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Developing Yellow Dust and Fine Particulate Masks for Children

Hyunwook Kim' - Hyekyung Seo' - Jun-Pyo Myong? - Jong-Seo Yoon® -
Yeunkun Song* - Choongbuem Kim?®

'Dept. Prev. Med, College of Medicine, *Dept. Occup. and Environ. Med., College of Medicine,
*Dept. Ped. Med., College of Medicine, The Catholic University of Korea,
‘PROTOTECH Inc, "DOBU LIFE TECH

ABSTRACT

Objectives: No 3D anthropometric analyses have been conducted for Korean children’s faces for the purpose of designing
respiratory protective devices. The aim of this study was to develop masks against yellow dust and fine particulates, particularly
for children in Korea.

Methods: This study utilized a 3D scanning method to obtain 16 facial anthropometric data from children, ages of 5 to 13 years
old. A total of 144 boys and girls were recruited from the kindergarten, elementary schools and middle schools in Seoul. With
facial dimensions obtained, cluster analysis was performed to categorize them into similar facial groups. For each cluster, an
optimal mask was designed and manufactured using a 3D printer. In addition, lung function data were obtained from 62 subjects
and compared with those of normal adults. The pulmonary physiological results were subsequently used to suggest a test method
for mask certification.

Results: Facial shapes were classified into tree clusters: small, medium, and large. The face width and length for the first group
were small with high nosal protrusion. The face width and length for the second group were the largest among the three clusters.
The third group had the largest angle of nose root - gnathion(n-prn-gn). Age was the most significant variable in the facial
dimensions. Children’s pulmonary physiological capacity was about 60% of adults’ capacity. The results of fit test using the
prototype masks developed showed very good fits for children.

Conclusions: For Korean children, three mask sizes will be sufficient and practical for providing protection against yellow dust
and fine particulates. Anthropometric data obtained using digitalized 3D face analysis can be very effective for designing
respiratory devices. 3D images can be accurate and easily measured for multiple dimensions, particularly for curved areas of the
face. It is imperative to adopt different test methods for certifying respiratory protective devices for children, since their
pulmonary physiological capacity is inferior compared with that of adults.
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LN = B Pt FRomne §oEL glon, 1 3
JEi sjubtt Z7kska 9ict st ®
U 5ol 2000 T FAFLS(AH T 9.8

[o %2
oN

Ut M Sof falBAol T I

*Corresponding author: Hyunwook Kim, Tel: 02-2258-7363, E-mail: hwkim@catholic.ac.kr

Dept. Prev. Med., College of Medicine, The Catholic University of Korea, 222 Banpo-daero, Seocho-gu, Seoul, Korea 06591
Received: June 22, 2016, Revised: September 6, 2016, Accepted: September 19, 2016

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial

License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

350



A9 % 0d (53Dl Hls) AxI3HA F7k
SHUEHME, 2013). 94 3 lAwAR I3k A4
GFS BN A, ASHOR wF A tehtn, 53
ofgio] - 10l - BE/| AT § PR Aueln
o} A%l 2 4 Gtk PMs HEIH 10 w5
Vg w oflo] - kol - EH/ AR § WP
e AES 11%7F F7I43, PMy 557} 10
it B715H NYRE 04% B718 Aow A

-E'«% EAS ) %1 %«1 3F7E Tl AWE SU=H
A 7S 2 EHA ==, AR nAEA =
e AFE A7) SlE Wt R, HRE= A
A o5 A] ofATE ZESLEE Haska Q)
THKFDA, 2010; ME, 2013). 3}k, A ol 4]
AlRE = HAE npias R8T ofjlol§ &
o] glom, 14A4] o]e] HadofAl= 4RlE npAa=a
O] 22 Afo]2E A4S dFo 9A AHESlEE
Hastar Qle #olal, 144 o]ste] ofglolof gt
Y82 old QITHKFDA, 2010).

TYH = FlEdEiE 25715 357 96
A dzto] # ® upAaE Zpgstojof skt of
A7A feuvtets A AFaA oA da AR
of gr= mAaE HEHAQl B o g ghEo] A

o

R5ha R AFolt vl AFS wste] arjz
ThEL 7497} wokHan & Rhi, 2004). T} o]
ot EF AFHOR o2 vuws) u$ ot
WL A3 OB, Hed Yolg npae) 2
71 Zof ofRolel /] HgIHES Gekul ofglolo]
Aol WA= g3, 3F 24§ A WY 5
Qlek. B FR3F APLS ojdlol§ npAa S ety
o

o}

Jo % o
2
ass
N
52
O,
Ir
o
o o
aui

[e]
E% :LE%E'E o}
=4 AAE St YHETE w2 FH 9 vpiha
Alzko] @ HTh vpAH0] WALEE =o]7] A
= 42 Pl st 4
ol& 9= d= FeEfol Wt &4l A= ofof
Fch(Song & Yang, 2010). 37| o] o]stH upA

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(3): 350-366

O2I0|8 &AH ! DIMEX| oA JHE o5 351

22 daelely] Sisk] ARASE EHeE o)
QL BRI 2 dm x| gtao] npA3 s HApels)
71% 3k} 3D 223 fA|Elo| A (sonic digitizer)
£ olgste] mxo| 3 AATNA HEA AR
HobRhe & 4 e nhaaE Oxe @ B9t @
djlo]t(Yatapanage & Post, 1992).

2T gRgstE SHY AMgo] FUskE FA0]
o, 47 2d& 1d o 3y AW W &
shal, 24 AWt g Fdstal Fest
Z o2 tHHan & Rhi, 2004). oliﬂq =B
%%—;’—ﬁoio]eovq i, 1%
Hop o ohefdt $4S 7HA AL Sl
o] A5 mpiaAer Aol sk
of thefet FEIE 7HAIH, 12
L orHE I Ao Wt E A Ete]of i}
= FEi7E B E7) AsiAe 24 AR
T 59 2715 SAshe AEA AAS

SHAI7E QITHKim et al., 2003). ¥ 3

e

lN'
o
o
o

m
lo

v
:L
we e g
Sid
N o

cEong dm
e ot
2 r o Lo

N ol

T

}01,
©
r
1)
N

(

10 1l
2

¢

o
ok

A

A
o
B!

1

oz
i
lo

7]

2

3D A2 YolgE 4
Agstol Azaoln o

SEEIPS
1 Aae
9T AZAE AEA YS9 v
XA z}o]7} glrkLiu et al, 2013).
Han et al.(2004)2 3t=<Q] tfoz d= A4
S5t A FAAE 2L 3D A Y-S Fl 5&
0]9] 04% ;‘(ﬂ*&ﬂoﬂ X4‘<;5:}—6]— A}OJQ_ H]»D%*B‘:‘ U}AEE—
sttt Liu et al.(2008)2 w2 2] 3D A7 djo]
7Rt 82 QPR S AAse AR WS 7
tal BEAQ AAE A% PR A AA"E
g thKim et al.(2003)o] oJ5ld dZFo] 27|19}
Q1%7h, WEZE 123 Aol et chacka
, 737710 &3t oglo] o] Hee I A7)0
ﬁii Tk sHARE o] AFES
shpow, oftlo| giteR & 5
B3k} AFAA 92
2138 ZHelo] e ool g )
23+ glow, H&o] A3 FEH Y 3D ofu|AF A}
&ote] ST Atdl= dedgole e =&k o
g 27|17 22 dEg 7H ofdole] dae
= mtaavE YRR S ¢ Qlo] ofjlejgow
Aot 2719 Ao gEE txpeld npAa=rt 3
a3k Aotk

>
rlo
ol

i

2
]

l

BlOHT R 24 o 1o O g do oo rju 1k
Y
o

e 1V
Hopet 2o

H

o m{m m

o
-

(HAu g e A O

1110{‘ oX oft Of ogt U
lor o . Jo 7Ir

i-’,.l;ﬂ_v__ﬂ_

A o5 v
d2FE =

<
o
S

O

=
=2
’_l

http://www.kiha.kr/



=9 253
4 e LHdEAY 7= W AHFAI

(bo] o, =2 3 55 Wol skl ofe &
Fo] Wol L FEH | et lE Aol A, W
A7y TEstx] ool 357] Agke] ofsto] gt
Aol Wt BEuE QtiKim et al, 2010b).
AP odol o] HAFERFE Bk Aol 9
st mAHA Y] = STk wek 253sHY el i
S 7]HH(PEFR)o] wlAlR s Hol T57] Wz
ol oigt 1E7F Fasielal Y HKim et al.,
2006; Yuet al., 2007; Sonet al., 2009). ©|= ojFHo|&
o 5% ool wiof npaaY Fujy] A4S 7
o]—?‘s]- /\-L‘:—_ /\]‘ESJ.Q. E—Ho}: H.Q_ 9,]1:(]?‘5]—14— o]rl"];ﬂ xﬂ;}_'l-
g mAaE zZgsitH 28 & 55 1S 7HA
QA Ge AoR AlrHTH

0|9} 7Lo] ojgo] 57| H3T HAEZ TETH
TH7F dastee Estal dmoAe oflold]
A= Pl gt A5+ ool g TFETF o
gE A, QlS7IEel nhE o] )lA gtk Alsell /\l
THI Sl mkaa F ojdolgor EAE A
GOt} o5 e AelE s e St A
245 Aolth. & ojzlo]§ Q1% 7]o] AHHo] 9
A oot Aolgom AFE AL IR Agdtn
9lo] BAZL glet.

mahA 2 i ofglo]go W] AHE &

o
=
o B 2] %k(mmute ventllatlon) =
A
T
7

front

HET AAE g 72A4EE 97 9%

ofake] A oleolE HAOE 334
swu} E3 /)% AAk AR BadR
Z AR YolHE olgtel, ofo] AT ofgle]
WAz AR Z1EE A 9o ol o
g3te] B ofzlol§ mtam A 7|z Aa
Abgst shedeh

1
o mo £

o

1

w

_llN'

g

> oz m{o{v

l‘S‘i
o

I1. 9471 Hhy

1. o12C A

A= gAY 25etuet {29 5 A%
AL B|Yste 43LolA AASHAH. Ao H4x
W8S AHet & ofdo] dzo seEAtmolu FE
7h QAL ZJoF w75 AESHA] S of7lo] F Avof
& Tt HoAe] FoAd FoE Tt ojflolE
Ao s shgith mYA e AL B A 7t
Ao ALEA A sEo] 2 H7He] Aol & Fo|az}
sheleh & Aol HFAoz mAE vHA= 144
oz ul SAEE 1342ojHo] Y zF 723409
o &2 Aqte 7HEY it dAAAT AoleidE
Ao]E EIHMCI50IS10029) 3to] 2P =]| 9Tt

27428 3219 27)1(Geomagic Capture, 3D SYSTEMS,
USA)E o] &3t =, 0.08 mm2| 34=2}, 300 mm
oA 0.06 mme] AUEE 71X A7 9,850,000

3D scanner

3D scanner

e e

Waiting
Room Subject

<—-—- Eyedirection

Fig 1. Schematic diagram of the scanning room (left) and a photo showing the setup of the scanners and the subject sitting on a chair (right)

http://www.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(3): 350-366



Q1E/ 0.3 sec?] HloE] 5L 7H LED FY 2%
W oItk o] A At ol IR
QEE A7HS Aokslal, dlo]E o] YA uhE A o)
7V, @27 A 7]Z R A ZAHF o] A
g w\t d=29 23 B¢ 54| 7s(Lee et al.,
2004)3 B0k okfeh, £2%l0] B ojglol5e] 2%
o el 3ol ) el
512 =33} Scanning room(Figure 1)ofl&= A7l
tH gz 1’5P°:l @A QIHEE 2ol A FAlol
P 0}9311:} /\7].]14.9_ 5]._ Eo]— 0-]310]
o] a7} °x101L AL WA glalel, B} Sol
B oA ALgISAch ol Qe Fe
A do = A0y dloJE 7} ko] Z(noise) = 213 A
#|(missing data)7} o] o2 W A Sh= oo
AR 4 9] whelth 8 At AmEg]
s

(Geomagic wrap, Design X, 3D SYSTEMS, USA)Z

_Il}ll n-{o

O2I0|8 &At ! DIMEX| OpAF JHE o5 353

3ol 33491 ojul A Holel g WE F orRe 2t F
2o Z7sto] oftlo] vpaae 2718 ARs

WA, o)A} o]7lo]7} Scanningroom(Figure 1)o]] ¢
o

42 shy, meirteo 2 elste] Suk2 QR Yol
B 24o] Wl WA QEs Tu gog mx
(clastic cap)& He F AAs} AZe| ®AH
(Luximon et al., 2010; Liu et al., 2013)9]] 3£X] Z*(land
mark)(Figure 2)2 2% 2H, &fAto] o} AJA

A 4 E=E A Hue] AYE 28S EOE]%"—
Stth &2 += Kim et al.(20132)9] EX|HS vigo
2 Figure 31} o] JL514 o

™, Figure 4+= Design X

Fig 2. Placing land marks on the subject’s face (left) and the land marks appeared after scanning (right)

Fig 3. Landmarks used and Facial Dimensions measured for the study
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Fig 4. Extraction of 3D Anthropometry Data using the Software

Table 1. List of 3D Facial Anthropometry

LK ] CLREL R L L L BN

Description Measurements Number(in Figure)

Face length n-gn 1

Length Nose length n-prn 2

Subnasale-chin length sn-gn 3

Menton length gn-neck point 4

Face width t-t 5

Nose width al-al 6

Width Lip width ch-ch 7

Gonion width £0-g0 8

Face curvature width t-t curvature 9

Arc Bitragion - subnasale arc t-sn-t 10

Bitragion - pronasale arc t-prn-t 11

Nose protrusion angle n-prn-ac 12

Alare -nasal root angle al-n-al 13

Angle Gonion -nose root angle £g0-n-g0 14

Nose root -pronasale -gonion angle n-pron-gn 15

Gonion - subnasale angle £0-sn-go 16
SILEQolE ogsto] AA| ST Aolth % W7ls AA Ay AR 62789 A RE
32k olm|A o] A S o] g3t ST FE2, Attt A 27]-7<H(peak expiratory flow rate,
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WoIEEZE, FWYILEEAE, ZWYIYLS capacity, VC), 1 9|-8Z|(total lung capacity, TLC), %t
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(Table 2).

Table 2. General characteristics of the study subjects (N=144)

Classification N(%)
Sex Male 72(50%)
Female 72(50%)
Age 5 16(11.1%)
6 16(11.1%)
7 16(11.1%)
8 16(11.1%)
9 16(11.1%)
10 16(11.1%)
11 16(11.1%)
12 16(11.1%)
13 16(11.1%)
Grade Kindergarten 32(22.2%)

Elementary school

Middle school

96(66.7%)
16(11.1%)

2 otpimaz 2t
144 59 27 dlole] % EAHY retow 7
A7} B&3 AZ=X|(missing data)@}, E=EHQ] wuLo
2 Epeidol oAt o ARE AT 139

2428 25 $ASAT
AR 7 = SHE| gk R4 (Correlation
analysis)ol|A] dZZo], d=2n], J<&Zo|, FZo],
AL, o], ool sferdlol, 7
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Table 3. Results of Correlation analysis

Std. Deviation

Description Mean Pearson Correlation p
Face length 96.26 8.34 0.751 0.000"
Nose length 33.37 3.74 0.740 0.000"
Length . .
Subnasale-chin length 57.29 5.48 0.622 0.000
Menton length 21.88 4.57 0.670 0.438
Face width 129.06 9.01 0.446 0.000"
Nose width 33.02 2.72 0.609 0.000"
Width Lip width 38.62 4.49 0.632 0.000"
Gonion width 104.77 8.23 0.429 0.000"
Face curvature width 171.09 17.55 0.410 0.000"
Arc Bitragion - subnasale arc 169.93 17.61 0.325 0‘000:
Bitragion - pronasale arc 174.23 18.52 0.344 0.000
Nose protrusion angle 85.86 6.77 -0.359 0.000
Alare - nasal root angle 53.23 5.54 -0.168 0.045"
Angle Gonion - nose root angle 63.77 4.47 -0.317 0.000"
Nose root - pronasale- gonion angle 133.11 4.09 -0.830 0.325
Gonion - subnasale angle 84.80 7.81 -0.278 0.001"

“significant, alpha=0.05 (2-tailed)

Table 4. Independent t-test by gender

Description Boy Mean(SD) Girl Mean(SD) p-value

Face length 97.60(8.31) 94.89(8.21) 0.0473"

Length Nose length 33.73(3.92) 33.03(3.55) 0.2656

Subnasale-chin length 58.11(5.53) 56.49(5.35) 0.0776

Menton length 21.41(4.36) 22.33(4.75) 0.2376

Face width 131.24(8.73) 126.91(8.81) 0.0037"

Nose width 33.46(2.91) 32.59(2.49) 0.0585

Width Lip width 39.07(4.10) 38.18(4.83) 0.2393

Gonion width 105.97(7.97) 103.60(8.37) 0.0853

Face curvature width 173.95(17.86) 168.32(16.92) 0.0556

Arc Bitragion - subnasale arc 172.48(17.57) 167.47(17.42) 0.0900*

Bitragion - pronasale arc 177.35(18.50) 171.21(18.17) 0.0482

Nose protrusion angle 86.24(6.71) 85.48(6.87) 0.5059

Alare - nasal root angle 53.26(5.05) 53.21(6.02) 0.9582

Angle Gonion - nose root angle 63.72(4.20) 63.83(4.76) 0.8829

Nose root - pronasale- gonion angle 133.43(4.38) 132.81(3.79) 0.3683

Gonion - subnasale angle 84.29(7.63) 85.31(8.01) 0.4382

" significant, alpha=0.05
£ dojot vH| FEE0] FostA(p<0.05)Z F7ket  F3t Aol gloltK(Table 3).

Aoz uelch 7} Gmo] A Aol S 17| 915 HYELEAL
whEl, IR mEEE, Iwe|Yesty, TR AUk ¥ 40| £5 veh Lol Wt ofzlo)}
elolfelzte, ol muddEE BAHOR fo  ofg ojglold] Hls| 7 aHBe|A ZHA7} tha 2
Wp<005) Lo ABWAE Rk ol UPFh AR YERA, 1638 F ol g gAY
of wel I vt Ak Ao Helth I 2 fFoRt o7t Q= f‘{}ﬁ% A= 0](p=0.0473),
SEYEAE(p=0.325)2 EF9L0|(p=0438)= < A H|(p=0.0037), FTFEIETHO|(p=0.0482)2]
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Fig 5. The Dendrogram of the clusters combined showing three clusters
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Fig 6. Distribution of test subjects by cluster

Table 5. The Results of Clustering by Facial Anthropometry

370 FEAE oI9ith o5 3 7K @52 FAL oA}
wep d2o] 271 mm, A H] 433 mm, A7
FEEZo| 6.14 mm T Zow], EAHOR gol
AHo]7K(p<0.05) LEFTH(Table 4).
upss 2718 FEE] 9lste] ofdo] 13799
= A=2E +HEA(Cluster analysis, SPSS)0 2 2
Sy 9L HA o) 234g AR st g
AA B0l 71Hrgt Al SA o3 &4 (hierarchical
clustering) & AA3t &, d=2 7HS Esle] 2
gl £35S 374 2 A A8 ch(Figure 5). 23 %
o=

AE AE olgd wAZH 8
clustering) & AA1513L, 7+ Hlo|E] ghe Zaghe] 2

Description Cluster F Sig.

1 (n=49) 2(n=28) 3(n=60)
Face length -.70039 77120 .10799 31.309 .000°
Nose length -.59059 70793 .06352 22.233 .000"
Subnasale-chin length -.67409 40602 24063 20.789 .000"
Menton length -.25647 .50457 -.01644 5.499 005"
Face width -.75918 1.06917 13754 52.284 .000"
Nose width -51196 .64809 .06658 15.632 .000"
Lip width -.54876 57232 .07761 5.499 .005"
Gonion width -.54381 92771 -.04730 26.232 .000"
Face curvature width -.98643 1.35198 25825 212.149 .000"
Bitragion - subnasale arc -.96743 1.40201 22361 223.630 .000"
Bitragion - pronasale arc -1.00701 1.40280 25442 273.060 .000"
Nose protrusion angle 27746 -.09348 -.14960 2.636 .075
Alare - nasal root angle 18185 -.20505 -.00594 1.354 262
Gonion - nose root angle 30395 -.25973 -.16454 4.150 .018
Nose root - pronasale- gnathion angle -.04049 -.04121 .08997 284 753
Gonion - subnasale angle 53062 -.61620 -.27879 19.166 .000

Short face length and
Specific

width, protruded nose, and Long face length

the largest gonion angle

Medium facesizes and
the largest angle of

and width .
nose root - gnathion

* significant, alpha=0.05
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358 LI - Mol -HEE - BN - S&2 - UEY
Abo] HEs Ee) A2lste] 7MY TkE SAHoR (©<0.01)7} Uit ol e AdolA dZZo|o}
HE 23S SR A 222H 1L 2,308 iy de=vv] I18al o] o] o7t Aol Z¢
A tH(Figure 6). 2 Helow, sdotdy ZH=(p=0.000)S A<
Fgho]l 2 da=5gu], AFEaYsdol, A+< o dE AR 7 FYAH gt foRh 2ol
FE54do], d=aynlet d=dol= 37k Se4H 7b e A= Yehth
Azt WEo] 53] Zlew(Table 5), ZE5E4% SeLH 1o &3 ofdoldf dm EAL d=
(p=0075), TR FHLZE(p=0262), AL oo} Yu|7} AT T/} BEEHof glon ofez
2P (p=0.018), FRALEBAE(p=0753)E A2 7} @ EFo] i, FH2E 20 &3 of
@ WE ol 7 Fejae AololA fOlFt Ao ABe] S ABUo|St vurt 2 Ao, Ze|
Table 6. Centroid for each facial anthropometry by Cluster
o Cluster
Description
1(n=49) 2(n=28) 3(n=60)
Face length 90.42 102.69 97.16
Nose length 31.16 36.03 33.61
Subnasale-chin length 53.60 59.52 58.62
Menton length 20.71 24.19 21.81
Face width 122.22 138.69 130.30
Nose width 31.63 34.79 33.20
Lip width 36.15 41.19 38.97
Gonion width 100.30 112.41 104.39
Face curvature width 153.78 194.83 175.63
Bitragion - subnasale arc 152.90 194.64 173.88
Bitragion - pronasale arc 155.58 200.22 178.95
Nose protrusion angle 87.74 85.23 84.85
Alare - nasal root angle 54.24 52.10 53.20
Gonion - nose root angle 65.14 62.61 63.04
Nose root - pronasale- gnathion angle 132.95 132.95 133.48
Gonion - subnasale angle 88.95 79.99 82.62
Age 5.6.7 11.12.13 8.9.10
Face Width(mm)
1345 1465 96.0 1085 1205 1325 1445 1585
96 108.5 120.5 1325 1445 158.5 170
138.5
; #9 #10 1385
1285 4+ === —— .T
TIOT i 1285
— |
E’ 1085 - ————— 4:
§ st -———— N 1185 TRIEN | S
K| ! Gi2848%) | Gal11%
g s {osmccdl T8 SSR0 0 AT(971%) | STGSX)
785 ;,,f,igﬁ,l, T | - 22;3-;
i i 2T (141%) 13T (@.12%)
ess 4 _ __ _ _ B = TR
% i 785
58.5 1 L
r (1.41%) 17 (070%)
e Boy 585
o Gird

Fig 7. Distribution of test subjects plotted on the NIOSH Panel
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28] 30] &3 ojglo] YF) BHL ABAANE F
Zroll} mmelmEe By} wed B4 99
oh 92719 Fe BYoR Ba 3744 29
2E 59 FEEH 4% (centroid)S Table 69 4=
Sagich o)% 272 ofdlo] nhAZ Ao]=E &
9, 29, o3 k= BRsk

S Y ofelole] QB 7lojet AT 24
£ ]85} NIOSH panel®]| 1 £3ZE Figure 73} Zo
Lrehgleh o] oA ofzloli AlE HAE 3
Y ure] ThE )Xo Tha B AR AT
4 olgow], ofdlols] A2 =7)t ofg} s
o AE7olel WU} i e Ao Wojxlc,

of2l
H=
T

me we

O2I0|8 &AH X DIMEX| OpAF JHE oI5 359

Bl #H75 HAF AARE ST Hol 58.1%, o]
of 41.9%9] AaE A5t CH, AFHEE 104
(21.0%)%} 114](22.6%) 0] At=7} 71 B2 ¥ o
7% AAPE o E& o™ o]l 641(6,4%)0ll A 7+
AL AR E dof A5 1 A3} P (ESE
2HL FH )5 7)ZHPEFR)0| 298.4(93.0) ¢/m, Y35
SEHTV)S 495.9(176.2) ml, HTEHVC)L 2284.0
(661.8) mf, A 82 (TLC) 2812.9 (729.2) mi, 27|
ZHRV)-2 549.0(319.9) m¢ITHTable 7). #7151t U
At dAto] Sl FHHE7|HPEFR)S 2 A4}
ojglo] H#A|7} 298.4 ¢ /mo]glow, HeFo] ¢
2284.0 meiTh. o]= A3} Al ofdo] 215 9]

3 Z|t) 57| F(PEFR) 283.2 #/m(NIER Report, 2008)
of Wjamal o7k ok & Aot fle Aow uh
k. whebA ofglo)o] #H|7)5 A AdQloll mle oF
60% Y= ALRE U], o5 AR A&sh ool

A

>

3. ojzlo] sEMEISHY 53 U ojA3 9I5|
LR
A& s Bl st ool w6415 H 134] 62

Table 7. Values of pulmonary function testing in children (N=62)

PFT(pulmonary function test) Mean(SD) Adult’ Rate
PEFR(peak expiratory flow rate) 298.4(93.0) 420-520 //m 63%
TV( tidal volume) 495.9(176.2) 500mI-600 m¢ 90%
VC(vital capacity) 2284.0(661.8) 3200-4800 m{ 57%
TLC(total lung capacity) 2812.9(729.2) 4200-6000 me 55%
RV(residual volume) 549.0(319.9) ml 41%

" Data for Adult were obtained from the report of NIER, 2008

Table 8. Certification of KF80 for yellow sand dust & Suggested criteria for Children’s mask

KF 80*
95 L/m. upper 80%
30 L/m. below 60 Pa
below 25%

For Children
60 L/m. upper 80%
20 L/m. below 60 Pa
below 25%

Criteria

Filtering efficiency test
Inhalation resistance test

Face seal leakage test

¥KF: Korea filter, Ministry of Food and Drug Safety

Fig 8. Representative face generated for mask design
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Fig 9. Mask design process utilizing the 3D image

oo

Fig 11. Exercises selected for fit testing (1. Normal breathing 2. Turning head side to side 3. Bending over)

& AlAlE vtaAols Sl FAbeRAE 1F7]E
KF80 Al A=9] 60%E &-§3fto] 7|&o =2 Ak
3} tH(Table 8).

AA| 2] A5 filter efficiencyE 85.5%, pressure
drop2 109 Pa2 AZstgon, nfpAgo] 37]= of
Zo] 14410 ohuin Sow PRG FusEy
B 371 2712 Adeta. o). £ 4 1goR &
2E ofdol&(1 ST LH 38%. 2 ST LH 739, 3
S 2H 31%)F 95percentileo]] <t Q- o] %]
= S35t dHE Y= (Figure 8)5 Yh= % Figure 9

http://www.kiha.kr

o} 2ol 3D ol AY A gRele A
At 3D 71ES olgatach dReldt vhaag
3D ZAE R Eesto] AAE A 9Ie HALY
2 SIon], KFR0 mhAz AFHO] 60%S 2§
AAE 187)9} KFSO vhaa AEHe 83 A7)
E 1870, % 36745 vhatste] A@stslthFigure 10).

4 YA HA}
AR AAF vhszzt ofglo] Aol Wil ¥
e gelal] Sistel 23, F9, oY 3744 o
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Table 9. Result of Fit factor & Leakage

O2I0|8 &At ! DIMBEX| OpAFT JHE oI5 361

Large Medium Small
KF80 Children P
KF80 Children KF80 Children KF80 Children
GM(GSD) | 115.4(2.4) 52.02.9) 129.3(2.2) 127.1(2.5) 200.0(1.0) 170.0(1.5) | 124.6(2.3) 84.3(2.9) “0.000
Pass rate 83.3 333 66.7 83.3 100 83.3 83.3 66.7 ’
L  Mean(SD) 5.6(4.1) 12.41(8.3) 4.74(3.5) 3.29(2.6) 3.6(1.4) 5.6(5.6) 4.67(3.1) 7.12(6.8) | "0.006

“Statistically significant, alpha = 0.05 by Paired t-test

KF80 & & & 21t

o208 R =AM

1. Large mask
. 2. Medium mask
3. Small mask

20 20
200 . . - 20 . . .
H
.
.
5 190 M s 10 .
3 . g
. . g .
] < 400- : *
-
.
0 . 0 ' .
L ! (] .
o 0
o 1 2 3 " 0 1 2 3 4
mask size

Fig 12. Fit Factor in each mask

235 04%371011 = ofdo] 24 6%(F 18 W)l

A ZgA7 &, YT HAME 3717 52 4285}
A te] Wtz =48-S A CHFigure 11).

Uzt HARE RAE AAE AN dde
Table 99} 7t} KF0 A|FH oz AA3E npAzg =
Y27 7P W upA = iy Afol=glar Wzf
A4 7188 (718tEEHAD-S 1154248 o™
o] Al ez A&kt npAaa F P Abe] =9 U2k
A 71t B EEHADE 52.02.9)2 JA| 7t
A ko A3S H ) KF80 AP o= #|Z3 uf
A3 2 WUztE AHAY AT B0 7 & u]-/\iﬂ
23 Apo]ZE 100%91, £39 A3 EL 71
2 66.7%Sth. ojFlo] AP R 111&?& U}éi %
@A) = wpA=0] HWARHAL AJFE0] 33.3%= 7t
A e A3E Bk vl F4ES URE Y
o] 5Y3%a, AT EE 833%E EUth MT03
o= AAT FAE 3 1241%2 ERY o1alo]sl
AR tfF mpA=0) A9 58] Yzlo] FESGL
#oofyet JERE FAEE Zo] Y=
Figure 129]|A] Fit Factor’} 1000|5}¢] ufA=T= Tj
P FF Atol=7t tiFEEoliem, 100 olste]
2AeE YERH vpAa = KF80 Aol &gt uf

L
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23 HT ofglo]g AlgRo] ot mpAsvE o Wk
t}. 3R] KF80 A|& Wi} ojZo]g upAz A|FH
of oJgt mpAa Ao WA 7|sHE (7] stEE
H2he Z+7F 124.6(2.3)9} 84.3(2.9)01¢l1L, WL
HALS] pass rate T3 83.3%2} 66.7%2] B2 H
ATt KF80 Aol o3t izl ofglolg AR
Hof| o3t mpAz o] WA s FAZKCR FO3
2ol & HEF )1 HH(P<0.000).

A ¢H A7 HlolEE o]&-dt= dlgltal AA E
= %7} B So] AQKGross et al., 1997; Han &
Choi, 2003; Song & Yang, 2010)5 o] oy, SR 7}t
2] o]Po| L upAaE A7) 93 EEr|Zo|U
B7E71E2 AAELL QA SeE A olth

3D A0 A= AR B4 AR SR 9o
=0 HAgslst= Aul=A 2 dixuold, b
2 ALEEpolAolA, i E YA, fE X
H oA AFEEAL glom, H-sAQl 4
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3D HlolEE o] &7 A=Al et dH(Kim et
al., 2003; Song & Yang, 2010)9|4 Hzlo] ZrE&=
npA= Jel] Fagt 4l d= FHE 3AA <
WRlos ERstAY =9 HARE 3xtder
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2005; Amirav et al.,, 2014)o|ch

ojfe FrloxE EFst AARCRE ofd
Azl tiste] 3D S shAY 429 32k &
& she A Ulg Bohwy] Stk ote) ok
Fol§ mkaa fARle] QlojAl, 0|59 dAFaFt
ZpolE gotr ] s AAJSE A (Amirav et al,
20140 M= A 17 L 5B 449 ao0f 271 S o
FO g 3D A 3 & dE o|u|A] B4 4
=), Aol ot 1e]al aofofl A 374A] SeAH
adFer EREen, &%, 3%, Y vk
Rolz7} Hasicha AE Agich & Ao Are
sje] Aol miaizlA R Aol S
of Zole} Wul7t F7eHe B 4 oY

e EzEe} €Reido|

o]
yS|
=
=1

bR R, AFE zpolo] gt Ay A+
(Ball et al., 2010)°] 9stH d=F ol 11 5/4d0]
Jolstt, Ut JAF WolH= Ao A2 HE
AgFo] Qttal 3}itt Cho & Choi(1999)0] 2]3}H
=) dEFPS LTl SZEE(TFA)
Fi ALA=(AEB)E ERshen, d=Zolet
uule] HgdAR AAAQ A= FHE #HS
€ o] vl stk & A9 A4
ole] d= FHE 37HA ZHLER EFdt=
oA d= dolet vr] Fxo] F g v

o 4 gt

Kim et al(2003)2 $t=Ql A2 FA; dll4dollA] 4
7HA FEj(@==0] gl BN o
ELE, T EHE, Ho

_‘:‘_l.
ol
-

o N 9
flo fN

A

s}
Apef o2} miE AL = OFe ASEH A
= JAe AL fst dEF S AL e
2 Ueith gle 9§39 iRt 5
B Ql &(Cho & Choi, 1999)S Adt}i 3}
, o]glo] o] QI o] X[HqF ztolS Wt
THKim et al., 1992)0]| 4= dHa} 2| H7te] A=
59 SAA Apol7} glekar Hushgich shANE Lo
o] = oty 378 vk Aol 9aH(Kim &
Lee, 2010a) Wo]7} Eoigtol welt 42 Exrgol A
kL shglemn, ofglo]o] ¢t Ato|i= 1ot
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Holm BB 2HS AN, FF 34Y ow
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2 289 5 ek olsh 2 3D AAYL sjute
2 293 She wpge e Jmsta A w
A2 g 4 9AT 3D AZEole FHo] oY1,
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O2I0|8 &AH ! DIMEX| OpAF JHE oI5 363

4ol &3kt

ntA39) A7) 8 oldeld TFARTH &
e st w4171 He nAaE sty S5y
M 5% =7t Bastgch w SHRE 1349
ofzlo] w7]% AT e utelel(2008)0] A
oh At on, gele] Ayelsty Amel vwst
of oF 60%2) Ajol7t YSIEE o - Asieh. )
ofglo] Aol olshw 7+ 2§ ¥ ojdlo] BEFS
413} vl st UH =9 igahﬂ 70%, ¥ A+
(PF)o] °F 70% A7l ZHw|o] dxo| nfaz w7}
HAARTA 4 85 L/m9] 0.78]E 283t 60 L/mo]
Hatctal shgchJASHS, 2013). 2 Ae] Zuto]
M oldlelel TEgol ARl 60% AolE Hof
olg B2 nad A% A 4Y 3% 0 712 3
atolch KFS0 ARl thstel ofglo] upra Al
Hol A|lF9gre BAZAFTL AF S8 60 L/m,
AR F7NAY A % 20 Limo.2 747} A st
NAE vlaag ARt

NAE ahaas 2bzE KFS0AE T oflo] g Al
A& A&t Aztstdsd, ole d¥ vk <l
712 & Aol A AkRE 7)) ofE ApolE 7h
A=A Hlastr] gt Aol lek AlAIEle viAa
WH2 FAEE Foll vhAA shells S FEHIE
7Neh(Koehler, 2014)3F A1} Zro], H& BlEo] UYHo]
LS Zo| 7S o= 3t} o] AJAIE
6714 F7o vpad F T2/ = HyY 187 o™l
A WA=} FAE HAE AASAT T 23t o
Hol AW A vpAIe] Wik KF0 AW
g vpaae] Wt Aato] sl WA yEbg o,
E35] 0¥ U}/\E.PJ 742 Overall Fit Factor®] 7k
o] 85.12 & AuE HYr} nfAIE 223 o]
olo] gl Al A B §A7 Ao ugor, U
Blo] BA7} obdt she o8-S 2H Hgick 59
upzio] 49 AFolA Akt FA7|wch 2o H7]
2 AAIEO] AR o] Hid ofdlele] d=
dolK} 2hgton, WAL HAfollM 66.7%2] 45E
= YRtk ol d=2av]el Y= nAAE 2
o o Y2 35| =The Han(2000)9] A2 3}
oF Hlszsit). AR KF80 AldRS 2837 df. 2.

&% nhAaIe} ofdol g AldHE A8t U T &
g mpaze] B WAASE 1000142 Y A7
http://www.kiha.kr/



w
o~
)
N
ok
Ho
i
_(al_
o
02
M
H
E)
Ot
=
of
10
ru
N
Ol
ii:3

N S
5 [ e

2 T

ok

o

ot

POy

o

fu

f

Q

2

v

o
Aol AREom: oy ofdo] 571
Holeh. ol oS o] e ofzle @Al
Aofol 7% AT FFolE o W hARE
o2 of B Rom Rrt. 59 A% 42| A
A Aol 9¥d Busk wEx ot 1 Hol
2 s BTk E ANE npaze) wiE
AAE AAE 1] OSHA Exercise Regimen 87145
374A SRS AR Holth ol HIFe) 2
RS WAL AALE S SIet 871N AL
RojgolA 1z Hgsilole Felst dnen
2,15 AATE, v A= 24007, o9
51719 37FAE AAste] HAAlstl=Tl, ol= <lgt
Azt oha gepd 4 Qlvkal 2tk dEoA =
(JASHS, 2013) ofglo|7} =2 Z-5dh= 47H4] &7
o] 2o ® WAEES SASTE 2y 35 ofd
o]-§ wtA= ] WUREE SZH5HA Hobd Fr <A
Q= 2o 7 A% Exercise Regimeno| I Q3+ 7
o2 AtmEch 12l U2 e A B FEEE
SAsI e, o] & 7HA] WHE A4 oE F 7
£ ol&dl mpaArt dupd F SEAE Eels
et Y B HAeet RHES A4S Bus
RS oy gith
Paole Etstal, & A+t Aife] ofst
W, ofglo] d=o| A7) S wE wpi= o)
w0l dasirha B, ofglo]o] T EA o] Aet
npA=E AZsfoF gtk Zoh olE fIsiA d
Atk Q1S 715590 KF80 AW 7152 60%S
A-gsk=tl, o] 7ol ARt AR QIyuro o
H o g2 ARE Ao & Jer At o] A
TollAE sF8CRE ofglo] A= FHo He vk
a5 AL, 2R Eolv WS nHsgle
o, &417] HEF vpAa S skaral skle, &
719 HAS @A Aem wetE it

R Y]
o 9 rflo

2

ot

A
=
o]

-

http://www.kiha.kr

N
=
[
sl
o
fu
-
g

2]
oFe] ato] & arEgt ofdo] upAaI AR
o] o]@olg uAAE A&ttt oS o
gt A= o2 Zk

L m@dxte & 14410lglon], dat ofglo] 727
(50%)7F oA=L ofgle] 727(50%)0] AL AR vE 5
AIFE 13AI7HA] 2 ARt 1694 (11.1%) 325}
ATt
pIS .

2. AYTHEF R e FHEA
[e]

o ol
T ch 3

LA A 37 R EREA vASE o
4(k-mean clustering)e A A|3Fe] 7 A= FHAE
& BFS A, 3714 S AE R ERE U o
dlo 2 o3 upAF o] Alo] R 121 x 99 mm, £
AT E 118 x 94 mm, A8 ufA3E= 102 x 91 mms
Aot npA 0] QPR S Holl= shellS Hof
o] Watrel 2R87HS wo|eE AASHAH

4. ogdo|9] #H7|5 AroA HE7|F&at H
SeF2 Al ARG oF 60%E RAEGI olE
|Rro2 AJA|ES ofFe] npazm AJFWHE KF80
]

N

[y

Lo
AFH ] 60%E Astgon, AAZog Az uf
235 o R 3 4 AAF Ay ojfo] mpA
= AW KF809] wkA= AR S| Ao ulsf
o uzes "

5. gi@utaal] A, WRE HA A 23 A
s Helow, JAL FHEE v @t 43
npA39] 79 UzbE HA A 66.7%~100%2] F}
&S Hgon, =¥77]9 KFR0 AlFH upAzg}
ojddol g Al wiI WRHAIS=9| 7]shgH(7]5}
EEHAPGS Ao EYH Z2H7F 129.3(2.2)9F 127.1(2.5)
ojt], £FA7|9] KF80 AW wpAae} offolg-
AR mpAa WRAS0] 7]SFE (7] sF RS HAY)
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