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Abstract ; The composition, physical and chemical properties, sources, and temporal and spatial changes in airborne particulate matter
have been extensively investigated in previous studies. However, less is known about bioaerosols, which are mainly composed of
bacteria and fungi and constitute up to 25% of the total airborne particulate matter. In this study, we used inductively coupled plasma
mass spectrometry and ion chromatography to determine the concentrations of trace elements and water-soluble ions in atmospheric
particulates, respectively. These analyses were combined with high-throughput sequencing methods and real-time quantitative
polymerase chain reaction to analyze the microbial compositions in PM, ,, PM, , and PM,; samples, which were collected from July to
September in Hefei City. The results showed that there were no significant differences in the bacterial community diversity across the
three size fractions (analysis of variance (ANOVA), P >0.05). The bacterial and fungal community diversities on sunny days were
lower than those on rainy days, and the bacterial community diversity in all samples was significantly higher than the fungal community
diversity ( ANOVA, P < 0.01). The predominant bacterial phyla were Proteobacteria (46.19% ), Firmicutes (33.42% ),
Bacteroidetes ( 10.99% ), Cyanobacteria (3.33% ), and Actinobacteria (2.11% ). Ascomycota (73.23% ), Basidiomycota
(5.78% ), Mortierellomycota (3.41% ), and Mucoromycota (0. 10% ) were the dominant fungal phyla. Our results indicated that
soils, plant leaves, and animal feces were the dominant sources of airborne bacterial communities in Hefei City, and the main sources
of the fungal communities were plant leaves and soils. The bacterial community was mainly affected by K, Pb, Al, Fe, Mg, Ca, Na*,

NO, , and wind speed, and the main influencing factors of the fungal community were V, Mn, Sr, NO, , NO, , Na*, Cl~, the air

)
quality index, and PM,,. In addition, nine specific bacteria and fungi that are linked to human health risks were identified, including
Acinetobacter, Streptococcus, Enterobacter, Pseudomonas, Delfiia, Serratia, Trichoderma, Alternaria, and Aspergillus, which can lead
to a wide range of diseases in humans and other organisms. The research results are helpful for revealing the various characteristics of
airborne microbial communities, their influencing factors, and their impacts on human health, and are an important reference for
subsequent research and the formulation of government policies.
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atmospheric particulate matter in Hefei City

( Bradyrhizobium ,4.97% ) . FL¥F % J& ( Lactobacillus % BF B 24X ( Saccharomy-cetes, 17. 23%.) ﬁ‘% M
2.90% ) AUFF T J& ( Bacteroides 2. 77% ) Jﬁ%ﬂﬂ% (Eurotlomycete"s 5. 47@ ) A W ( A‘g etes
J& ( Pseudomonas, 2.26% ). 1H W [& '..‘%, & 4. 14% )%ﬂﬁ{@ﬁ%(Mt)rtlerellomycetes 4-’( 08
( Burkholderia, 2.05%) . ¥ #i W )% ( Ralstonia , l:[iléli]%tp ﬁﬂ: PM], %Lﬂjﬁtﬁnnﬂ’]ﬁ{% %Hﬁ
2. 04% ) FIAI#T BRI R (Staphylococcm jr. 965% g fﬁl*ﬁﬁﬂi ﬁfﬁﬁﬂiﬂ”; lzlﬁnjé“ﬁpwﬂf
HHNTE12 jﬁy:hﬁ*i%ﬁmw%mﬂﬁ;ﬁfl E’ ( Dmpoﬁt ,.26 Z9%ﬂ') W) 1 )R (Sacchar‘?my#es
HAT [‘E%A A TR ] fﬁ%/q oa,  16.50%) 2l %ﬁﬁ (Mofiascus, 3.78% ) M%@
73. 2'3‘%P TH% '(B351d10rnycota ’g 78 %, E@% (Mortierelld’, 3@4% )% W%ﬁ( Ustllagmot.dpa 1.80% )
ltl(_lﬁ\florherel]omycolﬁ 3. 41%)7141%@]—,[ oroufly¢ota, | A Cutaneotn’@ﬁosp on (1. 14%:|) /,.-/“'{
o/ g [T 1b) 0 7R o) | XFLLAFHR 127 1 T JEE 6L 40 A S
ce’[esI 36 g%)ﬁr%ﬁ( Dothldeomygptes 25F43J FOFEVE A R (I 2) , S5 R LW 6 A |, 76 I R IR

(a) 40T

AW
JEERERT]
U]
B

(b) VO A4

m TP
R
m PR
= EEREA
= e
U A
L ek ok
| R

m e

MZEBIE 300 PM, o PM, s Fll PM o3 3 Fokids, Sh1el = BERAE A , NI = RO KRR A
B2 AEW7 A XSERY TR RE R PR EYBEAMRIT L

Fig. 2 Comparison of the microbial community composition in samples of atmospheric

particulate matter between rainy and sunny days in July in Hefei City



2174 2D 53

L 42 %

L
&

S ARURL ) (PM, (A1 PM,, ) HRAF (/D 14 0
I, BRIEZ SN RDRAS T LR T T2 A AR, ]
TEARXS F B2 EAFAE /NG 8. X T ECRR, TR Y
PM, s o 40 R <o T 44 S s TR R AR 1Y
PM, s P38 B 200 F11 38 48 B 0RO = 32 B IR I )
R Bl At 7 T 20 T TR 4 T T 0 R - R 2 A
Xf A BE R g 5 TR PM,o o A 4198 1 20 15 i R
R A HEARRT = BB, (E I T A 2 B A e
HE RN S A K. AT LUE ), B R ORLY) o 40
TR AR ZEFSORT B T R v AL LU S R 5, IX b
M Xof T FLTEC ) B ., it D AT RE R A R R AR
ZESCRa e RV 5t e N R 373 4 D R RO I AR S VA
T L EDREAR A, T O 180 0 AN B X L TR ) 52 )
HR.

AT LT B IF T4 RS e Wy e AT R L
(£ 4),nT LTS AN RO RS, A0 45 40 i A
FURT, TEDRSB T TR 3 B AN AR 2L b 260 FUR AR

=2 A R[], 35k T 8 2 PR S 3 86 4 1 7 240 4
FLRR AL, TS 2 K SRR T
SRR AT 75 W 51 2 9 K R BR 53R A7, 948 59
SR BH 2K SUREYY L B DA AR [ K AR
S T i A (ARSI O LR 22 K,
PSR S F TSR A 24 5 2% 19, Bowers 51 OB
52 4 S R B4 MK b 0 B 7 2L P
S A BT RR X = 3 2 0 T 500 28 e L
T ELITT 5 0 1 K 0 B v ALK ) 38 4
JEU PR 2 B 1y - i 28 R [, Caao 50560 1) 2
2 )5 24 B 7 AL ST ™ 5 2540 ) PM 35 )
R B PR, 3 L B T LR I I T
S BRSO JS I 16 7 1), AR X = 32 B TR 975 e
VAR T 1 0. b, SR = B I g2 S
A5 AR IR T 1 - 0 PRI A 14345 ™ e A
Je 5 DR AT e At T 5 S R 17 1 R
BRI TADG , i 2P B NG A

=

L i -
K4 FEBHASHENHEALS L | i &y
Table 4 C'nmposition‘l of airborne microbial communities' in diffegef'ﬁ‘f cities J &
i | M | i ' Eﬁ -
] hpva’ L7 P ] ] e
‘ s ] ¥ i & F - —
=1 F K@ﬁ_ﬁ%ﬁ:?’%ﬁ% | o &
=0 3 97 F0 R =Y i R e T I .
Al A s PRBIRER T gy g ERREEEN oo mrfie olys
IZIHE 1 N N e ﬁi*ﬁ@[ﬁglejq:@ﬁx » T Y . \ﬁ%ﬂllﬂﬂ\ﬁﬂ( > i b3 k2 T
7 .| PIATR T BB o e M BHERE TS Yo JE WA R R | Sk % R
(AT REDE N LT I8 Ay 1&$ﬂ@ E M| e A AR Cutaneotrichosporon
{5 1/ e R R LTI
. LN
f BRI AR HRER WARARE THEEIETH TR A P RIERH R T m H s T A
AeselfTl 1) ESEETBUF R Rubellimicrobium , 8 11 BEEHIVNAEE o geien BRI KR
VA SRR FRFERAE 1] AR A
[
) JEEER ) AW FLERE R 2R RAT R
Pragle U1 TR TR R E R s AT I D — —
il J&
;% TR T Peroneutypa . Polyporales . 14
;{éji - - i1 = . — Wk J& . Phaeosphaeriaceae il
Ky ) Davidiellaceae
3
4 olyporales HE AWM E
B - PRI TR B it
@j ' Davidiellaceae
ARIE W] R BE B TN "
BORES [ RAE TR — TREMNAEATH _ —

Hil

|

1) “—"FIRARULARIE

2.3 GHETTRABURLY) v 40 TR HE TR R T TR R R
AL ES

Bowers 25 a1 B 45 b SR SR
N HEh ) 2 0T 9 16S TRNA T 51 B3 U5 A
A DA SR BN T A 28 SFEAS B I3 — A7 81 3
P SEAT ARSI TR IR AR T — N REK

Vb B R S ERE AR > 0.5 1Y 4 BHE
RUETE R A5 78 PG, [ 3 JE AR Bowers 251
25 th g8 s BT 8 AR I e AT T RS R AR A
AR ARG = BE A L Ry B e B At 2 9 i R AR R
BEAS AU A A XS 5 ).

P TR R R B O 1k B AN S 1, AR RE ARIE AR



539 FDRAE . BT R Z R AUMORLAY) b A WA B e e 0 P 0 2175

SYZ PR ITHER RE B 4 e B — AR R TR (13 R
Pyt iEn SR e ) | X TR R R Y2 2
FE A TR AN 6] A 73 ) AN [ AL BTk, 1 AN 45 52
F O AR R. )% Ut , B B s Uk 47, i
ANEH. BERFI | 155 (28. 61%, [F]— F 5 F5 7~ 40
PR T2 B 2 AN [APREAR AN TR)H ) AOSF 21 T
[f]) Y R (32.18% ) MBI 28 (2. 82% ) J2

JE A Hb 4 AR R 1 3 R L *ﬂ%ﬁf(PMzﬁn
PM,, ) F= 2% + R U M 10 40990k (PM, ) 52
ZHIPIT F ORI R . A 5T 45 05 AT A B 5
FA—2, Bowers 25 BYBF ST & 30 36 [ B2 Fir 2
KA AN B Y 32 R R R A R, Cao
SOV B RIS S BRAL BT R AR P B DR AL X T
HE ST (H5 5T, 2B A YR 5y
SRUET HHE. BRULZ AL, FEsh 38 v | RV 1) 3%
{85 ARV, EZO A4S, S EHTA 2400
R FRBEA 17 km BT, 3 AT A 45 0 17 R A 2
FEABLNH R TR. A RTFEFR I, A4+ 8 3% 1 A 27 1

CUSESTEALEIR | 0T PMlo%‘ﬁjﬂﬂﬁ 799057,

-, ..""

A PM,{'W !llfiflif'fﬁﬁfﬂl']ﬂijﬁﬁﬁ-'

/ xﬂf;aﬁr’@ 7@:%@5«‘
(Ple?sqorales.-“‘22 04%) I R E | C?pnodi'a
2.07% ) m%@ FH( Dothideales 0. 18% ).tk
(E;ﬁotlalqs 5 00% ) H1 Z K %
0. smm&?@w%a%@imﬂm%ﬁﬁa%
#a%n%ﬁf T A B 2 L
B 3 B BB (R A7 R A IR T R A B

(a) #1Y °

OTUs

Shannon

Simpson

RDAZ2 (22.17%)

Pielou

Fe
Me
o7y MS
e 7F
® 8F -
-1.0 e OF

RDAL (63.26%)

é '( H‘]eloﬂi"lales 4

FERIF AT Y R 13,
TH-H* 7H 8H 9H

16.66 1892

iR

Hi i

Eh N

AR 3 b BRI, LA RN LI, AR RAHY HT
R IR BWIIEE ; KT o RS T SR IR TR
B3 (EAEBEAERENRRFMEN ST
ASEAHBAXNEEN
Fig. 3 Relative importance of different enVlronmer}ts g.s-'[';-(;;:rjya]

sources of-bacteria tL the samples collected frornd:é?gl i

‘.l.

| gugzu in the tl‘nree size fractions i
H

kmﬁt&%ﬁ%‘ aitjumﬁlﬂof{ ﬁé
PR SR %Fﬁ Cdnoco3 FA#FXT?EE[[[E[M@% i)
[@4(1»)@% gﬁé rﬁ?ﬁﬂf“l%ﬁﬁ%ﬁ
*ﬁ(redundamﬁy auflalyswb RDA) , 53 Hrii {ﬁﬁﬁ SBSS
J?il“fﬂlﬁ)ﬁ Z~ score’ia‘/ﬁjc i} RDA;JE]% ﬁf
TR 63. 2'60} AR S O AT AR 22. 17%

.ﬁ#,ﬁ%frm&_ 85. 43%,,\@ RDA &% — iﬂa‘fﬁ’iﬁ

63, 69% A 5 "”‘&Hﬂﬁ%f 19.19% W78 5, &
TRk 82. 88%, (Rl 4358 FH & —Hl sl — it A7 n]
AL, 20 SRR B ARG I | Okt T ek 41 o A

(b) JCE .

Genes

OTUs

Simpson

Sr

RDA2 (19.19%)

Pielou
NOs~ I

AQI

RDAI (63.69%)

LLEAFL IR BN T, BOFEL R R SRR
4 AIETASFRYPARNERFESHEESKSHERFXRN LRI ITHF
Fig. 4 Triplot of the first two axes of the RDA for atmospheric environmental factors associated

with the bacterial and fungal community diversity of airborne particulates in Hefei City



2176 7D 53

B 42 %

PAREVE Z2 REME A R 3 i i 1 JLRP AR B R 7, 8 L
FARFE%L (Shannon ) | 2% #j 45 %% ( Simpson ) ,OTUs ,
J2 1% 355) B 48 0 (Pielou ) DL M FE R #% D1 %4 ( Genes)
FATEHET A L.

IR BN, AN 5 BB X IR R 1 A8 e A
K25 AQT 5 B I [ #% DIURN OTUs £ i AH ¢,
PR R KAT5 Gy o0 EL T 3 it s, (0 5 LR H2 0%
PSR AR FE B R I A ¢, IX AT RE 2 R A5 k)
XA AR A U A R B B8R, 45 S8 b A A7 T
0%, DN TR B4 iy 1 RV AR 0 35 5] FE L 22 e T
AQI X 4 PRS2 M 458/ 0N | FE T [l e85 rh i Al , 3 AT g
JEh SO, \NO, Fll O 85 KA 15 Gt 41w A B
e, i a5 HE PR BT - AH BV DA (]
PR AN R BETE Y. AL KR Se 40 515 40 B
AT A 2 PR D30 TE A O, 3 3 RT3 1Y = 2R TR
SRR LS EIE T R R A Y R 2R,
H35 a-ZFEMFRECR T ¢, 3% AT BB 2 PR 5 X
R T J R B VR R S8 Na* S5 2 7
LT A FE R 48 DUBURT o- 22 FE M 48 08 52 Tkl o6 X

JEPA Na* 2 TR D a5t A RE , S 2L

WIBET PR RO AN ST O A
S [ o g i i R it o1 DA

g il ,@%nx&gﬂrﬂﬁ%ﬁ,Ag%fmﬁﬂzm%ﬁyﬁe.

£ R WS ) 0 TR 4 R A
o PEIESE BT TE A 2 PR R 2 i s L
(TR AR, DT G20 1 P S et 2

A SHC AL B B Y 1 2 T, AT B 40 T 1 2
PRI EIEE. Ca Fe Fl Mg 240 B A= KT 5 B 1 5 57
WU, DO 5 AT o2 REPE RS BOUR TE ARG, (5 £
() S T 43 | K A A T 9 v X 75 0 T 1 55 4
TR AR SR AN A A, SO R AN BV B R e A
R A2 Ph 5 40 B RE D DB TEAR G e 2
TR IR, 8 58 8 19 3 s 20 B 4
K, 2R A PN B e B (L ] 2 AR A 7 1
a-ZREVE  BURHL A R e — 2B TS
V. Mn RIS R 2 T AR K 75 (0 ol i o0 20
BV, S HH a- 2RSSR EHIE, 55
PRI DK AR 5 TR T RE 2 5 R 0 ke 2 5|
B L TR R 7 X 38 SR R N A e A T 8. - 2
F LK B P | 2 B TR 0 S 105
PRI 5 R LSO o 2R PR 0K 52 1R
T2, PM, ) 5 20T 10 36 5 3 DUBOR o 25 RE
SO UG, T RE 0 R R B A KA
DAL T IR 2R AE , PM, W RS BT, & S8 T o
LMK BE PM, B0RE I, 35 2 o 22 78 1 0 , I
Bt PM,, [ 57 1 f 25 400 s 2 ) L8 2

2.4 PSS E P TP RCE P EUE R

A 1 A I P AR AT A 16S AN TS JE R 51
JEVAHATYIR I 532, DR A i 7K P B et i
Fs AR UEA T T %

TEAE T, S B BOR R 3L 6 i, 43518 AN
N FT W JE ( Acinetobacter, 16.19% ) . 5 Bk # &
( Streptococcus, 0.25% ) . W T B J& ( Enterobacter
0.50% ) fREAMIFE ( Pseudomonas ,2. 26% ) UL} /b
AR R A (Delfiia, 0. 05% ) F17> 5 K &
(Serratia 0. 02% ) . NS 1# J& 5 — R S5 A BUR
AT LA G] K il 8% Gy | I W BILAH G 4 Al 48 RN I 1
it ). BEBRTAR T | K B B LRI AR T T I
JiE A 2PEI I 38 25 A AE 0T 51 &8 Ax LI I JE
PGS 04 B T A AN 2 N2 1) B S
EL IR 2 MO0 KT BB — B, 01 BB Bk i
55 10 0 5 o (R 1L 2 g o e
BRI 231 2 3L B 40 B P2 1T 4 2
S TR SE 2 M A o B (e
TR 3 RO AR B (LT L 5 R AT A T
A A R L R A L LS
4 U R R P AR
wE S | S o Y 4

1B % 5 B T A IR ( Trichoddima,
0.17% ) o 4 1 )8 ( Alternaria , 0. 02% ) F1 i % Jg}
(Aspergillus ,0. 66% )X 3 T 20 . A @A e
A ) B By O B 0 T B R S SO B AR L B R
ANT] G AR TS Yo, 25 B &R A R o
PET ) e A A i S — b w0 EC TR, BE A Bl
YL A AT SRR = A Z R AR,
B AL | 22 B 6 1y B Tk B0 T AR TR PR B 2R
XLEFEE ] LA TS Y i R G — 2
PARN, anAH it 25 A R R AL 2 B A SO 32 2 R
A EB R OR , B R e m AR, & 58U E
A S R

R T W FE SRR A BT DR - SO B A 2, 43 AT
TR EUR S B 2 R A G (T S) .
SE L AN [R) A TR sk TR 0 R PR A AN (] ) g
. a8 5 Sr 4 i 35 IEAHSC (P <0. 05, Spearman,,
TR, viBH R &R ) EEOR I —. AT
JEFEERSf)E S5 NO, 2B EIEFMHIX(P<0.05), M
BT ReHR o A RS PR L ;. TEER& TS 5 AQL A1
PM,, 5 E AL (P <0.05) , 1t W BEHE 188 X K
S5 YRR, R A JE 5 XU 2 3 A O (P
<0.01) , & BIGNETT KA B 1K 1R & 1 5 B R A
S AT BB,



53 LR AT EERS

SR PP IR RV S v e A P

2177

[5]

[UIET
AR
T 1 i
ke LI
BEBR g

=
=
3
-

PP
LS L
PRI I

sk 8 P <0.01, =38 P<0.05
Es5 SETASFHNMIERESXSBRESHNEXYE

Fig. 5 Correlation betweens pathogens and key environmental

[10]
factors in atmospheric particulate matter in Hefei City

e

(1) Rt ?%@ﬁ%gﬁﬁﬁﬁ%ﬁﬁ,
DM B o 8T B 22 R4 0 I g
ﬂij—eéﬁa&mﬁ*ﬁ%zﬁ P 44978 T R i
éﬂaaﬂﬁ%z&&bﬁ% CHTEBE AR, . Vi e

2“)Aﬂlﬂﬁij%‘i'4ﬂﬂfllﬂ%%%ﬂa@ﬁf&ﬁﬂ
%g@m ORI 5 8T, i) |
%r’nw%% FRE R %mﬂ%i%-tmu@ﬂfﬂ' =

j%@ H O B FIE 3 A =

[11]

=
FF'QHEW%‘?%E’JI%EH?,,\@ﬁ%ﬂ@l%%ﬁm*ﬁ
Yyt Fn A 4.

(4) HEREIS 552 K, Pb, Al, Fe, Mg, Ca,
Na® | NO, HI WS 520, 1] 50 B 75 252 m N &R
J& V., Mn. Sr. NO; . NO; . Na*. Cl=, AQI F0I
PM,,.

(5) FEAME P b %@ 8 T R sh ¥ B
(16.19%) | # ¥k W J& (0.25%) . W ¥ W )&
(0.50% ) . B 5 B o J& (2.26% ) AR R i R
(0.05% ) W& KH B (0.02% ) I 6 FhEUEH. 78

TP %R T AR (0.17%) HEAS )8
(o. 02% ) % )& (0. 66% )t 3 FhEURH.
%%iﬁﬁ:

[1] YangL, Han L. Z, Chen Z L, et al. Growing trend of China’s
2015, 105

[15]

[16]

[17]

[18]

contribution to haze research [ J].
(1):525-535.

Li M N, Zhang L L. Haze in China:
challenges[ J]. Environmental Pollution, 2014,
Huang R J, Zhang Y L, Bozzetti C, et al.
aerosol contribution to particulate pollution during haze events in
China[J]. Nature, 2014, 514(7521) . 218-222.

Jaenicke R. Abundance of cellular material and proteins in the

Scientometrics ,
[19]
[2] current and future
189 85-86.
[3] High secondary

[20]

[4]

atmosphere[ J ]. Science, 2005, 308 (5718), doi; 10. 1126/
science. 1106335.
Bowers R M, Clements N, Emerson J B,

variability in bacterial and fungal diversity of the near-surface

et al. Seasonal
atmosphere[ J |. Environmental Science & Technology, 2013, 47
(21): 12097-12106.

Jahne M A, Rogers S W, Holsen T M,

dispersion of bioaerosols from dairy manure application sites:

et al. Emission and

human health risk assessment [ J]. Environmental Science &
Technology, 2015, 49(16) ; 9842-9849.

Fung I, Hughson W G. Health effects of indoor fungal bioaerosol
exposure[ J]. Applied Occupational and Environmental Hygiene,
2003, 18(7) ; 535-544.
Douwes J, Thorne P, Pearce N,
and exposure assessment: progress and prospects[J].
Occupational Hygiene, 2003, 47(3) . 187-200.
Morawska L, Milton D K. Tt is time to address airborne
transmission of coronavirus disease 2019 ( COVID-19) [J].
Clinical Infectious Diseases, 2020, 71(9) : 2311-2313.

Gao M, Jia R Z, QiuT L, et al. Seasonal S}ZC.&TS“{;}buMH of
airborne culturable bacteria and fungi and prehrmg{r?-esﬁmatmn

et al. Bioaerosol health effects

Annals of

of their deposug_u in human lungs during non*haze a'nd haze days
[J]. Atrqospherlc Envlroinmem 2015, 118 20}“ 21

Lee T, and}lpun S'A, IMartuzevicius D, ef al . elallonshfp
betweer}l. lndoor apd o'utdo“or bioaerosols collecled “with .a"' b
mhalalﬁle aerosﬁl sampler 111 urban homes|[J]. Tridioor (A A},r- 2006
16(1) ‘5747{,,. Y -
Pace N B Aj molect}}ar V'i/é’:v of microbial d].verSIty_and 't:ia_.w
blosphti;tev[‘%l lScuénce 1997, 276(5313) ; 7’34 740. . '«
Desgr‘és R, Huffnmﬁ“] A Burrows S M, et wal. Pri ary
blologlca'f aerosél particles 1n|the atmosphere: a revue‘w"'[II J]
Tellus .B Chemlcal and Phyf}cal Meteorology, 2012, 64 (1),
doi: 10.3402/tellusb. v64i0. 15598.

bnfﬁ\, B2, FH, S A NE X A KA YA AR R AR
AWFEL)]. T SEFEAE, 2007, 24(1) ; 40-42.

Ling Q, Wang Y P, Wang L, et al. Characteristics of outdoor air
microbes pollution in Hefei City[ J]. Journal of Environment and
Health, 2007, 24(1) . 40-42.

Bovallius A, Bucht B, Roffey R, et al. Three-year investigation
of the natural airborne bacterial flora at four localities in Sweden
[J]. Applied and Environmental Microbiology, 1978, 35(5) :
847-852.

Bowers R M, Lauber C L, Wiedinmyer C, et al. Characterization
of airborne microbial communities at a high-elevation site and
their potential to act as atmospheric ice nuclei[ J]. Applied and
Environmental Microbiology, 2009, 75(15) : 5120-5130.

Du P R, DuR, Ren W S, et al. 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.

YuR L, Wang S K, Wu X L,

variation associated with airborne particulate matter at central

et al. Community structure
south of China during hazy and nonhazy days[J]. Atmospheric
Pollution Research, 2020, 11(6) ; 162-169.

Xu C H, Wei M, Chen ] M, et al. Bacterial characterization in
ambient submicron particles during severe haze episodes at
Ji'nan, China [ J]. 2017,
580. 188-196.

Shi Y, Chen J] M, Hu D W,
particulate ( PM; ) pollution in Shanghai,

Science of the Total Environment,

Airborne submicron
China

formation/dissociation of associated

et al.
chemical

variability, semi-volatile



2178

w5

Bl

42 5

[21]

[22]

[23]

[24]

[25]

[26]

~maximum- likelﬂ'.mod trees for large alignments{ J ] /

'3

[27%

(284"

QIIME 27§ q2- -feature-classifier plugin[ J] . Mncroblorqe ,-leS s

components and the impacts on visibility[ J]. Science of the Total
Environment, 2014, 473474 . 199-206.

FiEY, DR, AR, A ORRHEROE E AR A
FORLHERCRE[ )], FREERM:, 2020, 41(1) : 98-105.
Wang R F, Ma D W, Jiang S Y, et al. Fine particulate emission
characteristics of an ultra-low emission coal-fired power plant
[J]. Environmental Science, 2020, 41(1) : 98-105.

EBYE, BRARAR, Skmi, F. JET 16S rRNA JEHEIT 5

BrAL S 15 Y AL PM,, 5 Bl PM, o N T RETEARAF ()], PRI8
Rl 2015, 36(8) ; 2727-2734.

Wang B Y, Lang ] D, Zhang L N, et al. Characterizing Beijing’s
airborne bacterial communities in PM, 5 and PM,, samples during
haze pollution episodes using 16S rRNA gene analysis method
[J]. Environmental Science, 2015, 36(8) ; 2727-2734.
Bolyen E, Rideout J] R, Dillon M R,
interactive ,
using QIIME 2[J].
857.

Callahan B J, McMurdie P J, Rosen M J, et al. DADA2 . high-
resolution sample inference from Illumina amplicon data [ J].
Nature Methods, 2016, 13(7) : 581-583.

Katoh K, Misawa K, Kuma K I, et al. MAFFT; a novel'method
for rapid multiple sequence alignment based on fast #Fourier
transform[ J |. Nucleic Acids Research, 2002 30( 14) 3059-
3066. -

Price M N, De_llml

et al. Reproducible,
scalable and extensible microbiome data science

Nature Biotechnology, 2019, 37(8) . 852-

PLO$' Oe,
2010, 5(35' dqﬁ 10 1371/journal. pone. 0009490 ,-""".

Bokulich N' K Kaehler B D, Rideout"] R.- et a Opt;mml_gg
taxonomi¢ ‘classification of marker- -gene amplicon Sequences Mith
(1) 4| doi: 10. [186/540168-018-0470z.

Mc]’bonald ?_, Price M‘ N, Goodrich J el (;l An 1mm‘0ved._

i (,reeﬂgenes" taxonomy with explicit ranks” fur ecologicalss avn?f-d

[29]

[32]

[33]

Pvlcﬂutlnnary analyses of bacteria and archaea [ J]. The ISME
Journal , 2012, 6(3) : 610-618.
Gweon H S, Oliver A, Taylor J,

pipeline for

et al. PIPITS: an automated
analyses of fungal internal transcribed spacer
sequences from the Illumina sequencing platform[ J]. Methods in
Ecology and Evolution, 2015, 6(8) : 973-980.

Toti D S, Coyle F A, Miller J] A. A structured inventory of
appalachian grass bald and heath bald spider assemblages and a
test of species richness estimator performance[ J]. The Journal of
Arachnology, 2000, 28(3) ; 329-345.

Burch M, Levetin E. Effects of meteorological conditions on
spore plumes[ J]. International Journal of Biometeorology, 2002,
46(3) . 107-117.

Prenni A J, Tobo Y, Garcia E,
nuclei populations at a forested site in Colorado[ J .
Research Letters, 2013, 40( 1) ; 227-231.

Huffman J A, Prenni A J, DeMott P J, et High

concentrations of biological aerosol particles and ice nuclei during

et al. The impact of rain on ice

Geophysical

al.

S, Arkin A P. FastTree 2- appr’oximﬂfﬁly .

i

[34]

[37]

[38]

[40]

T41]

[42]

[43]

[44]

[45]

[46]

[47]

and after rain[ J]. Atmospheric Chemistry and Physics, 2013,
13(13) : 6151-6164.

Lee S A, Liao C H. Size-selective assessment of agricultural
workers’personal exposure to airborne fungi and fungal fragments
[J]. Science of the Total Environment, 2014, 466-467 . 725-
732.

Franzetti A, Gandolfi I, Gaspari E, et al. Seasonal variability of
bacteria in fine and coarse urban air particulate matter [ J ].
Applied Microbiology and Biotechnology, 2011, 90 (2) . 745-
753.

Cao C, Jiang W J, Wang B Y,
in Beijing’s PM, 5 and PM,; pollutants during a severe smog event
[J]. Environmental Science & Technology, 2014, 48 (3):
1499-1507.

Huang Q, McConnell L L, Razote E,

particle Raman microscopy as a non-destructive method to identify

et al. Inhalable microorganisms

et al. Utilizing single

sources of PM,, from cattle feedlot operations[ J]. Atmospheric
Environment, 2013, 66 17-24.
Zhai Y B, Li X, Wang T F,

microorganisms  in _

A review on _airborne

- (‘ompOSI-tlon

et al.
particulate  matters ;-

characteristies and | influence factors [ J ] __.-Edvuonment
International , 2018, 1132 74-90. o
g, Pakat, ii.ﬁ & E{T?ﬁifrﬁjﬁ}ﬁ-ﬁ%
TSP FiI PMIO'JWJIE%E?*@# fiE(T]. Hfﬂlff¥%& 017,
11(4) 2343'23.49' _J.--"’ .:_:;-"
Gou H.“G, XierC B, TonglY B,

commumt‘ies i TSP and PMJ-@ of Shihezi during sprmg[]
Chinese JOurnal of Enﬁmnmenlal Engmeermg, 2017 11 (47 ¥
2343- 2349 “ =
Lin PY C.(‘Welsman £t E Troendle J, et al. Prematunty is the
major risk factof for late-onset group B streptococcus dlseas‘é[]] .
The Journal of Tnfectious Diseases, 2003, 188(2) : 267-271.
Stevens D L. “

Clinical Infectious Diseases,

et al. Assessment of ml(‘rohlal

Invasive group. A streptococcus infections [ J].
1992, 14(1): 2-13.

Bodey G P, Elting L S, Rodriguez S. Bacteremia caused by
Enterobacter: 15 years of experience in a cancer hospital [ J].
1991, 13(4) : 550-558.

an emerging nosocomial pathogen

Reviews of Infectious Diseases,

Gaston M A. Enterobacter:

[J]. Journal of Hospital Infection, 1988, 11(3) : 197-208.
Zeip b, XA, ACRFFR R BT BE R[], rh E =

22008, 8(12) ; 2254-2255, 2262.

LiJZ, Liu L P. Advance of study in Delftia[ J].
Medicine, 2008, 8(12) . 2254-2255, 2262.
Sudakin D L. Trichothecenes in the environment:
human health [ J ]. 2003, 143 (2):
107.

Vaquera S, Patriarca A, Pinto V F. Influence of environmental

China Tropical

relevance to

97-

Toxicology Letters,

parameters on mycotoxin production by Alternaria arborescens[ ] ].
International Journal of Food Microbiology, 2016, 219 44-49.

Nierman W C, Pain A, Anderson M J, et al. Genomic sequence
of the pathogenic and allergenic filamentous fungus Aspergillus

Sfumigatus[ J]. Nature, 2005, 438(7071) : 1151-1156.




HUANJING KEXUE Vol.42  No.5

Environmental Science (monthly) May 15, 2021

CONTENTS

Chemical Characteristics and Source Apportionment of Organic Aerosols in Atmospheric PM, s in Winter in Beijing XU Nan, WANG Tian-tian, LI Xiao, et al. (2101)
Characteristics of Two Pollution Episodes Before and After City Heating in Beijing from February to March of 2019 - YIN Xiao-mei, PU Wei-wei, WANG Ji-kang, et al. (2110)
Analysis of Characteristics and Causes of a Typical Haze Pollution in Beijing in the Winter of 2019 «+«+eeseseessersenseemenenenincneneens LIAN Han-yang, YANG Xin, ZHANG Pu, et al. (2121)
New Particle Formation Events in Summer and Winter in the Coastal Atmosphere in Qingdao, China «++++-ssvesesssssesssssenensinsnensinenens SUN Yue, ZHU Yu-jiao, MENG He, et al. (2133)
Characteristics of Heavy Metal Pollution and Ecological Risk Evaluation of Indoor Dust from Urban and Rural Areas in Taiyuan City During the Heating Season
..................................................................................................................................................................... HUANG Hao, XU Zi-qi, YAN Jun-xia, ef al. (2143)
Concentration Analysis and Health Risk Assessment of Air Pollutants in Newly Decorated Public Places in Xi%an ««ereereerererenseenenennenees FAN Jie, FAN Hao, SHEN Zhen-xing, et al. (2153 )
Emission Concentration and Characteristics of Particulate Matter and Water-Soluble lons in Exhaust Gas of Typical Combustion Sources with Ultra-Low Emission ««+«ssesseseessesseeseneneenes
............................................................................................................................................................... HU Yue-gi, WANG Zheng, GUO Jian-hui, et al. (2159)
High-Throughput Sequencing Analysis of Microbial Communities in Summertime Atmospheric Particulate Matter in Hefei City «+-++++-+++++ JIANG Shao-yi, SUN Bo-wen, DAI Hai-tao, et al. (2169)
Spatiotemporal Variations in Fine Particulate Matter and the Impact of Air Quality Control in Zhengzhou sesveseseneeenes DONG Zhe, YUAN Ming-hao, SU Fang-cheng, et al. (2179)
Characteristics of Ozone Pollution and Relationships with Meteorological Factors in Jiangxi Province QIAN Yue, XU Bin, XIA Ling-jun, et al. (2190)
Temporal and Spatial Distribution Characteristics of Aerosol Optical Properties in Urban Agglomerations on the North Slope of the Tianshan Mountains «++eteseseereesesresienenenninenennnns
.................................................................................................................................................... ZHANG Zhe,, DING Jian-li, WANG Jin-jie, et al. (2202)
Comprehensive Classification Method of Urban Water by Remote Sensing Based on High-Resolution Images YANG Zi-gian, LIU Huai-ging, LU Heng, et al. (2213)
Construction and Application Optimization of the Chl-a Forecast Model ARIMA for Lake Tathu LI Na, LI Yong, FENG Jia-cheng, et al. (2223)
Spatial Differences in Water Quality and Spatial Autocorrelation Analysis of Eutrophication in Songhua Lake «+:+r«+eseseereereeneeercnenees DING Yang, ZHAO Jin-yong, ZHANG Jing, et al. (2232)
Pollution and Irrigation Applicability of Surface Water from Wet, Normal, and Dry Periods in the Huixian Karst Wetland, China ««++++=+++ ZHU Dan-ni, ZOU Sheng-zhang, LI Jun, et al. (2240)
Changes in Water Chemistry and Driving Factors in the Middle and Lower Reaches of the Beijing-Hangzhou Grand Canal +++-+++ CHENG Zhong-hua, DENG Yi-xiang, ZHUO Xiao-ke, et al. (2251)
Effects of Different Land Use Practices on Nitrogen Loss from Runoff During Rainfall Events «eoveoveeeesresesesienienenenninenenienn LUO Yi-feng, CHEN Fang-xin, ZHOU Hao, et al. (2260)
Sources and Fate of Nitrate in Groundwater in a Typical Karst Basin: Insights from Carbon, Nitrogen, and Oxygen Isotopes =w+eeeeeeeees REN Kun, PAN Xiao-dong, LIANG Jia-peng, e al. (2268 )
Changes in the Bacterioplankton Community Between “Ice” and “Water” in the Frozen Dali Lake ++ LI Wen-bao, YANG Xu, TIAN Ya-nan, et al. (2276)

Analysis of the Spatial Changes in Bacterial Communities in Urban Reclaimed Water Channel Sediments: A Case Study of the North Canal River «:«+«ssesseseeeeserensinniniensininicnennnes
........................................................................................................................................................ QIU Ying, JIN Yan, SU Zhen-hua, e al. (2287)
Spatial Differences and Influencing Factors of Denitrification and ANAMMOX Rates in Spring and Summer in Lake Taihu ZHAO Feng, XU Hai, ZHAN Xu, et al. (2296)

Structural Characteristics of Zooplankton and Phytoplankton Communities and Its Relationship with Environmental Factors in a Typical Tributary Reservoir in the Three Gorges Reservoir Region

.............................................................................................................................................................................. CHEN Sha, XIE Qing, FU Mei, et al. (2303)
Application of Iron and Sulfate-Modified Biochar in Phosphorus Removal from Water «eoeseeereseeereeeee SANG Qian-gian, WANG Fang-jun, ZHAO Yuan-tian, et al. (2313)
Analysis of the Performance and Mechanism of Phosphorus Removal in Water by Steel Slag LUO Xiao, ZHANG Jun-bo, HE Lei, et al. (2324)
Adsorption of BS-18 Amphoterically Modified Bentonite to Tetracycline and Norfloxacin Combined Pollutants «+«+-+sssesereesrssreeneessneneeens WANG Xin-xin, MENG Zhao-fu, LIU Xin, et al. (2334)
Preparation of Ag;P0,/g-C3N, Composite Photocatalysts and Their Visible Light Photocatalytic Performance «+:+:+eseeeeees GAO Chuang chuang, LIU Hai-cheng, MENG Wu-shuang, et al. (2343)
Activation of Permonosulfate by Rhodamine B for BPA Degradation Under Visible Light Irradiation -+ »+++ ZHANG Yi-chen, BAI Xue, SHI Juan, et al. (2353)
Fe-Ti Co-Doped Alumina-Induced Surface Dual Reaction Center for Catalytic Ozonation to Remove Pollutants from Water «+++:++++++-- ZHANG Fan, SONG Yang, HU Chun, et al. (2360)
Preparation of Sulfidated Copper-Iron Bimetallic Composited Material and Tts Mechanism for Chromium Removal -+ QU Min, WANG Yuan, CHEN Hui-xia, et al. (2370)
Mechanisms of Penicillin Wastewater Treatment by Coupled Electrocatalytic and Bioelectrochemical Systems ««+-«+x+ssereese: -+ QU You-peng, LU Jiang-wei, DONG Yue, et al. (2378)
Aerobic Granular Sludge Operation and Nutrient Removal Mechanism from Domestic Sewage in an Anaerobic/ Aerobic Alternating Continuous Flow System «+seseeseerseseresenensenininennee

........................................................................................................................................................................... LI Dong, YANG Jing-wei, LI Yue, et al. (2385)
In-situ Phosphorus Removal Activity and Impact of the Organic Matter Concentration on Denitrifying Phosphorus Removal in Sludge Aggregates »«+«sxeseereereeresemenensineninsnnnenn

.................................................................................................................................................................. LU Yong-tao, JIANG Xiao-tong, TU Yan, et al. (2396)
In-situ Sludge Reduction Technology Based on Qzonation —««+:«+sessessersensssemensesnininissiisisisss s XUE Bing, LIU Bin-han, WEI Ting-ting, et al. (2402)
Effects of Activated Carbon on the Fate of Antibiotic Resistance Genes During Anaerobic Digestion of the Organic Fraction of Municipal Solid Waste — ««+sereerereerereneenemenensniniinenne

*+ MA Jia-ying, WANG Pan-liang, WANG Bing-han, et al. (2413)
Release Mechanisms of Carbon Source and Dissolved Organic Matter of Six Agricultural Wastes in the Initial Stage ** LING Yu, YAN Guo-kai, WANG Hai-yan, et al. (2422)
Spatial Differentiation of Soil Organic Carbon Density and Influencing Factors in Typical Croplands of China — +«tveseesessesnesnerssenennenens LI Cheng, WANG Rang-hui, LI Zhao-zhe, et al. (2432)
Characteristics of Paddy Soil Organic Carbon Mineralization and Influencing Factors Under Different Water Conditions and Microbial Biomass Levels -+ LIU Qi, LI Yu-hong, LI Zhe, et al. (2440)
Analysis of Nitrogen Transformation Characteristics and Influencing Factors of Forestland Soil in the Qinghai-Tibet Plateau: A Case Study of the Qilian Mountains and Southeast Tibet +++++++
............................................................................................................................................................ HE Fang, ZHANG Li-mei, SHEN Cong-cong, et al. (2449)
Using the Matter-Element Extension Model to Assess Heavy Metal Pollution in Topsoil in Parks in the Main District Park of Lanzhou City -+ HU Meng-jun, LI Chun-yan, LI Na-na, et al. (2457)
Effects of Long-Term Application of Chemical Fertilizers and Organic Fertilizers on Heavy Metals and Their Availability in Reddish Paddy Soil «+eeseseereereereremenenenncnensininennnen
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" XIA Wen-jian, ZHANG Li-fang, LIU Zeng-bing, et al. (2469)
Characteristics and Origins of Heavy Metals in Soil and Crops in Mountain Area of Southern Sichuan «++:+ssseseereerssesienenencinienenes HAN Wei, WANG Cheng-wen, PNEG Min, et al. (2480)
Spatial Distribution Characteristics, Source Apportionment, and Risk Assessment of Topsoil PAHs in the Core Area of the Ningdong Energy and Chemical Industry Base

............................................................................................................................................................ YANG Fan, LUO Hong-xue, ZHONG Yan-xia, ef al. (2490)
Functional Stability and Applicability of Heavy Metal Passivators in Reducing Cd Uptake by Lettuce ««+veeereenesesssmennsnssninnennns PANG Fa-hu, WU Xue-jiao, KONG Xue-fei, et al. (2502)
Effects of Water Management on Cadmium Accumulation by Rice ( Oryza sativa L. ) Growing in Typical Paddy Soil +»+ ZHANG Yu-ting, TIAN Ying-bing, HUANG Dao-you, et al. (2512)
Adsorption Properties of Oiltea Camellia Shell-Modified Biochar and Effects of Coupled Waterlogging on Soil Cd Morphology —«+s«sexseereesesreserenseienismienennininiiiins

........................................................................................................................................................................ CAI Tong, DU Hui-hui, LIU Xiao-li, et al. (2522)
Effects of Land Use Changes on Soil Fungal Community Structure and Function in the Riparian Wetland Along the Downstream of the Songhua River —««+sesseesseserensenenienennsiniinsnnes

..................................................................................................................................................................... XU Fei, ZHANG Tuo, HUAI Bao-dong, et al. (2531
Distribution of Antibiotic Resistance Genes and Microbial Communities in a Fishery Reclamation Mining Subsidence Area «+:«+sesseorerseressennenneeenennes CHENG Sen, LU Ping, FENG Qi-yan ( 2541

(2531)
(2541)
Effects of Three Commonly Used Herbicides on Bacterial Antibiotic Resistance LI Xi, LIAO Han-peng, CUI Peng, et al. (2550)
++ CHEN Zhuo, CUI Qi, CAO Ke-fan, et al. (2558)

Discussion of Microbial Control Standards of Water Reclamation and Formulation Methods



	1
	20210508
	2

