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5%, WNESA T A R CERE E NS AR IR
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RIS, IR X S e W R R AR T, DR fR
F78E 1 2 NIRRT Moritz % N MR U ACMV
T AR T LA AR 2 R A s A I A R R L
EBRBCEI B T0%HN80%, {H 21X Fh I g o 7
R ER A A X 9 B R A 1R A B . Noris 8 1% LA
ACMV it JE 7% 2B + 1 A9 40 B8 ¥k B 7 10%°~107 CFU/g,
B ELE10°~107 CFU/g, IEW i g4 & —Fh sk
AT Y S IR AR RS . i HL, Al Tt & B g % b
M)A AR SS M AE NE Sh — 2, TR
w AR B DR B NS A TE R — AT
ZHRY). FoR I — WU R TIDNADE G e 2 | o i
LR P 1852 YA 2R 45 (quantitative polymerase chain
reaction, qPCR)FI i f5 il J7 R AE 13 P8 2% b U E D
BV, R THERFH AT ZE NI EE 08 B 3R
FO B 2B e R 2 RE A B0 ST R B, Bt uE
el 12F )5, O E NI 8% 2 TADNA R
1.1~41 ng/cm?, #H % DNA 4 0.02~3.3 ng/cm’, H
DNA40.2~2.0 ng/em®. 7EACMV i J& i 1 K 0 1] Y
= B e W A AT T R R AR T KRB T8 L SRR A
ANENFF R R FNAF AT R R, L0 T s 2 ih 25 s A
AR . BE . ML A E. A, T
SRR R T 23S P 4 DNAM 4 T % ELE DNATE 5
3% % P NBORN 2 P I35 2% A1 R 3 g 141,

R, Y0 B R K ) R 45 g O HL ik 8 5 1 A
T WIS, R 3R A A A A TR L T AR B
T R, IR R T AR R
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TR PR 25 B85 SR mT 38 i 4~5 4% . Noh %5 M) F ik 47 4k
B A A TR AT L o X 2R G o D A Y 8 AR
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PRI E SUR/E S i U P SR il | 5 G X /R ]
Yt Ik, TR RE YT A RERETO7

RAGRKEHE LK, RZHF5 T T i 58 4 X
AW S B R E 5, H H ET I 8 28 A ST 5 8
FEAE LA U R f e (1) S U8 25 A AR B 2 Uk
YRR AR L, Kb, e ugas i mmE, sy
S PT RE LA AT AR A R AR i i A B B, T
HoE A E Y B R LR (2) [Fl—adug
v b BRI 0 B e RN AR AE 43 AT S B () R
RO A AT A R AR R AR 255 (3) Tl ik
5 YL T T B IRBE A5 A R B R AR A R — 2B AR
(4) WHEWIEERIRERE, TERMETZ AT, g b
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A, AT R b DA Ik U8 g e AR 2R ) A i e R
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i R T 2 ACM VS AS iT /D i 4, H B2
i RAEFHENTMRAIFEE R ERENT
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W EIAT R E N SRR A H BB —J
T, 30X E T LUE b SR I SRR, R
SRS K B A T AT DA B A O IR T o L SR
Je HAPRAR R TS o A 0K A AR e 1) SR A 2 R 178800,
ACMV % i 9 411 B8 1) & J& 177 15 4.0x10° CFU/em®, H
BRI Y e B LL AN R AR AR 22, — i 4E 1000 CFU/em® A
RO S T, R T R e e i AT
SEHH I T, UUREAE RS b B 40 T R AT AT
Wi A A T8 b i LA BORE A (2B B 20 i SR AT
B, ARG . R K.
AR R R . A R OB A U 4 (2
) RE R A Y 7 A A5 A TR 2R R A X
Tl A= AR (25 R 8 3 )82 — I3 5 0T
T ACMViz 173 O & 18 b #0094 KR 52
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TN, BEE L R B Th s, 8k Y i) B e
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i ESEPRACMVAE E 2R+ 5, 3RS E E
THREMERKEHER S, X ARIEH T ACMV
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na-Liisa%5 A\ B0 74038 <k - FE 8 b i FL B R,
BB EWEA FHEE . TEEIE .
RER, P P R 103 g, 4N, ACMVIE XL
TTE b AT | B AR L RO R P PLAE
G, B TREHE SR 2 S0k, BRI A E IR
B, BRARE W KR, JF AT 5] G i i BE 5
i 4871 PR, e Bk 3 41 T XA T B 4 A W B
SR (AN AR, BT LD A M i 5 e, TR B2 RE
I Pl A S T e g 4T
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Siegel 2 A M$-201F1) FASE RIS HLUR 9 A W] 4514 F B9 0L
FEIFSY, RIBACH M LT F e S A Em
()78 SRR, 1T LR BRZS S R iR 65 % I TR A7)
1M H, ACMV Z G P XGH ) $2 5 R 25 388 Jin B0k ) 0 45
TR Py OB ) FE IS e 245 I TTRE, st 2 1 v A
AL ()23 LR, AERBCHI—IHF5E H, Wu
S NI R AR BT 5w T2 4736 peffl E.DNA, 45
fef 4N DNAFI189 fgft) ELIHDNA A] LT A7 15 AY A
M ERAT b WA UK AT DA 20 Ik B o AT A B
B4 TAE9 hiACMV R GE 2545 107> 4l T ml TR e
IS B A5 O R B2, R g ge —FE, MR
JER R RSO T, — S 1S M f A T R R Al
SR E YR AT A IR ], XL s vl e &
AN E N A0 T & BRI A s e
B WS S I A0 R R UER 104, T ELIX A
PR A TR ECY, [RE, AR R R, 2
VAT I 5 25 N B BRI I 1R A B 4 57 20l 25 4
399 Schmide 5 AP B 58 B4 5 i RS e 4
B b, E T M 11411~47257 CFU/cm®, HH
SE-H U E 4378 CFU/em?, T 4 il (1 PSS e 5045 4
B LT MR /N F3 CFU/em?, 45 5 SR S48 10
A BEAT LLSE W A 0 i R SRR B AT i & B
P A ARG, % ASS 845 2 m T LUE K
FoUE WA P I, i LR JREOK B b 9 k2B P 2
K 2 T 470000, Acerbi®e A PTR EE M TH Y
HVRACHAME T AR BB, AAE S e 2% 2 1 ] LA
G000 1) K Y ELA T P A 4 R (B R R R
FEAT T ) R L T (A< T 4, ST T R 4 i
A= Wy R AT DA BS54 R DL W S A T B 3R
B X LS ER A R T AR e 454 2 1w T AR b
A ) B A 3 i O,

SV, A B AR Y A R A RS e
BT LA BT N R BRUE W RE R, i
B FREACE 928 A X Se U W VR B, A N M R
TR R EE RS . B XA FE T, $RSS s 1 L
FRAT WO A — MR B G SR, PSR %
T b A AR 3R B4 K 4 R R B R R A A KR A
RAF B 55, M5 YA L3R T IR s P IS
ARECL TR 2EME: (1) BRERE, XIEH M
P84 L UTRU B A W o] ABRARBZ 3B 30 (2) UL
R 0 sl A 0 A R e i AR . 0 S A i e A
A A RE R E Pl AR, R ks YT e

PREEVERR, FRATEE 1S R Bt 335 3% PR A8 e 4545 R e B
T L (7K 43, REARAIAE P i A

FiAh, ACMVIE R e, T #acH s =4
RZBEEIK, XL K — B R A e AR T HE K.
FESCPRRAE T, B TR A, SRR
KA, ISR KR SE, O R EK IR, &
VA Bk K B VA B 2 T LA 2R G5 455 FH 3 19] Sy 40 1 P EL A
(R B AL R A A PR O LS e R A K g
A 7S S ) R G A R 4, 3 B REURE ) AT LA
Ry W B R R A R 45 F. Hugenholtz Al
Fuerst” 1E ¥ 5k 7K 25 H & 90 40 B8 14 Yk B 7 15 6.3x107
CFU/mL, 1 ZFAEFF B . BFF B R i R i 2
FEMAE. FRELEESFEEREETHS MR
S0 R b IGE R, 400 UE S T TS Y i
BRI AL SR B T E N IR, A R
# ol NN PR B OR Y R S — 5
Acerbi % NTVAR KT T 3T 00 198 5 B g Ao R 7 A Y
REKEES, ZPUAELT AN, 40T Y 2 1 B e 1
W e AR X 2R R I T, AT AR A 5 % Tk 12
T+ 3130%, i BB 4R - 49 B Ja D) DA AEG T 4G I 28 7 3
11%. WuZE N W77E A /N ISCAE 21 G V4 7K v & B
T RKERDNA, H S DNARHE K10~13 ng/L, 40
B A B ) DNAWR E 7£0.01~0.3 ng/L. {HS—4210
B, BRI EK T S DNAF A YDNA Y B2 90
AR I B #e: SDNA R MR R Ra i, — H 4
FFTE10~13 ng/L; M0 9 I DNAYE FE AT B &k ) B
RAH, FLAESS L/ R 24 H I, B, 4
HI 62 T ACMV A ERI | Y58 /K (13 B2 FipH
L5 QA s e v BEE K R SR 1 B R I MY

1.5 B

RN B R RPRBEUKE. B2 1, B4
AT LIAE M AE W = S 035 T, i B Se i A A
— B M AT RE AR T8 i ACMYV R G A = N
B, R E NI, I T R R 5
A O T R R OO AR EL A, SEE 2R R AR
T VAL S A A I K R A e 0 TR 4 P R RO
Bk 1 ACMV R G E A= N 51k 2 AFET-", 78
HAS, 49 B B 912 2035 i 39 kil 21 1 HA 1
PZEAT R, e M 10~105 CFU/100 mL"%, & &/ 3t
Y1 P ACMV [ 3 H1 3 B 18 BB I AS SR, 4 K 3% 1T
ACMV ¥4 H1 7K 98 il 42 A B (0 G HH %6 oh 27,397, i
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T T KU N S 3 iy 4 v 23 98 H1 K g i 4 AT R 1) A
H1#43.7%14,
1.6 s

B eSS B KRG A&z, HAE
P& Bz Kb 98 8, DL s = AN B i 67
PEUOS1061 R L Zx P AB AR R AN E . E . R
G SN E T, = N AT L%
e a2 m L ECEY, AU R, T E
ST B N AENIAEE, BRIRENE AW, |
J& H Al 56 T 25 RIS 25 A 0F 58 16 48 vh F ke s
RE 7 1T, W A 3 A B A W IR B K 55 kL AR 4

KA IR RE, ATy A 23 8 AR X A B R
JBE A B2 AT 5T

SR, X AT DL s = N R R R
ACMVIYFZH 5y, HETCEIFRE THEH5E, o8
T ACMV 4 73 A 8 5 15 Y 25 N 28 S5 e P 3%
LB R FEASE3A I (1) HHBNE, b
Wz R AT (2) 200 A Ly ) B AL
IREE2AF, R GREMARE; 3) damiEits
Y7 ]

2 ACMVisirkt s RIB KRN
=AU
T FSCEEBIA AL S 2 S, ACMVIKia 15250/
77 2 AE i KR RS T8 N SO0 48U 20t nT X
A= RV IS T A R

21 HENE

KR B AR £ /0 F i) % Ahas ST KAE A
EWN, B/ ENE RS RE. REZW5E
i H 3 XX 3 PN B et R A T Y 07O,
Menzies %5 A7 BUE B e 25 420 Dy HL A9 38 KU/
T2/, B e T AR D3 8 45 A AT A B e 1) LR 3
. Hoge%# AUV B 7 Wa ik L, 6 A4 38 JXUR A A 4%
FIE R HAEL R, MyattZ: AV Y 2 )y —E ik
Bk /Y 16 2 125 T 1000 ppm(1 ppm=1 mg/L), B[IE Py K
RARF AR A B, 5 P9 28 ST DURS I 21 s ik B Y
EJRTEEDNAKH A B T EMN A SRR, JLH
S T AN A S I A S I, AR 22 [E PRl 4
AETLE P (U 22 A5 R B B ) f) 38 XU B 7 2~ 15K /h, fH
S ERTATE AR BB 10 B0 5 1E I 3 6 0 5 i B
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AL R FEAROAS LK AR
326 JRULA B A 5% 8 40 6 AR O AT B SE R, Y
T KGR/ T30, S 2 2R 00 5% JE HE I 40 B
A HE 114 A T T A v 06 TOUHE 000 326 00 HE s ) 41 B
IR MO HL, 2438 KGR/ T LS /A, R
Tt ZH 20 A 0336 A0 HIE FSF 7 200 B AV T 1 vk B P v T
2% T HE B B9 20 TR A VR B 5 238 KU AE 1.5~31K
ThEE, A AL LA A 3 00 -HE RS £ 200 B 3 i ik 3
S8 AU 32 TOUHE R 10 200 P S0 ISV B . R TR A
SR, YT KGR AEO~3 IR/, LR R A e
FES TR SUN 2% TTCHERS 38 8 5. i HL, AR
TRALLUT 0 B A0 T 0k P e T D B TR T A e
SR, TR A SO A A S Y o A L
BRKM T, It % m 5 5 Y I RS
iﬁm;ﬁ%ﬁ‘%ﬁ?é[“o’””.

2.3 ACMVITI“5l 3E v

ACMVIHIIRE R M2 NI ek = <, Hrp4
W E KRR E NS, WREHNE S
MG YT, X ANE YT L E ACMY &
SYWEE LN ENAEE, SIREFRETHENA
BB it S i) g L2~ 102340107100 B IR 5 K B, 4 A
FFR . K2 KIE . BEE e . RAEFISARSSEY AT
i 3 KRG8 N — A RS B H A = A,
Gl 22 NG g g 12101071091 A A PG B SARS
I B A 3 1T ACMVAL 5 21 Hofh = N IR BE Y, X R
ACMVAE R g ta il LSBT EZMEHE. Yu
2 N ORI REIESE T SARSHE B AT DL 1 ACMV Y IE
BATERER T HZ M E NI, bR T — 0 d#5%F
B4, FERRE NI NS R . WK AR E B T
FAL AL AFR 1718 Houk!' & BRAE — I ZE A AE |- 45
FAT i 1 25 V8 22 45 S B308 1 UYL PR . Menzies
A N O I g B S BRAE A A nT DA A R R e fk
¥, MiHoge2: A0 BBk B i 48 B 8K T Rl i 25
VR GALRE RN 2= IR BT, 33X 2 AR K S
ACMV [ IE #8178 N — = AR B i i 31 7 HoAth
FNHEE, MG TR KRB B .

3 &k

SR YL, BOTE Y 4EPOE 2 ACMYV R 58
ALV Rt = B s ORI A, TSR AT B



IR

FPIEM . RN ENSAL mH, XFFIEAE
ACMV A%, it I ACMV & S8 A SHE JE,
B R AE KR, BB e B e Ay 3 RV E At el
g%, MBS ENE RIS W ds K434, AT DAY
D ACMV ITEAE TS Y, FEARES S AW & i,
PEMTAR 2 N DU RE . (E A S PRI B, T
AP A M HALJE N, RZACMVRZSESHMAEY
A AEFEPR AL T AT RIS, FRATTT ZEAR P8 d 5T A2
WRREAR G, 456 M XM R, =Ny
GY TS A . T H, YEACMV R GRS N RUE

58 (1) ACMVAE ] — AR U 58 P B R I Y
BN LS4 O HIRE BT R BT 80: (2) ACMV
T A Gy X B I 2 B 4 TR 9
SACPEA R BT, SRR s DR [ 5 2 7
FEF K258 (3) FRTHOBFSE T e 4047 Bk B
PO RO B, JF38A7 30E— T B 009 7
P 25 2 R R ZE ACMY B 4153 225734

T4 1 TAR Hh, k2R ATF I 25 038 KR 4
X5 P S I BN, T A 4 5y
TR 11 203 5 4 2 SR (2 DAL R 0

YR R 7 T, H AT A LR JLAS D7 A fE

RPN

fE R TARSCR A BRI
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It is by now well established that most humans spend 70%—90% of their time in the mechanically ventilated buildings, in
which the air conditioning and ventilation (ACMYV) systems are commonly employed to provide fresh and clean air for
indoor occupants. The air supplied to indoor environments inevitably passes over ACMV system and the interaction be-
tween the air and the ACMV surfaces can modify microbial air quality. Therefore, understanding how the ACMV influ-
ence biological aerosols can contribute to more incisive research to characterize indoor microbiology and associated
health consequences. Such understanding is also essential for designing effective engineering controls to reduce bioaero-
sol exposure risks.

In this systematic review, the content is organized into two main sections. In Part one—Influence of ACMV major
components on indoor bioaerosol, commonly means the components could directly reduce or increase the indoor micro-
bial bioaerosol concentrations. Except outdoor bioaerosols, the major components on the ACMV system could be also
potential microbe’s resources. In this part, we summarize how do the major components, such as filters, heat exchanger,
cooling tower and ventilation ducts, influence indoor bioaerosols. In the meantime, we emphasized an inspirational con-
sideration that the ACMYV system as a direct pathway could also spread the existing indoor microbes into other more in-
door environment.

Part two (Influence to indoor bioaerosol by operation mode of ACMV) summarizes available information on many
important processes of ACMYV that could affect the concentrations and fates of indoor bioaerosol. This section begins by
reviewing the state of knowledge regarding the factors related to the components themselves (design, material); following
with the factors related to the physical and chemical environment around the components (temperature, relative humidity,
and airflow). Then, the article proceeds to discuss several additional processes that can affect indoor bioaerosol levels:
controlling the relative humidity of the ACMYV system, selection of the appropriate ventilation rate, periodically cleaning
the components such as filters and ventilation ducts, and removing moisture from the drain pan and heat exchanger ac-
cordingly.

In the conclusion, important challenges facing further studies are described along with several opportunities for
near-term progress advancing knowledge about indoor microbial aerosols along with the interaction of ACMV system.
Such progress is fundamental to efforts to better understand how the micro biome of indoor environments interacts with
human health and wellbeing.

filter, ventilation ducts, heat exchanger, cooling tower, microbial aerosols
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