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Comparison of Correlation between Total Airborne Bacteria and
Particulate Matter in University Spaces

Hyekyung Seo” * Harim An
Department of Health Technology Convergence, Graduate School of Shinhan University

ABSTRACT

Objectives: The aim of this study is to assess indoor air quality within and around buildings and evaluate the health
risks associated with exposure to indoor air pollution. The study compares IAQ standards established by the World
Health Organization with those set by South Korea's Ministry of Environment and Ministry of Education.

Methods: The study utilized an Anderson Sampler and DustTrak™ Il to collect samples of total airborne bacteria
and PM in indoor and outdoor environments. Collected samples were analyzed using biological and biochemical
methods. Statistical analysis was conducted using SPSS to examine the correlation between airborne bacteria and
PM.

Results: The study revealed that the concentration of total airborne bacteria in indoor air generally remained below
the Ministry of Environment's standard of 800 CFU/n, although it surpassed this threshold in certain instances.
PM concentrations did not exceed the standards. Indoor fine dust concentration was higher when there were
people (P<0.05). There was no difference in total floating bacterial concentrations between indoor and outdoor
environments (P=0.184). Finally, there was a correlation between fine dust and airborne bacteria concentrations.

Conclusion: The study evaluated the concentrations of total airborne bacteria and PM in indoor air, emphasizing
the importance of managing IAQ. Further research in various environments is essential to ensure a healthy indoor
environment. The findings underscore the need for ongoing research and management to enhance IAQ and create
safer and healthier living environments.

Key words: Anderson sampler, indoor air quality, PM2.5, PM10, total airborne bacteria
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v} ot AAE &2 vlAdA](particulate matter,
PM), HAl(benzene), LAS} A (carbonmonoxide),
yxed(naphthalene), EZE4H 3] =(formaldehyde),
EglZ22ogdl(trichloroethylene, TCE),thgl wIgF
Z g3keA(polycyclic aromatic hydrocarbons,
PAHs), oAk} A (nitrogen dioxyde), HIEEZZZ
og@(tetrachloroethhylene, PCE)s ©JtHWHO,
2000).

BETHA QIALE QIgE AWl T84S AR Sy
2} 3 (Ministrty of Environment, MOE)= 20234
AYEriE #EH0160)S  AFsta,  wSE
(Ministrty of Education, MOE)%= “Stw = AH(2021)
= Bl 773% g W g flsto] Ausr1dS 7l
o7 AHolal Utk 7E T2 vAEA], AR,
Eddls|E, o]Aksd 4, o]ikstetA(carbon dioxide),
g f718KE(volatile  organic  compounds,
VOCQ), #=(radon), F-F&%o](airborne molds), &
H S Al (total airborne bacteria)s °|th.

I% vAHAE 371 § A5k 4Hacids), #71
S}8+EZ(organic chemicals), #&{metals), E%Hsoil),
HA](dust particles) 5= E§ol= W$ 22 JA=E
o|FojA Qlo] A7t =EAl AFEEC] A49S] =t
(Anderson et al., 2012). &3t o5 T&7]|A 9 o
gt AR =E Qo= W& st S |AE =01
7t o8] A710 S44E 4= J2H(Pryor et al., 2022),
L3} X8y 9 7 #A Ayos AdEoh sk
tHBang & Choi, 2024).

MARAZ|FolAE PMI0E 50 ug/m' (24417 ©]
3}), PM2.5% 25 ug/m’(24A1ZE o8} 71&E o2 st
H(WHO, 2000), 73X (Ministry of Environment,
2016)= AlotA}, vHaa, =AY, Jsht, o 5ol
A PM10€ 100 wg/nf, PM2.55 50 ug/mE T3}
1, =7, offold, LRQUAA, Aoz &
o A= PM10Z 75 wg/m’, PM2.5%& 35 wg/m'=Z 71&
< Aottt StwRAHMinistry of Education,
2021)2 PM10< 100 ug/m', PM2.5% 35 ug/mE 7]
Fo7 3gith

FTHAAITEE ol HolA] AT ME E= 2+
o EAots Hew @ IS XTI Ho=E A
I FEA S 2 =
e ZUEH, 4
Al HAFHE) ol52 371 Fol "ohy™ Ao Faf
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SHA| A-g5h7| = SHARE 7|89 o2 HA/dE oF]
S| gty J8BER F7] Fof EAtks BE FL
A2 7EZ o2 Bt sA4skAY ZHzke] 7iAl4=
£ S4ot= Ao] og7]| o] Wil T de=
HEgitt. ot 5 A AY 37 § FRoke
HijoF 7Fsgt Algko] 800 CFU/m* °]3taiok SFeHMOE,
2016).

T2y Feoll= St g SRAlRl et 7
Zo] glom(Jabeen et al., 2023), AIAEA7|F= A
W F-Rgolo] thet 719 JTHWHO, 2000). 4138
Ao o5t A|5kd, A, WY 5 tEAEe A
7] & FEA 2 FEFE 7ISET QoA
(Jeon & Hwang, 2015), Hamilton §(2018)2 25
3 237} 757] ooj2F0A AY 5& Fdtke
]| IS (Mycobacterium spp.)°| HAEEF I}t &
Jsto] FZAZ et vE ok ERE Qo] qF A+
(Jabeen et al., 2023)°]A %= tfst Y ZF5-qAlxto] A
QHET =T et

wEba] & AR gk Wi dF 404 AW 371
T SEAR 5Tt 712 2] YAl FRlst
a1, Akl = o] %A g2 Ao Hg &7t
Gupt 24| B SFAIA} SFQieh ERE AQ] wiAH
A st AW SR 5o A4S meteta
2t 5Htt. olet o] EHH IHRAAT sEE 9
AR digt W &9 A LA=E BrFskal {ofgt
ABESHE QIARRE IoiE A4S Rt HHS
AR o Tt ) 1

%)

TSN

O

BERMH 53 | 2 A= &M
SHEHIASHA(ER, 2023a; 2023b) AIEH 42
Anderson Sampler(TE-10-890, TISCH Environmental,
Ohio, Cleves, USA)E AR&slo] A|EE AF o+t
ol= 385 79l +HS 7HAAL o, S AeE
ZE3ich AHE 1.2~1.5 m £o|2 HAota fFF
28.3 L/min% & 1581+ A%K0 & AwE HFech 3
3] AFHot= Ato]l 208 ol 1S £t ojnff AW
7] T SEAR SRS Jarste] AlRE A3 st
H(NIER, 2023a), Alete] 8% 5o 9% € + 3
= 259} £ 3 =A% HFigure 1). Anderson
Sampler?] 4 28-S skl 1087 vjg] 7Fsskal
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Figure 1. Anderson sampling (a) outdoor (b) indoor (c) indoor without people

WHEE A=t ol % 2ko] tis] HFSAX
TSA(Tryptic Soy Ager, OFHAF®), Seoul, Korea)
HiZ] 371E FH|ste] HER] FJA| FA00 G, 3L
Al7HS 71&3%tt. Anderson Samplers A Ao il
Aslo] $EHL w27 (TPl A7 PH7)E BB
2 AZ83%. o]% TSA HiRE Al=AF7] Holl A<
stal ZFHEE 1587 AEstd FE-FAleol =3
Hr}, 158 & AFHT =S HX3 & Anderson
Sampler WA TSA ¥iZAE AW v]dE g7
o] €Y=t} Anderson Samplers ¥F £02 Wi
A% T 208 1HEE T et Z2 o E F 33
AEE AFR. ol U9 /iEE B3 AR o]
X Aglsto] AgPstar, AQoA e AH Hf
H AT oA AT A|TE FA0] o] FOo|AEF
g

WAL st SAT oo oA, 0F 7

314 Arg AAstelt. o AT 2 59T
Ao} 2L % wRTold oA, oF 7} 3314 5

dstA A EE AHFIsHA
2. *|§ HH%F A

A4 ESHE TSA HiAE= v=E #iY7I(CS-
INDl, Labmadang, Seoul, Korea)oll A vijstc}. F
Al WS AL 35+11CofA 24~48A]7F HFst
o}, ol Hjz|Y] 2 Fo= Qg °AE HAsH| 9
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o] 7ZSt TSA ¥iA|E Blank® #o] vjFSch 244
2 o] TSA HjRo] A=t F=H(colony forming
unit, CFU)E AlSsitt BE AYLS FPAAK1300
Series A2 1378, Thermo Fisher Scientific, USA,
Biosafety cabiet)ollA] AAJgic},

3. ERMZ M H 53
1) SE5H HAt

UdFE WX (alcohol lamp)oll SFHBH Al HEF
E(moculauon loop)E A&t tsa BIAW THLH
Z(single colony)< slide 9Jol =3ict, T3 G4 7]
E(Gram Stain kit, YD Diagnostics, Gyeonggi-do,
Korea)& ARgsto] T3l &EfolEes IPA7|L
Crystal Violet -&H(12} GAA) 29123 Hojxg |
2 5 58 Aojllt}. t22& Lugol's lodine &4
(WA 2922 goj=d] 1817 WjHe & 22 Ao
Witt. Alcohol Decolorlzer SH(EAA) 29 €O
=7 30% B9 2 T EE Mojd __’_oﬂ Safranine
O &A(2HM) 29 Hojzg] 17 & E& Ao
o XS

2) MstalN HAt

FAEH] Yoff =t s M= I EAAK A
% 217 gojll $ catalase testE Y3t IS4
Al2KHydrogen peroxide 3.0%, Samcun Chemical,
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Gyeonggi-do Korea)& WS golx=drh F3H
2 &t SYsHA =Eed JEE HE F
fojdl & @4 1S "ojuy] & 5¢Z ol &
10x &% FEgA 7]2o|H Aoj&tt. o] catalase
testx cytochromes 7HA]1l Q& tiFE9 BHAY &
714, 3714 Ald=o] A7 HEE ) catalase &
AS AABI=R] FRlsl= Ao 2 SH|EAQl IS

AT Bl Alde BRI 913 Mol B
Sras HEAL W ABo] Uk F0% P, 34
2 BE,

4. ZRQMITZ Sk ALt

TSA HiAJolA At J=4=E ASsto] SHE 7}
ol=gel ®AHH(ES 02701.1e_10.1.1, 2023)°] w=t
Axbsln BAE Heeg 37| R FHlsto] S5
GAlTF TS AARITHNIER, 2023a). ZHG 594
4o YESHH 9 35k g o2 B2k (Kwon et
al.,, 2022; Kwon et al., 2023), 2ESAH#+ =5
AFESHCHNIER, 2023a; 2023b).

5. DIMHA £
FE oA SHYRNIER, 20230)& FaLst

stof mlHA| FEE S35 2 F o A
& PM 103} PM 2.5& 1587t 4% 334 SA4staL
Z47ko] gatg ettt Ay ST nAHA FE o
Q] ofojZg]oHAir korea) SHEA|Y AHE 7|YstaL
H etk S3% vAHA| sk SR 5=
o] A =Ao ARSI
6. SHEA

BAEAL SPSS version 20.0.0 (International
Business Machines Corporation, IBM, New York,
USA)& ARESHL BAA 92 0.05 H|Fte= 3t
tt. E2XROANF HdMean) Y FHFQXKStandard
Error, S.E)°l tioto] 7|&8A ¥ ¥=i4S At
1 7y xRN e FRATE vAEA ke
t-test = 717} Btk F-RAlRt uAHA] 5
= 488 A5

[. ZAZLL

1. 382 s
Anderson Samplerg ©]&sto] 1587t 33 A&
EZ3E TSA HHX]‘H Mt J2<= Table 13 At} E

83 2= 245 + 2

o] DustTrak™ II(Aerosol Monitor 8530, TSI 1T, q} L 448
Incorporated, Shoreview, Minnesota, USA)E A& + 4.7%Ac A _1_/,\_ Aoz ;]<j = BA(NIER,
Table 1. Concentration of airborne bacteria
n Temperature(*C) ~ Humidity(%) CFU” CFU* CFU/m
Outdoor_N 3 26.8 45 2 2 6
1 Indoor_ N 3 25.3 53 13 13 39
Indoor_ H' 3 27.1 43 17 17 51
Indoor_ H? 3 24.3 49 31 31 93
Outdoor_N 3 29.4 35 12 12 36
9 Indoor_ N 3 22.6 50 6 6 18
Indoor_ H' 3 22.6 50 241 369 71102
Indoor_ H? 3 23.0 47 50 53 158
Outdoor_N 3 24.4 46 37 39 116
Indoor_ N 3 23.0 40 11 (N 33
3 Indoor_ H' 3 22.8 45 59 64 191
Indoor_ H? 3 22.0 47 31 32 93

n= 3 day x 4 conditions x 3 times =36

T: Calibrated colony (ES 02701.1d_10.1.1)
Outdoor(or Indoor)_N :
Indoor_H'or H?) : am(or pm) (n=18)

www.kiha.kr

"Number of colony forming units counted on 90 mm Petri dish
1 > 800 CFU/m* (Ministry of Environment standard)
in conditions without people(n=18)
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Table 2. Airborne bacteria by environmental conditions

n Mean+SE ™ Min Max p-value®
Outdoor_N 9 52.4150.2 6.0 140.3 0.184
Indoor_ N 9 28.2+14.7 9.0 56.7
Indoor_ H' 9 708.1£1023.2 17.9 2635.8 0.103
Indoor_ H? 9 117.1455.3 71.6 250.7
Total 36 226.5+566.8 6.0 2635.8
N= 3 day x 4 conditions x 3 times "MeantS.E. : Arithmetic meantStandard Error (CFU/m)
: p-value was calculated by t-test Outdoor(or Indoor)_N : in conditions without people

Indoor_H'(or H?) : am(or pm)

Table 3. Concentration of airborne bacteria by occupants

N Mean+SE ™ Min Max p-value®
Indoor_ H 18 412.61765.9 17.9 2635.8 0.048
Indoor_ N 9 28.2+14.7 9.0 56.7
Total 27 251.36608.0 9.0 2635.8
N= 3 day x 2 conditions(or 1 condition) x 3 times "Mean+S.E. : Arithmetic mean+Standard Error (CFU/m)
To-value was calculated by t-test Indoor_H(or N) : in conditions with(or without) people

2023a)5k2l FHFAS ARSIt diFE A= 20 BiYE Ml

= 4 E 71=(MOE, 2016)%1 800 CFU/mREt} 2t Anderson SamplerZ ZF% AliH(Table 4)& TSA
AT, 1,102 CFU/m'E Z3pd Ax 90T HjZ[ol A ofg] FF9] JEAE HAAT fFE 1%
Argo] QlE AYe] EaAld 5= Aol7l e FAdEolUTt. 1% R E(Staphylococcus

H(p=0.184), AFZo] QU&= 24T} 270 A HaA spp.), FP|AZIAA(Micrococcus spp.), Tt <
7 &= A7t glitkTable 2). BFA ARgo] SIA (Bacillus spp.), A& &(Streptobacillus spp.)

U Qe B¢ Al At == 2% Ael7k 9 o] A&EloH HYH #FE52 Be &8 249
AcKTable 3). A e fARE 2o g ZIH A Figure 2).
o CPU @ 3 SNE e
Vst ) Ao} Algjo S5 PM2.5 SEE Fol7t glo
™, PM10 =% Ao|7} glieH(Table 5). E3+ A
C: AUl 371 § FF-FAlE 5=(CFU/m) A s EFE 71=(MOE, 201602 94 &
CFU: B49 3 % gtk ofoizelo} oot 44 FAolH FYI FEt
Vest, 1am? 25 C, 17192 o 714 F1](m) PM2.59] %< zto]7h glglou PM10S AolstA &
Table 4. Microbial species from airborne by location
Gram stain Bacteria (spp.)
Outdoor_N + Staphylococcus, Micrococcus, Bacillus
Indoor_ N + Staphylococcus, Micrococcus, Bacillus, Streptobacillus
Indoor_ H' + Staphylococeus, Micrococcus
Indoor_ H? + Staphylococcus, Micrococcus, Bacillus, Streptobacillus
Outdoor(or Indoor)_N : in conditions without people Indoor_H'(or H?) : am(or pm)

Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(2): 115-124 www.kiha.kr
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Figure 2. Cultured airborne bacteria media & Gram positive bacteria (a) outdoor (b) indoors with people (am) (c) indoor with

people (pm) (d) indoor without people

Table 5. PM concentration indoors and outdoors

N MeanzSE " Min Max p-value™
Indoor 18 9.616.1 2.0 18.0
PM 2.5 0.681
Outdoor 6 11.0¢7.5 3.0 20.0
Indoor 18 0.2+0.4 0.0 1.0
PM 10 0.783
Outdoor 6 0.2£0.4 0.0 1.0
N= 3 day x 2 conditions(or 1 condition) x 3 times "MeantS.E. : Arithmetic mean#Standard Error (ug/m’)
T p-value was calculated by t-test
("i;m‘) PM2.5 (p=0.823) art PM10 (p=0.000)
18 s
16 0
35
" 30

o N & o ®

[0 AIRKOERA [ MEASURES

Figure 3. Comparison of actual PM with AirKorea

A S HJAHp=0.000)(Figure 3).

FAIE =S PM2.5 sEE o HE A4
(coefficient of correlation=0.37)°] Y& Ao=Z H
A2, PM10 AF FH-FAIE w2k Ade ¢
2 Zos EAEY. stATE ALloA FA SHH

www.kiha.kr
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PM2.59} PM10 5= AZ7F 52 AHAHS Bt
(62%).

Table 6. Correlation between airborne bacteria and PM

Classification CFU/m’ PM 2.5 PM 10
CFU/m’ 1
PM 2.5 0.367 1
PM 10 0.133 0.620° 1

Journal of Korean Society of Occupational and Environmental Hygiene, 2024: 34(2): 115-124



£ ARl A 9 et ) A 871 B B9
2 Bt R A9 7128 296 Aotk AL
selsigict, sHT Aol Sl BAe 19X oo

A0 HIH FRRAT S GO wskek A
71de AgTE, W4E 9 A% oFH

7]
719 %3 5ol Wt e 4 9ok 2t wod
AL S8l o oliskaie, dsht /14 £

of I3k A, oluk Aol ol ol WA H2 A
o] toFet BFOT HE WY o|2E0] A 3]
£ QG ool 4B w7] Tkt WAL 9
51 e #3923 A4 314 ede A5E

AAEAZIHWHO, 2000= AW 37142 F=
HAqHA|(PM10, PM2.5), #IAl, datshetas, 22T
S5, e, o9t 9Rks gsled 5of fis) o
= 9, S A3 7He|EERI(MOE, 2023)2
=Zo|, TR 5= EFeta ok AW 37 F
o= FARS QIACl S22 & der 7]3E
o S dor7= Tt ESF B /Y Ald2
o A 4o £ Sl=t, dEE TA AA
H dzelu AY 97 SollA H]'ﬁQL gz d

= 4o7AY R delE 9T Sk

ATt l"i—cr’r/\ﬂﬁ—»] 3719} B2 Al BE, A%, &

o] = Ago] wEt B3R Aot - HE

oIS FAY k Ut} "t ERAHY A7)

o} B 52 IRt v e I A7 2.

s, o]9] okt A 2 MR A Y
&|ofof gttt

Hamilton $(2018)%} Jabeen 5(2023)f|A] t}
Fol-8AAY FHE-FAIT s7F AL AUoA o
_11—_71] zx%;]o% ol:q q‘ol—]- xhﬂﬂo o]o;r] g&.—_ﬁ /\1]
%1 Staphylococcus aureus’t &2 W1z HEF
itk B 5199 tHJeon & Hwang, 2015). & XA
AL FARRE Alto] =2 HEE oW Aol gl 7
folA= AUES 238 A9 BE{Ald 57t § =
Al e Kim 5(2022)2 Abgo] Wol B&3k &+

T
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UL 5t L SEQME L OJMHX|Q) ATt Hm 121
T 7)27h o) RGN FEE WHE} Be AS
1.4~11.2 v 271519k 51 Q7| Hth Ay Box

Al
o] =o+=t ALl = I ATFLE Pearson’s

correlation coefficient 0.58% &3t}

o|e} Zro] AYg7|def gt =i A= ohefet &
Ao o]FojA] 11 9l OoH(Choi et al., 2022; Kim et
al., 2021; Kim et al., 2022; Lee et al., 2022; Park
et al., 2022; Bang & Choi, 2023; Ryu, 2024) ©
tolv Andet 5 A55S Eske /\ﬂ‘?ol Al
Yoo dFS vt d7: JtHKwon et al.,
2022; Kwon et al., 2023).

A9 vNHR= t7] 5 wAER] A /A3t
Adje] E2Afjct= LFUEA PP 11 A A
FA PN FFE TE = deH ARE AAZ
2% AY eFYoltt. o2 F7IFCl "= 1L
A Ee A A A= PMI0ET 2717 o 2
PM2.5= 2871 2 37HA] JIESE 4= dof A9
g & A8 2 5 U 59 E—% |, AEH, o
3 2 9 A gES €od 4 SJ=dl(Anderson
et al,. 2012), &= ZIt x| He *114194 PM 2.5 5%
= MARAZT 71&XE 2351H(Gao et al., 2020),
247, 4, &9 sozHE 2ty o ti(Tran
et al., 2020).

Uutow WE AREE 2-45 o|yjof mF XLzt
MEZ7F HAX L 2 QP E=H £ 20514 605t
7N =¥ ZZH(skin scales or skin flakes)o] HAA &

7] £o=2 wiE"HPham et al., 2015). o]¥d FHERZ
7+ F2 JA 27171 H|w A & PM102E Abg o i
of AAlsk= AlZ5=9] 108 PldES ZokRith. 182
2 AR &5 s oF 5ol 01 ATt oA
= HNEx|eL F7] FoE HiEH QIS R ExZ=
< PM10 555 3714 & e ERle s dete:
Kim 5(2022)2 A4 719 37] 5 PM10 &% 57t

7t FE-AAIRY nBEERE fHcNeE TE 5
Ho= SRISIUTHIL gith. SHA|TE 97| RAA = F
Bodd Hwoto] Aol PM10 Rth PM2.59]4
A =T ACE RARE G

Kim 5(2022)& S5F-FAF 52t RAHA 5%
= Q7]_,] Oﬂocb—q. o]:,]. ”]X]E-J ke E}\]oﬂ =12
1 Skl dAE =T 79 SERAIESTE BY

Hrop E0tom g o] &4 F7tol| ©E Y FFEFA|
o T7H] F8R1US RIS 4= AATHL 13l o]
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Aol 5% FfAld-2 BHoll= MicrococcusSt
Staphylococcus® AlwtE°] 2 WA=, FE9
+= Corynebacterium, Microbacterium, Micrococcus,
Staphylococcus® Alwt=°] TYsHA EAEU. &
5|, Corynebacterium, Staphylococcus + AF}
A MFe2 FHEAATY 571 ¥QlesE mefsh
T AUk

= AU oA nAHA R} SE-FAS A
Fota, AW SFFAT st vAHAY dBES
H sttt A=A 9 Aokehy HARE S 23E
FAlds &Fsta, SRR 5= =4 7+
Jtot=A] ERlett. ESE AUe] HAEA] Fk
Aot 2y stwE A 7]&E PM10 100 wg/nd,
PM2.5 35 ug/mie 235H=A] ERISHITHMOE, 2021).
oA A& % 178 1,102 CFU/mo2 8735 7]
T ZAPAT, AA S 226.5 £ 94.5 CFU/
e PR 71EAE 2ASHA] At ESF AQjHTh
AWt SHE{AR 57t =2 AR Y=t A
Y A(Kim et al., 2022; Ryu, 2024)°] 9JsFH A+t
of 243} P At euE, AUAY WYE 2T
P540] G T Ao AmET 99 24 o
Mol oFur} o £ ReAF SRS Uehiglsy
ol A Lo} HE7t 00| 22§ EH Aol
S FS Ao IEA Jle g SAof
ool o 2 B Wart oo AgeE u Asfely
AAF A3} Gram Staing F3 AW 7] F9

Staphylococcus spp., Tetracoccus spp., Bacillus

e

o
=

=
=

N\

spp., Streptobacillus spp. 5= FRIst¥=H &3],
Staphylococcus spp.2}y Bacillus spp.= Q4 Alat
= EGS 4= qlo] A7l FAAQ AHE ok
AUl 2ol EAsk= Al 882 siAe &
HEE 7t AE Eo A e 58 FHIE
g8stn HHAZ ME ERlsi & Aol o] Ao
A ARE3E Catalase Tests= Coagulase Test2} 7|
Staphylococcus spp. & 574 A& E57ot= dl &
SOHATE, oSt Al 52 EFcke dHlole SHAE
Adot, I2BE o] RARE HIEeE A&EAQ Ay
FAl alqEA] A4S A Aot
PM2.5%} PM10 s&w &35 712 245HA] &
*om, PM2.5= ALl Ao|7t A9l YIUAARE PM10
2 AYe] Zol7t At wAEAle] tigt | =3

www.kiha.kr

2= Airkorea GRS} FA Afolstx| ofof siEZ
2o EA gRlstaAt stlet sHA|YE PM10 &4
A7t Airkorea 9EeF W2 Ao|E HolEE T g
Z F7HH s njofgh "art St

AEHoE B AH|RARE AU 3714E LA =
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