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Abstract; Accumulating evidence suggests that particulate matter could carry pathogenic microorganisms which
had adverse effects on human health, and thus current studies have been focusing on the collection and analysis of
pathogenic microorganisms in particulate matter. The collection and analysis methods (culture method, microbial di-
versity compositional spectrum sequencing, and metagenomics technology) of microorganisms in particulate matter
were summarized briefly in this study. Furthermore, the different distribution characteristics of microorganisms in
particulate matter in different conditions (spatial, time, particle size, weather conditions, and meteorological fac-
tors) were reviewed. The causes of the differences among these distribution characteristics were then analyzed to
provide a reference for further understanding of the distribution characteristics of microorganisms in particulate
matter.
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AR, TR EAR 22 1 X O s K Ak, 52
DSARIRRE i e, RO ) (particulate matter, PM)
VN ki RSO REE L 7/ 1 ige L e > S W Vi
AR PMOAUAT DLl i HoA B A H i
2R 6 E MR , i ] 3E A A A s &
PRt CAIRRIFFCIESE PM & A7 00 Rk M A
A RPUHEE D P EH A HE S B, Rt SR
45 PM JEXTH A A A W R A 7 4 A Al AR 0 R
FEW HATRCh R T kA i U8 SR il
RN A M AR B R W], PM e
YIR M TR T A B R AR R SRR ) KRRk
VERPRAE T AT R 2 ABMELL S T 43 B 35 5%
MERTTRREDY S RS SR 0 IR T X — e 0, T 4ok &
SRR, e H R 23 B R A 22 R AN AT 43 B A S DA
TR TRAE IR BRI T R

PM R A W Y 53 A1 R AE 32 AR 22 TR 2R 1Y 52
LIRS AN T DA oy N NN N - S o L W ST =
AEUES  H AR BT AR A W S R, HOR
RN HE Yk R R R, &2
FIAR ZE IR B A Wy R U 5 P A DX 30 A7 1) 22
e st o = S it N P [E R (7 Y LS A S AN
EDY SRS U YNGR 7 R 1 G et /S N TIPS
SR T A BT 22 5, b nvb 22 KA A
R T RE | R AN S I N 5 L = N1
FHER PM H A W) 0 R B 7 3 R0 43 A 5 3k, i i 1)
T PM HRA Y)Y 3 A REE S L R B AE
SRR PM A 4 0 2 BB S BRI
il PR AL FRS AR

1 KRS R W B9 R & 75 7% ( Methods for
collecting microorganisms in particulate matter )
PM HVRU A 1) 8 SR A Dk 32 AT S R Rl
R AR A e R 220720 JH il 4R A )
TSR IR RO, | (EAT S B WA RE BIORS B 391 35
R TS A5 HEX Bl A 0 ) SR R SBCR IRAR2T  TT R A
e AORAE RS AR W B0 R AR AR o, (R AR B Y 1
A=W Ty Ok 1 ELA s B 9 R AR S8R AR 5 il A
RAEFIRAR b it sORAFEAR L, BRI IR A 1 7
AT 5 SR  (E R AT R AR AR A
ZTFSEI0 TR PM P R W 1) SR B 5 T e
Jz O BT R TR uE A R £
LRAERT) BT AR IR BRI M T A 5
1 Y JE R HAIORE P 4 A 280 e e ey EL T PR P 5
LB Z R T PM A Ui R AR

2 KEFRYIPREYR S H77 % (Methods for the
analysis of microorganisms in particulate matter)

FIHT, PM AR AR W 08 0 B J7 3 ] 3 35 5
RS IR PR R A 4G AR T R A e X
JZ Vi (polymerase chain reaction, PCR)$ AR [y 4 15 3%
V(AN N N W5 R VL AN G (-5 W S e 5 VL 55 #11
LT PCR HAR R AR5 % 12 (A o 7 22 R P 4 i
BROIPE SISHIEE 5 O N ) R (27N (EP/SE 23| RS
PZ T PM R YIS B AR ME S i
AR I LS 2 AR MERY L T HE T PCR H AR A E
BFREAT TR 2 ME LA RS TR e W, I 4F ok
KRB HES) T PM A B AR DGR 5
FEFRPAR L, LATRTIE 22 A0 M 20 i I s A o B R 2
AR T PCR BOR B AR 1E #5157 H2 3 X il
AEVIREE AR B9 GR 2 TAESE PM A Y1y
OIARAIE SR BERERRT SRR B, 15 7R 1 AT A I
PR ARG SR AR Y 0 Fp 2 B | TR 2 FE VR4
TN e T 3 A A 0 AR T A A T R A 2N
ASCRT 73 B R4 7 M L % 5 1) G 2B W i b 2 R i
A TR A B R DR
2.1 HEgRik

FFREAE MR IR AR 1E B N AP B H &
Jretuk | ATz W TSR AR Y
SRR TR AR D R SR T2 T PM P i
APIIEFE 2 0 Gou SFEE RS A 4 57
FRILEARTETT PM,, H AT 5 37 40 1 AL T4 14
JE5 PM,, BMREEFIIR BE A 2 2 I IEAROCOC &R .
TR JE ARG TR B R A R 7 99% L
AR 0 18 by R e 2l s S v LA i 4 5 (ELHG PR R
A T EAZ BT AR R B RTS8 IZ
2.2 ARSI
2.2.1 16S rRNA 5

16S rRNA H& PRI 7 J2 i 2o 4 BR3P 55 A AC (1)
DNA , #5318 103 1 5 00 5 € il A2 AT 4
B R WA M A AR S R T 2 R T AR
PRI TR AR (BT ™, BF9E 3R], 168 rRNA 7
AALRE R FRATWFFE G WU R 7 2 A SR A R A
A U 53 B 4 5 TR ME B AR R 1 1 TR Y
H 16S rRNA ¥ A7 £ — & k[, M HAF 215
DT F1R S5 Jo P ARV PR 1) 7K - 2 A5 ) T 3 S8 4
SR T A IR T SR R 2R A BT
2.2.2 ITS §"H4F/18S rRNA LK 5

ITS §"34F/18S rRNA JE& [ I 7 2 3 iof £ U ER
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BEFEARRY DNA, 2B 4% 5 18 0938 T 51 90 97 3 4 E IX
S, G B DX S ) PP ) 2 S MR, H R 2
TEBREEROBTTE W T G Fy A B 22
S ITS 73 -0 e v B AR ST, (H A AR RE RS
PR R R AR S AR, T TS A R N 22
B AR AT 18S rRNA I Pl < IX
SR PR ST SEE T RE A R B R G R AR

FHICHFFE
2.3 FERHAFEFAR

7 P2 24 AR MRS AR A vh B I A
WAL T, 5 BT HHE VR e 5 B, i
ARk B R 2 2 O SRl L s ol B I AR A
Nlumina J& PR A v FR M B B 2 280
BraEER 1), ZIE A H AR AURT S B o) -

x1 FRABEDERERAFEARILEER
Table 1 Comparison of several widely-used metagenomics techniques in microorganisms
v fREFHEHA (U e s 27 3CHik
Classification Representative techniques Advantages Disadvantages References
(DTSR ARG = B2 A= Wy Y 2
L B (1) PR S5 B T I ) A X R QZHEMEVIAL 32 2 7 5 H LY 50
[ii >4 N N P 2 At 2 7 ) E=n
b o ()] [) H 5 3 B A= Wy Dy e Yo R R A 4 A D B g
PR~ 7 S
DNA 745 2L &l o (1) Rapid identification of the (1) Could not detect the low-abundant
o Restriction fragment ) . . ) [56-57]
DNA-fingerprinting ) microorganisms flora; microorganisms; (2) The assessments of
length polymorphism ) o o
i (2) Indirect identification diversity are affected by the sequence
analysis
Y of the microbial function composition. High detection limits for
specific microorganisms
WA A A R DIRE 5 BT HBRS,
TSI A FEPRIG R @) Rt W AT P A 2 A L RS R 58]
Microarray Gene chip (1) Able to analyze functional gene; Only the known
(2) High sensitivity and throughput genetic information detectable
(DBEBETR, B
Q@) WAL W 2 (HFF DI 2
— REVE S5 AT ) STl Fe S B R
‘ LI AL S R " 3
Rt LI (1) Simple and rapid; Q) AR = X B E i A
) Whole genome shotgun [59.6]
Random sequencing . (2) Able to demonstrate the (1) Error-prone complex steps for
sequencing
composition, community structure assembly and splicing of sequences;
and potential metabolic (2) Lack of comparable database
capacity of microorganisms
(DFEEBR 38 1 5 5 (DA FnEE R =3 B T e B = A 5
[rpiellllig QWIS Bt A B i R P QD Z TR THE
High-throughput Tllumina (1) Rapid and high-throughput; (1) Overestimating the species and [37,60-61]
sequencing (2) Able to analyze the microbial genetic abundance of microorganisms;
diversity and abundance (2) Susceptible to pollutants
()P E A B TR A AT B R 1Y
A=Wy iy BAR S
y NI s NN () T A TR S A 0 R A DU ()RR ; @)L Y (A S A A R
BEERRERIRE  SORRRASSHA _ - o
) . (1) Able to determine the (1) Low sensitivity;
Stable isotope Fluorescence in o . . [62-63]
. . o physiological state of cultivable and (2) Difficult to analyze the total
labeling situ hybridization ) ) .
non-cultivable microorganisms; karyotype of chromosomes
(2) Capable of tracking detection
for specific microorganisms
(DRI 3 HT RREAS B (IR B 55 QREAS AT AL BRI R A2
Pika v 1R ()R 3 e 5 (3) 25 SR MERA (1) Expensive instruments; 641

Flow cytometry

(1) Able to analyze large samples;
(2) Rapid; (3) Accurate

(2) Complicated preparation

processes of samples
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JeBUME LA B 15 IR A B , 38 n] T 5 A o A
VERIHRER AL, R A A A BOR W R T A
I PM H B0 B RN, A Cao 257N 2%k (X 40
SRR T AL PM P A Y, K3 PM
FEAE AT 5 BU 5 A4 31 8 B0 T (I i 5% S e A

(Streptococcus pneumoniae)),

3 KREFBAY R Y B9 76 $51E ( Distribution
of microorganisms in particulate matter)

PM H i A 18 e B FRVRRE Vs 235 g e X3k ]
Bife RAFMMRIEHERFNEEI —ER
ZE5t, AT RE S B HE S 75 e 2 BRI B K
TR IX SRS R R o2
3.1 RARLY) s A= P i sk ] 3 A1 AT

PM P A e B2 VR T 45 A8 o AN 28 A 1Y
JLR Z W 2 [\ — K 8 A [\ IR B A i 22
5059 Fierer %531 17 38 E A2 i 2 N 1l /R 1
Mi%EZE 8 d 1Y PM, & ILAHTR 5 EL T Y L9 7 R A D)
AR T 2 MBS, BREGE EI DR T Ml
PM A=Wy, e B A W vk B 7R W] — R R N
Jir 2 5, o 4B vk B AE 5:00 1 20:00 )4 — 4
KAH, ELTH A BE TIAE 9:00 1 24:00 o A7 ik B 5 KAE
A5 B2 AR A R A ) B S e B, A ) 21
A Tl TN Vi 45 4 X A e 22 ST
REAE WA K T B, & AR 2
W B2 AR, b B 2 Tl A W Wk B v ) D IR AT B 2 T
A WITE B AR E T Byl ik 28 A N SRR ARG E
RSB, il PM PRl Wik 2 15 I 5 T 4 2= A= )
B2 BRI AT e I A IR A T 2 I A+
SEDRARAAR , AT 0 ) T B2 2 A A A R g 2o
ANEZETT, PM A W) F BE A BT AN [R] L 40 Gan-
dolfi FEF 5 2 B, B KA K 2= i F gl Je i i i
PM (152 [X 1 H (Burkholderiales) A1 £k 14 H (Acti-
nomycetales) ¥ Ji& 7 F& 14 2= 15 % &, 1Ml Chloroplasts
DU i 2 257 AH X 2 5 Bowers S5 il 97 & BIL3E [H
BB R Z M PM h E R ME FR A F &,
MENFER MK RE N FE, BZ, MEY Rk
JFE RN AEAN RIS (B AE — 2 22 5%, (H VAR 1L
TEE BRI R BE 3 oy, & 2R 2R AL IR
3.2 RAURLY) st A i 23 6] o3 A AT

PM H A ) ) e FRVRE 7 235 40 7 AS ) b DX 7
1 — i 2 5O f]nrp A AL R R
(Corynebacterium) >} 3 , 5 [ v P4 1l X LA AT T )&
(Bacterium) A F | B K F ] DL ik 26 1 J& (Actinomyces)

Sy A0 A PM AR A ) A R A [ —
DX AN [R] Dy R DX 1) 43 A A 97 25 500 8 U
T H SR DIEE X PM A= 9 59 50 A R AiE
RINAZETIT X AE7 18 20 T A A 32 TR 8 S A sh AT 1 8
(Acinetobacter) ¥l 75 JE T 1 J& (Arcobacter) , H. H A 5l
FFTRE A H O BOR T 5 N TR PM A A= 4 )
DA 3% & J& (Massilia) F1 ¥ g 5. ) 16 J& ( Sphin-
gomonas) ) F , Fori i s I TR T Ol AR A G
O WL S X PM R AR W VR A B 22
SR U270 51 S 6] == S 4R T (184 ~ 16 979 spores «
m™) A1 E AL T (1.33%10 ~8.55%10* spores-m™ ) B
PR VR B L 1R TR IE (1.7 %107 ~3.2%10°
spores-m”~)"*™ AR RN REIRIARAY PM AR H0 ARG
S AALAT DX 1 25 5 A0l DXL R R B TR
RIARTEREN 1.1 ~3.3 wm A9 PM P, i A 3L
KL R b ) R v T b DX TR ) 32 AR AR TR
KT 2.1 pm FPHBURY 77 PM A 9 v
JFE VR S ZEAS [ b X A iy 25 5%, B HAR SR s
TE [F]—Hl XA [F] 2 AU Y Dy g X N A Pir AN ]
3.3 RIAPRIAR T RAUBURLY T i A W B o3 AT R
ANEPRAR R PM AT IURR T AR B R340
WA BB SEAFRAS T PM A9 1 53 A0 FF
FETTST D ORTERLAR () PM P A W 1 R AT T 22
5, HRZBHGOA N IAEY) FZ 3 e R AR 3R
AR (>2.1 wm) b TITFERLAR 35 /)N ) SR A v vk
FERART A2 iR AE B R BRPE & T PML TR
AR R 2 o AR (2.1 wm) b, HUOHOR 25
Wi 25 O R AR 28GR 8 5 3 = A T T o 3R A
5 PM LT 5 W B AR R SORE ) (>2.1 um) 3R
[fil ; Alghamdi 45 fF 53t 3 B V0 ¢ B 411 35 a5 T
PM,, i £& i J& (Actinomycetes) ¢ Ji (8 604 CFU -
m”? )L T PM, (100 CFU-m™), LAk, ARKAE T
PM A ) 1 D0 35 B R A R ARLARL, (R AR B )
JEA P22 525 n X SEP G 9T R W E R TN
Iﬁl*jﬁé E,:J PM(PMO,lx ~032» PM0.32 ~ 056 iﬁ] PM0.56 ~1 ) EF‘
F AR AEA ] 53 280K F BB AL, H I H
FEAFAE 225, WS B4 & (Acetobacter) Fl 21 b A} (Hol-
ophagaceae) £ PM,, _,s ' F iy, 53 51 490
PM, ¢ - o5 U5 A5H16 £ 5 Yan SEBIBIFSE K BEAL 5T
ANFEPRAR B PM 35 LUBL A & ( Cladosporium) i
1% 161)& (Alternaria) 5 3=, H B 0 R 1 B I8 =F & AN
ZHEVETE B8 1% UKL W) (total suspended particulate
matter, TSP) 42 &, PM,, X2, PM,, fdlk; i 35"
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WoR R, B E T PM,, H i # & (Actinomyce-
tes) B (70% )i T PM,(20%), AfKiA2 T PM
Tl W MR B A BT 22 53, BRI, S e AR
R B AR 400 H e R A e, AN RDRL AR R Bk 9 A 0 3
TR AR AR 7 4 M LA AR SR A AR R | B G = AT
%E[ZS,SO-SS] .

3.4 RSN KRR b A9 0 o A
FHE

PM H A 0 4 R FEE ARG 34 BT S AS AN 32 st 25
CRLPRLAR I RZ R, AR [F] R SR A P 22
SREIRSE IR S W T R A2 2 U KR
FIRZIR , 0 Li PR R B, B BT A R KA T PM
R BE FR A M R G R M Y 222.8%
AT B8 T Vb A s AR SR ) T AE R A 0 i 38R I R
HARE TR SRR IET & . IAh BT & R
VHARFEHEV A RASLMET PM A WA 34 s
A 25, W Jeon SEP Y 2 B R E R TV AR R
F PM AP S IR R BE T ] (Firmicutes) , i
W RS TR A ZIE & ] (Proteobacteria) ,

TRSE RS Y Bk B v T3 K<, 0 L
MR R, VLT KBRS PM A ik
BEHHTE .1 102.4 ~1 736.5 CFU-m™; ELI# . 1 466.2
~1703.9 CFU - m™) i 5 T F 5% K < (40 B . 497.7
~629.0 CFU-m”; EL[# :247.6 ~398 4 CFU-m?), {H
WA IS Z A, i Gao ZEHIBF 5T & B, AL 5T
MaEsE KT PM ] 85 55 B9 O vk v T K
FRA,

AN, PM Hh Y5 YL W) () B 2 RN MR B 255 ) i AR
YR A2 Han SE™0F58 & B, L5t T PM
#) FEI5 YY) (PM  NO, . SO, .CO F1 O, %) 1E—E
WP BE T SR b A (A R K e T
SRR T AR E 37, (0575 Ye vk A m i 4
XTA: A E AR, AR P T %, Dong
GRS R W B TR R AR PM T R YIY
HelE 5 PM SO, \NO, F1 CO % iy e J& i 1E A Pk
M5 O, WeBE NI4T —RE Ay S AH G, il g O, 528
SRR B b A I R R A S B E A
Ao H OB P R RON, 7 T R A, TR
AL VR BT RO

PM A W e B AT B i 1 o3 A 32 BN
) ARG BI R, st e B oA i . — T
PM 1 IR A 1 B A 4 R0 S R 3 (el
Wiy BN, 55— 7 T, 24 PM PG e sk B —

(B L35 PEAE o5 32, 4% PM AP AR W i

JE TR,
3.5 ARSRZRNE T RBRY) F Glod P i o A
FFAIE

FE N AN 220755 30 PML il A 00 ) e B T
TREE SRR R —E S anvE 4T PM
H A S R R ORI R K U [ A oy 22 57, S
KK 3] (251 £180 ~ 194 £85 CFU-m™)<3ERE /K a]
(15 K (341+158 ~254+123 CFU-m™) 1K (382+216
~312£178 CFU-m”)Fl K54 (1 311371 ~896+559
CFU-m”)) ka3 KoK TRl i A Wik B A2 1 1 JE TR
Al EE PM TV AE W 25 5 32 B MK bl i 4R A
TR e el /40 Sk AR X B X A W 52
M)A T AN [ TR 2 B ma S A W i 2 e, L2
LA 0 AR, TR X 08 ) = 5 M G A A 7
WEE , K2 B8 & I, U B T v R B S fin 34 25 24y
T W A A SR AEAT 1) 1) A A7 2, A At A A e B 34
JNCOSY AN 3 A A BH R S5 B R BE S SR
YIF TR, TSGR T e P s (H 5 )
K BHER X A A IGEAE Y ARG R R
J& PM ARG B 1, wT LA S R AR
H T PIEE T PM, ] LAGE PM AP i3
A T HERUK AR Y KGR AL T PM [a] 3 RIK 44
(O # A 55, 0 PM A B B U B
AU R G R AR W A Al s o B 4R
FEIE BLAAE T AT BE 2 08t il A 4 i A K R (L
B HAE — 8 S5 T X UE WA KIEAE L, (EE D)
W

4 FRE(Future research prospects)

ARk, e E PM {5 YLl o0 © A WS
T, KAIIURL) T 1 8 A % AR V7 1) 1 B
AR HET R E X T PM A i AR 9 A e R RN
TR LEAR B AR ST 5T F2 A P R R H 22 R U
N 71T 3 A A /N SRcrT A B R AN b XY PML 75 Bk ()
TR ™ B PSR AH S S AR X AL /DB R
TEASR W58 ATy X AN [R] D DX DA RS [R] <2k
R I AT IR AN ST, JF 8 500G T M B 7 G
XA [EPRAR PMH s A 40 19 B 238 43 A R AIE 33X 6 T
PR RS T it DA S T e ) sl XU, LA
S AN RS IE TR NG F KRR - F PM Y
A2 3 25 LR XS PM A i Vg 4 DL SRR
Prxt SO, NO, H1 O, &5 K15 Yy 14 1y HLIR S5 J T
HEATIR AR B, U H I 38 2o 7% i PR 2 27 R BiF 5
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PM 5 ORIl I Bk | 22 A AL Al A AT
FCRSAL LA B B A DB ShRESE R, e Ah  BARE
ARSI SERLIN ) PM A AE B0 B, (EXHOR A
i RATLBE S 5575 G R R 2R A AR AR I BIL
W T E— D IRAIRR

BITEER N 2401984-), %, M4 8l 2 2R F A
A IR PG F M L) RGeS L e 2
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K EAT 18 .
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