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ABSTRACT - Many atmospheric pollutants including chemical agents, house dust, and microorganisms cause
building-related illnesses through respiration in humans. This study was conducted to analyze the profiles of microbial
pollutants in air purifiers used in home, office and playschool. Dominant eleven species of microorganisms were iso-
lated and identified in environmental air and air purifiers. Among them, Staphylococcus sp., Micrococcus sp. and
Bacillus sp. are the most dominant species. By phylogenetic analysis of the 16S rRNA gene, the dominant bacteria
were identified as Staphylococcus epidermidis, Micrococcus luteus and Bacillus epidermidis, respectively. It has been
known that these bacterial species are closely related with food spoilage and human infectious disease. Thus, these
results indicate that microbial pathogens related with human illnesses through respiration will be contaminated in air
purifiers and also need to develop a method to control those of pathogens for human health.
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Materials and Methods
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Product A

- Discharge unit
 Discharge back

- Cover

« Filter
+Fan

+ Inside broad

+ Outside broad

« Suction unit

« Water tank
- Disk

- Pedestal oy

Product C

/| - Hose pipe

- Condenser pin

- - Virus filter
- Water tank

- Water tank bottom R

- Top of the fan

« Inlet

Fig. 1. Sample collection parts using swab test in ir solution products.

T7F =8 AoR oEeE 2974
S pipette swab 3M™, USA)S A&

AR B AMEBIATHFig. 1). Al
o] ¥4 54 2 #2]9dl= plate count agar (PCA; Difco,
Detroit, MDE X+#7¢] 5 34 % Z2lodl= potato
dextrose agar (PDA; Difco)s AH&-3}Sth.

F7188HIF M 22 2 0Pd=2 5%

PCAS} PDA iAol g€ A= Hetsolx Feist
Hog U3 TS AYate & 2ET T vAE
FAE A=t ¥ v =9 genomic DNAE
Chelex® 100 Chelating Resin Beads (Bio-Rad Laboratories,
Hercules, CAYE ©]-&3l] F&3 & A2 16S RNA,
=3°]E 18S rRNA primerS ©|-&3}o] PCRE FZ31%
T} 16S RNA primer= 27F/1492R primer (sense: 5' AG-
AGTTT-GATCCTGGCTCAG 3'; antisense: 5' GGTTACC-
TTGTTACGACTT 3)& AH&-3t3A3L, 18S RNA primer=
ITS1/ITS4 primer (sense: 5' TCCGTAGGTGAACCTGCGG
3'; antisense: 5' TCCTCCGCTTATTGATATGC 3)& A&
39tk PCR 10 pmol primer, 2mM MgCl,, 200 mM
deoxynucleoside-triphosphate, 1 U DNA polymerase (DNA-
zyme I; Finnzymes, Finland)”’} £¢] %l DNA PCR
premix (M&D, Wonju, Korea)& ©]-83}4] genomic DNA
10 pLa B 75 40 uLs Y EFES 150 A
3}, Pre-denaturation 22 94°CollA] 5%, denaturation
94°C 20%, annealing 58°C 20%, elongation 72°C 30x%=
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Center for Biotechnology Information (NCBI)2] database
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Table 1. Identification of bacterial contaminants in product A
Unit : CFU/cm?

Determined cell /

Results and Discussion
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Identification of fungal contaminants in product A

Unit : CFU/cm?

Determined cell /

Parts Strain identification Total cell
Staphylococcus sp. 340 /680
. . Micrococcus sp. 280 /680
Discharge unit
Bacillus sp. 30 /680
Sphingomonas sp. 30 /680
Staphylococcus sp. 70 /100
Discharge unit back Bacillus sp. 20/100
Micrococcus sp. 10/100
Micrococcus sp. 40 /70
Pedestal
Staphylococcus sp. 30/70
Staphylococcus sp. 4,320 /7,650
. Micrococcus sp. 2,820 /7,650
Filter
Bacillus sp. 400 /7,650
Sphingomonas sp. 110 /7,650
. Staphylococcus sp. 530 /1,050
Disk
Micrococcus sp. 520 /1,050
. . Staphylococcus sp. 30 /50
Suction unit
Micrococcus sp. 20 /50
Water tank Staphylococcus sp. 750 /750
. Staphylococcus sp. 180 /300
an
Micrococcus sp. 120 /300
Micrococcus sp. 70 /130
Cover Staphylococcus sp. 50/130
Bacillus sp. 10/130
Staphylococcus sp. 530/730
Inside board Micrococcus sp. 160 /730
Bacillus sp. 40 /730
Staphylococcus sp. 170 /270
Outside board Micrococcus sp. 80 /270
Bacillus sp. 20 /270

Staphylococcus sp. 15,710 /24,640
Disk board Micrococcus sp. 8,920 /24,640
Bacillus sp. 10 /24,640
Staphylococcus sp. 99,600 /130,600
Micrococcus sp. 30,100 /130,600
Tray
Sphingomonas sp. 600 /130,600
Bacillus sp. 300 /130,600

Parts Strain identification Total cell
Cladosporium sp. 1,860 /2,460
Discharge unit Penicillium sp. 400 /2,460
Epicoccum sp. 200 /2,460
. . Penicillium sp. 40 /60
Discharge unit back
Epicoccum sp. 20 /60
Cladosporium sp. 20/30
Pedestal
Penicillium sp. 10/30
Filt Cladosporium sp. 464,000 /486,000
ilter
Penicillium sp. 22,000 /486,000
Disk Cladosporium sp. 10/10
. . Cladosporium sp. 20/30
Suction unit
Penicillium sp. 10/30
Water tank Cladosporium sp. 140 /140
Penicillium sp. 290 /420
Fan Cladosporium sp. 120 /420
Epicoccum sp. 10 /430
Penicillium sp. 80 /120
Cover Cladosporium sp. 20/120
Epicoccum sp. 20/120
Penicillium sp. 130 /240
Inside board Epicoccum sp. 60 /240
Cladosporium sp. 50 /240
Outside board -2 -
Disk board Cladosporium sp. 800 /800
Cladosporium sp. 130 /140
Tray
Penicillium sp. 10 /140

Not detected
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Table 3. Identification of bacterial contaminants in product B

Unit : CFU/cm?

Table 4. Identification of fungal contaminants in product B
Unit : CFU/cm?

Determined cell /

Determined cell /

Parts Strain identification Total cell Parts Strain identification Total cell
Staphylococcus sp. 120 /210 Penicillium sp. 20 /50
. . Micrococcus sp. 70 /210 Discharge unit Daldinia sp. 20 /50
Discharge unit . .
Bacillus sp. 10 /210 Unidentified 10 /50
Sphingomonas sp. 10/210 Top broad Daldinia sp. 10/10
Staphylococcus sp. 230 /340 Unidentified 60 /110
Front broad
Top broad Micrococcus sp. 100 /340 Penicillium sp. 50 /110
Bacillus sp. 10 /340 Penicillium sp. 1,130 /2,040
HEPA filter . .
Staphylococcus sp. 340 /580 Unidentified 910 /2,040
Micrococcus sp. 150 /580 Deodorizing filter Penicillium sp. 10/10
Front broad
Sphingomonas sp. 60 /580 Penicillium sp. 370 /650
Pre filter . .
Bacillus sp. 30/580 Unidentified 280 /650
HEPA filter Staphylococcus sp. 2,130 /2,130 Suction unit Penicillium sp. 30/30
. Staphylococcus sp. 100 /110 Penicillium sp. 210 /420
Deodorizing filter . .
Micrococcus sp. 10 /110 Fan Unidentified 190 /420
Staphylococcus sp. 18,000 /23,600 Daldinia sp. 20 /420
Pre filter Micrococcus sp. 5,500 /23,600 . Penicillium sp. 170 /280
Middle broad . .
Sphingomonas sp. 100 /23,600 Unidentified 110 /280
Suction unit Micrococcus sp. 30 /30 Penicillium sp. 160 /230
Rear broad . .
. Staphylococcus sp. 140 /230 Unidentified 70 /230
an
Micrococcus sp. 90 /230 Unidentified 40 /90
Staphylococcus sp. 560 /830 Inside broad Daldinia sp. 30/90
. Micrococcus sp. 180 /830 Penicillium sp. 20 /90
Middle broad
Bacillus sp. 60 /830
Sphingomonas sp. 30 /830 o] B olA Staphylococcus sp. ol &3 LAE7T M =
Staphylococcus sp. 110 /190 XL, 1 5 pre-filtero] 4] 10*CFU/cm? ©]/3, HEPA filter
Rear broad Micrococcus sp. 80 /190 oI4 10°CFU/em’ °]’39] ¥2 LAES 2R8I tH(Table
Inside broad Staphylococcus sp. 130 /180 3). F Wele AFL 724 F17F A el
nside broa Micrococcus sp. 50/180 el mAdEe] g At M wE JleR ddd
(e}

FR 339 7

At77F AU Alde] 45, Al
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Product C= HEA3} 3
of et mAES] SHET B8 ASE oY He F
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T 459 H A4F7F AEEAT Ao A9, AF
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7V 7P =2 A0 E YEREDL, 1 F water tank inside €}
board of top fan®lA4 10*CFU/cm? ©]/39] && QHF=7}
UESTH(Table 5). Water tank inside= A& 7274 =
I AHAoR HJFst= F90]3L board of top fan
sampling A A7} @o| ZoIe AL {9to g Fels)
Red Eol AR 9 AU, mAEe] AejdE F e
filter7} oPHE B E QA= & + dvhe AL & F
UAT. 7ol A5, e oM Cladosporium
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Table 5. Identification of bacterial contaminants in product C

Unit : CFU/cm?

Parts Strain identification ~Determined cell / Total cell Parts Strain identification ~Determined cell / Total cell
Rear £ Micrococcus sp. 70/110 Fan side Staphylococcus sp. 10/10
ear fan
Staphylococcus sp. 40/110 Suction unit Staphylococcus sp. 40/40
Staphylococcus sp. 1,630/2,630 Micrococcus sp. 197/441
Condenser )
Micrococcus sp. 1,000/2,630 Evaporator pin  Staphylococcus sp. 170/441
Staphylococcus sp. 430/510 Bacillus sp. 74/441
Pre filter
Bacillus sp. 80/510 Micrococcus sp. 80/180
. Staphylococcus sp. 120/160 Hose pipe Staphylococcus sp. 60/180
Virus filter
Bacillus sp. 40/160 Bacillus sp. 40/180
Staphylococcus sp. 150/260 Staphylococcus sp. 30/50
Water tank bottom p Y P Top of the fan Py P
Micrococcus sp. 110/260 Micrococcus sp. 20/50
Staphylococcus sp. 720/1,120 . . Staphylococcus sp. 230/400
Inlet Discharge side
Micrococcus sp. 400/1,120 Bacillus sp. 170/400
Cool Micrococcus sp. 580/860 Bacillus sp. 830/1,190
ooler
Staphylococcus sp. 280/860 Discharge unit  Staphylococcus sp. 290/1,190
Condenser Staphylococcus sp. 201/201 Micrococcus sp. 70/1,190
Staphylococcus sp. 47,120/87,390 Staphylococcus sp. 11,200/22,000

Water tank inside ~ Micrococcus sp. 31,870/87,390 Board of top fan Micrococcus sp. 6,100/22,000
Bacillus sp. 8,400/87,390 Bacillus sp. 4,700/22,000
Table 6. Identification of fungal contaminants in product C Unit : CFU/cm?
Parts Strain identification ~Determined cell / Total cell Parts Strain identification ~Determined cell / Total cell
Cladosprorium sp. 2,130/3,300 . . Epicoccum sp. 490 /500
Suction unit
Rear fan Epicoccum sp. 660 /3,300 Cladosprorium sp. 10 /500
Penicillium sp. 510/3,300 Cladosprorium sp. 2,090 /4,870
Cladosprorium sp. 4,720 /7,810 . Epicoccum sp. 1,430 /4,870
O Evaporator pin .
Condenser Penicillium sp. 3,000 /7,810 Penicillium sp. 1,340 /4,870
Epicoccum sp. 90 /7,810 Sporobolomyce sp. 10 /4,870
Pre filt Cladosprorium sp. 31,300 /31,900 Cladosprorium sp. 2,510/5,120
re filter
Penicillium sp. 600 /31,900 Hose pipe Penicillium sp. 1,350 /5,120
. Penicillium sp. 61,060 /64,330 Epicoccum sp. 1,260 /5,120
Virus filter
Cladosprorium sp. 3,270 /64,330 Cladosprorium sp. 1,150 /1,200
Cladosprorium sp. 68,400 /69,000 Top of the fan Epicoccum sp. 30/1,200
Water tank bottom
Epicoccum sp. 600 /69,000 Penicillium sp. 20/1,200
Inlet Cladosprorium sp. 365,200 /376,700 Cladosprorium sp. 80,020 /82,000
nle
Penicillium sp. 1,500 /376,700 . . Penicillium sp. 1,500 /82,000
— Discharge side
Penicillium sp. 170 /280 Epicoccum sp. 290 /82,000
Cooler Cladosprorium sp. 90 /280 Sporobolomyce sp. 190 /82,000
Epicoccum sp. 20 /280 Cladosprorium sp. 1,330/1,510
Cladosprorium sp. 5,670/6,210 . . Epicoccum sp. 130 /1,510
. Discharge unit L
Condenser Epicoccum sp. 300/6,210 Penicillium sp. 40/1,510
Penicillium sp. 240 /6,210 Sporobolomyce sp. 10/1,510
Cladosprorium sp. 86,750 /96,750 Cladosprorium sp. 1,150 /1,200
Water tank inside  Penicillium sp. 9,980 /96,750 Board of top fan Epicoccum sp. 30/1,200
Sporobolomyce sp. 20 /96,750 Penicillium sp. 20/1,200
Epicoccum sp. 910/1,280
Fan side Cladosprorium sp. 310/1,280
Penicillium sp. 60 /1,280
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Table 7. Identification of bacterial contaminants in product D
Unit : CFU/cm?

Table 8. Identification of fungal contaminants in product D
Unit : CFU/cm?

Determined cell /

Determined cell /

Parts Strain identification Total cell Parts Strain identification Total cell
Micrococcus sp. 120 /180 Discharge unit Cladosporium sp. 30/30
Discharge unit Staphylococcus sp. 40 /180 Hose pipe -2 -
Sphingomonas sp. 20 /180 Hose Cladosporium sp. 130 /140
Micrococcus sp. 570 /760 Phlebia sp. 10/140
Hose pipe Staphylococcus sp. 180 /760 Cladosporium sp. 310/330
, Water tank
Bacillus sp. 10 /760 Penicillium sp. 20 /330
Micrococcus sp. 1,070 /1,330 Inside borad Cladosporium sp. 80 /80
Hose Staphylococcus sp. 100 /1,330 Suction unit Cladosporium sp. 10/10
Sphingomonas sp. 120 /1,330 Inlet Cladosporium sp. 10/10
Bacillus sp. 40/1,330 Cladosporium sp. 90 /110
Staphylococcus sp. 390 /560 Back fan Phlebia sp. 10/110
Water tank
Micrococcus sp. 170 /560 Penicillium sp. 10/110
. . Micrococcus sp. 140 /250 Penicillium sp. 550/590
Inside unit Fan
Staphylococcus sp. 110 /250 Cladosporium sp. 40 /590
. . Micrococcus sp. 40 /50 Cladosporium sp. 90 /110
Suction unit
Sphingomonas sp. 10 /50 Filter Phlebia sp. 10/110
Inlet Staphylococcus sp. 150 /190 Xylariales sp. 10/110
Bacillus sp. 40 /190 Front broad Cladosporium sp. 10/10
Staphylococcus sp. 250 /350 Cladosporium sp. 90 /110
Back fan Micrococcus sp. 80 /350 Back broad Phlebia sp. 10/110
Bacillus sp. 20/350 Penicillium sp. 10/110
Micrococcus sp. 640 /930 Condenser pin Cladosporium sp. 10/10
Sphingomonas sp. 150 /930 Cladosporium sp. 20/30
Fan Base
Staphylococcus sp. 130 /930 Penicillium sp. 10 /30
Bacillus sp. 10 /930 “Not detected
Micrococcus sp. 1,160 /1,810
Filter Staphylococcus sp. 490 /1,810 a ed=rE A w2 gEolH Aol Hls] w3l
Sphingomonas sp. 160 /1,810 LAETE F2 FL3 AFelIqdTh o] AL ARE-gH 7|7ko]
Staphylococcus sp. 70 /80 02 AFET 19 o AW, =5k ARgSgE $0] vt A&t
Front broad Bacillus sp. 1080 oz e FPud B St FAEHA] HEel
Back broad Sphingomonas sp. 40 /40 2hal AehE Sk
Staphylococcus sp. 40 /90 Product D= RF ARFAONA ARESE AlF7] AlFL
Condenser pin Micrococcus sp. 40 /90 HAE QHE A4S f% AR AFHF9= Fig. 19 o
Sphingomonas sp. 10 /90 ERRIT) o] AFAME T 459 A AAFH 459
Base Micrococcus sp. 210 /300 A AAF7E AEEAT ]‘H‘—«] 35, AF] e
Staphylococcus sp. 90 /300 21X Micrococcus sp. © o3 LAETF 7MY =& A
o8 e, tiFE B9 9= 10°CFUem® <
sp. o ol SHET TP =2 AoE UEWy, 2 © & Y9k HEPA filterol A 10°CFU/em® 502 &0l

inlet, discharge side, water tank inside, pre filter9} virus
filterol A 10*CFU/ecm? ©]49] =& 29=S Fosint

(Table 6). °]= %7

A g 59, filter T4

g Ase

Y7ot ESHAME & 2957t Ve wj&Ed
A Eo] A3 % He FRAAMEZ vAESY LEE7}
=8 & Ut A & 5 JdAT T OE AF ¥

St TH(Table 7). wr3@°le 7, i F9ollA
Cladosporium sp. o ©|3F QAE7} 7P && AR
ERAL, Q9EE 10°CFUem® ©l3t2 #A] &2 218 &
Q18HATH(Table 8). ole2ldt A#E Fste] AR AlFol
CetE AMgahe 33 270 webd e LF FES
Yetls A& AtsEh
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olde] ¥ VIS AIFANA EHT o md= A
HE T BHH, AAFES
coccus sp. 12]3L Bacillus sp., JdF2+= Cladosporium
sp. ¥ Penicillium sp.7} TFFe F71 QA Foll 3542
2 9dEo e $HSA Aem ENHUY. o] 43
= A7l Sl SAsks 4 A=l digk =9
T;}‘——— o:]_’?_ﬂ‘p}_]7|8|92021) -j-‘—‘q_l_ E %7]%01] Staphylo_

coccus sp., Micrococcus sp. L8| 3L Bacillus sp. ©] $-3

AFF=2 SAgTE S99 A+ Aol fAe o,
7] o $HTLE EAskE ol PlAd=Eel 714 s
AFoNA AWl 3718 A3 £3sh= er* <ol A&H
o7 QAE7] Wi F7I8sAES] F8 2H T
A 3 MAER HAE HJAT ddEY B3, HEPA
filter F-$JoA &Fo]e 9_0‘34‘ ]' =& 7S HEPA ﬁlter
o A9 MR o 3

Eg3t7] ool o] FEollA %%0191 A=t %‘iﬂl ‘/P
Ehte ZloR dAdEn®. meiA, olE 1A SHAFol

o]

Staphylococcus sp. Micro-

A 2= nAE 99 Holo] e =r|Hel AFH o A
FH2 nE ARSI} o] FolA A GErhE 28lE A
Warle] tat 23} 9dS gur & S gle Aoz W

A,

ForPRNEe 2o 91 2ol 5
=] 7P AR ZE] AL ofde] § FellA 4717t
AREEAE F7IASAIEAA FEH R e e
NaFe 7159 48 AFF/FA Saphylococcus sp.,
Micrococcus sp. ZL2| 3L Bacillus sp. 1 AL 2 FA )
TH(Table 1, 3, 5 and 7). ©°|& AMadE&S AlgolA A7
o] HolE frdshes WA8 ¢ AF 5o FHE st
= Altol o TSt Q= Zioi BHALES QIep,
olo] ol& HF T tEA #FE° 16S rRNA gene
sequence A& HIROZ phylogenetlc analysis #2475 Al
=39t 1 A3, Bacillus sp.2 7F EETETE
Bacillus amyloliquefaciens®. Micrococcus sp.2 w52 &
2l dF= Micrococcus luteus® 123l Staphylococcus sp.
2 289 dF= Staphylococcus epidermidis 1 HAO=Z
A HATHFig. 2). o] A= AW 7l Al+/F &
ollX|= Bacillus sp., Micrococcus sp. “L2| 3L Staphylococcus
sp.2] Gram YFAdo] -3 AL Staphylococcus sp. <
FEo] S aureus lﬂJ_ Micrococcus sp. ¢ )52

M. luteus 7% S-S Athe AFAH? ARSI
SFA %, Bacillus sp.2] 7§~?—E B. subtilis 12]3 B.
megaterium 7} $-F0lehs Balok= ThA Zol 7} UATH?.
Ao F7FsAIF Wel L] U= AL
2 B89 B amyloliquefaciens= EJNA &3] E=E
HO T AARANYPNA Eh Aol F&3HA AREEAL 9l
= Ao ® AlgA B8-S dodA= FAIN AF

(A)

Staphylococcus capitis subsp.

76

+— Staphylococcus caprae

Staphylococcus saccharolyticus

Staphylococcus sp.
38 | Staphylococcus epidermidis

Staphyl 15 aureus subsp. aureus
Staphylococcus petrasii
Staphylococcus warneri SG1

Staphylococcus pasteuri

ooz !
(B) 74 Micrococcus sp.
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Fig. 2. Neighbor-joining phylogenetic tree of Bacillus sp. (A),
Micrococcus sp. (B) and Staphylococcus sp. (C) isolated from air
solution products. Bootstrap values based on 1,000 re-samplings
display the significance of the interior nodes, and are shown at
branch points; only values displaying > 50% are given. The scale
bar represents a 2% estimated difference in nucleotide sequences.
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