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Abstract: [Background] The abundance of airborne microbes in urban environments, as well as
their community composition, dispersion and transmission, are influenced by diverse factors
such as regional environmental and meteorological conditions, which have profound impacts on
the urban environmental security and the health of local residents. [Objective] To investigate
the spatiotemporal distribution characteristics of the abundance and community composition of
airborne bacteria and fungi in different urban functional zones and administrative districts of
Xiamen in Fujian, explore the main influencing factors of the spatiotemporal distribution of
airborne microbes, and evaluate the potential risks of pathogens. [Methods] This study
employed a large-capacity sampler to collect bioaerosol samples from several urban functional
zones of Xiamen in the summer of 2021 and the winter of 2022. Real-time quantitative PCR was
employed to study the absolute abundance of airborne bacteria and fungi in different functional
zones and administrative districts, and their correlations with environmental factors were
analyzed; The composition of bacterial communities in Xiamen Island and Tongan district was
analyzed by metagenome sequencing, and the risk of potential pathogens was evaluated.
[Results] The bacterial absolute abundance was different between winter and summer
(P<0.001), with the that in winter (average 2.17x10° copies/m’) being approximately one
order of magnitude higher than that in summer (average 3.18x10* copies/m’). The bacterial
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absolute abundance was the lowest in the parks and the highest in the industrial areas. The
fungal absolute abundance showed no significant difference between the winter and summer,
with that in summer (average 4.24x10° copies/m’) being higher than that in winter (average
8.95x10% copies/m’), and the lowest was observed in the parks. In summer, the absolute
abundance of bacteria and fungi were the highest in Tongan district, which was significantly
different from those in the other three administrative districts. In winter, Xiamen Island had the
lowest average bacterial absolute abundance and the highest fungal absolute abundance, which
showed significant differences from those in other three administrative districts of Xiamen.
Within different radius ranges of sampling sites, the proportion of green space had a correlation
(P<0.01) with bacterial absolute abundance. The bacterial absolute abundance showed
significant correlations with environmental factors such as NO,, PM, s, SO,, temperature, and
relative humidity. However, the fungal abundance only showed positive correlations with
temperature (P<0.01). The community composition results revealed that the dominant bacteria
in Xiamen Island and Tongan did not exist the significant spatiotemporal variation. The absolute
abundance of potential pathogens was significantly higher in winter than in summer (P<0.001)
and higher in industrial areas than in parks (P<0.05). [Conclusion] The absolute abundance of
airborne microbes in Xiamen was at a low level compared with that in other cities in China. The
absolute abundance of airborne bacteria and fungi showed significant spatial variations. The
airborne bacterial absolute abundance exhibited significantly seasonal differences; The absolute
abundance distribution of airborne bacteria and fungi in Xiamen showed closely relations with
environmental factors, with the main influencing factors being different. The bacterial
community composition showed relatively stable spatiotemporal distribution in Xiamen Island
and Tongan, however, the risk of potential pathogens was higher in winter than in summer and
higher in industrial areas than in parks.

Keywords: airborne microbes; abundance; real-time quantitative PCR; spatiotemporal distribution;
influencing factors
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IR BeAh, Al A i b X 28 SCE R 4 %o 3 5
B R AR S A R 8 i 3
Wang S5 F F A By SRR R, HE 2T 5
WA FRE D LR Bk, HATLA
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Ay 3 DXL B DX R T80 B DXO) RN RR X (FE 36 X, i
X, [ X)), H ] 5 JC R e T
DX, 3R AR RN 22 5% K SR K e 5 T[] 22 X1
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Tablel The information of sampling sites

A7 X, IR RS, ZE i

Administrative regions Functional areas Sampling sites Longitude (°) Latitude (°)

JE 1% Xiamen island JE % Street D1 118.085 392 6 24.459 530 26
B Street D4 118.100 388 9 24.485 993 15
B Street D7 118.148 088 7 24.489 477 49
5B Park D2 118.084 238 8 24.461 251 77
3 BEl Park D5 118.100 695 7 24.480 105 77
3 BEl Park D8 118.146 578 7 24.485 935 10
3 BEl Park D12 118.093 225 5 24.451 343 67
JE X Residence D3 118.085 936 2 24.457 920 34
JE X Residence D6 118.105 476 8 24.482 043 58
J& X Residence D9 118.157 544 6 24.494 431 56
J& X Residence DIl 118.176 073 0 24.476 271 00
TolkIX Industry D10 118.152 062 0 24.490 956 00

[ [X. Tongan B Street Tl 118.151 630 0 24.718 569 00
B Street T4 118.140 460 7 24.709 108 90
B Street T7 118.159 604 0 24.685 130 00
2\l Park T2 118.153 241 6 24.722 050 22
4\l Park T8 118.161 379 0 24.682 855 00
4Bl Park T14 118.129272 6 24.725 166 84
43 BE Park T16 118.038 724 9 24.853 036 55
JE X Residence T3 118.154 671 3 24.718 422 95
JE ELIX Residence T5 118.139 549 6 24.711 659 42
JE ELIX Residence T9 118.158 789 1 24.680 034 86
TALIX Industry T6 118.136 875 3 24.708 395 69
TALIX Industry T10 118.153 317 7 24.681 405 02
TALIX Industry T11 118.124 995 9 24.719 100 57
TALIX Industry T12 118.118 641 3 24.704 571 01
Tk IX Industry T13 118.113 606 8 24.655 175 35

16X Haicang 18 % Street H1 117.989 788 5 24.492 770 97
1# [} Street H5 118.024 610 2 24.497 760 35
TE# Street H9 118.029 782 3 24.454 002 08
/N bl Park H2 117.968 232 0 24.489 324 00
/N bl Park H6 118.024 967 1 24.499 810 65
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(83 1)
A7 X, IR KA b 2R 4
Administrative regions Functional areas Sampling sites Longitude (°) Latitude (°)
2Bl Park H10 118.031 604 0 24.472 372 00
JE X Residence H3 117.984 907 0 24.485 445 00
JEEL X Residence H7 118.027 260 4 24.498 012 08
JE X Residence Hil 118.028 111 4 24.455 104 78
TolkIX Industry H4 117.990 459 0 24.494 154 21
TolkIX Industry HS 118.007 567 6 24.522 572 03
TolkIX Industry HI12 118.026 269 2 24.452 469 32
FEEX B % Street I 118.026 577 2 24.567 480 48
Jimei i % Street J5 118.050 322 0 24.572 601 00
B Street 19 118.090 025 6 24.596 096 57
T Street 713 118.092 202 7 24.581 13172
NPl Park 12 118.027 393 2 24.566 213 15
5Bl Park J6 118.048 003 0 24.571 885 00
45l Park J10 118.086 036 1 24.609 027 78
5B Park J14 118.094 629 6 24.580 242 49
4N Park T15 118.019918 6 24.685 298 28
JE X Residence 13 118.024 442 7 24.566 359 30
JE X Residence 17 118.050 981 3 24.569 169 02
JE RIX Residence J11 118.089 860 7 24.591 275 75
JE X Residence J15 118.093 334 2 24.580 729 76
Tl X Industry 14 118.026 768 9 24.564 961 76
Tl X Industry 8 118.053 649 4 24.572 327 89
TALIX Industry J12 118.091 783 7 24.597 217 05
TALIX Industry J16 117.977 527 5 24.596 542 94
TALIX Industry J17 118.031 839 7 24.588 986 74

1.2 FERFIALR

TCHEW Y0, R U A 3 B 2 (i) B
AR mhIR-20 W, AR RSKERHCA
FR 2> 7] ; DNeasy® PowerLyzer® PowerSoil® Kit,
LRI E (M)A FRAF; SYBR Green I
Master, &' [RiZ2 Wi ™= i (L) A RS A
NEBNext® Ultra™ DNA Library Prep Kit for
Ilumina®, 234 YHAR L) A RA A
Illumina PE Cluster Kit, K348+ E)ElFa544
HFR/AT . LightCycler480II 52} PCR 4, %
QW™ il (HH A FRA R R AP IR
K4S HighBioTrap, JURUMIERMHATIR A .

1.3 MmXESmaE

HEEZF2021 8 H 22 HE9 H 1 HRIAZ
2022 4F 1 H 2 HZE 9 H#ARE, FARTA4FIA
HighBioTrap RFFAFFES RAL R HIRAE 1 h 1Y
AR, WA, BRURSE 2 d, s 228 4~
IR . R R SRR AMFRE
El P

AR AT SR, R HAG
SRR 2 mL JCRE & 03, IR 5010
TERG SRS, B TR T, RS
29 1.5 m R BRI, R ECRAERTR] 1 h, id5R
FREFHHFNZE RS A] . RFESEHS, A 1.5 mL
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PBS Fll 2-3 Jifnki-20 ¥k, HIRS WA A Wi g
RS G AMEERF 15 mL TEEOE T . FK
SR A 1 mL PBS ¥R ok, B2 ik
T, RE RS SR L IR G YR 3 15 mL
BLDE T, IHERMES G B T-20 “CUKFE IR AT
.

FESTRALRE . Rl & A RSN 15 mL
BB ETE.ONR 7000xg 8.0 7 min 25 E
S, THRAIFRMAR, ket fliE 3/4
F 1.5 mL B.04% 13 000xg B0 2 min, £
THI, BT-20 °CUKFEIRAF 75 H]o 5 DNA 1)
B B8 DNeasy® PowerLyzer® PowerSoil®
Kit BEB A5 17,

1.4 4HE 16S rRNA EFFEEF ITS 575
X EE D

K H RT-qPCR HARME AP 16S rRNA
1 LB N R F% 51 (8] B X (internally  transcribed
spacer, ITS)IFAIMIZ4E%F 4, 16S rRNA KN/
51%14 16S_F (5'-GGGTTGCGCTCGTTGC-3") Al
16S R (5'-ATGGYTGTCGTCAGCTCGTG-3"),
ELIE ITS AR5 14} 1TS1 _F (5'-CTTGGTCAT
TTAGAGGAAGTAA-3)1ITS2 R (5'-GCTGCG
TTCTTCATCGATGC-3") . ¥ % & ¥ #
LightCycler480II SZif PCR 24 Hhitk4T, WK
% : 2xSYBR Green I Master 10 pL, 1FE. [ [a) 5]
Y11 umol/L)%» 0.8 uL, Bovine Serum Albumin
(20 mg/mL) 0.5 pL, %tk DNA 2 uL, ddH,O
5.9 uL, RT-qPCR Wi 254 95°C 180s; 95 °C
5s, 72°C30s, 45 KPEH; 72 °C 10 min, £%f
YT 16S rRNA FEIFELIE 1TS Jr 453 4 i br
HEdZE, R Excel 2019 YE780Ha A0 B, R4 E
EAEH I AE 5 (crossing point, CP){E 1144 5& [ F1
751148 DLEL
1.5 ‘MEEEERENFSH

VERRIE ] 5 A ) & X AL 45 D2 S A ke

sty T J& 7 DKL 2 e 43 B, i s SO TR e v 4
B, VPR VA i o 1) 2 i AU o B BB
A FE R 2] DNA, f#i i NEBNext” Ultra™ DNA
Library Prep Kit for Illumina®F il 5 SC %, If:
Wwinz5|. ffif Ilumina PE Cluster Kit fF cBot
Cluster Generation System | X}Z5|4mfid EEA
AT RIS, BEA¥ DNA SCFEAE Nllumina -5
PEATESEN T, A 150 bp Bl fr41 . I
JF 8 A kneaddata FR4FHE T BT, HE
i FH #r #E B9 Kraken2 %% 48 & fF Kraken2
v2.0.8-beta 1 Bracken v2.5.0 HEf 741 B ¥ Fh i
FE L IR T B2 R 5 L 1 B 2 A T B X o3
B, G54 4R 16S rRNA 5 R 46 Xt =F B Rk e
o DR AT o USSR VR A s D TR P %o
1.6 IMEHEIEIRE

AR 4030 A 1) T 428 a5 AR B S 1)
PM, 5. PMq.03.CO.NO, SO, Xi# (wind speed,
WS) . 7 (temperature, T)F1AH X E B (relative
humidity, RH)f X2 5k
1.7 BEFITE ST

MRS 25 3CHk[26], FIH Arc GIS v10.4.1 1
SERARAE E AR I (50, 100, 200
300 m) AR T DD RE X A9 AR, 4 Excel
2007 il pgeite ol JEAE . HEHL. AR K
FIRR M~ 6 > F 2 LA IZRA, 7E R v4.1.2
Hok F R A1 ggpubr B Wilcoxon. test PR Ji2 22
SR, LB . R psych fJF)E
Spearman A543, KA microeco 122 il 2 T
ZH B ARG S HEARAT AR 8], >R T R £ pheatmap
HI ComplexHeatmap JF 75~ 4 T A AH X = B FAAT

2 EREM

2.1 ZRMELSXFEE R = 5T

211 AEFEPHESHELWNEESH
AW 5 AS B T T 2R A 44

F RN 4.40x10°-1.63x10° copies/m’®, FI{E N
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(3.18+15.2)x10* copies/m’, TEAZ, 25 4NTH 4
S FEREJLE N 2.32x10°-2.61x10° copies/m®,
YIE H(2.17+3.16)x10° copies/m’, 5 7= 1y
| MRS A . R LA Bs, BAZEEH
Y 25 SO T 4 %) F FE AR AE 35 25 5(P<0.001) :

XZ>HE,

212 ARAV#ERMESERENEELH

R ZE, TALIX A2 w4 xt F B i,
444 B (8.06+£30.4)x 10 copies/m®, & TiE B%
B (1.95+2.07)x10* copies/m® HI J& R X
(1.8742.21)x10* copies/m®, 2 el At 20 B 466 %iF = JiF
A%, M(1.0541.29)x10* copies/m’®, Fiit/ s
B, 20l a5 SN TR 4 0 3 I 25 A T H Al
3AhEEX (K 1B, P<0.05).

SRR, &Z Tl X 12 S A0 4 0t 3=
FE i, H(4.06+£5.08)x10° copies/m’, =T 1B %
1 (2.03+2.49)x10° copies/m® HI J& R X (¥
(1.96%£1.92)x10° copies/m’, T2\ el 45 < 40 B 46 %F
F B A% (8.00+8.02)x10* copies/m’ . Hiit s
B, BRiERIX SN, HAbIhEE X Z 6] fY 28
AN A FEAE B E 27K 10),

213 ARITHXAMESHRLTEENH

B2, 7R s Sm e £ R, 4
4 (8.05+£29.3)x10* copies/m’ , &= T JE 15 /Y
(1.78+2.22)x10* copies/m® Ml £ £ X K
(1.42+1.34)x10* copies/m’, T XMk, M
(1.12+0.98)x10* copies/m’. Gil &, [F%
DX 200 B B e 0k 2 B8 5 HAWA T B X A7 A (B 3
#Z5 (K 1D, P<0.05),

SR ZEANA], &4 36 X1 23 AN e 46 5 3=
B, M(3.30£4.86)x10° copies/m®, 15T [A]%¢
X A (2.13+1.68)x10° copies/m® F1 1 & X K
(1.95+2.23)x10° copies/m®, i &[]/, Gtit
AT, JE B s AN R A 0 B IR T
fl b X (& 1E, P<0.05).

22 FTHEHEESENEENDHIFIE
221 AREPHESEHRBHNEESH

mE 2A FroR, AT 2R 28 SO T 4a %)
FEAMILREZES . AFAEREAX TN
Bl 8.19x10°-5.27x10% copies/m®, EHJF K
(4.24+8.26)x10° copies/m’; TMEAZS, H 4%}
FEIEE N 3.90x10°-5.70x10° copies/m®, “F-14
F2 1 H49(8.95+9.56)x 107 copies/m’,
222 AEMEREXBEMNEZSERENFE
Vil

B[ HW 43t fom Bl
TEE R, H(5.34£12.20)x10° copies/m®, 7T T
Wl X 1 (4.85+£6.22)x10° copies/m”® 5 Ji& B X fY
(4.30+8.85)x10° copies/m’, T2\ Fel 45 < EL A ) 44
XA Gt atr s, (A RF T X2
REW Mg FEAE R FER (B 2B,
P<0.05),

HEBAR, £Z23 S ARSI xT F
B IAEIE RS, H(6.50+£5.19)x10% copies/m®,
H5EAEKXKBMHEY, MTERXMW
(1.06£1.29)x10° ook X
(1.18£0.96)x10° copies/m’, Ziitm#r#m, Tk
XA I8 R 2 SR A A B 2
(& 2C, P<0.05).
223 ARITBHXANESEREMFEESH

B2, AN TBIX 2 S EE Y FE
T BEAR M [ 22 [X.(9.5212.8)x10° copies/m’,
B 1] % (5.11£7.47)x10° copies/m® , % 3 X
(1.83+2.81)x10° A V)
(4.08+5.00)x10* copies/m’, Ziit#r#EM, [
D E 40 2 5 HoAth X4 A 36 3 22
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has statistical significance. ***: P<(0.001; **: P<0.01; *: P<0.05; ns: P>0.05.
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Figure 7 Spatio-temporal distribution of potential airborne pathogens. A: Summer and winter. B: Tongan and
Xiamen Island. C: Industry, parks, residence and street. ***: P<(0.001; **: P<0.01; *: P<0.05; NS: P>0.05.

RULH T PMys. NO, FIZS AN 28X 2 A
BFIEMRK ., HEFEARKE, £FTIXYIE
S 0 P 2 S ], A2 Tl X Tk A 75 5l
A RERRCE 2 A R UBIRL , 2 Al R A HERIOK
o R . TR, AT REEA IR
TR . FEARR A B A £ FY, AT REAE
AFRONHE, X ATRESE T Ul T &A1
2 AN A0 R (IR T At 3 S IhREX).

7[R 22 X 2 A R 26 0 R 5 e T
Fofts 3 MTEUX . I ERTIA, XA R T R %
DX A8 Tl 2 7= 35 IR 14 22 R RUBURE ) A TS
Py, SEEANR, LFETHNE
IR A AR T A 3 AT X ST
By LA R R e ELR s 1 TV IX, i A2

RIS , XL R AT RELR A R8T Uk
W ok =F BE ARG 5 N RAR S .
33 ERERGEWNEEEAFERXFT
BXMOHESR

JE 28 REA  28 0 A 46 Jm 5 28 S AN
AR EE T, 2 EEIER IR &
PR A S RN Tl DX ) e Xo) 3 3 B i R Xy
FE, (EAY Tl K AN FE A 25 B 4 30 A 5
35 22 57.(P<0.05) . Tl X 25 Uk o8 U 458
Z, Moy FOE AL T3E S /NS, AT fE
T T KA S B4 R T AR & E
PRI REE, Tk X2 A E L g%
AL 3 AIhEEIX, X ATRERE [ 14 EHN AR
it Bl A 55 1 B

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BRF % | BEINMTESREYNNZS G ERESZImE R 1965

ANTRIAT B IX 8 2 SRR S I S A A SR
SMEIM R, LKA TERE
JE v T A 3 A IX X R RESE: T R 22 XA
TP A RO T B AF R SR . 5
A, &R LE R RS T
FCAA T B o ST I SR AR DX L A g )AL WA
FEE N B O S E R B R A A . Qian
SEBURRTE AR B, T R T ARk AR R v XA
AT Y B v TN, AR A
Yo iyl Refie o = TEE A A KRR T8
FREESR, Mt ERAIEA . A, RA TR
DRI 56 IX Y 25 SO TR 48 % 2 B2 Y AP 7E i 3% 22
5, X ATAESE BT P B IX A 2 SRR UL
R FHIERY | R A Tl A 5 A D TRTAY
a5 P
34 ZFMTEMETIBEMENFER
AL

VITEBETE R B, BEAE SR o 04 0, A
FILEC ERT 999 PR A o = 2 25 B! Docherty
5 R BRAN 325 71Kt 1T T R 1 D A H A - A
{19 28 Al 2 S R AR A PR RV AR . DL A
FEVEW] 23 S A P2 52 3 Jl 3 2 40,25 ) 4 1 3
FHZE IR EN o FEABIIEH, SR as [a] %]
23 T R 2 o TR AR 50 T LR Y RS
Sehr b, SRMRYE SR | ARG (s IR BT
UCERAE) . SR R SRS S A AR
ARV 2H B B AT G, JE 30T S0 B
AL PATFEEEWEERES, R, A0
FEM, MTHRERU, HEXFEEZZR
SRR R, TG sh 2 A 2 YRR
WKLY, JCHAEASCAE M, 7E2F42 100 m
Zeni DX N, R X A JRE A Ml X T R EE 1 A
FHIEM K
3.5 TEREVEMNFENFWER

VITERTFE R B, 12 IR MIREEIN -, 4

UEPI SRR . KAT5 4. K, KA
JE L WBESE, SR S S P A T FE IR I S 4y
AFHIE . AL, | SO, NO, Fll CO #efk
MR AR . AR G 2] LA KA A
EREFLRARKD, 2 e A 1
wERH, RIS E R AR ER, X
SERUAEHLALE N R B B R, 5 8
T PR SR R ERE S B 57 . Xie A BLRA
R Hh i TR B A B ) BN A ) RO I
AR AR R, KA
JE 5 RS SO, Hl NO, ¥ BE 793 5 R 25 7 RH G
FEARDG , A LA FEiE— 0 OF 5 i 2 o HLAh,
Zhai SFRI, AH TR ) T A AL /DN FURL(PM, 5
T PM, o)L R AUk ), X SARMF ST A KB
—3, B PM,s WHJE )28 AN 450 F A5 IE
ROV o

IR R B, FERG R, M 28 SR T
DA SR A < TR A . X2 R 2 SR iy
BIF R T KA AR AT, BRI T
FURSE RGN, 14 KRS B A0 5845 5 9k 2 7 i
FABH AR ST 4 A IE S T X Rl . 1]
25 SRR 00 2 FE 5 R AR R 2 A OG L X
AR TE N RIRZ W 8RR S SR )
R R 20
3.6 TEMAEBEEMIEBEFRERMX
g R

ABIESE e BLJRE 1) 28 AR A 0 v R A 3 TR
b 15 BA. it 7 1] (Pseudomonadotay 1 i £k T4 1]
(Actinomycetota), ‘B fi &2 A Y T 0 H UL
#1119, SQreptomyces . Acinetobacter |
Nocardioides I Sphingomonas &8 | ]2 < {2k
Y O o DL OB i 1 B A ZR TR Ay
fE, X5 UM ERAE —E 25 . Gandolfi
RIS P LS I & R AR R
WA 82 /R 75 T H (Burkholderial es) Fil i 28

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1966 A 2 AR

Microbiol. China

H (Actinomycetal es)7E 54 12717 S ALY, LT
H (Rnhodobacter al es) 7 i 1 Fit) 2515 = 13 o g 140,
Li o8 kB 1B 222 BE R ] (Firmicutes) 5
5% 1 1] (Proteobacteria) i {371,

AL AP S Pt 367 Fh
PRSI, 5 R TER IR B AR R,
FEOR ST EAARRE L ORI KRBT
o] 2 I P A R B RN BN B . e, BRSNS
FFE I PR H WA 2590 R, s sh
T TR ATt 247 258 RN B0 2 AR, 15 2338 Bt
JERYL R R PR R AR RS A T, TR
B FFIGGE | E e F A, e T RES
L RGURGe . WA . O NBEREDY; BRTE
Wtk Z A, ek AR M T A 2 DL 2 E i 2
B, SR G R IGIT 7S K A A B A i R 2
— U RS KB RV R A AR
RS T A, SR R ) A ST R A,
Jio BRATH A 2 5 T2 0 S T A e XU o T 144
T 2 SV AR TR 4 0 = R R T R R (B
7A), UL BT HE— L URAPEAL 4 225 S0 I 1 ]
RETE Y TR A BRE RS, o A, 5l — 25 1A
Tl XA 2 A A W T A AR R XU (6 7B)
TR - B PR RO, R i A o M A AR S
25 A D TR P A AR B T 5 D R R A A
KA, WG ERR IR 45t FRE R B, 5
DAFESCHERG EE AR, 11T 28 S RS e I T 4
Xof = B W A TR K | RS A Tl I,
DR b VR A Do o XU th s HA R A1 . kA,
S R AR Y, E s R R
UF, FTRE 0T R 2 () A E S J oA R 4 %) =F B
FRXH AR,

4 Hip

ABIFFEAE SRR, BT T 2 SO TR 0 4 %
JEAT AR B ZE T 0 B, A TS A A T T

BERTHEZE, HELAESHEEMAEN T
WELRR.

ETIRE XA =Hrki], AR EEX
(b ) FH 2 BROA [R] ) ) 25 A4 T LR 4 0
JEA W25 5 A W R R i A B Y
2 U T LT A X R A, T Tk XA
S E A R R, DB T @m )
AL REA B TR DX AR W A )
FETATEIX A S ) A 2, 2[R 2 X 2 <A
PRI LT 3 e T A 3 T, T AR
By ) 25 A i e 0 T P A AR, FL 48 X R
. S HA 3 AT B XA S 2R

ISR R R o A R, SRR R AL R e
s ] T S A N 2 B DG, SR T
2o Ml LR XS T A R U E e B ) v Ui
Hb, RSO HT B, JET DT AR 2 O o 4 %
FIREZ K AUNO, PMys. SO, ifit BEFIAR XS 1 B2
FIFENA , AN K BRI 5 2 UL 4 %) 2 S
WEAHC . BRI L 3R, R ) A R] 421X
I DE A B TR A B S8 0 s 258 i A R 3 s VB A i
A R U . A>Tl X>Ak ., 28
T, JET T 2 A e B S AR i, B TE
USR5 T 5 SEWF S A T IR ATEAL

REFERENCES

[1] CHEN XY, KUMARI D, ACHAL V. A review on
airborne microbes: the characteristics of sources,
pathogenicity and geography[J]. Atmosphere, 2020,
11(9): 919.

[2] KIM KH, KABIR E, JAHAN SA. Airborne bioaerosols
and their impact on human health[J].
Environmental Sciences, 2018, 67: 23-35.

[3] FROHLICH-NOWOISKY J, KAMPF CJ, WEBER B,
ALEX HUFFMAN J, POHLKER C, ANDREAE MO,
LANG-YONA N, BURROWS SM, GUNTHE SS,
ELBERT W, SU H, HOOR P, THINES E, HOFFMANN
T, DESPRES VR, POSCHL U. Bioaerosols in the earth
system: climate, health, and ecosystem interactions[J].
Atmospheric Research, 2016, 182: 346-376.

Journal of

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BRF % | BEINMTESREYNNZS G ERESZImE R 1967

[4] GOLLAKOTA ARK, GAUTAM S, SANTOSH M,
SUDAN HA, GANDHI R, SAM JEBADURAI V, SHU
CM. Bioaerosols: characterization, pathways, sampling
strategies, and challenges to geo-environment and
health[J]. Gondwana Research, 2021, 99: 178-203.

[5] XIE WW, LI YP, BAT WY, HOU JL, MA TF, ZENG
XL, ZHANG LY, AN TC. The source and transport of
bioaerosols in the air: a review[J]. Frontiers of
Environmental Science & Engineering, 2021, 15(3): 44.

[6] RUIZ-GIL T, ACUNA JI, FUIIYOSHI S, TANAKA D,
NODA J, MARUYAMA F, JORQUERA MA. Airborne
bacterial communities of outdoor environments and their

influencing factors[J].
International, 2020, 145: 106156.

[77 SMETS W, MORETTI S, DENYS S, LEBEER S.
Airborne bacteria in the atmosphere: presence, purpose,

associated Environment

and potential[J]. Atmospheric Environment, 2016, 139:
214-221.

[8] WALSER SM, GERSTNER DG, BRENNER B,
BUNGER J, EIKMANN T, JANSSEN B, KOLB S,
KOLK A, NOWAK D, RAULF M, SAGUNSKI H,
SEDLMAIER N, SUCHENWIRTH R, WIESMULLER
G, WOLLIN KM, TESSERAUX I, HERR CEW.
Evaluation of exposure—response relationships for health
effects of microbial bioaerosols: a systematic review[J].
International Journal of Hygiene and Environmental
Health, 2015, 218(7): 577-589.

[9] YAO MS, ZHANG L, MA JX, ZHOU L. On airborne
transmission and control of SARS-Cov-2[J]. Science of
the Total Environment, 2020, 731: 139178.

[10] SHI Y, WANG G, CAI XP, DENG JW, ZHENG L, ZHU
HH, ZHENG M, YANG B, CHEN Z. An overview of
COVID-19[7J]. Journal of
University—SCIENCE B, 2020, 21(5): 343-360.

[11] DONG LJ, QI JH, SHAO CC, ZHONG X, GAO DM,
CAO WW, GAO JW, BAI R, LONG GY, CHU CC.

Concentration and size distribution of total airborne

Zhejiang

microbes in hazy and foggy weather[J]. Science of the
Total Environment, 2016, 541: 1011-1018.

[12] LEUNG MHY, TONG X, BOIFOT KO, BEZDAN D,
BUTLER DJ, DANKO DC, GOHLI J, GREEN DC,
HERNANDEZ MT, KELLY FJ, LEVY S,
MASON-BUCK G, NIETO-CABALLERO M,
SYNDERCOMBE-COURT D, UDEKWU K, YOUNG
BG, MASON CE, DYBWAD M, LEE PKH.
Characterization of the public transit air microbiome and
resistome reveals

geographical specificity[J].

Microbiome, 2021, 9(1): 112.

[13]YE J, QIAN H, ZHANG JS, SUN F, ZHUGE Y,
ZHENG XH. Combining culturing and 16S rDNA
sequencing to reveal seasonal and room variations of
household
environmental factors in Nanjing, southeast China[J].
Indoor Air, 2021, 31(4): 1095-1108.

[14] EZQUERRO MDC, ACATA ES, MENDOZA CB.
Airborne bacteria associated with particulate matter from

airborne bacteria and correlative

a highly urbanised metropolis: a potential risk to the
population’s health[J]. Frontiers of Environmental
Science & Engineering, 2022, 16(9): 120.
[IS]FUIIYOSHI S, TANAKA D, MARUYAMA F.
Transmission of airborne

bacteria across built

environments and its measurement standards: a
review[J]. Frontiers in Microbiology, 2017, 8: 2336.

[16] AMARASEKARA RWK, VITHANAGE M,
SAMARAWEERA P, GOONETILLEKE A,
MAGANA-ARACHCHI DN. Effect of traffic congestion
and vegetation on airborne bacteria in a city of a
developing country[J]. Air Quality, Atmosphere &
Health, 2021, 14(7): 1103-1116.

[17] NATIONS U. World Urbanization Prospects: The 2014
Revision—Highlights[M]. New York: United Nations
Department of Economic and Social Affairs, 2014.

[18] RAO Y, LI HY, CHEN MX, HUANG K, CHEN J, XU J,
ZHUANG GS. Community structure and influencing
factors of airborne microbial aerosols over three Chinese
cities with contrasting social-economic levels[J].
Atmosphere, 2020, 11(4): 317.

[19] XIE JW, JIN L, LUO XS, ZHAO Z, LI XD. Seasonal
disparities in airborne bacteria and associated antibiotic
resistance genes in PM,s between urban and rural
sites[J]. Environmental Science & Technology Letters,
2018, 5(2): 74-79.

[20] BALDRIAN P.
complexity and dynamics[J].
Reviews, 2017, 41(2): 109-130.

[21]1LI H, WU ZF, YANG XR, AN XL, REN Y, SU JQ.
Urban greenness and plant species are key factors in

Forest microbiome:  diversity,

FEMS Microbiology

shaping air microbiomes and reducing airborne
pathogens[J]. Environment International, 2021, 153:
106539.

[22] CRANDALL SG, GILBERT GS. Meteorological factors
associated with abundance of airborne fungal spores over
natural vegetation[J]. Atmospheric Environment, 2017,

162: 87-99.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1968 WA

FiE Rk

Microbiol. China

[23] WANG Y, QI JH, HAN C, ZHANG T, ZHANG DH.
Microbial characteristics of culturable fungi and bacteria
in aerosol particles of a coastal region[J]. Aerobiologia,
2020, 36(3): 507-525.

[241 XU WB, QI JH, JIN C, GAO DM, LI MF, LI L,
HUANG S, ZHANG HD. Concentration distribution of
bioaerosol in summer and autumn in the Qingdao coastal
region[J]. Chinese Journal of Environmental Science,
2011, 32(1): 9-17.

[25] XIE JW, JIN L, WU D, PRUDEN A, LI XD. Inhalable
antibiotic resistome from wastewater treatment plants to
urban areas: bacterial hosts, dissemination risks, and
source contributions[J]. Environmental Science &
Technology, 2022, 56(11): 7040-7051.

[26] E, MR o o2 5 M i b o ) [l

Ji5 5 R[], BT RS, 2018(18): 15-18.
WANG K, XU Y. Review and reflect on code for
classification of urban land use and planning standards of
development land[J]. Urbanism and Architecture,
2018(18): 15-18 (in Chinese).

[27] Yearbook of Xiamen Special Economic Zone[M].
Beijing: China Statistics Press, 2022.

[28] JIANG SY, MA AL, RAMACHANDRAN S.
Plant-based release system of negative air ions and its
application on particulate matter removal[J]. Indoor Air,
2021, 31(2): 574-586.

[29] XIE JW, JIN L, HE TT, CHEN BW, LUO XS, FENG
BH, HUANG W, LI J, FU PQ, LI XD. Bacteria and
antibiotic resistance genes (ARGs) in PM, s from China:
implications for human exposure[J]. Environmental
Science & Technology, 2019, 53(2): 963-972.

[30] XIE ZS, L1 YP, LU R, LT WX, FAN CL, LIU PX,
WANG JL, WANG WK. Characteristics of total airborne
microbes at various air quality levels[J]. Journal of
Aerosol Science, 2018, 116: 57-65.

[31] XU CH. Study on diverse microbial communities at
Ji’nan city and Mt. Tai, Shandong, China[D]. Jinan:
Doctoral Thesis of Shandong University, 2017.

[32] ZHEN Q, DENG Y, WANG YQ, WANG XK, ZHANG
HX, SUN X, OUYANG ZY. Meteorological factors had
more impact on airborne bacterial communities than air
pollutants[J]. The Science of the Total Environment,
2017, 601/602: 703-712.

[33] CAI HY, YU ZJ, AMANZE C, WANG SK, YU RL,
ZENG WM, WU XL, SHEN L, LI JK. Variations of
airborne seasons and

bacterial community with

environmental factors in Changsha, China[J]. Air

Quality, Atmosphere & Health, 2022, 15(5): 773-783.

[34] MHUIREACH G, JOHNSON BR, ALTRICHTER AE,
LADAU J, MEADOW JF, POLLARD KS, GREEN JL.
Urban
community composition[J]. Science of the Total
Environment, 2016, 571: 680-687.

[35] TANG JW. The effect of environmental parameters on
the survival of airborne infectious agents[J]. Journal of
the Royal Society, Interface, 2009, 6(Suppl 6):
S737-S746.

[36] XU AL, SONG ZW, LANG XL, CHEN X, XIA Y.
Seasonal variability in bacterial and fungal diversity and

greenness  influences  airborne  bacterial

community composition of the near-surface atmosphere

in coastal megacity[J]. Aecrobiologia, 2017, 33(4):

555-575.
[371DU PR, DU R, REN WS, LU ZD, FU PQ. Seasonal
variation  characteristic  of inhalable = microbial

communities in PM, 5 in Beijing city, China[J]. Science
of the Total Environment, 2018, 610/611: 308-315.

[38] FANG ZG, OUYANG ZY, ZHENG H, WANG XK.
Concentration and size distribution of culturable airborne
microorganisms in outdoor environments in Beijing,
China[J]. Aerosol Science and Technology, 2008, 42(5):
325-334.

[39] LU JQ. A Study on the Microclimate Design of Xiamen
Urban Park[D]. Xiamen: Thesis of Master’s of Huaqiao
University, 2018.

[40] JEON EM, KIM HJ, JUNG K, KIM JH, KIM MY, KIM
YP, KA JO. Impact of Asian dust events on airborne
bacterial community assessed by molecular analyses[J].
Atmospheric Environment, 2011, 45(25): 4313-4321.

[41] QIAN SC. Studies on microbial aerosol at different
functional regions in Qingdao [D]. Qingdao: Thesis of
Master’s Qingdao University of Technology, 2012.

[42] DOCHERTY KM, PEARCE DS, LEMMER KM, HALE
RL. Distributing regionally, distinguishing locally:
examining the underlying effects of local land use on
airborne  bacterial  biodiversity[J].
Microbiology, 2018, 20(10): 3529-3542.

[43] ROBINSON JM, CANDO-DUMANCELA C, ANTWIS
RE, CAMERON R, LIDDICOAT C, POUDEL R,
WEINSTEIN P, BREED MF. Exposure to airborne
bacteria depends upon vertical

Environmental

stratification and
vegetation complexity[J]. Scientific Reports, 2021, 11:
9516.

[44] LIU H, HU Z, ZHOU M, ZHANG H, LI Z, ZHANG H,
HU J, YAO X, LOU L, XI C. Airborne microorganisms

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BRF % | BEINMTESREYNNZS G ERESZImE R 1969

exacerbate the formation of atmospheric ammonium and
sulfate[J]. Environmental Pollution, 2020, 263: 114293.

[45] ZHAI YB, LI X, WANG TF, WANG B, LI CT, ZENG
GM. A review on airborne microorganisms in particulate
matters: composition, characteristics and influence
factors[J]. Environment International, 2018, 113: 74-90.

[46] GANDOLFI I, BERTOLINI V, BESTETTI G,
AMBROSINI R, INNOCENTE E, RAMPAZZO G,
PAPACCHINI M, FRANZETTI A. Spatio-temporal
variability of airborne bacterial communities and their
correlation with particulate matter chemical composition
across two urban areas[J]. Applied Microbiology and
Biotechnology, 2015, 99(11): 4867-4877.

[47] L1 H, ZHOU XY, YANG XR, ZHU YG, HONG YW,
SU JQ. Spatial and seasonal variation of the airborne
microbiome in a rapidly developing city of China[J].
Science of the Total Environment, 2019, 665: 61-68.

[48] VAN DER KOLK JH, ENDIMIANI A, GRAUBNER C,
GERBER V, PERRETEN V. Acinetobacter in veterinary
medicine, with an emphasis on Acinetobacter baumannii[J].
Journal of Global Antimicrobial Resistance, 2019, 16: 59-71.

[49] DENG DY, YUAN WL, ZHANG H, LONG HB, LV
HL, SHEN YJ, WANG XS, YANG BR, HOU X, GU JY.
Clinical features and homology of Acinetobacter pittii
and Acinetobacter nosocomialis infection[J]. Chinese
Journal of Infection Control, 2019, 18(1): 6-11.

[50] HORCAJADA JP, MONTERO M, OLIVER A, SORL]
L, LUQUE S, GOMEZ-ZORRILLA S, BENITO N,
GRAU  S.

Epidemiology and  treatment  of

multidrug-resistant  and
Pseudomonas  aeruginosa infections[J].
Microbiology Reviews, 2019, 32(4): e00031-19.

[SIIBERUBE BJ, RANGEL SM, HAUSER AR.
Pseudomonas aeruginosa: breaking down barriers[J].
Current Genetics, 2016, 62(1): 109-113.

[52] WANG M, CAI DM, WANG JY, WANG C, SHAO YH,
MU H. Obtaining of pandrug-resistant pseudomonas

extensively  drug-resistant

Clinical

aeruginosa’s  broad-spectrum  phage lyase and
observation of its antimicrobial activity[J]. Shandong
Medical Journal, 2023, 63(6): 33-37.

[53] ADRIAENSSENS EM, FARKAS K, McDONALD IJE,
JONES DL, ALLISON HE, McCARTHY AlJ. Tracing
the fate of wastewater viruses reveals catchment-scale
virome diversity and connectivity[J]. Water Research,
2021, 203: 117568.

[54] BLACK Z, BALTA I, BLACK L, NAUGHTON PJ,
DOOLEY JSG, CORCIONIVOSCHI N. The fate of
foodborne pathogens in manure treated soil[J]. Frontiers
in Microbiology, 2021, 12: 781357.

[5STLI YP, LU R, LI WX, XIE ZS, SONG Y. Concentrations
and size distributions of viable bioaerosols under various
weather conditions in a typical semi-arid city of
Northwest China[J]. Journal of Aerosol Science, 2017,
106: 83-92.

[56] ZHEN Q, FANG ZG, WANG YQ, OUYANG ZY.
Bacterial characteristics in atmospheric haze and
potential impacts on human health[J]. Acta Ecologica
Sinica, 2019, 39(6): 2244-2254.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



