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ABSTRACT

Objectives: Fit performance may vary depending on the ambient aerosol number and ratio in respective test
environment. Although several instrument can measure it, they differ with respect to the measurement
principle and the range of ambient aerosols collected to calculate the fit factor.

Methods: In this study, the fit performance between a condensation nuclei counter(CNC) and an optical
particle counter(OPC) was compared according to ambient aerosol number concentration, and evaluated
consistency. One type respirators(N95 masks) was worn by 50 participants PortaCount®(Pro+ 8038) and
MT®(05U) were connected with one probe to one mask, and Fit Factors(FFs) were measured simultaneously.
Results: The interclass correlation coefficient of the fit factor and ambient aerosol number, as measured by
the two instrument, was 0.82 and 0.79, respectively, indicating a high consistency level. On the other hand
there was a significant correlation between the successful test performance of the OPC instrument and the
ambient aerosol number.

Conclusions: The test was passed with the CNC and OPC instruments when the ambient aerosol number was

635-3,332 particles/cm® and 368-1,976 particles/cm?,

particles differed between the two instrument.

res

pectively. Thus, the ideal ambient aerosol number of
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1) AEotAZ

ul= =9 A APHEAATY(The National Institute
for Occupational Safety and Health, NIOSH)2
oA 7)E AE UET QFHE of3ba] N95 QIF
AZo|t}t. 712 Zo] 100mm, AlZ Zo] 155mm?<l F
o]g Al wkAZ(DOBU MASK 201 N95, DOBU
LIFE TECH Co., Ltd. Korea)s YA =22 AZ
(Figure 1a)AlA F ZH|E Al &5t D25
= ERIstt. 18 E=E oz} 5078°] 174 mtAIRE
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Al4oH= OPC(optical particle counting) B4 #H]
o] siok QlE SIBATAAF MT Alg|2E Algo] A}
319tk MT AlgZE A& 2717 0.3 m 32 0.5
molg 4 0.3-0.5mE AHT 4= lom vjwz F

S Al5517] W&o condensation nuclei counter
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Figure 1. Experimental setup of (a) Y nozzle connector (b)
OPC instrument (c) CNC instrument (d) Particle
generator (e) N95 mask
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PRO + 8038, TSI. MN, USA)ZH2 gFz XA
(Quantitative Fit Test, QNFT)oA €] AMEEIL
tKFigure 1c).
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& EA|(Figure 1d) PARTICLE GENERATOR
MODEL 8026(TSI, MN. USA)& ARgslo] 10~500
nm I7] 9SPIES YAHNontoxic salt aerosol)$
£ 1000#/cm’ o4} =2 APAAD. T AlY
2 W A= EE LHolx Eslal A
(bimodal)E2E HHtHFigure 2).

5) LAAIR U™

a9 19] gt 17 A utAT(Figure 1le)E g
5t 7<Loq;<}w VA bE22 A% T ZH|RHE A9
WA SE At WA (fit test)S 2H2-5F uf

£57F %%01] g gEA] gle] Ast A=A 9
AZ(fit factor, S 7t 71202 Agsich Uz

U AN JAE BEAT dASte] SRR sk e o (D) AeR AREEY ukiad Y. oF R
B Size Data Graph (0422582 /?H?Hﬁ?
L | T
1.4+ | |
r | I
124 } }
o | I
L 1.0 | |
o~ F | I
E T \ \
# 081 | I
z F | I
SN | !
5 06T | |
£ ! ‘
Sorl | :
N |||||||I||||| .
1 100 1000
Diameter (nm)
I [Sample #1 [432%RH 2493 1011kPa|#\| |52 | |0c Density: 1.00 (g/cm? RH 249 3 i

Figure 2. Size distribution of generated particles
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£ Hw3t =4 o] gro] ¥ g H FAE 7Y
T ooj2&o] FA S0l AolBE dFo & gt
=t Ui

=2 AP H A (Occupational Safety and Health
Administration, OSHA) 29 CFR 1910.1349]
‘QNFT Protocol’ & HF-& thE UzloA A718o=r
= Q= E&A S 100 oS B 7EeR
85k ok FFH R ok 4DAE 57

™ Z U2HAS(overall fit factor) gkl 100 AT
745 dzto] &H Ao 3t

E Aol A= 29 CFR 1910. 134. Appendix A°jl
BAE Al o= (1) 512] #5]7](Bending over)
(2) Tol7|(Talking) 3) HeE -2 &Z0]7]|(Turning
head side to side) (4) ®&] Asl =Zo]7|(Moving
head up and down) &&& FJstEE 5130 o]
) £AQ%E= AR F 28 293

(1) Fit Factor = Cour / Cin

Cou - number concentration of particles in an
aerosol sample outside of the mask the
surrounding ambient air

Cin © number concentration of particles in an
aerosol sample inside the mask

coefficient, ICCs)C. 2 H|W35}3ct AFEAL SPSS
system ver.20(IBM SPSS Inc USA)S ARESIL.

n.2 u

1. 5 ZH|oIN 8 E Xtz H|2

CNC 9 OPC ¥ & ol&dt= YF FH| U= A
o mAT O] YRASE SHsIAT 7= IR 25
B(50%), A=+ 25H(50%)°1 AHE E2x= 200 45
H(90,0%), 30t o4 479(8.0%) ¥ 20 uw|gt 17§
(2.0%)°]tHTable 1). AYALKim et al., 2015;
Eoh et al., 2016; Seo et al., 2021)E zk1sla] Y2t
Al Aagt 92 Faslelr] At FE 7183

dA Y7 |R BERE AEE W 9R 2=
10~500 nm 2 F FuloA Hilolk= 27S Tt
Aot Y= CNC ¥ OPC &2E ZHZ+ 1370.0
(622.6)#/cm® ¥ 1320.2(831.8)#/cm’Z T+ A4 7+
2to]7h QIAARHp=0.73), £34E A ¢ H1 Y=}
3= ZHZF 609.0-3332.0#/cm® 2 368.0-4036.0
#/cm’Z OPCOA o ¥AY &2 AR47F A=
ot 3t 93AS HHEEEAPS CNC A =g
749 85.2(69.7), OPC 69.7(53.7)2 A Aol= ¢l

Table 1. General characteristics of study participants

6) EAEAM Classification (N=50) N (%)
A" D2l disto] BH(mean) ¥ EZHA Male 25(50.0)
(standard deviation)2 T8}, =0.052 7]%&0= Gender Female 25(50.0)
B4 folde WAL WY wet vEeE 20) 12,0
2), %Y ik PFEERDE EAST B ) Age 20< 45(90.0)
B ¢ AHOR STk AR B 5 gElols 24 30< 48.0)
H Ay FWATHEA(intraclass  correlation " Number of participants (%)
Table 2. Comparison of two instruments
Fit Factor Ambient aerosol number (#/cm?®)
CNC OPC CNC OPC
Mean 85.2 69.7 1370.0 1320.2
Std. Deviation 69.7 53.7 622.6 831.8
Median 69.0 52.5 1151.0 1040.5
95 % ClI 65.3-105.5 46.3-76.6 1214.4-1549.0 1083.7-1565.7
P-value’ 0.06 0.73
ICCsT 0.82 0.79

‘P-value was calculated by t-test (Levene’s)
N=50 (CNC & OPC each)

www.kiha.kr

TICCs: Intraclass Correlation Coefficient (p0.05)
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Figure 3. Concordance rate of the two instruments

AATHp=0.06), OPCOJA o Rkt

M= og S84 29 A8 s E4517] 9
o FWAEAS(ICO= 42 0.82 2 0.792 &2 &
T(consistency)S EH+=d|(Table 2) ol WA
o 9 QRIS gk F73ko] AH] 1 2R ¢
U= A2 9ujgttt. J12E= o] Axe APAHWu

4 U

i iXt==0fl CHet OPC, CNC ZEH| 2t DtAT LA dsH|L 167

2. N eHd L UX00| TS UMY S Aty

= A2 RE S YUY Figure 322 &
EEQIct CNC AH] Rz 0.02~1 m °JA YA
£, OPC ¥ ZdZE= 0.3 m o YAE SA5HA
oug AYEEE W JEIA = HEA S A
DAY 5 S4E RAA HF2 CNC A4 =d
ol Aast AL 1360.8(752.8)#/cm’0]1 At
A9 1375.2(549.5)#/cm’0| 21}, OPC #AH] 1d
AL 27 1021.7574.00#/cm® 2 1436.3(892.6)
#/cm’0]tHTable 3). WAl Aldehy xRk
AAS 245 A3k OPC AH] RdE A3t 490
Al 8915t A4 (correlation coefficient=0.47) &
FATHpP<0.05), Asfgt H-9+= 1¥A] AUt} 1=
& OPC #H] mdo] ost dagy i Agsy
ARt TEo] At olE Adash 147(28%)°l
3 AAE 2000#/cm’olstE BESIGET At
364 F 1074(27.8%) 20004#/cm’® o]Ate]qich. gHH
CNC #H] 1do] A|eg Jrpeet 23 o=

et al., 2018014 0.869] & WAAS Avbde B A4l YUATHTable 3).
AR AT SABIGT T HE S DHAFA
A 4B AL 50A F 304609, BA Auidt 3. HEEO| 52 NHE U o At

AL 124Q4%) 2.2 504 F 4274 Aypt A7 A
2|(84%)5F AoZ YEFGTHFigure 3).

o
T A= AFER =Y CNC &) ZdZ A
St 187(36.0%)2> L&AIFfA 100 o= 7I5ot

Table 3. Correlation between fit factor and ambient aerosol number

Pass mean (SD) rs Fail mean (SD) s
Fit Factor 167.3 (34.6) 39.1 (30.1)
CNC ] -0.04 0.12
Ambient aerosol 1360.8 (752.8) 1375.2 (549.5)
Fit Factor 131.6 (33.2) 33.6 (29.3)
OPC 0.47 -0.19

Ambient aerosol 1021.7 (574.0)

1436.3 (892.6)

SPearson correlation coefficient of between Fit Factor and mean ambient aerosol (#/cm®)

N=50 (CNC & OPC each)

Table 4. Comparison of CNC and OPC based on ambient aerosol

CNC OPC
Pass Fail Pass Fail
min 635.0 609.0 368.0 343.0
max 3332.0 2418.0 1976.0 4036.0
median 1134.0 1151.0 833.0 1083.5
95 % Cl 635.0-2646.0 674.0-2353.7 368.0-1877.0 373.6-3535.4
N(%) 18 (36%) 32 (64%) 14 (28%) 36 (72%)

Ambient aerosol (#/cm?®) N=50 (CNC & OPC each)
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Figure 4. Rank order of fit factors : (a) Fit test passed, and (b) failed
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Ao OPC AH] BEL2 147(28.0%)°1AtHTable
4). CNC AH] mel2 g3t UaHAs: g2 OPC %
H] o] H|g] w2 HdghS 71559 Bt opt
Afist F o= OPC Ao BB &9t (Figure
4). CNC A8 2d2 635-3332#/cm’o| A A53t9 L
609-2418#/cm’olA Aujsto] v|gt F7HS Hel wt
W OPC AH] BEL 368-1976#/cmollA A3t A]
Tk 343-4036#/cm’o| A Aufisioict. ojet T2 FAF
< Figure 5 o4 &R1& 4= Ql&=d CNC #H| nd=2
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Aol 8 e At 4$ A= OPC AH]
Eof vlsf E=ton AlEEE W dAT =9kd
7oA OPC 78] 2dlo] AJZAtEl= CNC 8] =d
Hoh o gtk OPC AH] HdE g5 A #7h
368-1976#/cm301™  ZAZHmedian) 833#/cm’®
E-E 2000#/cmOl5tol A 455t tHTable 4).
J8EE CNC Aol Al W Akl mE gzt
J5 Ae7t YIATE OPC B2 YARof| whet g5
g Asf o] I3t AR SRIEHFigure 06).

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(2): 163-171



A&sz |

nax === median ( #/cm’)

2500

2000 o

1500 .

1000
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instruments
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o] AFtolA= HIolR IojRE kEo] 4lE= 9
F7|HoA F2 ARESHL Sl F AH[of tiste] W3
et A W JA S Brlskoh CNC
AH 2E2 0.02~1 m °VF AZIYAE Aok
OPC AH] ZdL 0.3 m E= 0.5 m o 27] 4=
€ AFSHAT dFAS A 942 ZTHOSHAC.
2021). o] A tofA ARESE OPC AH] 222 CNC %+
H|e} -2 Al E Bo YRS B7Fok=s A
oldl, 27} ARt 5 wdlof tfsto] CNC AH] &
o] tiQte 2 AR 7FE3HAIE B7IeE o] A7t Sl
AJtHWu et al., 2018). SHA|9F = ZHH]|E FA|O] -5
stof 22 Al W ARt PR Hlwet A
T= A7HA it 4R sEoA= &4 ddrt
OE F U2 4% YFASE H|wskom(Wu
et al., 2017: Wu et al., 2018 : Itaya et al., 2019),
=Y AT A+ Z8AAE ATiska itk old
Aol A AREEE F ] 7 Al APATH(Wu
et al., 2018) A3} o] Algido] et 1=y YA
2 AZ49 &3 5 5Y &4 oA sAl Asd
T A WA= A ATSHAY B A A
7397 84%01 o YA 16%= F ZHlolA 5L
gt 23S Holx| Qi

JuE YHAFAA et A 9 A 3¢

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(2): 163-171

QIXI0f LSt OPC, CNC &H| 7t OpAT LR MsH|W 169

2 JEsto] AlEEY ARpeete] TS B

3t OPC #H] Bd=g g3t 49 AEeE W dA=
o Aole AR BAEQH. okA|gE CNC AH] &
g2 A AR}l wEt WaF g ot thEA
oForth 22 A0NA Al 783t npAa dzt A
o] Ao we}l g3p=t] CNC 4] ZdoflA o &
2 A3ES BYlon AL =9t ¥rH OPC
v ndlg YA S At 49 Al8EE AR e
CNC A mdrt o =AY Wored, 43s 45
iEE 2000#/cm’Het W2 Aoz FIF L},

Wu et al.(2017) dFollA Hoh 10%/cm®7H4] &
Jsk= OPC ] mdo] 8|3 2.5 x 10°#/cm’7HA]
Z7d5k= CNC Av] 22 olAx=zd AE2 23k
AuolA JAE T gA FAT £ glemz Hozg
AhE YRS ASsHe OPC A RdET o =2
d2452 BY & v ofdth. 8 A4 Eg
CNC 4] 2drct OPC AH] 2do] Bt AR sE
A Woron g5 thad WA S A 514
T AJge] Auigh 39 YA 4= CNC v ZdHr}
OPC “H| LEoA ¢ worom g3t
o] Aot Aol AdZstAY gt 599
W JArE 25T vt Ak T oA A
olstgitt. OPC AH] E=Z g3t 39 AldeE W
JAeet =2 Aol AUAUAEE CNC A 2d2
e oFe}t Aol gloltt. CNC AH] RS 635-
3332#/cm’ol|A4] Algo] A3t vbd, OPC v =g
2 368-1976#/cm’2 @2 7oA Ao TR
ot e Aot AEEE W Rt Adsteld
CNC A zdx} g2 OPC AH] 2L 20004#/cm’
oot UA7E Al AzI T e AoE BHE
oo QR o]e] thE gFgFo] EA] F7HHQl AT
7 Fa3t AR AREI

T A8 AT 5 e AEGA 2777 A= o
2o == YA O ¢ A QAT ©ok
9 oA F2 Aust OPC ] mdo] tiste] ¢
A 37] & 02 FFo] AU=A ¥ A5 JFst
I golslojof sict. 1B ER Z2A A LE2EHE
A F5 9 37, ¢ 55 24 5o Aol o2 gt
7oA D2AFS HPet 74-of Au] Yelof w3+
oA AHEE Ba7t SR nFstoof it E3L
JAt 0]9] AR} 27] E YA As T ol gt A
AR A5 Aot F u] AREo] thgt HAg

43t 2
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