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AMNKZFREFX v 2 /NZXIZH T D PM,, D
EMFENBSH S DT ERERE
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REH % Rl 2N e RO FThb T
VUV OTGIR - MEE LRI b2 0, AR A RN
Yo TRAMORTiEL L I22Ls 2. z7uy
WE05~5 umFEOKE SOHM R 20~ 100 pm DK X &
DOIEED &A%, FFI2 25 pm DUTF O/~ & iR Tk
WH (particulate matter, LA PM) DI & & PM,; &\
V. BOREC ETRAT Y. PMy, oMM (11340
2 & 0 WP AP E ISR IR () - 4D
X DB AR O ES S SR ShpEsh” ™,
MNENOREHEREIF A SN TV S, 2018 420 WHO @
FTICE B L, PMy; SO KATHYIT L 2T H UL IR
THEM 700 TNV TH B EWEENTWE, F72, RET
EHTFERO L) R AEEMICBNT, TV —F D
L— & OBEEETRET S PMy, SRR AL S L
W72 DI PMys IREDS LA L, ZOREIIH Lo 5 5L
LB I TWEPY,

I7 BV VIEREAHRZFELTWARIZ, 7 ARKEK
LT A L THM MK - TERBIZE L, 20—t
KA ZFE L TWBEIZY A V2 RHE, BRSEDM#5
T2IETAAF T NERLYTY N FT T
Vide b OREBERS KRB RS TR, EERO
NG VARKAT O 2O R G5 2THE0"Y, ek
RIS - C 1 SOBEAR LV ™, z7uy
WK T DREEZRRT LEORE o TEDORELXR LD
LEMEICDRELBEEG 2 TwEY T — Tk T
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ORI FRMEN 2R L, W E0RES 2 a3 5%, &
BRICTIAOMBEE L7256 H B, WHE, HE
KEETHAAE L7285 S M A S iz & ) iF ek
bdH DY, PMy, IIMIE (EEE1~5 um F21) & AL
DORES LIV ENS, MEOERAE 2D ) 20
AMEVS LI L TR E LTRWAZ B S . £
ZCAMETIE, WEKERICERET 2 LN KREHRF v~
IRZIZBWTNN, A7 a8V, FFIZ PMyy DAMFEHIB
D OEREMAE R O 247572 (Fig. 1a, b).

2 % B

2:1 PM,; HEEE

BREEBDED B [0 E AR IR B 4] 12
FEWY, R TEO KRR T R E LA TN 5 PM,,
THERE 2R L. PMy, ERE I, < VF ) AV X
r—FA4 87 b (MCD) $ ¥ 75— (HEFA Ly r),
Y A713 Yy bua—7— (MQV0020BSRN0O0O00OYO, Azbil),
~A7uay ha—7—{RE#H HEPA 7 1 )V ¥ — (1602051,
Flow Balance Filter, TSI), W5[K > 7 (NLY-60, B35
ALy 7), W4 Ly b (REsA Ly 2), #hEEH
YIWF— (HEFALY7) OROVPOLBEENS.
MCIH 77— 1ERBE 2BEAICIEN—FVEODT v
FBIENA =T AMHMET 4 V¥ — (47X20 mm
TX40HI20-WW, PALL) %%#% L, 1B HTIZ 10 um Pl
DRAF%Z50% 7y ML, 2BHTIZ25~10 pm DR %
50% H v b3 HIELNTES. FLT, 3EHTRREY
R— 1) Y7 PTFE 7 4 V% — (47 mm R 7% 2.0 um,
66695, PALL) FICHUNEFIRWE (PMys) ZIiET 5.
WE IR v 7 O IR EIEHETH S 16.7 L min™' 125k
ELWEIS 528 Ttk 17- 72", ~A27uay bo—
T — TG T 5 RAOTEA R - #BL, ~A7oar
Pa—5 —fR#EHHEPA 7 4 V¥ —T<YA703 Y FH—
T —=~NOKGOBRAZRVZ, EHIHEEH VS —
)5 2 & TRHEN R ZT- 72,
FUNRFAFHRF v 282 (AT WX ITRE) 8 T,
2015 4E 3 H 21 HA*5 22 HIZA T T PMys i HED 1 B[
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Fig. 1
matter

Sampling location of airborne particulate

(a, b) Location of Ito campus in Kyushu university,
Fukuoka, Japan. (c) Collection device was set up on
the roof of the lecture building as indicated by the
arrow.

WA 140 pg m™ L 2 ), EOBRBILHEM (35 pg m™)
EREL RN AEA LI LIFTESH STV Y, BEED
FHE LC, MiERETBYORE LICRRET 254, [HRI
OO@EEIN30mEBIZ TRV E I BEDLNTNAS.
ZZT, JUMKREFEF v /3R 3 SR P iR L
ANR—=A (M BB 10m) ZHRESBHE L GEEL
(Fig. 1c).

41X 2018 4E 9 HH 5 2019 4E 2 HDM, 4o HIWIC
B C—E MBS & 1Ao7z MCIY Y75 —% 70 % T
5 —VTRE, LT 4y —%IY T TGRS
T#16.7Lmin" & %5 X )R SO, EE G L2
B, WERTEOWS R Y 7OWHEA 16.7 L min™ Th
52 L BRER L. WiER, WRFE Yy PRV
FTL72T7A N —F2MOHL v v —LVICAN. JHfEHRD
T4y —id, BEEELORENEICH]T S D OIEER
WCCTRAEL, MIBOBGEICHT 23013 It vIi=y
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LTy Yy —LTLAAENRL, —80C ICTHRIFELZ. £
7z, AU & 507 F TOEPEFEO LB E[ET 5729012,
RKEHOT AN =% X —LVIZANTT I Y774

= LTHM L7

2.2 EEAE ;

MERBEOT A Ly —OERED L LT3 7 0 KH
(ME5, VMY DR - Tx8y) TRY, ZOHEBEZH
L PMy DEEE L ZDEE, 7407 —OWRE
ME2EZELRZTINELSL 2. BREAOEDS [HE5E
JIBUNEL T IR R SR T, 74 vy —% T215=
15t,mﬁﬁﬁ%r5%f:y?4vazyﬁﬁmﬁi
B35t mnbhTus. Ll ERENICEN
TCO&MEMWIZT I EIINETH - 72720, RERRICE
WTIE, BREO74VE—%2 737 —4%— (2791801 1
=y bFY A —%— FENiE S A4 7) UD-1IESD, 7T A7 )
T 24 BEREHE L, —@E (20 % Kii) ZfR-> T2 5
FETHrIEELT.

KREH D PM,; B, %, 10ughr', 1HH2HT
b 200 ug FEEETH 5. 24 BERH4E Tl PM,, O IFFE R &
EMEIZHE L VW72, 3 HED L < 1 R CTHitk L
THEBWEXT-72. ERlE, BREEOKRIGIWHE
IRBEM Y AT LAOZL TORPHREINTYSILHE
(WRWHXKRTHR) LA/ @@RTHX AR THlE
ENT2PMy; IBED 1 B 72 ) O L 57— & g%
v, ER L 72 PM,; 4R35 O VEERHG 2 17 5 72.

2-3 WESHAE

ARV E T WHMSE (SEM) (SUS500, HYNA 727 /1
V=) THTOWIRBIGE LR 24T - 72, TRl
bNiz7 4 vy —Iid, BIERICEAINy ¥ EE (MSP-
mini, EZEF/)NA Z) 12T, EE 3nm I— b L7

SEM Tht b N7z & X U Wi{R#EMTY 7 b Image ] Z H\»
TAEALILEE 2 1T, KT O 2 B O & A% LT
EEZRIHET L L THTORESZEHKR L. REBRT
X, 3 HRii%E 7 « vy — (201849 J§ 25 H ~28 H 47,
2018 4E 10 A 1 H~4 H%) OSEMIEE (745 —15
um X 25 um OWR 4 B55) ok TORE S ZFHIL, K
A & SR 7.

94 EEFHMEOEE (HEHEER

B L 72 PMy, (R 2 15 20 25 A& M 2 72
DI, MBI & 17 o 7. MIBRMAT I IR e & 4
HEEREO o0 kNS b, BRIEBRETHLHHET 4NV
y— o MO DNA B3 5 bk aE I, Kt
B LM O 1R W B 2012 C X B T D D B — i
T, WPEDODNA LOPFELZVD, R AT —Hj



J—F
25 T
Bl Kyushu Univ.
[ ] Motooka
20 4 E Ishimaru
- ]
g ]
g:wi
Lf)_ E s
o ] ]
s 10
o
5 - |
0 i
NS w0
58 : S

11/14
11/21
11/28 1

10/9
10/16

Fig. 2 Hourly mean value of the mass concentrations
of PM,; during the sampling periods

The dates in the x-axis indicate the first day of the
sampling week, lasting 7days, in 2018.

PG (PCR) TR TE WIS H S, 22T
KEBTIE, TTHET VT =S LRz &
LEDbND PM,; RiFEL, €DT%, DNA i3 2 58
W ERAT o 72, EERGERDNE, BiEMHC X o THgE T
LMW oOMEEERE (&R0 2%) LTLEIN, f
FIZDNA ZHH L CRIET 22 LB TE L7720, SHIE
SRR R PR L7z,

REBTIE, HELZPM, CHEBELTWEEEZLZLN
LB ORI T 72, FHE ~) 7~V —Y (SCD)
FERFH O Z Vv, —80 C THFMEELF L 72 PMasy
WETANI—RET TV 7747 —h 5 PMy; % 1L
L7z, 7407 —%8545 L ClsmLYAf 27 0F2—7
WCANIzOH, V) Ik LB AR (PBS) % 300 uL %
Mz, 15MFVTy 7 A L. ZOBER 100 uL % SCD
(M) 7 by —%) X5 (51048, HAKEIE) Riz¥H—
WZoIXL, 35C Tos i L. [ v Fax— &
EXRFHIZPBS # 2mL Az, I¥F—IVHBTHELLH
KEREGLEDBOED, <4 70F2—FIEILL 727,

Bacteria Screening PCR Kit (RR114A, ¥ % 954 %) %
JAWTERZE L7255 DNA ZHhiE L, PCREEIZX D) 16S
rRNA EIEFZWIES ¢ 5 2 & CMBEME 2 M L2, ENT
T4 =X ) RIBH & IVE R TR %A CBENARR
DWME, FBSTIAT—IZX DL Y AFHEZGELNTF
VABROEMT FYRF AR 7403y ABED
BEEASRINT X 2%, PCR JUBSeMHE, 95C 145, (95T
308, 59°C 308, 72°C 30#) x30% 4 7, 72C 14
E L7 PCREDF YT NIE, 2% 7THARB—ATVEHV
THERLAKEZIT- 72, REBETH W2 PCR ¥+ v M, PCR

=0, R N, SH, 23R, Y I o JUNKESEGHRE Y L SAUICB A PMy; ORI SO L ERERE 743

(a)

Fig. 3 SEM images of the PM,; samples collected on
PTFE filter for (a) 7, (b) 3, and (c) 0 days (without
sampling)

FEP KB R TV E A 7 W & & T NIRRT SE
A3, ENT 754 ~<—=12XD, %420 bp (KEBW®D
Ytk 424 bp) OV PP END. F72, LY AW
EHEUNFVARBBROEGT FYRHEZEGAY 7110
Iy Hh ABOWHIHFAETIUL, BSTIA4<—I12XD, &
380 bp (NNF IV AL L AW OBEIE 381 bp) DN RS
BeliEhs.

FofhE L7 DNA W, RIS — 7 v AfFTH— ¥ A
(LB Y A5 4 - H4 T2 ) 12X Y 16S rDNA DR %
v, ME#EORE %175 72

3 RREEH

31 PM,; DEERITE

PM,, i TPM,, 2 L72h DT AV y — L ff
T DRDT AN —DEVWEHELL. HEEO 71V
F—3WEMO T4 NI — L HBRL TR A>TV AEZ L
W motz, SO ENL, fER L7z PM,; ifEEE TK
AHFPLMETETVE I LATRE N, PUilFME LIC
T 1BEMIE L2 PM,, 0ER %, REH KRG WA
WERY AT LZ5FOROMEN 2 28 OtlF - AHL
J&) Tl L7z PMys IEEEZ JLER L 72, Fig. 2 &0, FIz1E
20184 11 H 7 HA»5 11 A 14 H ¥ TOHETIZ, LK
H T 11.80 ug m™, JCHIR T 14.99 ug m™, ARFT
1312.32 ug m™ TH > 72, PMy; DR OBEEE I3 & %
REEORG LM, FEROHBBRESFICRE B EZ
I 5. BN X 5 T PM,; OERFIGMICEDLA Lz0Iid,
RBEMEPTENTH S LEZO5NLD, JUNKFEOHE
FEMIRNEE 2o TB Y, ZHEEHE JulkET
EENEE, o 2 BT BRIINE) OEWIZHET
bLEZOLND.

3-2 REB=E

WHELAT 4 VY —% SEM TBIEL-LZA, 740U
5 — FIZ PMy; 2 fERR L 72, Fig. 3 OEH LV, 3 Hfi%E
L7274 V% =9 51% PMyy DIEIR % —RL T L NV CTHER
TELD, 1HMWBELZZ T4 VT —TIZ7 14 V7 — DM
HMEWCHRE T BELCTHBELTEBY, PM,y; OBIREHER
LONHEL D572 PMys 1, KEZIIDLHLAADT L, §t
IRRPERIRTE, $AGIIRE LB 2PN E o T2.
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Fig. 4 Size distribution of the collected PMy;
measured by SEM images

The particle size was defined as the equivalent circular
diameter. The number of particle samples are (a)
from September 25 to 28, in 2018 and (b) from
October 1 to 4, in 2018.  The number of samples are
(a) N =572 and (b) N = 328.

Fig. 5 Trypticase soy agar plats culture of (a) 7-days,
(b) 1-day, and (c) 0-day sampling period

3-3 NESHAE

o) LTHLNA WG SHBHMELZT 1V
¥ —) 25, WREHTY 7 F Image ] & i\ T PM,; DR
B2 L7z, Fig. 4 £V, WINOMEMBTL 0.1
um~3 um ORFED S OPEEL AAFELTE Y, 204
~0.6 pm ORLF-H% AFIET B 2 L35 H o 72, Fig. 4a
&b OFRARIE, FNF0.789 um & 1.01 pm TH D,
1um LToORTFoOEEG2 KT L L, 2hEhe0 % UL
L75% METhote TOXD BRI, B
m%%o%ﬁkﬁ%@(w%ﬁ#%2mﬁﬁow$@t%
OO VO 7 4 V& — I SN2 KER
BE) ORLEESAT EFBL T, KEhon7a v o
R, MO RT S EBESNTEY, KiE04
um FICE =27 25 0 3 um FEEE F THRIL < 504 5 5 /b
KT-&, 15 um FICE — 2 2% 5 KK & 2 HDR R T-0
TODGHNH B, A NG AL B RO BN T % B
LZLTBY, UNKRFEELOFAELZZDDITMZ, Wb
JUC &) P ESED ST TE b Db EIhb %2
YR

3.4 DEEEEXCLIMBOEEDIS

PMy; i 7 4 V& — 2 S L7z % SCD (MY 7
by —%) FERFHI TR LR, OB KOFTE
BB I N (Fig. 5). SOOI EHD, PMy, (SIXHMITH - 2L
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Fig. 6 Agarose gel electrophoresis images of the
PCR products amplified with (a) ENT and (b) BS
primer

M: 100 bp marker (OneSTEP Ladder 100 (0.1-2 kbp),
Nippon gene Co., Ltd., Tokyo, Japan), N: negative
control, P: positive control, 1: PCR product of 1-week
sampling period, 2: PCR product of I-day sampling
period. The electrophoresis condition: 2 % agarose
gel (Agarose S, Nippon gene Co., Ltd., Tokyo, Japan),
100 V, 50 minutes.

= Bacillus 79.4%
= Lysinibacillus 12.9%
=Other 4.9%
Paenibacillus 2.6%
= Gracilibacillus 0.13%
= Solibacillus <0.1%
= Clostridium  <0,1%
= Oceanobacillus <0.1%
= Microbacterium <0.01%
w Paenisporosarcina <0.01%
= Rummeliibacillus  <0.01%
u Lactobacillus <0.01%
= Stenotrophomonas <0.01%

Fig. 7 Composition of the partial sequences of 16S
rDNA obtained from PM,; sampling at Ito campus in
Kyushu university, Fukuoka, Japan

WEIMAE, b LCIRRKREATICHELTWD 2 EAVRE S
N7z, BARORRIE, RSP, MHER, SRIROBRAHG
RIS TW B S DEREA THo 72, WO BRI
o, STV, R, ZPuEuaSERdo7. 72, 6
HFIART R R & - CTHRAROE - IR - s® ey, Hlik
HM ARV EREOEDE , I X - Tl - 1§
OHFEIIRLELZE D Do 72,

3:5 PCREICLZHEDHKREH

B LUEARZER A SHY L, DNA M %
1172, PCRIEIC & Y MHIE O G HFNEHIEO M &
Bi% % &2 16S rRNA BZ T 2 HIR S &, PCR EWZ T4
0 — 27 VESIKEIT A2 L TRy FEERL: (Fig. 6).
K7 4N F —ORFE L 72W R 5 O DNA i O PCR
FEPIZ BT, Fig. 6a D ENT 77 4 ¥ —Tl3#y 420 bp 12
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NV RIIHERT & 2> 7205, Fig. 6b D BS 754 <% —"7T
1349 880 bp (2N FAMERTE 72, T enb, HiFL
WA NAER O WA L R WS, NFLVRAEE
EAF 7403y H ABOREIITFIEL TWDEZ EHUR
SN, IThFECHEOIETHELZEDH»S
Staphylococcus R Bacillus AR S LT 5 oz
5, JLMNKHAPHEF v v 7S 2 TRk L7z PMy; (21, HE
THE L2 EB L MEOWHESEEN TS 2 LB LR
Elrole, TOMENSIE, BFERTHLTREED S
DT PMy; BSEDREE L D X 9 2 b7 THITH #2270
Do TVENPEHETHILIETELRWVA, PM,; DYHE
ALZEIGPEIR & AW 22 I B o S M O AFAE & OB % B &
MY BT L, BEREORLEZ ABD L5 2 CTHOEE
Ths.

SO ICFEM M E ORI E LT 720, KL 2RO
16S rRNA DO¥EFEELYFEE 2 47\, MR REAE O 2 -~
7oA R & Fig. TITRS. MU SNZ2WAEL, Firmicutes '
Bacillus (79.4 %) D35 % <, R\T Lysinibacillus (12.9 %),
Paenibacillus (2.6 %), Gracilibacillus (0.1 %), Solibacillus
(01 %) Thotz. NFLRIE, TEWBHELY I v
WEie L, PEOMIE CES LB REMNTH L I L
BHISN TV S, BIZIZERTIE, PEKRED S OWD
DBIE S NP F U ZAPKILE R TW B, NF L
Z WO B OHIE TH 5720, HARMEZ B TREE
HkIhed v, ZOFERTIE, HPoY—X VI PM,;
ZRHRML TRV, SUNKRFETORME L 72 PMy; 1213
FNANREGEN TV, BT, 2O PMy; DICES
BiziioTH 5T, hEKEE UNKETOMBEREO L
BT — bz, Bl E7z PMy; & Bacillus DR %
BETHIEIFITERW. L2LAEDS, EFITE W PM,;
TR BEHTRETH D, PEKRKEDS PMy, 5D
L REEMNEPEE T RELTZ TR YV E L THIEAS
BHLTELWEEDED RV LS, 5% PM,; %
BTN F T 1IN O AR A B O R 2 AT
DRI A.

4 Kk =]

S OFEET, WMNKFPFREBE v 2RI THIKE L2
PM,; OFE - JBIK - RESAFOEBVSP S L o7z,
F72, PMy; 22 BRI S MR REICIE, NFIV AR T2
AF 7483y AREOWHPEENSZ L%, 16S rRNA
OTEHRE D LICHERE L 72, 5%, PMy; @ XV #fl 22 4E)
FEMOTAGF & EDRIFIZOVTHEN KD SN B,

E i 3

KT DO—E0, BARHEHMN - £ 7 X= 3 V&N
TS B R SR B ISHEE 7 12 25 2 (ImPACT) O —

=0, R NEE, WSH, 23R, Y M o JUNKESEGHRE X LS AICBI A PMy; OEWIEEINEBLE SO L EERE 745

BLLTERLL-DDOT, ZICHEERLET.
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Fine particulate matter sized 2.5 um or less, referred to as PMy;, causes serious air pollution
in urban cities and is responsible for several health problems, such as respiratory disease and
asthma in urban populations. Although seasonal Asian dust, called Kosa (~5 um), has been
extensively studied for over decades, and has been shown to be an allergen in Japan, the
influence of PMy; on human health has remained unclear due to the intrinsic chemical and
biological complexity of isolating variables for study. In this study, PMy; was collected at Ito
Campus in Kyushu University, Fukuoka, located in extreme western Japan and its physical and
biological characteristics were analyzed. The presence of bacteria, Firmicutes genus Bacillus,
Lysinibacillus, Paenibacillus, Gracilibacillus, and Solibacillus in the collected PMy; sample was
confirmed by culturing and conducting DNA sequencing of their 16S rRNA gene.

Keywords: PM, 5; bacteria; 16S rRNA.



