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Effects of Grade and Wearing Time of Industrial Filtering Facepiece Respirator
on Workers: Subjective Discomfort Level
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ABSTRACT

Objectives: As the time spent wearing masks has increased with spread of COVID-19, various research
related to masks have been reported. However, there are still few experiments on the physiological response
of the body to wearing industrial dust masks in South Korea. Considering the actual working hours at the work
site, it is necessary to investigate the comfort of industrial dust masks. Therefore, this study aims to confirm
the change in subjective discomfort level according to the wearing time for industrial dust masks in South
Korea that have been certified for safety by KCS.

Methods: This study evaluated subjective discomfort level over four hours. The experimental conditions were
five types: not worn (control group), special grade, first grade, second grade (with valve), and second grade
(without valve). The subjective discomfort levels were classified for breathing, warmth (body and face) and
wetness (body and face). Subjects recorded their discomfort level on a checklist every one hour.

Results: In special grade and second grade (without valve), the discomfort level in terms of breathing, warmth
(face), and wetness (face) was significantly higher than that of the control group. However, the effects of all
kinds of industrial dust masks on the discomfort level in the body were low.

Conclusions: Since this study was conducted on subjects working in an office with a comfortable working
environment, it is difficult to apply it to workers at actual industrial sites. However, it is considered meaningful
as the first clinical study to evaluate the subjective level of discomfort over a long time for domestic industrial
dust masks that have been certified for safety by KCS.

Key words: Industrial dust mask, grade, wearing time, discomfort level, KCS
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SEHESHO Zgo| AAof u|= JFFol| st
2oA= COVID-19 o]AF¥E thefet A7l Xy
Hol gtk wFY AHfe FEAAHEAATY
(National Institute for Occupational Safety and
Health, NIOSH) 4ot =-7Q1H 577|443 4 (National
Personal Protective Technology Laboratory,
NPPTL)olA= 2008 3FE 200997H4] SEFHoT
A48 olF ZRE ZABHE thtE A7el Project
BREATHE(Better Respiratory Equipment using
Advanced Technologies for Healthcare Employees)
7} AgP=u} It Gosch et al., 2013; Radonovich
Jr et al., 2009). °o] 9] 542 olgF A K health
care workers, HCW)7} AMgsl= S&H ST 7iA
= Hol dH9 g #F AR AWEsks Aolqith
< 28709 EFARGo] =LY, ‘T E o] Het
ot 589 3 FHASI A= 107HR1(ES A7, SHd
A=, gElE7], oFd oE, oY 4, 371 2% R
g, 9 9 d=F 22 WA, A7 Y7 29t
At 28709 HHARGo] AEE o]Fo= ‘TEEET
o] Hekeh} 51870 dF= vlA= allo] gt o]
Siet 7R HHo = kRt ARl At XE
ItRadonovich et al., 2009; R. Roberge et al.,
2012; Roberge, 2012; R J Roberge et al., 2010;
R. J. Roberge et al., 2012; Roberge et al., 2011;
Shenal et al., 2012). A7 E TEESFof st
AT BFRETY 4%, 80| o Bud 218
A HAH W AHes vAE a9l 5 of wee
2 tepebAl WEla .

o] & 280l o3t By oo QrERe &
QlAl9] J7F= Q) At B QFHE of3by] §
S H S (Filtering Facepiece Respirator, FFR)Y
212 AFg WIS Wi ol A% AT 9
tHRadonovich et al., 2009). FHARS] & AA7
#5to] Baig et al.(2010)9] Aolx= N95 FFRE
283 JEFTAR 1597 F 56%7t FHFOA F9
5712 AsolA A BESHAL, FFR 2HEC0 & <l

3 eEne] & Q14 F7Hs A WRe] W, 5E 3

SH vk EEE ofoet HRlo] o5 vErg 4= 9L
ol AG5tHtHRoberge et al., 2011). Roberge et
al.(2012)9] oA = 209 A4eE 4UES gL
Z w7 E7} 9l N95 FFRI}F vi7|E 7} @l N95
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FFR< 2H&otal F1t A9 Ag&moA o 24]7F
B ARL: FFR 9Fet 7o] nRers 77 =
got9Erl, 1 23 FFR 2-80] FFR Wi 1ol 2
T A5 9FE FAATE, AR50 FFR Q4 TR
9] 2koll= g BES 7hoHA] dtial B ustolo
o, A 459 Ao o A0 AR A
So] obd FFR W& m¥L2%9] 453} FFR AHY
(dead space, PFAT 2R A] Y9 Z71o] )9
FE2L9 A5at o] 9L 4 Ak AFsHch
(R. Roberge et al., 2012). §tH & thE3E 40
A ZFETAO 2ol nA = JFFE IRIsH] sk
Kim et al.(2016)2 1299 A7t 4 dA4S iy
S8 2 tESE $FolA N95 FFR¥}F P100 FFR<=
z2kgst Aol 1A B9 HYmil 5(A%
5.6km/h, BAHE 0%)< st=E si¥ledl, 1 Ay
FFRE 2h83t 7390l w283t -9} v|wsto] d=
HBol mjRewol 55 BH 4:Fo]| KoiA Z7Ish
Aot BIPCHKim et al., 2016).

o|¢} Zo] SFRTO] g A B FAH 2
AAA 5]-84dof tjx= 213 THsto] THdRt A7t
COVID-19 o]H%E olojx|1L et SHATE i
9] 3= N95 FFRE tiAto=z Hagxlo] Yt N95
FFR+= NIOSHOA] QIFsh= A8 FFR & o] &
ol sfigob, e X1 tist A2 glo] 1A
JAto] Higt 95%9] THAELS 7HA L Ytk B, &
H9] 71&S =21 e SHuUEre] AE wraAaa
(o]ot WAHAT )9 B AL upAT 0] - A YAt
oA EXo digt zPFLS BF ARl FAHE
A E9E Z5AA FEO EFEo] Q7] wEd,
NIOSHS] N95 FFRE o2 e A+ 23E ¢
Zuzte] SEEI] 85t FE7t Sl

oA SFESTe A-sto] B8 npAT o]
T80 I A4(Jung et al., 2014), YAotAT
9] FAEo] Bt A5H(Han et al., 2004), vpA3Z L
Aol FoJ3t JFS A= 8A(E=F(Han, 1998),
Ad=Z37|(Han & Choi, 2002), ©tA= ZH(Han,
2013), 9tA3 Fef(Foh et al., 2016), ZEH WS
(Eoh et al., 2016), A4 =(Lee et al., 2018) =)9
Wt AT T F=E pAIY LN FHEEE
DaAp) 3 42 s A7 degElojgitt. T
o= COVID-19& <Qlsf| mpAZ 2hE- AJ7to] F71=H
A BAE upAIE tFoR AAY Rt U A
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s #E A+=o] EuEL tkHan & Kim,
2020; Jung et al., 2020). SFA|qF WA upAT 2R80f
Rt ARl EH o] tit AF A= AHEe
2 A9 gl #Holt,

ShH, SEuEte] HRIntAS e} HAE AT 9
ol Hlotal AR A FEo] FEE Stk
SEARE 2 oA 9] x|} w7 e AEof| what
YE zpol7} EAsk=t]|, WRMAT ] 9 9] 9]
£ o A= FEHET Hof Qlojof stal, 55
1golle= w7 BE Azlsto] A 28 A] eEAke]

F7HES =1 w714 Te A

AT = QF

SHEEE, HE AT, +A

QHE RO oliSietA Fk, BAY 5 12714

A, B8 upATE PRIntATe} 5

FAY, EJxHasE, 498

, wEHARE F7tske] 57HA] &

Aok, SEEE 37 AFTE A

T AERAT 7|04 s] FLoHA Pl AlFA
Q1 Zol7} ZAFHYoon et al., 2020).

o] gt Ao mEmd, A6k 4ol Jy 138%S
g2 COVID-19 H62 Hgt mkA= 2Rga #H
AL RAIA A Bt vpAF9] 2R ARE E
Aol 5~oAIZrol2tal ST 97t 647(46.4%)
o2 7P WRHKim & Kim, 2022). $HH, 8F=lupA
o] A= ol oo]2E0 kEEE AT oA
A% BHLFAIZRS 25k o 8AIZE o4
7hssittal HojXiot, FE2u "ol Al FA

oz & Azl g HRntATE AR
2hgo] §AE Ao=R dtHr.
mEtA] & Ao A= N95 FFR B B8 vpAT
7} obd -Eyete] KCs QHISS Bhe AFdg 97l
AT E o AR 28 g Al EH
o2 g]lsky, mERgA fofgt Aol U= 5
T2 gRlstaA; skt

H= &

A

1. A7 B
1. ZALOHA
£ A WA PAAD 2 Aol gl o]
FAole JBTA 2 22AA Ado] Qi AR
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T =22 T

il

ZEA 5H(AF: 28.4+7.54], 711 160.4+4.8 cm,
AF: 57.4+21.7 kg, AEAA: 1.6£0.3 mHO&E &
429, o4 3ES e R Sttt & Ad2 AE
He7|letietn e 9esle] 51 Wol st
FOH(IRB # No.2021-0034-01), A9 oo FA]
IE mdxof|A A W& AP daje] tiste] &

il

QL

=2
5] Adigstolon, AF o 5oE ol Aol
HAuATE KCsHQISE whe AlEoz 559
w2t E5 19, 29 (with valve), 2 (without valve)
o7 F R EFT 139 A9 SEvEolAE bl
7|MB7} Babe A9oqt QHISS e & TS
=ojlar 259 A= Hi7MES} Sl A gl A
o] & 7hsoltt. 4714 HE FY ARAIA A
AR AAstlon, Ag U olFHofofA Uyt
o7 ARgEE HPY "gARICRE 51 tHChen et al.,
2016). F7Ho = mpAF o] UAEE ol ¥ A4
E2 FAsket] 9ot ==2F¥(nose clip)d} Ho|A
A(facial seal)o] F2HH AFEOo=Z A5t

i

2. 48l =
AY AL utAaS 2851 k2 A (HED),
&g 28 19 28 28(with valve) 2, 27

(without valve) 2-8-02 & 57}2|o|H, 5759] m|FA}
= 57HA Agof B Foistoe] F 25709 Ado] %13y
EoH I AR} 57 X ARz 570= 25719 AF). A
A2 dubE]l 4 HS 7H ARRA(22.7+3.
6C, Ad&ET : 31.2+2.8%, WBGT : 19.19%3.3
10)olA AP=|9 o, Table 12 Gxpd Ay 4 3
AEAE UEhdn AARRS G714 8AIRE 4F
ol LA FARAAIZE D FAIAZho] WAYsE ] f
2ol 4A17E o9 A &A Q1 2kgo] WASHA] & A
o7 oifEo] 4AIZEC R sto] XIPstATHRoberge et
al., 2010). PA}= PHpAIE 2HEol= % AMF
2 JFE St=F silon k2 AHolA 27], Bl
B 2 7ML AFGAYS sFT. olof oigk 41z
ARS(metabolic rate, MR)Z ISO 8996°] uwak
70~100 W/m?*®] sfg=n £5 29] okt 2Heiof| 3
gict. Ado] XdE= &9t HIAY A dHE &
JAstR, HE A= FE 27| 35Y EEE
SASIIARE, 11 9] ALY o4 vEhd T
N

3 o !

ool pol
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Table 1. Experimental conditions and indoor thermal environment for 5 days

Day 1 Day 2 Day 3 Day 4 Day 5
Experimental condition Control Sec_ond grads First grade Special grade Se_cond grade
(with valve) (without valve)
Air temperature(C) 21.743.4 22.442 9 21.4+1.0 23.7+2.7 22.442.3
Relative humidity(%) 31.0+4.5 30.0£1.9 32.0+4.7 33.04.7 30.0£3.8
WBGT(C) 16.942.9 17.442.5 16.841.3 22.5+2.0 22.3+2.1

" Values are presented as meantstandard deviation.

3. 37t &=

gt YA AT AB/AHR] AHEL AREE=
9 H19] 38512 T (Modified Borg's Dyspnea
Scale)& AR&sto] H7lolg K Banerjee et al., 2017;
Borg et al., 2010). 227% 583 B7Hl= ANSI/
ASHRAE standard 55-20209] ASHRAE thermal
sensation scale® ARESFTE ASHRAE thermal
sensation scalex= YHbHo = AlYZ7ro] F3A<Ql
2 47 H@rtof o] &E+=t|(Schweiker et al., 2020),
dE APJME 558 Bt HEs A &
AZy B7toll AREEI ok 2 AFoA= 55 ¥
7oA E 5 FeE ARSIIET, HEAT w7
= 2947} H|wsto] ARl FEeEe] Aol &
QIstaIA}; sHRATt.

AA] HA¥Hbody)@ dZ(face)S F-Eato] TP}
A AFZAES] A AR 13Tt ASHRAE
thermal sensation scale> -33°4 +382] & 7¢
A HEE AAgEoIdo] AR} wrl= EH
< A3 AEstes st 2 H7F PE2 4A1HY]
AAAZE S F 53] AJSHER Stk

4. B+ R}

£ AT 4¥E 39 F 25710] AH A%
2% B WPA BETL Wolrk 7Rs 59 Aol
% 59 B AL mFtel thal 79 o] o
2ol QHIH APEIh EF BE AL 5
gl AstT AE SAE AR AFHAIL
Ape] F3a wio] AP AT] FFL v1A TFsHe
Tejsto] WAInkAZLY SFS Al Bell Helst
ek,

www.kiha.kr

DE AY Hoe e Dyt 4
o+ AEE AYstal F 203)E AHAR &
st FAE AR SFHSA Qo R
AFs= BE HE &, oA, SHj7E, ¢t
(faceseal leakage) 52& E02+= &4& H|
AAelH, fEugtolA= A2A7L AlE i £ A
BAZEANA 1099 idS m@AE %ot Al
stal Qloh. +=4E AAF ?E 71E2 E5°] 5% °Js},
18°] 11% ©Jsl, 28°] 25% olsloltt. & ATLofA
283 FAE HARE 93 AAR ARESHE 717
(Portacount 8048, TSI, USA)E o|-&slo] Alg¥sl=
AR, HAEZAZTHOA Alot= +HE HAAPL ofF
d, o] =4E AAFe|tHHan et al., 2017). #f A
o mit} W@ Tho] FAE HAAFAFAES 244 &
It & WHHImAI S ZRESHES SIQIH. vl=re] ¢

AHH

> Tt
o oy

filo

fo i

E{R

ul
4w X

O o PN

[e]
3

> H
m o
o
fr

=
slo] ERELE FPos BE TRASL 1d B
240 13] ol ojsAon Wre sk grk. Wik
AA Aol T4 WEE HES B9 098
o] RYEE A BRI A0 BFHETI} AT
She B At 2820] Aol Anht duA 9%

LAE 1 WE Aol geidleh. No5 FFRE A
o2 Qabdel Age AT AT A9 PRy A
of WAE AAS AW Yk AL Lt
A9 W Ad] Yt oRxgel Ak itk
ety B Aol W A4 oAl H8Rje] 32
o] £FRTTL ATHOR URHEAES Flsh] 9
% Bxom ‘7lo] R4B A4S LAt

LAE A § RR0ATE AgalA] ok A
A globd H= A 1587 4L Ak 158
3 Ao WAYRS WsGoH, ofF WAlntA
28 28shT 4A7H B 1A% 0% BAE A3
SloiT. FuA BH 22 Wt A NPAuie g A
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so] SABL M et

5. SAEM
HE BX4L [BMARS] SPSS Statistics 27, MSALS]
Excel& AMEsIoH, 2 A9 EyHs= 27K (A
Az AZPASHE st} BAA Zol= Friedman
AL B9l ASoHATt. 5Lt HEAe] AFgxAd

Oz2, &5, 18, 22(with valve), 23(without
valve))Z A7t Aol o2 42 EH4RO] 2o|E

B7Fst7] flsto] B7HA RS RHE BrFstaion, wx}
5789 Bt FFHAE AASHATE ARF A F A
AR = Grlohes A= ka9 2H8 glo] 158 74
T RS AR AEolA Brkshe AeE, 2 A
TolAE PF7I(FEAA = 0 HE HASHTH
77} P& 7F -R8E Zol= Wilcoxon Signed-Rand
Test AF-AHEE ARgsto] ERlsielon {ojgE
p0.05=% i3t} 2 AFE & A A= ti2a (7|2}
B} T BRI 18 Alel7t e WAk
A9 v ZAstAL sH, F AR o 22 (1|2}

Hao] Hg)

N o

o

on=
87t Hlwsto] AZE o] mE FA &

Pl Holrt Sz BhA2 SFES FAsKL 4 3hsick

DT

e}

. g5t 2t

1. 52y SEY
F94 32100+ 1.158) P57] 0.028%H

AZAIZH0| MAHXIOA| DIX|= Hef -

Ly

1
=St

re
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A

=H 3
AZke] Aol wet F7stlon 4A7HEa} 1.7270]
ATHP<0.01). AA=Zo] o5t B F88 T2
EHF 1.984, 23(with valve) 1.08%, 23(without
valve) 0.964, 15 0944, vzg 0.028 &£o=2
(p<0.01), m2H&T EFolA F3t Zol7h AU
(p<€0.01). Table 23} Figure 12 A¥2AE A7+ A7
of WE FA 87e] WakE vehdt. 1A7F At
oA m]2k80] 0.008°]al EF°] 1.4080& 2.4349]
IRt Apel7h EAISHATHP0.01). E3F S+ 1.40%
I 15, 28(with valve), 23 (without valve)o] 2%
0.60F2.& 0.8019] 22t Zke]7k AAKp0.01). 2
A7 AIoA ulzRE 0.008o0A EF 2.2080=
2.20349] FoJgt Zo|7t EASHATHp0.01). E3F &
= 2.208914 15 0.7082= 1.5089] f2lgt Z}o]
7F EASFATHP<0.01). 3AIZE oA w2k 0.1058
oA &5 3.0082°.& 2.9089] Folgt Zjo]7} &4k
AtHp<0.01). T3 E5F 3.008A4 15 1.508°2
1.509] f-9Jgt 2to]7F 2251 eH(p<0.05). 4417t 4
ol w2RE- 0.008°14 EF 3.208 2= 3.207<]
gt Afol7t A5 TH(p<0.001). EZH & 3.203
oA 28 (without valve) 1.608°.2 1.6089 |23t
Ao]7h 25 THp0.05). 539 A% 4H~7] 0.10
ol 4A17F AT 3.208 22 F7I510] 3.10%2] 42
St Z}o]7} ZA5FATtHp0.01). 1A17F 3} 1.408 004
417 A3t 3,208 0= F7Fsko] 1.8049] RJgt Afo]
7} EA5FATHp<0.01). 153 25 (with valve)?] ¢
QRHY7] 0.00F0A 4A1ZF AT} 1.90Ho2 F7tsto
1.9089] f9Jgt Atol7F E45HATHp<0.01). 1A% F
T} 0.6080NA 4A17F A3 1.908 22 7ot 1.304

Table 2. Subjective breathing level according to five experimental conditions over 4 hours

Special grade 1st grade

2nd grade

2nd grade

Time (hour) Control (with valve) (with valve) (with valve)  (without valve) Al p-value
0" 0.00£0.00" 0.10£0.22 0.00£0.00 0.00£0.00 0.00£0.00 0.02£0.10 0.431
1 0.00£0.00 1.40+0.55 0.60£0.22 0.60+0.42 0.60£0.42 0.64+0.57 0.000
2 0.00£0.00 2.20£1.10 0.70£0.27 1.20£0.76 0.90+0.74 1.00£0.97 0.001
3 0.10£0.22 3.00£1.41 1.50£0.71 1.70£0.97 1.70£0.97 1.60+1.27 0.003
4 0.00£0.00 3.20+1.64 1.90£0.89 1.90£1.14 1.60£0.55 1.72+1.39 0.002
All 0.02£0.10 1.9811.54 0.94+0.85 1.0841.01 0.9610.87 1.00£1.15
p-value® 0.985 <0.001 0.001 0.008 0.007
;Values are presented as meantstandard deviation
Time to evaluate for the first time after a 15-minute break without wearing a dust respirator
T The significance probability was p¢0.05
Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(4): 435-4448 www.kiha.kr
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Figure 1. Temporal changes in subjective breathing level over 4 hours

9] Fogt AFo]7t AATHP<0.01). 2F(without valve)
9] 7% ?F87] 0.008°0A 3AI7F A} 1.708 22 F
7Fste] 1.7089] ot Ate]7 EAsHATH(p<0.01). 1
AlZE 73 0.608004 3417 1.708 082 F7}sto]
1.10389] |93t Zol7b AAJTHp<0.01). ==&} <t
7] A ARt BRntAT 55 7He] BEAoA =
FH S57H(1.54+0.128)2 AlzHge] wet B4
Ho=w Fogt 2|7t EASFATHP<0.01). SHATE B
npAg g0 OE {Fogt Aol= yERER] A9k
(p=0.006), AlZH} BHRAkAS g 9 fo3 s
2R2 T YERR] QEFtH(p=0.65). AlZtol| oJst B
H S5 1ARE AT 0.808FE A17He] Aol
w2t F7Fetom, 2417043 1.25%, 3A1Z7E % 1.98
A, 4AZF A3 2.15%0]1ek 1A1ZE 73 0.80% 914
4A1ZF A3t 2,158 2= 1.35%0] F7I5t {3t Afo]
7b ItHp0.01). mtAE S5F2 &5 2.45%, 27
(with valve) 1.35%, 23(without valve) 1.203, 1%
1.1840|t}t. &5 2.458% 153 1.18%- 1.28%89
Zpol7k AR FY5HA] EttH(p=0.08).

Ay
(=]

=
ol ol

Table 33} Figure 2004 AAIE v} Zo] QFHE
F7H0.96+1.08%)2 F871 -0.16500A 3A1%T A=t
1.888 08 Z75to] 2.0449] {95t Zfo]7} ZA5}
AcHp0.01). A@=RA wetx= EF 1.364, 27

2.
1)

2 ne

www.kiha.kr

(without valve) 1.247, 28(with valve) 1.044, 1
3 0.964, 12k 0.208 £o2 YepRom(p<0.01),
H| 283} folgt o7t YEhd BRIntAT 5542 &
FP<0.01)T} 2 (without valve)(p<0.01)°|Act. H]
2-29] AL 1A17F A -0.608 914 3A17F AT 1.20
Hog F7ksto] 1.8049 #2Jgt Xjo)7t A5tk
(p<0.05). 59 3% 7] 0.007°04 3A1ZF A=t
2.40 02 Z715l] 2.4019] |93t Zol7} A5t
ATHp<0.01). 159 3% FG7] -0.40%00A 3AI1ZE
A7 1.808 07 Z71519] 2.2089 ol Apo|7t &
ASIHHp<0.05). 2F(with valve)?] A% <Hg7]
-0.40800A 3A17F A3t 2.008 282 Z715k0] 2.40%
o] {9t Aol7k EASFATHP0.01) 25 (without
valve)®] 739 9H¥7] 0.2083} 3A17F A 2.0082
2 37Fsto] 1.80%9] Aol7t Ao R-olokA] kot
Hp=0.07). "Z83 7] A7hS A et FlupA
3 55 749 BEAoAE ohHRe] H7K1.7+0.66%)
2 Azt Ao wlet BAFOZ {ogt xfo|7t s}
FHp<0.01). AN BHutAT SFof e [ojgt
Aol UWERHA] 943ka(p=0.70), AlZH} ®RIWpAA
530l 9t WAL YeEA] dtHp=0.86). A
i At Ay} g R I 147 A 0.858
B A7k A3to] mEr Frbsto] 3A1ZE Ak 2.058 2
2 1.2089 f9gt 2ol7t AAHp0.01). 3AIZE 7
3 2.054, 4A7F A3 1.7074, 247 43 1.304, 1
AIZE AT 0.858 £02 =t BHukAT SFofA
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Table 3. Thermal sensation of face according to five experimental conditions over 4 hours
: Special grade 1st grade 2nd grade 2nd grade y +
Time (hour) Control (with valve) (with valve) (with valve)  (without valve) Al p-value
0" -0.20£0.45" 0.000.71 -0.40+0.89 -0.40+0.55 0.20£1.10 -0.160.75 0.690
1 -0.60+0.89 1.00£0.71 0.60£0.55 0.80£0.45 1.00+0.71 0.5610.87 0.007
2 0.20:0.84 1.60+0.55 1.20£0.45 1.00£0.71 1.40+0.55 1.08+0.76 0.002
3 1.20+1.30 2.40+0.89 1.80+0.45 2.00£1.00 2.00£0.71 1.88+0.93 0.365
4 0.40£0.55 1.80+0.84 1.60+0.55 1.80+0.84 1.60+0.55 1.44+0.82 0.019
Al 0.20+£1.00 1.36+1.08 0.96x0.98 1.04£1.10 1.24+0.93 0.96x1.08
p-value® 0.075 0.025 0.020 0.007 0.126
* Values are presented as meanzstandard deviation
” Time to evaluate for the first time after a 15-minute break without wearing a dust respirator
T The significance probability was p<0.05
3
+3: Hot
2 +2: Warm
v +1: Slight warm
€1
-E 0 : Neutral
5 .
§ 0 -1 : Slightly cool
v
= -2 : Cool
€. _
2 «+a¥e -+ Control 3 - Cold
= .
e Special grade
-2 1st grade
a— 2nd grade(with valve)
3 ¢ 2nd grade(without valve)
0 1 2 3 4
Time (hour)

Figure 2. Temporal changes in thermal sensation of face over 4 hours

L EF 1.74, 23 (without valve) 1.53, 28(with
valve) 1.44, 15 1.38 €02 =4t EF9 1532
0.449] Zo|7} Aot FolskA] ttHp=1.00).

e=Fd)

o] E7H0.33+1.05%) 1417+ A= -0.28% 0
A 3A17F At 1.24FH 07 Z7)5k0] 1.5279] S-ost
o] 7} ZASFATHP0.01). A 27 o3t HAl9
B @2 £33 25 (without valve)ollA 0.5282
2 7P =9, ohgeg wmgy 14, 29 (with
valve)o| 5% 0.20802 SUsl9oy EAZFCRE &
oJgt Afol= YEFHA] AT}, Table 43} Figure 3+
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AR At Aol e A4le) I3 HSE YEt
Witk Figure 32 EH 1AZF Aol A EF0] 0.404,
25 (without valve)o] 0.208422 HLth7} H|s=5HA
=31, 25(with valve)2 -0.604, 1&g -0.6074,
19 -0.80FH 22 H|5HA Wokth. SEX|9E 3AI7F At
A7HA] BE A 279 F34 FFto| =otX[HA] H
525 AS(1.2089014 1.4087HA) 2o U= AS
SIS 4= AT 159 4% 1AIXF 43} -0.80F A
4A7F A3 1.008202 F7Fste] 1.8089] w3t 2
o|7} EA5FATHp<0.05). "2 Q7] AlZEE Al
oFt WRImtAT S5 719 BEAoME HA9 d7
(0.48+1.08%) AlIZt Ao W2 SAH L= [Fo3t
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Table 4. Thermal sensation of body according to five experimental conditions over 4 hours

e (ow)  Contol  FRAIE (el uithvawe) (winautvahg) Al eale!

0" -0.20£0.45" 0.00£0.71 -0.40+0.89 -0.40£0.55 0.20£1.10 -0.16£0.75 0.690

1 -0.60+0.89 0.40£0.55 -0.80+0.84 -0.60+0.89 0.20+0.84 -0.28+0.89 0.104
2 0.20+0.84 0.40+0.89 0.20£0.84 0.00£1.22 -0.20£0.84 0.12+0.88 0.877
3 1.20£1.30 1.40+0.89 1.00£0.71 1.20£1.30 1.40£1.14 1.24£1.01 0.975
4 0.40+0.55 0.40+0.55 1.00£1.00 0.80+1.30 1.00£1.00 0.72+0.89 0.712
All 0.20+1.00 0.52+0.82 0.20+1.08 0.20+1.22 0.52+1.08 0.33+1.05

p-value' 0.131 0.135 0.060 0.208 0.234

* Values are presented as meanzstandard deviation

” Time to evaluate for the first time after a 15-minute break without wearing a dust respirator

T The significance probability was p<0.05

3 +3: Hot
+2: Warm
2
+1: Slight warm
_’g-.
é 1 0 : Neutral
c
-% -1 : Slightly cool
)
E -2 : Cool
©
£ -3 : Cold
E -1
= ««u¥e e« Control
e Special grade
-2 1st grade
a— 2nd grade(with valve)
3 +==2nd grade(without valve)
0 1 2 3 4
Time (hour)

Figure 3. Temporal changes in thermal sensation of body over 4 hours

2to|7F 2AsFAtHp<0.01). sHAITE WxlutAs Sl

£ 9 Aol= UErA] 2%a1(p=0.80), A7t
RmAT Sgo) 9gt Fo3t WwSAEE YERA]
ASItHp=0.43). Aujdst A3t Hot HA19 2 1
Az A3 -0.285E Az A3l et F7kete] 3
AT A3 1.257 02 1.45%9] |23t Zfol7} AL
H(p<0.01), 3AIZF A 1.25%, 4A17F 42 0.804, 2
AlZHE3E 0.104, 1A1ZE A3} -0.208 2= =94t
BRuAF 0] SFoA= EF 0.65%, 28(without
valve) 0.603, 133} 253 (with valve) 0.35% <02
ey, E42 1337 23 (with valve)7tol 0.3089]

www.kiha.kr

Aol7h Yot FolsiA BATHp=1.00)

3. 58¢
1) AHE S8

QAR 58710.57+£1.0373)2 871 -0.407 0 A
3AIE At 116822 1.5680] F7tsto] F2lgh 2}
o|7F SISItH(p<0.01). 3AIZF A4 1.16H2E 7}
A =%, 4417 A 1.004, 241783 0.684, 14]
7t 743} 0.404, FF7] -0.408 o]t AP xR0
AE 28 (with valve)oll4] 0.928°2 73 %3, &

ili rr

¥} 23 (without valve)ollAl 0.763, 18914 0.72
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A

A
T

2 Z7koto] 1.4089 3t Aol7F ARTHp<0.05).
23 (without valve)?] % 3 7] -0.80F A 3A|ZF
AT 1.60822 F7olo] 2.4089] Folst zto|7} Q)
ATHP0.01). "I2R&} Y7 AIZRE AlQlgt #hxlat
A3 5 719 BAoAE QMR H|3(1.09+
0.75%)2 A7t A3t w2t BAH o= {23k 2pol7t
EA5IeHp<0.01), SHATE WRImtAT S0 WE
FYgt Apol= YERA] A9k(p=0.99), AlZk =zl
upAd Sgo ot WEAEE UEhA] it
(p=0.29). B FHFO] HI-2 3AIZE A3} 1.453,
4A7F 74T 1357, 241X A3 0.95%, 1A1XF A3t
0.60% <02 &9tHp<0.05). FHukAT SFolA 2
H(without valve) 1.153, &3 23(with valve)

Table 5. Humidity sensation of face to five experimental conditions over 4 hours

Special grade 1st grade

2nd grade 2nd grade

Time (hour) Control (with valve) (with valve) (with valve)  (without valve) Al p-value'
0" -0.40£0.55"  -0.60%0.55 -0.40+0.89 0.20+0.45 -0.80+0.84  -0.40+0.71 0.234
1 -0.4040.55 0.40+0.55 0.6040.55 0.80+0.84 0.60+0.55 0.40+0.71 0.048
2 -0.40£0.55 1.00£0.71 0.80£0.84 0.80£0.84 1.20+0.84 0.680.90 0.029
3 0.001.41 1.60+0.55 1.40£0.55 1.20+0.84 1.60+0.55 1.16£0.99 0.038
4 -0.40£0.89 1.40£0.55 1.20£0.84 1.60£1.14 1.20£0.45 1.00£1.04 0.007
All -0.3210.80 0.7610.97 0.720.94 0.9240.91 0.7611.05 0.57+1.03
p-value® 0.745 0.005 0.039 0.024 0.005

* Values are presented as meanzstandard deviation

” Time to evaluate for the first time after a 15-minute break without wearing a dust respirator

T The significance probability was p<0.05

3
+3: Very humid
2 +2: humid
o . .
R . +1: Slightly hurnid
.E 0 : Neutral
3
§ 0 -1 : Slightly dry
2 .
:.§ 1 -2 Dl'y
E —-¥-- Control -3 : Very dry
T e Special grade
-2 1st grade
a—2nd grade(with valve)
3 +==2nd grade(without valve)
0 1 2 3 4
Time (hour)

Figure 4. Temporal changes in humidity sensation of face over 4 hours
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Table 6. Humidity sensation of body according to five experimental conditions over 4 hours

e (ow)  Contol  FRAIE (el uithvawe) (winautvahg) Al eale!
0" -0.40£0.55"  -0.60+0.55 -0.40+0.89 0.2040.45 -0.80£0.84  -0.40+0.71 0.234
1 -0.40£0.55  -0.60+0.55 -0.60+0.89 -0.60+0.89 -0.40£1.14  -0.52+0.77 0.986
2 -0.40£0.55  -0.40+0.55 -0.60+0.89 -0.20+0.84 -0.40£1.14  -0.40+0.76 0.962
3 0.00£1.41 -0.20+0.84 -0.40+1.14 0.00+0.71 -0.40+1.14  -0.20+1.00 0.950
4 -0.40+0.89  -0.40+0.55 -0.40+1.14 0.40+1.52 -0.60+0.89  -0.28+1.02 0.607
All -0.32¢t0.80  -0.44+0.58 -0.48+0.92 -0.04+0.93 -0.52+0.96  -0.36+0.86
p-value' 0.757 0.660 0.908 0.045 0.646

* Values are presented as meanzstandard deviation

” Time to evaluate for the first time after a 15-minute break without wearing a dust respirator

T The significance probability was p<0.05

3
+3: Very humid

2 +2: humid
g +1: Sightly humid
21
5 0 : Neutral
k-
g 0 -1 : Slightly dry
v
2 -2 : Dry
21
g -+%-- Control -3 : Very dry
I e Special grade

-2 1st grade

a— 2nd grade(with valve)
3 +==2nd grade(without valve)

0 1 2
Time (hour)

3 4

Figure 5. Temporal changes in humidity sensation of body over 4 hours
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