.3) | 34.5(0.1) | 34.7(0.6) | 34.1(0.1) | 34.2(0.2) | 34.4(0.2)
AT (°C) -0.90 —0.51 -1.04 -0.97 —0.9 0.35 0.7 0.3 0.37 0.44
Toretead ("C) 34.1(0.1) | 33.5(0.4) | 33.4(0.2) | 33.7(0.2) { 33.7(0.4) | 34.6(0.1) | 34.7(0.2) | 34.7(0.2) | 34.6(0.2) | 34.7(0.3)
Tabdomen (°C) 34.3(0.2) | 34.5(0.3) | 33.8(0.4) | 33.5(0.3) | 34.0(0.5) | 35.5(0.5) | 35.3(0.5) | 35.0(0.4) | 34.5(0.5) | 35.0(0.5)
Tam(°C) 33.6(0.2) | 33.2(0.3) | 33.0(0.5) | 33.9(0.3) | 33.4(0.4) | 35.0(0.1) | 35.1(0.1) | 34.5(0.1) | 34.6(0.1) | 34.8(0.2)
Thana °C) 31.5(1.0) | 30.6(1.2) | 30.5(1.6) | 31.5(1.2) | 31.0(1.5) | 33.9(0.2) | 33.9(0.3) | 33.4(0.5) | 33.5(0.4) | 33.6(0.6)
Tunigh (°C) 33.0(0.4) | 33.4(0.6) | 31.8(0.3) | 32.5(0.4) | 32.6(0.6) | 33.9(0.2) | 34.4(0.2) | 33.5(0.2) | 34.0(0.4) | 33.9(0.4)
Tear (°C) 31.8(0.4) | 31.3(0.4) | 30.0(0.9) | 30.5(0.9) | 30.9(1.0) | 32.8(0.3) | 33.2(0.2) | 32.2(0.5) | 32.8(0.4) | 32.7(0.5)
Troot CC) 32.5(1.2) | 33.3(1.0) { 32.3(1.5) | 33.3(1.1) | 32.8(1.4) | 33.9(0.5) | 35.3(0.2) | 34.3(0.5) | 34.8(0.4) | 34.6(0.5)
Ta , chest °C) | 30.9(0.2) | 31.6(0.3) | 31.1(0.3) | 31.0(0.2) | 31.1(0.5) | 33.5(0.4) | 33.8(0.4) | 32.2(0.2) | 33.1(0.4) | 33.1(0.5)
Ta , back °C) | 32.4(0.4) | 32.7(0.1) | 30.8(0.3) | 32.1(0.2) | 32.0(0.4) | 34.1(0.2) | 33.9(0.3) | 32.4(0.3) | 32.7(0.2) | 33.2(0.4)
H.,chest (%RH) | 19.9(2.9) | 19.9(4.1) | 20.1(3.5) | 18.3(2.6) | 19.5(3.5) | 24.2(3.5) | 24.5(4.1) | 23.2(3.4) | 23.7(4.9) | 23.9(4.4)
Ha,back (%RH) | 16.6(3.3) | 15.3(2.6) | 15.1(2.8) | 17.0(2.7) | 16.0(3.2) | 23.1(3.4) | 21.7(4.2) | 20.6(3.2) | 23.8(6.2) | 22.3(5.4)
HR (bpm) 69(4) 72(3) 70(4) 73(5) 69(6) 77(4) 75(4) 69(4) 71(4) 73(7)
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Fig. 3. Time course of clothing microclimate tem-

peratures (Tc) during the 120 min exposure
at 19°C and 24°C.
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X g xg3k oAl 7HA) o2 2l e
& Al %§%° ZAVG A3t &A] ) °946P zte]
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%(1995 = 712 15°C 21°CoAl M & &) 7‘019} u}
A Zolg t2A & U] 744 27 8 234 o}
wrekake] zlolE Il 27°C, 33°CoalAM = ¢
E 2ol ulg} 2|7t Aty BASIHE, HEH
2] (1996)= %}z;ug%ypzq Al B3 1zE A
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1S L 5 50 G AR AU g
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JIsA A8l J120] W U EJ} -HISTE L 22 HXNS FAOP- 11
AE LA S o]88 F s B dF 7he % Fgl Aol & BolA] ggkor} &5 Alde 255
o] viEAE ot ey} AA 9] & Az wf B} &E 28 A o3 52 HRE HYvix
g 9B Aexd g thh HES HolzE, gttt o] A AXER E o, Wulew) 55
AAEF wEEE dXv) P CY 2 ¥ A= ol 43t AL 2 715 S ZE E FEol AEe
MER7E = DB 3 9= 53 A 9 gE R28g 71X 9o & &g AL A8 ZA8 250
32 Aot} 38 A4S 58 AYsty, 434 o= A=
o) i WellA AE 712 Felu AR wed &
4. ot ol= HRAIZIA] o8 & 4L vXA= ¥ A
olg} Atg gt}
2 A7 43 5°CY A % Aol AF 79
ZH/7F HRYl #93t J&e vAA= = Aoz 5. FHE 2t
L ERSTHTable 3). °]&4 £(2002)= W] 71A] &
Felo] HFE 2go) 93] HROA f-<dt Aol A Bl E Ad whg Aol wpaviR 2

A v ST e, $d(19hE ot
A 7HA AxzQo] LAld] wE HRE #EF A
A A, 25 A, 25 F 387 25 9B &

£ Fog Aol AAT 4 vtz Buslsdn)
a2y A7 (19972 A FFH FIE FHeA
Wl £ AP e FR8-g &85 Ao, HA s, 97
£(2001H)& Y7} 27] F-gol) 93] HRo| #+2)3HA &
23Tty B33, Baker et al. (2000 38 B
7 e &YEF 35 BET e At &858

-8 A HRS AR A3, 3 Alddle o5 e

Y 7He-e] TR/ g Aol B} 7] 2ol 97 R}o]
7t B BEL AEAES o 7Hx 4E ke BF
19°CRT} 24°Co)l =& ® 790 o © wEsHA
=727 (p<.001), ©] F B ¥L & AS 7P upE
&A =gk B3 19°C =& A HASL o7k u}
SettholM mlg- Frhe] MH, 24°ColM e "k
oA oFzk AMEslry Apo]o] WY QoA SHFO
o, 7 B2 §HS ‘FAE €A% @b Arkp<
001, Table. 4). 19°Col M= Y] 714 7}& & A, B &
7heol 7P 283 F4 $H2E QA F #AH3

Table 4. Subjective responses during 120 min exposure at 19°C and 24°C (%)

19°C 24°C
A B C D A B C D
Hot 0 0 0 0 0 1.9 0 0
Warm 0 0 0 0 0 39 0 0
Slightly warm 0 1.9 0 0 385 346 | 23.1 30.8
Thermal
i Neutral 519 500 | 385 385 61.5 596 | 769 67.3
sensation
Slightly cool 327 327 | 404 327 0 0 0 1.9
Cool 1.9 1.9 5.8 289 0 0 0 0
Cold 13.5 135 154 0 0 0 0 0
. Slightly humid 154 154 | 212 17.3 0 50 0 25
Sensation of Not both 750 | 846 | 788 | 673 100 50 100 75
humidity
Slightly dry 96 0 0 154 0 0 0 0
Warmer 40.4 57.7 76.9 57.7 0 0 0 0
Thermal No change 596 | 423 | 231 | 423 100 | 788 | 98.1 | 923
preference
Cooler 0 0 0 0 0 21.2 1.9 77
Comfortable 96 5.8 L5 250 2.6 269 | 462 63.5
Neither comf. nor uncomf. 7.2 61.5 558 34.6 97.4 65.4 519 327
Thermal A litile uncomfortable 58 | 192 | 154 | 154 0 77 19 3.9
comfort
Uncomfortable 1.9 1.9 1.9 25.0 0 0 0 0
Very uncomfortable 115 11.5 154 0 0 0 0 0
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1Type A Type B 10~30%RHAFIATH. $%15F, McCullough(1996)
Comfortable A& 100% 22 FAEE £3E oA 7t
Neither . > A vE 249 ke AE A F2RE 2AR
At uncom, | e Az, @ RAX 24 7he BE A 7Y F30l =2
Uncomfortable 1‘/ '] =), ol& U 71X £ 2 £A 9] S A go] 714
Veyunoom. Jo A ) ggels, 2% Aawek 21T Y
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Neither - . . »< 2557 7P 2D Sontara® A2E WEEE ©
Alite uncom. | ‘ Y B33Pl Az F, o 1A BH) 2
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Very ncom. 1¢/ 2 Aoiglel Hse srolRenE, & AT Az
T T T 1 T T T T [T [ -
Cold Neither Hot Cool Neither Warm Hole &a7he) Aol 2A)9] Aololr] B} Fe)

Fig. 4. Relationships of thermal sensation and ther-
mal comfort.
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