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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™ |l 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/nf", 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

l. ZAHL AE o 2e M L 33 AW FA00A 2F 90%2]
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v Qlt}, AAE B2 v|A|HA|(particulate matter,
PM), HAl(benzene), LAS} A (carbonmonoxide),
yxed(naphthalene), ZE5YH5|=(formaldehyde),
EglZ22ogdl(trichloroethylene, TCE),thgl w15k
Z g3keA(polycyclic aromatic hydrocarbons,
PAHs), oJAksl& A(nitrogen dioxyde), HHEZHZZZ
o€dl(tetrachloroethhylene, PCE)& °JtHWHO,
2000).

ABESH QIR Qg Aol F3/44Z 1A f-=ut
2} 4 E(Ministrty of Environment, MOE)= 20234
‘AYs7id 3010 PSR, wsE
(Ministrty of Education, MOE)%E “Stw = AH(2021)
= Bl 773% g W g flsto] Ausr1dS 7l
o7 AHolal ek 7E T2 vAEA], ARSI, &
ELHI5|E, ol4stdA, o]4ksketA(carbon dioxide),
g §718KE(volatile  organic  compounds,
VOCQ), #=(radon), F-F&%o](airborne molds), &
H S Al (total airborne bacteria)s ©]tth.

I% vAHAE 87] 5 EAsk= AHacids), 771

S}8+EZ(organic chemicals), #&{metals), E%soil),
HA|(dust particles) 5= EFoh= W 22 JRI=

o|FoA Slo] A7t =EAl AFEEC] 49T =t
(Anderson et al., 2012). ES} o]&2 S&7[A/9] d
gt AR =E o= WE st S |AE =01
7F o4 Z71el 42 4 2™ (Pryor et al., 2022),
L3} X8y 4 g # AHox adEo EJ—O}&‘
tHBang & Choi, 2024).

AAEA7| M PM10S 50 ug/m(24417t ©]
sh), PM2.55 25 ug/m'(24A17t ols}) 7|E o= s}
H(WHO, 2000), 235 (Ministry of Environment,
2016)= AlStAL, Had, =A®, Je, o 5l
A PM10< 100 ug/mf’, PM2.55 50 ug/m= T]s}
1, =7, offold, LRIQYAA, Aoz &
o|AE PM102 75 wg/m', PM2.5& 35 ug/m'z 71&
< Aolget. stwRAHMinistry of Education,
2021)2 PM10< 100 ug/n, PM2.5% 35 ug/m'E 7]
Zo =7 i)

FTHAAITS ol HolA] Atk ME &= 3 F
o EA4ot= HYw ¥ ARAIAS =3
I FEOA AEE 4o 5 U=
g BUEH, A3k, J8Xd 5 2opolA F85

A HAFEh olE2 37| 3ol ©

1o 7]

o
)
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SHA| A-g5h7| 2 shARE 7|89 o2 HA/dE oF]
SP% Rty I8EE F7] Fo EAck: He T2
Ala-S 7Aoo &2 Eejsto] SAsHAY Z42He] A%
£ S45k= Aol og7] "ol ti4l I 7H1’ﬂ—i
#efgitt. e 5 A AU 371 F FRdke
HijoF 753t Alito] 800 CFU/nf oJstodofF SHHMOE,
2016).

I8y Feloll= It 2] FFE-FAleel gt 7]
Zo| gloH(Jabeen et al., 2023), AARA7|+= A
W FRgolol gt 719t JIt(WHO, 2000). A3
Atoll ofshd #sHd, WA, MY 5 theAlde] A
37 T TEAR se EF 7IEET WokARE
(Jeon & Hwang, 2015), Hamilton 5(2018)2 25
T 221 7l57] ool2E0A 2Y & fd5k=

u| e E(Mycobacterium spp.)°] HEEHATIL B
aste] A7 ft B lvh EeE Q19| gF At
(Jabeen et al., 2023)°]A %= tfst Y F5-9Axto] A
Clizhe e ) U i =

wEbs] 2 AR gk Wi dF 404 AW 371
T SEAR 5Tt 712 2] YAl ERlst
I, ARgho] Qe o] %A 92 Aof| Hls w=7}
Gupt 24| B S5FaIA} SFQivh ERE AQ] wAH
A Frot Ay FHFAlR 559 S oefetn
2t 5tk ol9t o] SH FHEAAlT s=E Sl
AR digt W &9 A LA=E BrFskal {ofgt
ABESHE QIARRE moiE IATfstr] ARt HHS
AR o STt 1

TSN

1.

OHI

BERMH 53 | 2 A= JMF
g 73IA(IER, 2023a; 2023b) AEH 74
Anderson Sampler(TE-10-890, TISCH Environmental,
Ohio, Cleves, USA)E ARgslo] AlaE AF oAt
ol= 385 79l +H& 7HAAL o, S AeE
sttt AHE 1.2~1.5 m =°|= HX|stal {2
28.3 L/minC & 1581+ A%K0 & AmE AFch 3
3] FHsk= Ake] 20& ol HEEZ EF ojdf AU
7] T SEAR SRS Jarste] AlRE A3 st
H(NIER, 2023a), Alete] 8% 5o 9% € + A
L 2u 9l £5E 3 243K Figure 1). Anderson

Sampler®] 84 ZFs= fIste] 1021t =8 7Fssta
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Figure 1. Anderson sampling (a) outdoor (b) indoor (c) indoor without people

WEE A=t ol % 2ko] tis) HFSAX
TSA(Tryptic Soy Ager, OFHA|F®, Seoul, Korea)
HiZ] 371E FH|ste] HER] FJA| FA00 G, 3L
Al7HS 71E3%tt. Anderson Samplers A Ao il
Foto] BE w1 AFHILL AR JFH7E FE
2 Ag3dtt o]% TSA HiXE Al=AF7] well A
stal ZAFHEE 1587 AEstd FE-FAleol =3
Hoh 158 & A38Z A52 FA% & Anderson
Sampler W54 TSA #HiAE AW v & viL7]
o] @&t} Anderson Sampleres ¥¢F £02 Ui
A5 T 208 1HEE T A9t Z2 o E F 33
AEE AFR. ol U9 /HEE &8 AR o]
< F|aslete] Addstal, ALoA S4g ¢
H AR oA DA A|TE F70] o] FOo|AEF
=

HAATY Adote LS AoldoA o, 0
33 A2E AFstAth. E3F AR gl 5Y
ZoA 22 T HgTolA F, o 7} 334
dstA AEE AHFI6HA

oft ok 1

2. Nz i & HE Al

33] A% 4" TSA HiXle= wE wig7I(Cs-
IND1, Labmadang, Seoul, Korea)ollA] it} 5
A B 242 35£1ToA 24~48A1%F Bt
ot ofuf HiX9] 2 T2 Q% *AE HASH]
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o] 7St TSA ¥iA|E Blank® #o] vjFSct 244
2k o] TSA HjRo] A=t F=(colony forming
unit, CFU)E AlSsitt BE AYLS FFARK1300
Series A2 1378, Thermo Fisher Scientific, USA,
Biosafety cabiet)ollA] AA|gic},

3. BN M 2 B
1) ME5HS HAt
2F-E I I(alcohol lamp)ol SAEH AlZ] FAEF

I(inoculation loop)E Ar&sto] tsa HiX|W ©UR
ZH(single colony)Z slide 9Jof] =stct. 15 I4 7]
E(Gram Stain kit, YD Diagnostics, Gyeonggi-do,
Korea)g& ARgste] Esh &Elo|ltx IHAIZ|L
Crystal Violet -€H(12} GAA) 29123 Hojxg |
2 5 28 Rojulch th2oF Lugol's lodine &
(EAD) 232 Hoj=g] 187 wjdet & &2 Ao
Wt} Alcohol Decolorizer SH(EAA]) 29 Hoj
=g 30x 3¢ 24 & EE Hojd ¥ Safranine
O 8H(HRFM) 20 Hojg] 18 & & Hlojd

o Azt

2) SISt AL
G5 Yol =et Y M 5t HAAIR A
Z 217 go]d & catalase testE Y3t Aok A

Al2KHydrogen peroxide 3.0%, Samcun Chemical,

www.kiha.kr
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Gyeonggi-do Korea)& 3WES Hojz=#ch E3H
2 &t SYsHA =Ee JEE HE F
Holdl & & 18982 dolxy & IS i T
10% 52 FEgA 7120l AojEth o] catalase
testy cytochromes 7HA]1l Q& tiH-E9 BHAY &
714, 3714 Ald=o] A7 HEE ) catalase &
AS AABI=R] FRlsl= Ao 2 SH|EAQl IS

AT Bl AlTe BR] 913 Sl B
Sras HEAL W ABo] Uk F0% P, 34
2 BE

4. ZRQMITZ Sk ALt

TSA HiRo|A bt HE4E Agoto] HFE 7t
ol=gkel ®AHR(ES 02701.1e_10.1.1, 2023)°] w=t
Axbetal HPE JEgeE 7] RO glste] I
GAITF TS AARITHNIER, 2023a). T 204
4o YESHA 9 35k v o2 BE517(Kwon et
al.,, 2022; Kwon et al., 2023), 2ESAH#+ =5
AFESICHNIER, 2023a; 2023b).

5. DIMHA £
FE oAl SHFRNIER, 20230)& aLst

stof mlAHA] 528 S Y Y F o AH]
& PM 107} PM 2.55 1581t 94 33148 SAstar
Z47k9] BaZ etk Ay AT vAHA] sk o]
Q] oojZEoHAir korea) WFAE AJEE 7|YstL
H w3t S3% vAHA| sk SR 5=
o] g &40 AREEIT.
6. SHAEN

BAEAL SPSS version 20.0.0 (International
Business Machines Corporation, IBM, New York,
USA)S ARESHIL AR RoleE2 0.05 u[Tre & gt
o FHEAE B (Mean) ¥ HFQAKStandard
Error, S.E)ol| tiste] 7|84 9 R84 HAlst
1 7 xR e FRATEE vAEA ke
t-test 2 717} Blwsith. FRAlT vlAHA| 5=
= 488 A5k

[. ZAZLL

1. ZRRM- s
Anderson Samplerg ©°]
ZH3E TSA HHX]‘H At A=k

5+2

Obo

}01 1587 33] A%
Table 13} At} &

1)

o] DustTrak™ II(Aerosol Monitor 8530, TSI A 3 erL 24 1T, r,H L 448
Incorporated, Shoreview, Minnesota, USA)E A& + 4.7%c}, ggﬁz\,_ Aoz ;]<j = 1 A(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' 3 271 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 1102
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 52.4+50.2 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

TMeantS.E. : Arithmetic meantStandard Error (CFU/m)
Outdoor(or Indoor)_N : in conditions without people

N= 3 day x 4 conditions x 3 times
: p-value was calculated by t-test
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 28.2x14.7 9.0 56.7
Total 27 251.3+608.0 9.0 2635.8

"MeantS.E. : Arithmetic meantStandard Error (CFU/n?)

N= 3 day x 2 conditions(or 1 condition) x 3 times
Indoor_H(or N) : in conditions with(or without) people

To-value was calculated by t-test

2023a)sk2l FHFAS ARSIt diFE A= 2 BiYE Ml

£ EE 71=(MOE, 2016)%1 800 CFU/mETt Wk
A9t 1,102 CFU/m'2 238 A% Aok

Aol QlE Ayl BeAld ss xfo|7} Qigle
H(p=0.184), Aol Y= QAT QT o] Ay QA
T SE= Aot YUK Table 2). ¥HA ARgro] A
U Sle A AU FAE ske feld Aot Al

tH(Table 3).

C= ﬂ ................................................. (1)

I/(2»5"(),1(117%)
C: AY 37 F FFAEF 5=(CFU/m)
q
Vost, 1am: 25 C, 171949 o 714 F1](nr)

Table 4. Microbial species from airborne by location

Anderson Sampler® ZFE Alw(Table 4)2 TSA
HjZJol A o2 FF9] JEAE HAPAT jFE 1%
FAAE0IQULy. 1% ELEAYT &(Staphylococcus
spp.), "|AZIAA(Micrococcus spp.), - <
(Bacillus spp.), A& &(Streptobacillus spp.)
o] A&=glor HYgH HEEE2 e T 219
A oS- FASE Ao E EQlE A Figure 2).

3. SFE DMK

Ao} AojoA ZgH PM2.5 Bk Zo|7t §lo
o, PM10 ¥E% X}o]7} QI9ItHTable 5). E3t 4
A s EEE 71=(MOE, 201602 94 &
k. oflojZ o} ofHel AA| oA ST T
PM2.59] 7%- zto|7F §igloy PM102 AolatA &

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

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

Indoor_H'(or H?) : am(or pm)
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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
("Z,m‘) PM2.5 (p=0.823) “ PM10 (p=0.000)
18 s
16 0
35
* 30
12 -

25
20

o m & o o
w3

o 2
O AIRKOERA [E@ MEASURES [ AIRKOERA [ MEASURES
Figure 3. Comparison of actual PM with AirKorea
Al &= AHp=0.000)(Figure 3). PM2.59F PM10 sEe A27F £ 434S Bt
(62%).
4. AL SERAMIT 2 2| D|HHX| s=2te] &ty
Ao o= 2HONF o) AQoA &A= Table 6. Correlation between airborne bacteria and PM
AR 529 A#ASE Table 63 Zh 5 Classification CFU/m  PM 25 PM 10
A F=9 PM25 wEE ok AR A CFU/m 1
(coefficient of correlation=0.37)°] Y= Zo=Z H PM 2.5 0.367 :
Ao, PMI0 S FHFFAT 5Le] AgdS & ' ' .
” °re ° ~ PM 10 0.133 0.620 1

= oz FZAEH. ST Ao FA S4€
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£ ARl A ot ) A 871 B B9
2 Bk R A9 712e 296 Aotk A
selsigict. sHT Aol Sl BAe 19K oo

Aol vl FRGAF =7} %40}71 wokch Al
S7NAL AEFR, A 9 s o dE o

7]
719 £ 5ol wet gepd 4 ek Bn WalE
UL 80l o oliskate, dsht /14 £

AAEAZIHWHO, 2000= AW 37182 F=
O AqHA(PM10, PM2.5), #IAl, datshetas, 22T
S5, YIZEdl, o9t 9Rks 'sled 5of s ohF
= 5, F AdE71d 7Ho|=8RIMOE, 2023)2
=30, i—’?—?r’q]ﬁ = Egeta ok AW 37 F
s FARS A0l S22 & der 73S
o S dor7x tt ESF B /Y Al
o #AEZ 4o 5 Sl=t, dEE TA AA
H dzeu Ad 497 SolA H]'ﬁQL R d

= 4o7AY R delE 9T Sk

ATt l'?—cr’r/\ﬂ‘&—»] 3719} B2 Al BE, A%, &

o] = Ago] wEt B3R Aot - HE

oIS FAY sk Ut} "t ERAHY A7)

o} B 52 IRt v e I A7 2.

s, o]9] tofet A S MR A+ B
&|ofof gttt

Hamilton $(2018)¥} Jabeen 5(2023)doflA] t}
Fol-8AAY FHE-FAIT s7F AL AUoA o
_11—_71] zx%;]o% ol:q q‘ol—]- xhﬂﬂo o]o;r] Q&EH /\1]
Q1 Staphylococcus aureus’t =2 HEZE HETH
Qitta B35l tHJeon & Hwang, 2015). & XA
AL FARRE Alto] =2 HEE oW Aol gl 7
FolM= AUET 5|8 A9 BERAldt 57t § =
Al YRt Kim 5(2022)2 Abgo] Wol ¥&3k &+

T
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old
2T

ol

i W E5RMT ¥ DIMBXISl &2kd Hiw 121

J

T 7|27 9] FE-RAT sEE RS =2 78‘—?—
1.4~11.2 B} S7Istttal by 97| Hot Ad Ffx
o] ==t AW sk 1F AT Pearsons
correlation coefficient 0.58% &3t}

o|e} Zro] AYg7|dof gt = A= ohefet
Hoj|A o]FojX] 11 9 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) ©
q]x]—:nto]q. /U—EI:UE].__I.,L =% A]_éi_ Ol:ﬂ———].L /\1]—?1-0] Al
Yoo dFS vt d7t: JtHKwon et al.,
2022; Kwon et al., 2023).

A9 vNER= t7] 5 wAER] A FAxt
Aol EAict= LFUo=A HE 1 AY A
FAY] PEollA FFE S 5 Yo AR A=
2% AY eFYoltt. o2 F7IE0l "= 1L
A E= AA AE A2 PM10ETH 27|17 o Z2
PM2.5= 357] A2 Z7H] IAET 5= o] Ao
o 2 A 2T & St} E9] 357], A8, o
3 2g 9 QA #HES €od 4 J=dl(Anderson
et al,. 2012), &= 2t x99 AY<Q PM 2.5 5%
= AARAZF 7125 2351H(Gao et al., 2020),
87, F&, & o2 YA SFUTHTran
et al., 2020).

dutyo g E AR 2-45 ojyo] mi X ejzt
MZ7F AR Q2 A==t 2 20504 605F
7f o)X ZZH(skin scales or skin flakes)o] BHIAA &

7] 02 wl&EHPham et al., 2015). o]¥ FEZR
7+ F2 JA 2717 H|n A & PMI0LE Al T &
of AAlsk= AlZ25=9] 108 PldeS Z9Rith 182
2 AR &5 o5 oF 5ol 01 ATt EolA
= NEx|eL 37] Fo2 HiEH QIS R ExZ=
2 PM10 BEE 274 4= 9= YQlo= wkdr),
Kim 5(2022)2 A4 719 37] 5 PM10 5% 57t

7t FRFATY nBEERE NS TE 5
Jog gRlIsiAuttal gttt SHA|FE 8] RAA = F
Bodd Hwoo] Aol PM10 Rl PM2.594
A =T ACE RARE G

Kim 5(2022)& S5F-FAF 52t A 5%
= 9,]7]_,] Oﬂoc]:_‘fq- o]:,]. \:ﬂ;dE_,] g3Fe E/qoﬂ =12
I siled AR D 9719 SEFAT7 B

Hrop E0tom g o] &4 F7tof| ©E Y FFEFA
w4 T7H] F8R1UAS I 4= UAATHAL 3 o]
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AolA 5% FfAld-2 Boll= MicrococcusSt
Staphylococcus® AlwtE°] 2 WA=, FE
+= Corynebacterium, Microbacterium, Micrococcus,
Staphylococcus® Alwt=°] TYsHA EAEU. &
5|, Corynebacterium, Staphylococcus + AF}
AAE AMFo 2 FHEAARY 571 9Rles metdt
T Aot

Fel= AU oA plAHA L}t SFE-FAIES A
Hota, AW IRFAR s=et uNER dHEE
wokeleh. AEsH 9l Aol AAE S5 ZYE
FATS EFolla, SRFA 527 =W 7S
= ZISt=A] ERlstinth TR AUe] plAHA] sk
£ SHota =Y stwHAH 7|& PM10 100 ug/m’,
PM2.5 35 g/ 23}SH=A] ERISHITHMOE, 2021).
AT AR S 178 1,102 CFU/m'e.2 4% 7]
T ZAPAT, AA S 226.5 £ 94.5 CFU/
= SHR 71EXE ZA5HA] Aokt ES ALET
AWt SHE{AR 57t =2 A0 Y=t A
9 A(Kim et al., 2022; Ryu, 2024)°] 9Js}H A+
o] 4 ¥ = 25%, AR ElE aEa
G540 FF= & Ao=E AlRET 98 RARE 2
Mol oFur B £ ReAF SRS Uehiglsd
ol AY 2&e &7l 249 27 H =Ud Ao|
PEFS vFS A= ERIEFANE 7|8 wAlgk 2
o5 o s & 287 ok AAESH ¢ AgtetA
HAAF A3} Gram Staing F9 AW 7] 5O

Staphylococcus spp., Tetracoccus spp., Bacillus

_1

o

spp., Streptobacillus spp. 5= FRIotI=H 3],
Staphylococcus spp.2}y Bacillus spp.= Q4 Alat
= EGS 4= qlo] A7l FAAQ AHE ok
AUl 2ol EAsk= Al 882 siAe &
HEE F7t AE Eo At e 58 FHE
g8otn HAAZ MlE ERlsi & Aol o] A+t
A ARE3E Catalase Tests= Coagulase Test2} 37|
Staphylococcus spp. & &7 Mlu& E57Fot= dl &
SOHATE, oSt Al 52 EFcke dHloles HAE
Adot, I2BE o] RARE HIEFCE X&EAQ Ay
FAl vlqEA] A4S A Aot
PM2.5%} PM10 s&w &35 712 24SHA] &
%om, PM2.5= ALl Ao|7t A9l YIUARE PM10
2 AYe] Zol7t At vAEAle] gt @ =3

www.kiha.kr
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