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Abstract

and community characteristics, space — time fluctuation of concentration and influence factors of community structure. The re-

The review focuses on the progresses of airborne bacteria in outdoor environment, including their sources, particle

search prospects of outdoor airborne bacteria were also discussed. It is suggested that soil, animal, vegetation, human being
and water body are the main sources, and other unnatural human activities are also the important factors. The particle diameter
ranges from 0.3 pm to 15 pwm, and in coastal areas it is smaller than that of other areas, where more than 84% bacteria parti-
cles are larger than 2.1 pm. Generally speaking, gram — positive bacteria are much more than gram — negative bacteria in the
air. In forests, coastal areas, cities and villages, Bacillus is the main genus of bacteria. The concentration reaches lowest in
winter, while highest in summer in a year. The diurnal distribution of bacteria in the atmosphere can be divided into five peri-
ods: ( i) the night —time minimum concentration (23:00 to 06:00), ( ii ) the sunrise peak concentration (06:00 to 08
00), (iii) the midday accumulating concentration (08:00 to 15:15), (jv) the later afternoon lower concentration (15;15 to
17:00), and ( v ) the evening decrease to the night — time minimum concentration{ 17 ;00 to 23:00) . In the areas with more
human activities, animals and vegetations, the concentration of the airborne bacteria is high,and the bacteria are affected not
only by environmental factors, but also by pollution factors. Tab 3, Ref 53
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ERAEEERET LEEZALUT 3 MRE: (1) X
TRERZE PR ME, B B S MAEED; (2) ZHEH
YRS R NAR ML Sl T RA R P TIAEE  Ja
HREME I BRI P QI AR B, INFERK RUCIR G 2=, R
FRIEEBRE SN EIMEDNEE. ERTH, 2D
41. 9% B ZS ST E B R IR T OIS 3, b B 73% R AT 8
IR (3) ERAHEH AT LD AEM LML, BRES
VR TR SIS MR Z MK E R A RESHHER
R, X AR T A B A At R = S A e 9 R 2R U, - ELA
SR, AN AR AR Y G PR R R AR D, 40 2 7 B
AREYE R PE DT BANAKIE S e Rt

TR SN YA R AE S AR T 1 3 BE S TR BT ¢ 4
BUERON " , FEORT P S AR ER T S R ARR

2 ZRME AT R

YRR FELEO0.3 ~15.0 pm WL, H TEXK
BB L, 1R 0 E SRR X BN, TR B Tr
84% TE LW MTER T HRE=2. 1 wm, FFHHEPEHERE
PF 3.6 um' "' Bovallius BF5T R, Bt & 4 2 i 45
8 W HHEL) 50% S S AWHERAE KT 8.0 pm' ™K
SPSE A E 72 2278 %R (Anderson ) SRAE#7 I 5E 5T FD X = AN B
HORLEE A 4R AL PR R T 2.0 wm S AR R T &
83.0% ,FcF 8.2 pm BET 15 29. 8% . WFH/NF 8.2 wm HI
HPRL T 61.4% ,3F H s S AEPLE R MIES 4. K8
RESFTEIL AT 307 BB BE /M PRSE I E = AN RDR A A A5, KT
4.7 wm F13.3 ~0.65 pm FATEERIREPRLE 3] & 69. 9%
130.49% .

FEPHAEE TR ERRTHE S S KD(~1.0 pm) B
F B R 2 RO P TR HOR TR Y Bk T AN T AR , L A
T IER % T A R 1t ( bacterial — slurry residue) |, 3% B 4 E
T AR MRS SR I IRAE , 1 418Uk &

3 ERAEMEEERHE
3.1 ZEREFMBFERIYIAR

S ) R CE 4 BRI B A . 4R Wright
R 45 FERT 5 66%  SFFUTA i 25% A TR T AT i
% WEKTOT JEH BORUE R R R R

1 FRAESRETSHEMBEEERTMAMER (w/% )"
Tablel Community structure and species composition( /% ) of aithorne bacteria in different ecosystems
L7/ HZRE S Ecosystems
Bacteria FRAR Forest # /5 Coastal YR Urban 2 Rural

H 22 CBH M Gram — positive

R RS Bacillus 41.7 12.3 45.2 31.8
W ¥FEE & Arthrobacter 1.4 7.7 0.0 1.6
L HE B Aureobacterium 0.0 1.5 2.7 0.0
LY TEJE Cellulomonas 0.0 0.0 2.7 3.9
HARAFEE B Clavibacter 12.5 3.1 2.7 5.4
BB Corynebacterium 0.0 1.5 0.0 2.3
4G /NFFHEE Curtobacterium 15.3 9.2 19.2 14.7
AT Microbacterium 0.0 0.0 2.7 1.6
HEWiHT )8 Pimelobacter 1.4 3.1 0.0 0.0
23R B Rhodococcus 5.5 6.2 0.0 6.2
keS8 Micrococcus 0.0 6.2 2.7 0.8
41 Unknowns 6.9 21.5 6.9 11.6
BB 2 R FHM: P Total Gram — positive 84.7 72.3 84.8 79.7
2L PHPEBS Gram — negative

RNEh#F 5B Acinetobacter 1.4 0.0 0.0 0.0
FEATF R B Alcaligenes 0.0 0.0 0.0 0.8
CHMHE)E Ochrobacterium 0.0 0.0 1.5 0.0
NS )8 Pseudomonas 5.5 10.8 5.5 9.3
B Xanthomonas 4,2 7.7 4.1 3.8
G FE 8 Enterobacter 0.0 0.0 0.0 1.6
WEAKEE Klebsiella 0.0 0.0 0.0 0.8
VWERIKEE Serratia 0.0 1.5 0.0 0.0
F Unknowns 4.2 7.7 4.1 3.8
SR B 22 FCBAYERE Total Gram — negative 15.3 27.7 15.2 20.1
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3.1.1 ARERRG=SAENREEMMMHAR

Shaffer & Lighthart SEAF7E R, LM B IR S 11 4 4
ABRG FEH B 19 BAE, A2 REEE 18, Ak
B8 E(EK D). FRMA IO BAIH , 2 R 6 J& , [At
B3 B, A AT B & 41. 7% , S8 /NP & 15. 3% ;1 R i
P12 R 2R EYER 9 &, R 3 &8, PR
5 12.3% , REAME & 10. 8% , 8 /MTHE 5 9. 2% ;3T
P10 R, 2RV 7 8, 1 3 &, P 2R i
i 45.2% JE/MTENG 19.2% 5 SRIHEL 14 BTS2 K
PR O JB  BAYER 5 B, KA A AT B o5 31. 8% , JE /T
14.7% . FLRAMREA RS THEZRAER, LPFE2KH

e LSRR o 2 P BRI IVFT B, T 5 4 2
A IR

3.1.2 FRNTSSARNEESMNIRMER 54X
ARG (36 2) RIRRT 250 DU AL 31 IR, 2624
PP BB 45 22 FE BIRE B | Eorh D R A T R
WAERE R FIBORIR. 535 RIR MR P2 S 2k
. TitehE LY Rk, Ml A D BZ L3 Ega s
IMBHOFRREL , T A 1800 0 2 BN 2548 S AR i 51
KRk B BITE R E R AR, i T A DSBS, 2
YRR, B R A YRR 5 5 4 R A PR
ﬁ[lO,Zl ~27] .
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Table 2 Community structure and species composition of airborne bacteria in different cities

Yy R Fit 4t Jeat
Group Sweden Beijing

£ W e i =M
Fushun  Shenyang Hefei Shanghai ~ Lanzhou

LA
Wulumugi

FHUTEB Bacillus
FHAATE B Sporolactobacillus
AT )8 Microbacterium
G /B Brevibacterium
BHFEE Corynebacterium
TERRATE B Alcaligenes
T8 Arthrobacter

HIFT /8 Bacteroides
AENFTHJE Acinetobacter
FLERHIT AR Lactobacillus
FHME AT R Listerium
BB Staphylococcus
HERE B Micrococcus
WIRE B Diplococcus
BIRE B Aerococcus
EEBRVH B Streptococcus

B IR B Pediococcus
BIBERE 8 Paracoccus
JEBRE B Pediococcus
NBIRHEE Sarcina
ZEEIRE B Neisseria
TEALERE B Peptococcu
TEALEERRTE Peptostreptococcus
BN B Pseudomonas
LY Cellulomonas
2Ef\BIRE)R Sporosarcina
BB W& Zoogloea

B E 2R )& Leuconostoc
SWEHEAKEE Klebsiella
A& K& Brucella
WEKE B Serratia
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+: HBH Present; —: 3% 45 HH¥E Not present

3.2 ZEAFEBELSHNRETL
SN TR G540 A0 ) F 4L R AE A [R] 1 B [B) AN [R). Light-
hart RIL-HAE 2 [CHEH B L RME, 5 17% , A R&R, 45
35% ; EZKFABEKR RS, i 2%, A XR&RMKE, b <
12% 1. Shaffer Z 555380, 9K 0600 ~08 .59 # 2% FEFHEER
7 69% , I 22 [CEAMETA (5 31% ;09:00 ~ 11:59 B 22 [CRHAETE 5
78.65% , 222 FRRAMEE 5 21.35% ;12,00 — 14,59 £ 2% & FH
5 86.83% , 2 FRRAMEE 5 13.17% ;15.00 ~ 1759 2 X
PR 5 85. 15% , 822 PR A M o 14. 85% 1151,
3.3 ZEAFEBELEHMNZEEWL
BASEERFRRNIFRP XSS AETRTT 2R HEA

[ 8 IR 2 , A R BRI A B A [ 3 M R R ER RE S 2 2000
AU AN E . Shaffer 28 FH MR 1 B 37 SE 0 B A 4% 1
FEARM R R A 2 M AR, SRS 2 KPR &
84.7% % 2 KPR & 15. 3% ¥ # 3 2 R FH R 4
72.3% % 2 R BIME R G 27. 7% ; T B 2 RBH PRI O
84.8% % 2 RBI MR & 15. 2% ; & AT 8 2 R PHBEBR 4
79.7% 2 RIAVE B & 20. 1%, HA 21% B2 KA E
BREEER ENANEERET, FRTERESNETF
REHIAEE, 7 12.3% ~45.2% . F 2 RPIER A HE
R0, PUS5 T Ay 1B B M BT R B B AT B, 20 o
NEEERIS. 5% ~10.8% ,0.0 ~7.7%. WA, 2/ =K FEE
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RSB RAR R, AR H e R, B2 ] 15 min i 54
KR >T0% +5.6% , MHEAFHZES 2 min NRKFRES
] 4 1009% ), BT LAAFUE 13 3 AIRE AR B RS JE 4% 9 BE AT
ok F2 Bt s S 40 P Y A ) 23 A R AE.

Shaffer ZEBF5T R, 75 £ A MR S S AMAE R EAE B H A 18
RSB AR, Z R R SR ®) B ¥, 48 21:00 F15.00
MU RAR . AEB AN LU K ) B9 48 o, Lighthart B YK
Mz TR RERMEWRE SR 2 min i) B4R, WEELS
RENESHEEALBEMIRFGEVMAL EXMLA
o AR SR — R R A BRI 8 5 B (1) &
WA BB (1i) B ey 4wk AT s ; (il ) I 40
B EEFR B BTt (iv) T4 5 S0 KU = 20 T R R IR
(V) B EBF 7R SR AR

FEYD BT R El - Taif TififiL A Shoubra, El - Faisalyia,
El — Mashi 1 El - Shuhda, EZH TREER S, SR IK
EH RS THESEY, BERLZZREW, HAEMKES T
HEEMHKE B SHAERECEEZEE, MELEMN
BERMK XVEHTERITREETER, KERE,MELES
EAEZLZW  MERSH RS AR E VR
MEREEH M, AFSEETERE, REEE , MASEE, 5
FEWAXED RIS S AREN AT SR URELBRER
K, MM E S AREERERS™ . S hAERFRKTER
FARBREE S, SRR s A B R LR SRR AR
4.2 FEHERENZTEETH

B T EURE A ) BURE T B (BUREAY B BB R R S
AR AR X 25 S 20 A ok B A N A AL AR s ST R B
4 n(CFU) =1 000 m ™) ggdE A8 R B2 175 ~ 8 000
m B4 B4 2 000 ~4 000 m M R E VP E G 10 ~ 150
m % BPGE N 50 ~5 73010 A MR R 0 ~ 18 m T, KT
RS PN 1~ 32 m 7P YR BT LAY EL - Taif T [ 35 #
Shoubra, El - Faisalyia, El - Mashi #l El — Shuhda 25 5 405 B
WERHEES THRE R BN ™ DRB XSS AERE
BARFIME Ky (791 £598) m™°, JL{A 34 {H 2% (536 + 103 )
m ™, T BSR4 4R IF [ Porquerolles Island %5 S 41 B 5 AR V-4
N (42£70) m™ JUAEE N (26 £7) m P,

Shaffer ZFHBFFE R W, AR P & S AHBH VR E 805 Oy 522
(665 ~410) m™> W RN 103 (116 ~91) m ™, XA ER
TR PR AR AW b = S P AR I AZKTE 3
MR, SSERHE S BME RN 20.5% ~61.8% , 5 HF
BERHME B TR L 61.8 (64.9% ~58.7% ), P AR
B E 4 % & 20.5 (23.2% ~18.0% )11,

AR E RIS BRI A HIER. R
FMAEEGT , E[ERAR. DEAMPESER N 4.7
ms T MR N 42 ~1554. T mTs T BT REEE
T RS RN 5T m2s 7 1 543 m P T I,

5 mRMEREZAHZE I HER

2R P A YR BRSSP R S R AR AR E
BEE & MR R R LIS RE TR, , SN R
B AR KA. 2 A A2 2R 8B XU X
] JEH S R D EREEMIRE RN, 2] —
MR . _EAR A oK eY . R RE& T
LT R
5.1 ZKEEMENEE

2 TREAARNE X AR A B ERNE
A, 25 A2 BE X 28 AR T /K B 2 M B e T D AR i R 2R L
BEFREE , T M Xt 3 3 B A 348 28 S4B g K E DT R
Porquerolles Island 535 4l vk FE A & 1R E MBS I g n (P <
0.010) ") S5 FE 0 R 117 25 ML AR PR T Wk B 5 9 B AL OF M
KM BRI AT S MR GRS L,
ZRIREH 10 THE 17 C, ANOBD RS EEMEYH
11 A/ Mg AnE) 80 /1L, T A K # R K P H 779 >/
& 835 A/m>!.
5.2 REFXE

PGE XU R M 2 A v B R R R PEE XUAR
3 Ik [ TR A SRR B, T 7 g XU i/ o2 SO VR
P QBB IR A S RE PG RYE R TS, K
R S AR T 0 B B K, S S 4N T s oF
HREEEZS ST /AL B Ho b , T ORE 1 i e Bl R,
BEE 2= SR TR R, SRR TR A R
RS, b1 T FE 2 S 40 e v 50 B3 =7
5.3 B

JEHXT R A IR R AR 2 BOUER X 54
BRI RPSE AR DR ZS OB BRER B OB AME) FOEH K%
Ik . Tong ZRF5T KL, LIS A= SR EA B B Y3
FAE , HEOER A SOa R SRR BRIEF T8
RATRR , VOB S ST AR R T B S I
FEF AR LTRSS ARG TEKREZHRE. 1A,
A REAS DAL A5 A L 3 P AT 3R A SR, AT 2 b 4
FRUMEE™ . Yingyi Tong 2B 5T T AL BIEHE 5 0 25 S 4 A B
TR, 55 R BT S 25 S P 4 B R IR R 2O E
L HEAEA/NS B0 DEIRERHE A YW b 4 SRR K
B R IEFHEOEIRR A T = AR RS S R T RN B
PEARSE(* =0.92) . FERE b, T2 JEil bbbl 3% 5 25 S 40Pl
FEBMHEGEIEA (P <0.05) T EFRAZEREY . AR
HIGIR BRI D28 S — SR BUR R B R VR, R R A = S
RN DGR B U, RIFI R 202% ; HIRRZ MRS,
RBPERAW 142% , K HIEHREER K= LAEBHE XL
HREURPERE

KBS = AE RSN E A R T EREM
BN R AN B, B _b 405 ) K PR R 5 e R 40 B R
TR R0 2R 20 R 0 A B S A SRR (R 4 R B A AR
BURRETE/MORAE LA MM EREREZ — ERE N
R HISRA T, 2 AW R AR Bt 16 B 2 IR R B 2L
L4 46
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5.4 M. BE.EZHE

V& T % 25 KA TR /B IR R R LA A, Rt AR SR i Es
SRR E, = U RRR K, B EBE. XS
ES YRR TR E L B0, S S S YRRk EBA
A B FIsVE R, AT R R B R TR BRI 22. 4 £, 25 AR HL
FR, BOMERBE FEREEFESSPRTE2 um K
HERLT B 4 B B0, TN T 2.0 pm AT F B 4
HCB B3R ,2.0 ~8.0 pum RIATEDRLT B 40 L IOH B AR 1.

Fuzzi BR5T R , 35905 7T LIAE 9 28 SR WPRLF I R AR 3%
FE ESAEKEEEFNA G THERESES. FFAE
AT IR RN BT IR e A BR IR R, R
AR E S F R ER (r=0.93) F pH(r =0.86) 2 1A
X, B R RREBIM G A AR, 1AL, Z R EMmEd
BRAR M Wi 23 S 2 vl A M g
5.5 BREF

EEMAEYMENEES E S RETHRRAKES
ERYIRR,ALE TR RES MBS, 55 E T
MR AR (A RIS YR T3 & R AE Y R B T/
FREFF.EEENKEZ WA LEZNEEZWME
/N Lighthart #1 TAEAL R A EESL B IR T —E MR
FUBM AR EIMEY N, &R ERH, B8R
SAEE USRS . Mancinelli 858 KL, ERAEBE 5 —
SHAREERMER(r=-0.45) , 5ZEHA(r=0.43) Fig
TR (r=0.56) Y R IEAHSC TR BT, SERTH , M A 2R ,
HHEMRENRES -SAREREFMEX, SZE8AR
EFEREEMHX FAEARES S AR E (r=0.54) =<8
FE(r=0.43) RIEME, IHh, B B HHE 5 A 4050,
IKALE Y BE T BAHE R R .

6 /Nzh
FRAHRESREPELNAEYARR I — , FEE
BMASREIRRAEM, T B5 AR @BRE X ZT M
25 SANEE B D BE , AU IR S5 N 40 A FRIE T T IR AR
il CX/ 3 SUN-PNL €78 REr A ki) NN
R, R HE S RN EERNRZ — FHE A4
BRI R T REN LI, BAZEE T H AR KR,
BEE 51 AL FAE YR I A RO o H R . (HREE
H, AT~ FEETFEHE B RAPR: (1) TEILPE
BRI E SR &G, B RA UETERIE R
TEMAE YR b X R R E S PR YRR MR D —8 5,
KR SAEETCETEMAE YR EAERK. HZO6 R
ERTRER, W DA IR A K B 25 U A LB R 0. 02
~10.6% , EAKERRIC T B E AR E TR FAERKK
(viable but not culturable ) 3! B L) 105251 FI| FH BB 4 39 10 3 AR F0
FEX S MAEHITIRA TS, (2) BURE S FHuUse 2 et
EEMEA BRI, T 7 LA F S AR AT
M S , 26 X B SR R IR S PR R s e — A . (3) %
BTH T RS SRR S0 A0 FRAE , A% 28 SR R TR
— WA, I BT ST, E RO B AR 1 3
YRR A LA B AR 3l ohO AR 0 4 ROAIRIPE LA D 25

FX AR 5K (4) WRABT TSR A TR
B R R M A A Y A A S SRR R L. (5) =R
B Z I A RATGRE TR, B BA BB ER
AR SN B RN, (6) = AR RED R BUS FBOR
MR, BRI AR R EZ IR — , BUL B = <A H
TR AZE BRI IR BE AR OSSR T 5 A PR .

References
1 Schwann T. Vorldufige mittheilung betreffend versuche iiber die weing
hrung und f ulniss Poggendorfs. Ann Physik Chem, 1837, 41. 184 ~
193
2 Pasteur M. M moire sur les corpuscules organizes qui existent dans lat-
mosph re, examen de la doctrine des generations spontanes. Ann Chim
Phys, 1862, 64; 5 ~110
3 Meier F. Collection microorganisms in the arctic atmosphere: with field
notes and material by Lindbergh CA. Arctic Monthy, 1935, 40: 5 ~20
4  Imshenetshy A, Lysenko S, Kazakov G. Upper boundary of the bio-
sphere. Appl Environ Microbiol, 1978, 35. 1 ~5
5 Lighthart B. The ecology of bacteria in the alfresco atmosphere. FEMS
Microbiol Ecol, 1997, 23, 263 ~274
6 Flexner J, LihgthartB, Croft B. The effects of microbial pesticides on
non - target beneficial arthropods. Agric  Ecosysiem Environ, 1986,
16 203 ~254
7 Lighthart B. Microbial aerosols: estimated contribution of combine har-
vesting to an airshed. Appl & Environ Microbiol, 1984, 47, 430 ~432
8 Tong Y, Chen F, Ku X, et al. Population study of atmospheric bacteria
at the Fengtai district of Beijing on two representative days. Aerobiology,
1993, 9: 69 ~74
9 Chang C, Chung H, Huang C et al. Exposure of workers to airborne mi-
croorganisms in open — air swine houses. Appl & Enwviron Microbiol,
2001, 67 (1) 155 ~161
10 Mancinelli R, Shulls W. Airborne bacteria in an urban environment.
Appl & Environ Microbiol, 1978, 35 (6) : 1095 ~ 1101
11 Spirin V, Mikhailova N. Microbial contamination of air at the swine —
heeding farms. Oig Sanit, 1991, 5. 34 ~36
12 Bovallius A, Bucht B, Roffey R, et al. Long — range air transmission
of bacteria. Appl & Environ Microbiol, 1978, 35 (6) : 1231 ~1232
13 Bovallus A, Bucht B, Roffey R, et al. Three — year investigation of the
natural airborne bacterial flora at four localities in Sweden. Appl & En-
viron Microbiol, 1978, 35 (5) . 847 ~852
14 Lindemann J, Constantinidou H, Barchet W, et al. Plants as source of
airborne bacteria, including ice nucleation — active bacteria. Appl &
Environ Microbiol, 1982, 44 (5) : 1059 ~ 1063
15 Shaffer B, Lighthart B. Survey of culturable airborne bacteria at four
diverse locations in Oregon: urban, rural, forest, and coastal. Microbi-
al Ecol, 1997, 34; 167 ~177
16 Lighthart B, Shaffer B. Viable bacterial aerosol particle size distribu-
tion in the midsummer atmosphere at an isolated location in the high ca-
parral. Aerobiology, 1995, 11 19 ~25
17 Hu QX(HILRHT) , Chen ZS(BRRAE) , Xu GQUIRHE) , Xu XZ(Hh
EFE), Meng LY (FH43), Che FX(ZEK ). Study on particle
chart of airborne microbe in Beijing area. Enwviron Monitoring China
(HEFRSIHN) , 1991, 7(1): 9 ~11
18  Zhang ZL( K[ ) ,Zhang SL(FK#A LK) , Cheng ZS (JF#E4E ), Jiang

L(Z2%2). Particle distribution of airborne bacteria in indoor and out-



128

IS = 7/ B 114

Chin J Appl Environ Biol

11 %

19

20

21

22

23

25

26

27

28

29

30

31

32

33

34

35

door environmental. Environ Sci & Technol( MERIF 5H A ) ,1993,
4.31 ~35

Lighthart B, Shaffer B, Marthi B, et al. Artificial wind — gust libera-
tion of microbial bioaerosol previously deposited on plants. Aerobiology,
1993, 9. 189 ~ 196

Wright J, Greene V, Paulus H. Viable microorganisms in an urban at-
mosphere. J Air Pollution Conirol Associate, 1969, 19 337 ~339
Chen ML( 5% ), Hu QX (#KET), Xu XZ(#F 2 ), Zhai JH
(CEBRIE) , Sun ZH(IMRHE) , Lu JCOEEA) , Sun RQ(IMEH).
Investigations of airborne microbe pollution in Nanjing. China Public
Health( E/AFLTA) , 2000, 16(6) : 504 ~505

Li CH(Z=& ¥ ), Shen YL($EE %) . Study on distribution of air-
bome microbe over Fushun and the Ribbon of forest around the city. J
Liaoning Univ( Nat Sci Ed) (il T K%M - HRBFMR) , 1995,
22(3).83~88

Li NS(Z=RER) , Chen J(FEUE), Yang J(#3% ). The ecological dis-
tribution of atmospheric microbes in Hefei during the spring. J Anhui
Univ( Nat Sci Ed) (B4R « BRBHEMR) , 1997, 21(3):
110 ~112

Sun RG( #)2R % ). Pollution distribution and system composition of
airborne bacteria in Lanzhou. Chin Bull Microbe (34 Y% R),
1994, 21(2) . 85 ~88

Zhou DS(JA KA ), Ma XP( ¥ F), Liu YI(XE ), Wang XG
(EB6), Zhang HB( 5K ). Study on system distribution of air-
bome microbe in Shenyang. Environ Prot Sci( ¥R ¥gf3HRla2) , 1994,
20(1):10~14

Che FX(ZERH) ,Xu GQUIRHENS) ,Shi CY (S24E3E) , Xu XZ (1
%Z) ,Meng LY( %4 3¥E). Ecological distribution of atmosphere bac-
teria over Beijing — Tianjin area. Enwiron Sci China( Hf EIFIER2) ,
1990,10(3) :192 ~ 196

Song LH( %% ) ,Song WM RAHER) ,Shi W(JiEEE). Study on air-
bore bacteria pollution in shanghai. Shanghai Environ Sci( F¥335
BlE), 1999,18(6) :258 ~260

Mahdy H, EL - Sehrawi M. Airborne bacteria in the atmosphere of El
— Taif region, Saudiarabia. Water, Air, & Soil Poll, 1997, 98; 317
~324

Lightart B, Shaffer B. Airbome bacteria in the atmospheric surface lay-
er; temporal distribution above a grass seed field. Appl & Environ Mi-
crobiol, 1995, 61 1492 ~ 1496

Vlodavets V, Mats L. The influence of meteorological factors on the
microflora of the atmospheric air in Moscow. J Microbiol, 1958, 59
539 ~544

Kelly C, Pady S. Microbiological studies of air masses over Montreal
during 1950 and 1951. Can J Bot, 1954, 32 591 ~600

Jones B, Cookson J. Natural atmospheric microbiological condition in a
typical suburban area. Appl Environ Microbiol, 1983, 45, 919 ~934
Gregory P. Microbiology of the atmosphere. J Aerosol Sci, 1973, 4
(4):339

Yousefi V, Rama D. Monitoring of air for microbial and metal contami-
nation at selected sites in the vicinity of Johannesburg, South Africa.
Sc Total Environ, 1992, 116 159 ~167

Lighthart B, Shaffer B. Bacterial flux from chaparral into the atmos-
phere in midsummer at a high desert location. Atmospheric Enviro,

1994, 7. 1267 ~ 1274

36

37

38

39

40

41

42

43

45

46

47

48

49

50

51

52

53

Pady S, Kelly C. Numbers of fungi and bacteria in transatlantic air.
Science, 1953, 117 607 ~ 609

Giorgio C, Krempff A, Guiraud H, et al. Atmospheric pollution by
aithorne microorganisms in the city of Marseilles. Aimospheric Environ,
1996,30 (1) : 155 ~ 160

Lindermann J, Upper C. Aerial dispersal of epiphytic bacteria over
bean of the biosphere. Appl Environ Microbiol, 1985, 50, 1229 ~1232
Marchisio V, Airaudi D, Barchi C. One year monitoring of the air-
bome fungal community in a suburb of Turin and assessment of its func-
tional relations with the environment. Mycol Res, 1997, 101. 821 ~
828

Zhou YM( J& 248 ) , Chen ZY (JEIEF) , Zhao ZG(#FEN]) , Guo L
(3B37.). Pollution lever of airborne microbe in Qiqihaer. Arid Enwviron
Montoring (T 5 I05Z 1AM ) , 1994, 8(2): 97 ~99

Lightart B, Kin J. Simulation of airborne microbial droplet transport.
Appl & Environ Microbiol, 1989, 55: 2349 ~2355

Hu QX(#1IR4¥F), Che FX(ERIH), Chen ZS(BRfiRA:), Xu GQ
(#xH: ¥ ). Impact on airborne microbe particle concentration and
chart distribution of large wind. Enwironl Monitoring China( " E¥15
ey, 1991, 7(6):5~8

Song LH(REH) , Song WMORMAE) , Shi W(HiHi), Jiang RF
(¥%F5 ). Health effects of atmosphere microbiological pollution on
respiratory system among children in Shanghai. J Environment & Health
(3P 54 R) , 2000, 17(3): 135 ~138

Moss S, Smith K. Membrane damage can be a significant factor in the
inactivation of Escherichia coli by near — ultraviolet radiation. Photo-
chem Photobiol , 1981, 33, 203 ~210

Tong Y, Lighthart B. A study of the relationship between pigmented
outdoor atmospheric bacteria and solar radiation. Photochem Photobiol
1997, 65 103 ~106

Tong Y, Lighthart B. Effect of simulated solar radiation on mixed out-
door atmospheric bacterial populations. FEMS Microbiol Ecol, 1998,
26 311 ~316

Fedorak P, Westlake D. Effect of sunlight on bacterial survival in
transparent air samplers. Can J Microbiol, 1978, 24, 618 ~619

Hu QX(#KET), Lu JC(EEE), Che FX(ZERFH). Impact on
aithome bacteria particles of snowfall. Environ Prot Sci ( 385 {# %1
), 1992, 18(4): 59 ~62

Fuzzi S, Mandrioli P, Perfetto A. Fog droplets—an atmospheric source
of secondary biological aerosol particles. Aimospheric Environ 1997, 31
(2):287 ~290

Lee R, Harris J, Akland G. Relationship between viable bacteria and
air pollutants in an urban atmosphere. J Am Ind Hyg Assoc, 1973, 34,
164 ~170

Lu AH(BZ4), SuJ(#A) , Yang YH(4ZKLL) , Han WH(HHSL
). Gray relevance analysis between airborne and weather condition ,
air contamination. Arid Environ Montoring( T3R5 W), 1995, 9
(3):143 ~146

Lighthart B. Survival of airborne bacteria in high urban concentration of
carbon monoxide. Appl Microbiol, 1973, 25. 86 ~91

Dimmick R, Wolochow H, Chatigny MA. Evidence for more than one
division of bacteria within airborne particles. Appl Enwiron Microbiol,

1979, 38: 642 ~643



