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Abstract Children spend a lot of time of day in school and are more sensitive to contamination of indoor air than adults. This
study reviewed the level of particulate matter (PM) and influencing factors in elementary schools in Korea (e.g., occupant density,
classroom type, sampling height, building year and indoor and outdoor environment factors) and suggested methods and
future research directions to reduce particulate matter. To this end, we reviewed domestic and international papers published
since 2006. As a result, a coarse particle in a classroom (PM, s - PM;) is mainly formed by internal sources, whereas PM, 5 (PM
< 2.5 um in aerodynamic diameter) is caused by external sources. The number and activities of student in a classroom were
positively correlated with PM;o (PM <10 pum in aerodynamic diameter) levels, but PM, 5 levels did not show a clear tendency. We
found that general classrooms have a slightly higher PM concentration than the special rooms (computer room and laboratory).
In addition, some studies showed that the humidity and CO, in the classroom had a positive correlation with PM, 5. In addition,
PM, 5 was found to be more affected by the air quality around the school than PM;,. When compared previous studies measured
at school-related facilities in Korea to date, the concentrations of PM;, were mostly satisfied with the criteria at the time of
measurement. However, when compared with the newly revised concentration of “School Health Act” (75 pg/m?), a significant
number of schools were found to exceed the standard. Therefore, measures to improve indoor air quality in schools are urgently
needed.
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712l thet RIg=7F 2043l Ad2fA Qlet (Park
et al., 2018; Faustman et al., 2000; Landrigan, 1998).
Atz A 371 d=d 2 et AuiE7] 29| of st
© 92 sroME iAo R LEE 5 ] HiE
of 7] e dEH KTt 7ol o 2 FeiE 7148 4= A
t} (Park et al., 2017). ©]¢} &0}, 8 2FEH9]
 AET AdilM B e A7 23eol
B =31 Q) (Park et al., 2019; Son et al., 2013; Lee
and Chang, 2000). ©]= ollu#] A4 59| ol-fof uf
£ e Oy 9 7] 7= 5o oot 23ts wdH
A, ol= ]lste] AUE7182 g5 ofehe o] =1
59+ (sick building syndrome: SBS), A HZ%
(sick house syndrome: SHS), 533}et=2 1Tl
(multiple Chemical Sensitivity: MCS) 5= 7-2A|
T} (Oh et al., 2014b; Harada et al., 2010; Sohn et al.,
2006a). 1 2= 9l AF 52 ARl 9 AR
Q7] wigell Aoz 2ds) & A H AL Qe R
e, Als71d2 Abit 7= g ET ve
7] wiizell ARRlAQl o] RSl drider 1
e 9 7l Aol @AHA] FEt Aot (Bae
and Ji, 2013). |2 v]H|"HA] (Particulate matter: PM)
2 Qlste] A9 iz o] digt B2 di=dldew
Al glo ofof vlsf AiH s AWEr|Ee &
8780 gt Q1412 mIH]SIHY (Jung e al., 2016).

AU B7129EE F PM, 2F(0,), o4k
(SO,), CIAISHE A (NO,) = AFSIAE | AL A AA
=2 AL, A 241 AT 28 =2 E5fo]
£e] gt ofslo] A Telsk R0z el
t}(Park et al., 2017; Kim et al., 2010). ©] & =4,
dl2714, Wby 42718 E50] EAH PMo]
B el 7H e 2 @B dolen 2 4 gln
(Choi et al., 2006; Jones, 1999; Maroni ef al., 1995), L
AR5 A Hste] whet = E Al Ao mA=
FF opFe 2o 2 Tt (Son et al., 2012).
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(B7198H A 7o) 2.5 umE et 2H2 HA]) sE o] 2
7He A4S 91 Qe Aote] H7)s AHoke fiHs
o, 3] PM, 52 90l 7|20 dEuh-g-g ojnjs}
= D7MeH A SUket Belo] Qe 2o R KAy
31 )t} (Park et al., 2017; Koenig et al., 2005; Delfino

et al., 2004). ©]¢} TEo] PM, .= AH 2 I5E
o W= (HehddSHste A 74~94%7t
PM25°ﬂ ;qz 2 2= Ao7 A 9

PM-2 A 9] semi-VOCs2te] 3}aH4 Q1 HH-g-& U
7 A9 PMET T F4o] 2 o= dA
(Park et al., 2020; USNASEM, 2016; Oeder et al.,
2012).
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(Jung et al., 2014; Yang, 2014; Shendell et al., 2004;
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H7dE dAlek . wsRoflA 2002de] T R
£ 75T 2006 3 F-F <ot HAW Al QAS
Al B3R THMOE, 2019; Kim, 2016).

7] 9 PM2 1= o A7) LS 7R A
U=t 978 1 um o]se] Aol ohafet A4ty
ojuf 7k B O] AT EEE gt osiA A
A=A, 9173 1um o] A= 2 B oY, £
74 T A A QA Z]RIsks Aow o
22 AT} (Suh et al., 2014; Sienfeld and Pandis, 1998;
Willeke and Whitby, 1975). PM2 972 Ql ZHo|
U &= BIA| YA e PR o o 7ot =/ ohA
FgFE vAlE Aer dHA Atk (Donaldson et
al., 1998). £5] Y42te] 2717} 0.1~1.0 ym @ Th 100%
o3zl J2H 4 917] whizoll PM, R ot B f-ofist
T} (Ormstad, 2000).

Aol PM 7192 1) A9l PMO] AYl ¢, 2) A
UlollA 2154 24, 3) Auje]oll A I 7kt &4
O] pML & 0] Hght o] IA Al 7| & i 4
S1tt(Park, 2018; Uhde and Salthammer, 2007; Meng et
al., 2005). &} Ay pM 2Yof n]A & 7]oiz=
)&, T 7] LEE, AR SF FEH, PM O
371984 217 5 ookt W] oJsiA -k
(Jung et al., 2017; Choi, 2008). €1l WA 9] H-of=
T, FE7T A4, 2ok 2 Ad Ege] gl
ol AWl B2 Fee Ao T ti7] LdE
2 A7) SF FHlol oD Ao & feE
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NDSL, PubMed, Researchgate, ScienceDirect, Semantic
Scholar, Wiley Online Library 52 E3510] 20060k
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air quality (A W-3713), “student (HF)”, “classroom
(A)” Folgdrk & F4 <tollA= AWsrd ¥4
Wt &% =4 gt W 57149 A, g |
PM 5o FFS & 4 e A AEAL 48 %
4 o], ASAL, AYl &7 a9, Aol &7 agl),
AYE7182] ZiA wieE, @A7ER] A-E9] A
5 Foll thiste] AA A 0 2 =sF3irt.

A=
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B
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Y
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S oA = 1980 SRERE theRt Hof(th7]
247, 71A1d ], 248, 1A587) o] A471Eel 9
sto] Auls7] e it A47F Z3PE 7] AZSc
(Bae and Ji, 2013; Lee and Kim, 2004; Sohn, 1994). &
719 AYg71de] gk A= 2 Aoka1tolA
A== 8o tisiA Tilo] FFESUAL, ol ot
2t 19899 “Z|5k3 3t 7| AR 7 A =G
1, 1996 fl= th50] o]-85h= Aot AL, A5t
7He AN & sk “AstigE3t 5714 T
o] A% =] 1t (Bae and Ji, 2013). ©]-¢ Hrt A7
A1 AWE718-E Befshr] fiste] @Kol =17
7| A BT 2 Gl “ThEo] gAlA 59
A7 AP 2003 0] FESFAL 2004 F 5
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714 RP o2 MAA Al Folth (Bae and Ji,
2013; Kim et al., 2008). 121} o] HollA= =ATH
25tAL o771 52 257 & 5-& YO R St
RO PYH F7o A th0] SHgo] ZFARE g
Sk St A2 A =] o] Ut (Jang et al., 2006).
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o]}t Zh St o] AY - ol T 7oA AU
2 2 Aol Higt ¥ A4S s
a7, 20028 A7) W&ol AU 571 59 ofitst
IS 7}2 7+ 5FATH(Kim, 2016).
0] % 2006 “Stl WA AJfF2]7o] A|FH &
Al PM (PMyq, PM,5), CO,, ELH|5I0| = (HCHO),
T3 ER718eHE (TVOCs), T F-FAlw (TBC:
total bacteria counter), QAtS}ErA (CO), oA A4
(NO,), 2= (Radon), 2E(05), I E7] (Dust mite),
A (Asbestos) 5 = 177 2] gt 7|2 A&
5}al QITHMOE, 2019). 3HH thiEo] o= =7HE
o] AYF71d T 7]1%& A H (guideline) &2 S}
! Q)= ¥ =fjof| A= H (standard) S 2 Aokl
Ak Aozt st Aulgr]d B9 jiAE 72
Ue =7t A AR R et Rl Ao s
dHA A= %“—J ofye} “otul HARE thE FA
O] Rigt 9 L= 0] Wqfof HIHA T AR 7]Eo=
A= ‘zlﬁ‘r(ji 1) (Yang, 2014).
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o A= 2005 A5 E] gt A7t A=, @AY
7HA] 1Y% AF-E9] PM, 5 gl PM;, =T =3 Ay}

Table 1. Indoor air quality standards in Korea.

£ X 20 AASHATE S4E AaE B PM,5 R
PM,;, Bt 5= 9] W= 22} 4~60 pg/m’, 12~186
pg/m* A, PM,, % PM, 52 H] 3~0.61°] 3Tt
T3 FYE S ¢HoAE S PM & HAAE
AFs] wrks AS 1T 4 ek o= gt
AR QN B4, o2, Ak, a9 &
FE 5ol WebA PM,s E PM9 & 9 PM, 5/
PM,H] 9] H2P7} /36| Atk e ofnfjith
]ung et al. (2014)2 2011 5 E 2012¥7H4] 2@ &
FEAYe] = 25N 110XS Y=
PM10—4 dAwd, g, 79 8 =
st Wie] PM,, oE% ZAstant. 1 Ayt 2
QF ol St o] Pt PM, T 51 pg/m’2A 5%
A1) 7]l E 100 pg/m? (ST H AR Z3}st
= StuE= fle AoE UEhdth 28U Jung et al.
(2014)0] ARl2 o] o]FofA| 1L Q= AR F3F
ot MEo] X3 El%i%~fé QIsto] Aju|4to] &
?F PM, 9] O] gaFo] Ale o= wrtH
Kang et al. (2014)9] A A3} l o=, A St 3
A Hof| YA]gE el 10|l 4] S A
PM,; ¥ PM,; &% H9= 16~90 & 5~29 pg/m’=2
YUEFGT). Park et al. (2018)0] FE 449 =55t
W 1937 Ao 2 Ay PM, E PM,; 5ES =3
& A7}, o g w A W] sk 129 4 pg/m* S
T}, O =5 Qtol| A Park et al. (2018)2 SHH &

4~60
220

I~

=

Ministry of Ministry of Ministry of Ministry of

Education Environment Employment and Labor Health and Welfare
PM, 5 (ug/m?) 35 35~50 50 -
PM;q (ug/m3) 75 75~200 100 150
CO, (ppm) 1000 1000 1000 1000
HCHO (ug/m?) 80 80~100 100 120
Total microbial count (CFU/m?) 800 800 800 -
Airborne microorganism (CFU/m?) 10 - - -
CO (ppm) 10 10~25 10 25
NO, (ppm) 0.05 0.05~0.3 0.1 -
Radon (pCi/L) 4 4 4 -
VOCs (ug/md) 400 400~1000 500 -
Asbestos (ea/cc) 0.01 - - -
O3 (ppm) 0.06 - - -
Mite (CFU/m?) 100 - - -
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Table 2. Concentrations and sampling methods of particulate matter in various schools.

Number of Target Mean Range (SD)

Sampling site school Sampling period  School level contents  (ug/m?) (ug/m?) PM,.s/PM;q Sampling method Ref.
Suwon 110 2011.03~2012.12 ES PM;o 51 12~95 Indoor: AM510 (Light scattering) Jungetal, 2014
Sihwa 10 2013.03~2013.12  ES,MS, HS, U PM;o 312 - IQ-610Xtra (Light scattering) Kang etal., 2014

230 -
PM, 5 142 - 0.45
14P - 0.61
Gyeongsangnam-do 1 2014.03 U TSP 96 10 Indoor & outdoor: 8 stage non-viable  Suh etal., 2014
PMq 91 - cascade impactor (Gravimetry)
PM, 5 55 - 0.60
Yeongwol 19 2016.12 ES PM;o 12 - Indoor: METONE-831 Park etal., 2018
PM, 5 4 _ 033 (Light scattering)
Incheon 10 2005.05~2005.06  ES, MS, HS PM;, 184 113~287 Indoor & outdoor: Grimm aerosol Choi, 2008
PM, 5 56 25~124 0.30 monitor (Light scattering)
PM, 41 16~98
Incheon 10 - ES, MS, HS PM;o 186 119~287 Indoor & outdoor: Grimm aerosol Kim et al., 2006b
PM, 5 60 25~124 032 monitor (Light scattering)
PM; 43 17~98
Ulsan 155 2008.05~2008.12  ES, MS, HS PM;o 74 0.4~219(39) Indoor: LD-3B (Light scattering) Jungetal, 2010
Gyeonggi-do 440 2009.03~2012.11 ES PM;o 57 12~163(27) Indoor: AM510 (Light scattering) Jungetal, 2015
MS 60 11~170(32)
HS 55 16~146(26)
Seoul 116 2013.09~2013.11 ES PM;o 44 20~69(11) Indoor: MiniVol portable air sampler  Yangetal., 2015
(Gravimetry)
- 34 2017.11~2018.05 ES PM;o 36 4~121 Indoor & outdoor: Grimm aerosol Park et al., 2020
PM, 5 19 1~76 0.53 monitor (Light scattering),
’ MiniVol, size-selective air sampler
(Gravimetry)
- 80 2006.10~2006.12  ES PM;o 88 10~358(54) - Kim et al., 2006a
- 1 2004.07~2004.12  KG PM;o 95 26~216(50) Indoor: MiniVol portable air sampler  Yang et al., 2009
7 ES 78 7~294 (46) (Gravimetry)
6 MS 83 16~270(51)
7 HS 86 26~221(44)

KG: kindergarten; ES: elementary school; MS: middle school; HS: high school; U: university; SD: standard deviation; 2Industrial inside; "Industrial outside
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57} @43 2907 Eeletn Wk Teut

Jung et al. (2015)°] 2J5to] 7= 29| 4409 7
SwE tgos gt A AdoM= I ot
PM,, L7t 71 A1) St B AW o] WARE §-2]7]
(100 pg/m*)& ZIFel= 22 Yyttt I8
A=tof J= 827l 25N E A C 2 St Kim et al.
(2010)9] Al E A th st F 27.2%7t &
o 7)1&S zdtele Aoz B sty %31 Choi
(2008)%} Kim et al. (2006)°] 2JsA 5345 QLo A
L 107) tiAt st F 707 2R A Q] thEo] A
Aol AYF /1A §A 712 (PM,: 150 pg/m’)S 23}
Sl A0 ey, 1070 et RFoA Stw A

o) @A §47)128 2Tl Ao Vepit)
E5h, o5 ATl PM, 0] A% 107 Bhit 25 ]

= 2747 (EPA) ] A3 (15 pg/m?) 7152 235}
o, 3% 37] uE AW (65ug/m’) 715 =
ek Ao g2 UeH, ol &9 Al Het @571

AT} 7Fsste] 1 frofidol vile- Aokar Hach
(Kim et al., 2006). ©|2} T-&9], Choi (2008)2] 2=}
W2 1/0 ratio’} PM,,9] 4% Ha 2.72 A
PM,, 57t A9 SRt 9}0131 =R PM, -
9} PM, 2] ol 242t 0.8~1.6 & 0.7~1.52 5A
Aoz FOfjt ato]lE UEA] 9= A o=® B
of. ERh, ek Aol el S Aol A Ao
o] PM,, E PM, 0] B= ZH2F 91 € 55 ug/m® 2,
ol Al Fket Hlwd uf tfefH o= 1.3~1.5H]
AL &2 Zrolth(Suh et al., 2014).
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oF o e FOfR AT Al w2 oE
Al 33t Bl sLHAY AL T Y 7t
wWot Auls71de] defet AJHioltt (Park et al.,

2018; Shaughnessy et al., 2006; Brani$ et al., 2005). 4
A 27 25etaold 448 2o e, 249
PM 57k o2 Ao Bl dA3] ¥ As &
A=, AA= I /\XH A 25l F 50% ©]

AF 9] Sk _]]_7}- 6_‘

0|
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PM;,9] AW ¢] 5 H] (indoor/outdoor concentra-
tion ratio: I/O ratio)= 1 o] o2 gkl st A

2] PM,,9] BAAIF (1S AT AT} 0.53~0.67%
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;ef
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ok Akt AW PM, 5/PMy 32 SHEES] S5 5=
vl 2 A E5=7t WS o PM,5/PM,, 4t°]
7kt Ag ST 4+ AT (Choi, 2008). ©]&
A7 o] SE = PM, s2F 22 1A JAFH(<PM,5)
Hrp= At A2 (PM, s - PMy) 9] F S71l B 2

QaFe HAThe 212 GhAlg) =, gl A7) 9 3

A 59 A4Vt gl g WA YofAE PM,; -
PM,, 99 A= AdAte] St AR

7} At} (Branis et al., 2005; Luoma and Batterman,
2001). ]2} HEo] PM2 At 2B ol A e A ok
(Park, 2018; Fadeyi et al., 2013). AF&e] o R = 2o
209kl A 60t )] mE F2]o] HIAA F7] F
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o s Ht (Park, 2018; NASEM, 2016; Pham et al.,
2015).
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o ke pololl A ATt ol e ulAH

A= AR FEol oA Aol AHAbE=
Zd o7 B = TH(Partti-Pellinen et al., 2000). A A=
S50l WA 715 A PM, 7 PM, 57t ZH2F 9%
oF 7% ST SHRL ol AW YA BE
5 UM HA] ST EoblS ofn| ]ttt (Park et al.,
2018). o] 2]_t A= thFol- 8A oA & gl =
A=, PAHA] FEs TSl 8Al ] o]-8at
57} 271842 Zrketttn Bt (Lee ef al.,

2013). Alet7L ot W] PM, 9] EEw 4, Al
9%, Sota A lnzrele] §olv 2L S5

FEro] MM e 25, eAe WA e oY
_4 SH3 (Academic grade)ol @A PM 5&7t
gtz = Aog A Qth(Sohn et al., 2006a;
Jung et al., 2005; Poupard et al., 2005). E3F, Yang et
al.(2005)¢] Aol wh=w =¢io] Yol uh=t
PM; 9] T E0=x A= UG, o=
SHYES] Es o= lsto] AMIAtEE PM,2 =
7} £0157] WZ°It. Jung et al. (2010)2] A-o] w}
ZH 5ol B2 258 (69 pg/m’, 21.9%) 1A
o] mAHA] S 9 7] Z3go] SOt (67 pg/
m?, 14.6%) 2 %’ih(@ ug/m®, 16.6%)°l BI3f A
dder w2 2oz Yt Avrt 45 Aol
M LA 71 Zotke AAEF2] Aol whet
A @zt 717t Athe Ae gl 4 A
(Choi et al., 2006), Shdo] &etztoll what AW PM, ;
9} PM,2] 557} Z7koHe AL 2 4 ATt Park

_IS_IL ruln

et al., 2020). ©]2} Z], Jung et al. (2014)> $~HA]H
25 uE W= sty Bt Y Al PM,°]
FHd 2MES sYstAAT SEt ddE =
SHA] ZFH oleh Z2 olfr= ot Auiele] 24
Z30] FAe Aol sk deathE RishAl]
A Aelo] A= ojott 11 S 2he 5 A
g ol= AAA SR BV 211017] w2l o=
7t AW PMy©] ol Al dFET 2]
2 2] o o 5ol Aoz ¥ 37
St W AW PM, w0l IS vIRV] 2R
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d2e] 37]= PMys - PMy, B9 9] AtidAtoltt
(Choi et al., 2006). T3, A4 Ex 02 9lg] HjAF T
£ FAEE PM, 9] FE F52 Fashe Wl
wt 1 2] 7t Qs A o2 A A QT (Cha, 2011).
oA A4 GE-E of= Betolls 17 94 e
2 FefElojof s, Aujol] EA5t= PMC] AU
S HASE 4 Qe Ha o] = AegE|of

of gtcth.

PM 55 UEtlE Z-& At (Jung et al.,
2010). o]¢} FAFRE A= Yang et al. (2015)9] A
NME & 4= U=t L8F WA (44 pg/m’)ollA 2
AE PM,9] HE7F SEA (41 pg/m)olA =4
ol vl oha =A debstth a8y wAn &
A Ao 2 PM,,0] B E S H| W ThE Aol A

I

g it

5]
HPL, wHo] E¥ARY 25 52 L8 e

£ A2 2 4 Q9 (ung et al, 2015). ol U¥HA
o= Sapjet SIS qiiel 248 YutuAl

=
oA, Wetglolt AFE T S

(103 pg/m?), 724 (96 pg/m?), A4 (85 pg/m’?),
A (36 pg/m?) =02 =A YESTH(Sub et al.,
2014). o|uf Ae]e] B FEE 65 ug/m’=EA, 1/0
ratioE A4S A AlQfRt B i AWl 4
AN Al TSP Frt AR =4 tes A
= 4 QI 22l FAet tish o] oA

dal) BES W)e} W @GS v tha Aol AL
: A1) pM ¥ 917} 3
=]

AE AFoAE LT 2 Yol 3 Ao
TE PM 59| zfo|E AT EQLT HigoA £
gt PM 57t 1.7 m =olol A ST PM #LHET =
Al YgFct (Park et al., 2018). o= 25T} A Qlo]
T AY F7 Qo mlEE 25eAgo] o B2
HoE H-E 4 Uth= A AARRITE webA, e
nA Yol Exfste AW 37 dedY TR Y 5
T wAe 85 9 E2H 8 29 oA

702 557 PN A 5, AT, T
A B4 59 Tejs Bl §7] 2 A7)

o] @ =tk (Jung et al, 2015). T3, 713

= =2 [e) 712:]‘.
€ edid deRn ASA20A o wWel ¥




£ (Kang et al., 2016; Yang et al., 2015, 2009;
Jeung and Choi, 2007), ol A=ALrt AErE
2 9 7FE Fol A BEEE ol Eo1E57] "zl
AU 7] 1 FETF ARt ey mlA|
2|9] Aoll= ASFAE g 2to]7 FIAY 5]
H A& 9 7Ho] 2951 F o= Qlsto] HEAET}
Aigdes S7td Zo® BAEA QIth(Kang et
al., 2014; Lee et al., 2013, 2010; Son et al., 2006b). =
We] 5578 BSAA, %, &, st E tide= 1
Zdxof W CO, CO,, PM,,, TBC, TVOCs, HCHO
9] L& ZARE 23k CO, TVOCs, HCHOE 14
Ul s 3 rdgds Ao FAHCE w2
FTE7He = A ERIPAT, PM,, 52 AFAE
of g F-o3t TAE AT 4 YT (Yang et al.,
2009). Jung et al. (2014) = AFAE} AW PM,, &
Lopo] Ay EAS ookl AlTh Addol §le

F

=

o
.

o

A=) o
A0 ZAHSIT. 0|9k S A AR S1 A%
o w5 lo] e A 37] 9 @EE Hlwd 23

o
AME & 4 A%, 293t o F3gE Ay
PM, 9] & 2ol 1S 4= I3t (Sohn et al,
2006a). ZLEL} YR =FoA] o|et thE ATt vhet
AYe] PM,,
3 PM,; 555 AL 39S 7|Fo g2 HER
ol BAgE At 39 o] %) 3| ot Hrt PM,9]
739 Bt 46% . =A ehhe 202 Ba1skg]
o} 22w o] =7 A% PM, 9] Aol 1L Zpo]
£ 1 4 g3l
ShollA At ZAAE Aol 5zt
S 73 AR L] Do Qlste] Aty
P

= ]Iste] Al PM, 9] = A
Hego] H B2 9= T Ao= ftEr (Liu
et al., 2003; Mosley et al., 2001; Thornbyrg et al.,
2001). 22t o9 2 A5A =] wE AU PM, 5
ek PM,9] 719 TAIE Hot getohr] mtetshr] 9

U =S5fu W ity 22 & I 22 161

Pt A7 At =, 2ot Frof tiaiA PM
2 29| HITAE formaldehydetr= 2| ATHTHA
E YEFA} (Lee et al,, 2013). 0] = & A=
2 2L 2 Qlste] g|7F HEaA] 1 o] 2 Qlsto] A
W mAH2] &7t F7bohe A o= Al ETh 12
ole} Te] fotu-S7| Tl A St Afol| mp=
H PM, & 2o AHHAE et vt
PM,; (r=0.373)2} PM, (r=0.416)2] 7% FL2}<]
tta =2 AUHAE AT 5 AATH(Choi et al.,
2006). ©]9t EEO] PM,;2 CO,2tx H| w2 Z Akt
(=067 ZHe AL AT £ Atk =L
o] 647l St A FaE Aol mEH AdiSE
¢} CO,7F 10% 2 100 ppm Z7+e fimtc} PM, = 2+
7 1.7 ug/m® @ 2.8 pg/m*A 7ol A2 d=H

T} (Fromme et al., 2007).
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2014, Yang et al., 2009; Son et al., 2008). E5F G of
e 255 WO PM,, 55 RASHAIRE A
of g Eold2 gle Aox Uehth (Jung et al,
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A2 7F el o g Qlsto] AfuH|4tE o] e
W AxtE wehEh Teu o]9f Bt =, Kang et al.
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2019).
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Q] FE7F FAIF R FOJRE IS ZHAAL ¢l
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HHH | 3) high-efficiency particulate air (HEPA) filter®}
Zo] edEds AAHORE A|Ast=s WHoltt
(Park et al., 2017; Cha, 2011). HEPA filterE AF&5}H
AU PM 57} 9F 25%~50% ZAEThr oA gl
T}(Butz ef al., 2011). HEPA filter®] 73-¢-, 375 53t
T Telo] A& sE o R FrtEo] A A Al
Al o] B o)A Wo] AFRE] T Itk (Bae and Ji, 2013).
2} HEPA filter@} & 1A TE] o] AHS oFd
EAR Qg @]9 2] B-g0] Frkehe TEAQ]
A& 7V]L AL, =2 FE O FYHE, wAE
? A& 717P°l 25 e gk H7] H]
A 281 it whetA,
= 2 Hastelr] 9
AL, E¢zntet 22 7leEo] a7 9

AREE| T QLI o) Bl Aol thiet A e
O

71& =&ollA 2H& 4= 9Tt (Bae and Ji, 2013). £5],
thofet A =R EoA] JxpAF U 7?’\ 243 A
AAst7] $1gt ul2h 9] filter 71&2] HH HFS PM, 5

9 e S £0]7] 913 1452 9} =2 2]
£ FA3st7] 915k Aoy 2] 7<= &Il ATk (Son
et al., 2016; Bae and Ji, 2013). T3k, Ao 4] T E
= A dAe] Aol AU FEkol o3t 7o =
7h 288 7S 233 02 AZA| Ak Hrth
O o g WS AR, AW Y] A4 i,

Y A
o] Q=] At} (Jung et al., 2010; Choi, 2008).
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