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WATE A S ME FE AR I, 5 99.4%, T 0.6%; B rhas S AN L 96.2%, G 3.8%, T
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BEMAEYRIR S RPN | B PR A S
MR, B EERET HIRA M L1 KAk
YN, WAMGKAEEE . i se . Kl
REW RS MY EE R (Giancarlo 4%,
2000; Jacek 4, 2000) , ELAMFTEZSSHHI4NE
KOl A 1200 #, EREA 40000 # ( Mahdy Fi
Sehrawi, 1997) .

Bl 2 3 T AR ERR A PR, IR T R AN
R, KRl E 0 B2 T, ER
SR, HEr, Jbatiiblsh 400 mE sk 520
Tiil. EEAE ARG YR, HLshE R =K
Woki . 2 S Wt TR T BRI 35 e o 7 o
( Nazzal %%, 2013; TamaraZ:, 2008; Ofer 2, 2011 ),
ARk, ARG AR5 G AU B
PR BB =, R ZS S v Yt AR5
PEF NG . 2SS 25 AR, R

EEWH: WitAMITHE (1407455)

T BRERTR . RS AR R R AR 2 DDA G
( Christopher %5, 2003; Dae%¥, 2001) ., =S4k
W E i i 2 B MR B & 4E (Bruce, 20005
Mrinal %%, 2005), Z5S A9 eelsiE, al Lk
PE2S PP I ] R A T EL, BN
TG . BRI . 454, AME. A H% ., o ik
B R eI R | B YRS, EEEE S
FET, X AREEA T E AR fEE (Smid 5,
1992, 1994; Von %, 2000), Ktk as i
YRR T R 25 G R AR AL, E 0P
Wl 2 AR RN EZE PR Z — (Zhu 55, 2003 ), 4
A A A A A et EE A BT S Y S R D AR
Sy H H A A T A [ ( Jeffrey AT Lim,

2003; Zucker FI Muller, 2004), 7F3. H. 7,

R F e N R IR — . 1999 4FEAE
A I 8 i s s [AR [ PR 13U 700 i 3L
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W DAY RO 126 iz %, (UK T
KAV (Biig g RpRZIEE, 2005 ),

Wt 20T 0 R R RN AL I T 3 e, AMT13E )
TR . ATIEAUEER A TG IAET . kT SR b e
o233 eI T FREE T A E B2 BT
B, AT T BiEs [MEY R . K
WG ke 2 S AE W BA AR ki AE ( Zaheer F11
lan, 2012), A[RIHEXGAES RS AT (J7
IRESE, 2005), AR KRIX | FRIX ALY R )
M7 S SR IR B LIS, TS . S
e BE ey (EEBRAIRAE AT, 2002; ZEfBAEARN
BREEFN, 2003 ). A A$E AR 0T LS 06 25 o R A i)
SEMEY (A&, 2005), A NIA AR
ARV E S s ARBTG5 YA 5% ( Dhia 4,
2012), i SR LR KGESES L H 74 5 (Wu
%, 2012), HIL, BEABEGT IR I B 3 2k ot
ARSI B EAE L, X A s e i
il . IR TR A AR L R R T T S e AL 2 T
HAHEBEHRFE L
1 HREXHER

TR 5 2N el iy . RABHN X, 2K
9km, 9% 130~160m, A diHimAY 67 hm?, ZdtaT
WX N BRI HPIR Al o A28 78 JC AR IRIE it ik
el CHEEREBE ) BEPE T 52T VY T IR BT ) 3 Bl
MEEHD, S0 s TR Eg5 M (A) , FeiERigfy
(B), FFRFELEH (C) oA (LR 1) .
2 MRFAEE
21 FEREVRERSFZEFIE

BB . BT B IR AR Ll S = T
il o 40 R B e R 4N 59, HEH % 109,
NaCl 59, Bifl5 209, z£iH%/K 1000 mL; F R
TR FR 5L #4109, &M 59, KH2PO 1
g, MgS04-7H20 0.5 g, Hillg 20 g, 7&K 1000 mL
(R0, 1990) .

BEMEYIREE . RAERTIRISN 2012 4 6 H 25
H I/ 9:00—11:30, R AIFILTTRERAE , BER 10
B 9em, BHREHLEE RO (M ) BEFAR(S) .
AL (G) | BHEMZ5m(G5) . 10m(G10) .

15m(G15) . 20m (G20) . 25m (G25) . 30m
(G30).35m(G35).40m(G40) . 45m(G45) .
50m (G50) . 55m ( G55) AbiE 14 NHURERRRE,
AR 3N ES ,; SR, SRR
1.5m, FERPEHE] 10 min, SRS 56 1 0L 55 B 5256
EHiFR.

SEHFE: UEYREERIEE, AT
MEREEA . G, DRI A S0 %) A S 2
HENFRZS SIRAE . AR EE | RUE . SERE SRR bR
(W#E2) .

F2 WAL SKEFER
Table2 Some meteorological measurements of monitoring green space at

sampling time
FE WBEEIC AIXRHEEE % Ri(ms?)  SEIRILUX
A IR Ak 275 60 17 16 200
FEHLPY 26.0 68 0.8 3900
B A Ak 27.0 64 19 15 700
FEHLN 26.0 69 0.3 2 700
c IR Ak 30.0 58 14 28100
FEHLPY 29.5 60 0.6 3700

2.2 IEFWMINTE

BEFENI « P BORE J 1 8 75 LA B T R s 55
TR R, ANEEFRIERE 37 C, 48 h KA F1y
BVEE, HHEFRIRE 25 C, 72 hJGHa FH @
P, BT CRU-dish™. AU ok 40 T4 F 5 1 F-
YIRTERZ M. i e a2 r ik, Ead 2 m
FHOIE S e 8

WSOV . Y=(CK-N)/CKx100% (1)

NI Y SR R 3R (%) s CK X R A S
A B (CRU-dish™) , A YSZI Ay %) IR o5 R B
JE AL s N A gk e Y W s SRR W vk
(CFU-dish?) .

Fi A s AE 4B i Microsoft Office Excel
2003 i A17 ¢ My RNl AE s O 2 4 Br A LSD
( Leat-significant difference) £ tb#KiE L SPSS
Version 18.0 #£17.

3 ZER59H
3.1 WHEEEEPEEPSSEEWER
WA B S A EE A oS E, b

F1 LEEHEAER

Tablel The basicinformation of monitoring green-belts

FEH FEHY i R/m e IR/ (mxm) R #im AR B2 %
- Jii# (Pinus tabul agformis) 4.5-5.0 2.0x3.0 25~3.0
1t 3
A Akl R MOR (Poa pratensis L.) i 79% 8
Jil# (Robinia pseudoacacia) 8.5~10.0 4.0x5.0 6.0~8.0
Sy e [ % (Sophora japonica) 8.5~10.0 4.0x5.0 6.0~8.0
I YE 2=
B FRHERRSH 4 K (Lonicera maackii) 25~3.0 — — 87
M2 1 (Lolium perenne) R 70%
[ # (Sophora japonica) 9.5~125 4.0x55 7.5~9.0
C B I (Pinus tabul aeformis) 4.5~6.0 2.0x3.0 3.0~4.0 70
.3 55 (Lolium perenne) s 75%
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99.4%, w5 0.6%; iHFERIaxi A AE S
96.2%, Tl 3.8%, B AU LLIE S (DL
1) . %, WOlE g SR aiirh, S5
A AT 10 J8 , o5 A R 98.8%; A U A
FEA 9JE, HEEOHNY 99.6%. K 2 W T4l
W B ARSI 5 L] dH PR L
A Micrococcus . Staphylococcus . Bacillus
Microbacterium F1 Arthrobacter TiJ& , 43515 22.6%.
19.3%, 16.4%. 14.0%. 12.8%; %R RRE %
A Alternaria . Penicillium | Aspergillus #l
Cladosporium I4J& , 4345 30.3%. 23.4%. 21.3%.
16.5% (WK 2) .

120

DiEE  oRifstil

100

23 SE AR L B11%
3

[T
EIE 1)
TEFEFEAC: m=27; SRHIFEAHE n=99
B 1 EiERREMP RIS SMEWHR LS
Fig.1 Microbial composition (as percentage of total concentration) from

urban road and it’s protection green-beltsin Beijing, China

3.2 I TIERKBAP M =S AE YR E K EE
BT

AR 3R LA H M) 1 s A T 7 G
o JE R R A SRR A SO R R
IR RE AR A — 5, I s s B AR % 15 m
AR A, it 15 m E AR bR
V- o A% KT B T] A8 U e TR AR A LA
B, ZRBUN (WE3) .

Sephylococs Baillus ) Microbacteri

16.4% um
us 14.0%

Arthrobacter
12.8%

3.3 T8 BN E B P ek R E R L B

DABK A b 2 S0 R BE SR 0 B, A AR
FERIR R S (UL 3) , it bk 3 Hephiirsk
N PR T 15 m 5, 25 AR YRR ARARIA S
70%L I, HIRR . FEIRL . SARATRASHR( B )ikF] 90%;
A 3 Y Xt 25 A W B YER AN R . B &
SR, TERERTIRACEEH (B ) X8 S AN A
RORIAF (P=0.047) 5 £FHTREL (A ) R TR
(C) kz, H-#HZZERAUE (P=0532) .
3.4 WHERGIPEMPESSHERERTENER
EE

PR T3 T 3 B B P Sk s R E s G FE
RI Nz AET Y, R L2 AR SR
KATEH BB . BT725000r, 3 Hesgih AR
TKPRR BE ) 25 ARV BE A B 5 22 5, 20
XA [RIKSF R B 28 AR 1T LSD 2 i
K (WL 3) « HEARZE 10 m bz SN iE ik B LU I
JR AL B TR BEARZE 15 m ALK (A ), FEIR .
THAATR SR ( C )28 ARV B LL 10 m Ab i ZFEAI
1M 15~55 m #5456 B[] 25 S5 1 25 o 3t i A 3 T
He2s SN TE 229~587 CFU-dish™ (75 /K FF, 3
o A %) 97 7 M AT A5HS T A A B T e ) Tl
TR 15 m, IR HLTE AR, S 15 m
Hhag b MR, N2 588 5T 0T 18 B By
5 23 SR PR e ) S A PR b, 9 B2 W A 15 m LA
s R PRI L 5K, ) 10 m SRy B
o b, i Sl 5 AT v 3 JE s RO R TS
4 w5itie
41 Zig

(1) okl i e HL st 25 S ) R 2 i
o7 4 XL, B AR R D AR AR B RN
Micrococcus, Saphylococcus, Bacillus, Microbacterium,
Arthrobacter )& . &R ILHAF AN Aternaria,
Penicillium, Aspergillus, Cladosporium U/ .

(12) Ikl B B 4 2 b 23 SRR M RN 2SS4l
PRIV KRB FE AR A — 3, DA v e B b P FE AR

Penicillium Aspergillus
23.4% 21.3%

Pseudomona
s Alternaria
5.0% 30.3%
Corynebacter
Micrococcus /o8] ium

3.0%
226% Brevibacteri

Other —* Kurthia Aeromonas  um Trichoderma orium 0.9%
12% 1.6% 18%  23% 0.5% 0.6%

n=6
B2 WhERREBPENESEE. BERRBEMLLE]

Fig. 2 Community composition of airborne bacteria and fungi from urban road and its protection green-belt in Beijing, China
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400 A 400 A 6 A
300 | 300 |
4
200 t 200 |
2
00 | 100 t
0 0 0
M S G G5Gl0G15520525530G35540G45G50G55 M S G G5Gl0G15620G25G30G35GA0GA5G50G55 M S G G5Gl0GI5G20G25G30G35G40G45G50GES
700
00 g B 4 B
2600 | 600 |
550 | 500 s
D
S 400 t 400 | ,
= I 300 |
2 300
ﬁzoo - 200 | 1
£ 100 } 100
0 o b+ . ©6e6eeeeo . ... ...,
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600 c 600 c L r ¢
400 400 10
200 200 5
0 0
M S G G5G10G15G20G25G30G35G40G45G50G55 M S G G5G10G15G20G25G30G35G40G45G50G55 M S G G5G10G15G20G25G30G35G40G45G50G55
TR
n=3
B 3 WWiERpP R = SRR EREEENTL
Fig. 3 The variation of airborne microbes concentration with the distance away from urban road in the protection green-belts
*3 BERAREEBFMATSHEAEHRKE LSD SHRK
Table3 LSD multiple comparisons of airborne bacteria concentration in the protection green-belts at different distance to the road
A B Cc
NG G2 . o . o . o
i /(CFU-dish™ 4 7/(CFU-dish™ T /(CFU-dish™
HE/(CFU-dis™) — o8 0.01 WEICFUdis’) = o8 0.01 WEICFUdis) 5 o 0.01
M 340.67 a A 587.34 a A 531.00 a A
S 315.67 a A 403.67 b AB 229.00 b B
G 323.33 a A 307.33 b BC 178.00 bc BC
G5 175.67 b B 315.33 b BC 130.00 cd CD
G10 125.67 c BC 118.00 c CD 121.00 d CDE
G15 68.00 d C 46.67 c D 63.00 e DEF
G20 78.67 d C 40.00 c D 70.00 e DEF
G25 71.33 d C 43.00 c D 44.00 e F
G30 72.33 d C 38.00 c D 43.33 e F
G35 71.33 d C 38.67 c D 52.00 e EF
G40 65.67 d C 36.67 c D 65.67 e DEF
G45 67.67 d C 39.33 c D 54.00 e EF
G50 70.00 d C 36.33 c D 62.33 e DF
G55 68.33 d C 39.33 c D 52.33 e EF

% 156 m Zb 2 RIREAG, BiARZ 15~55 m Zb2ARfb 2% ;
23R B b TR JEE AR B A A A AN B

AR SRS IA BENT RO, HLIE
LRSS AT R B R e e R 5 i 2 A B
RORAL

n=3; N KREFHFR2EF M B3 (P<0.01), AR/NGFEEFRRIER B3 (p<0.05)

T S A T S R R LB 3P S RE AR 15 m
PAL; 10m A LESEERA —@ERirack . alTitEA
[F) 5575 YK Sl T T B AR I BN S %
4.2 itig

(1) WHTER ek R AR . T iE
HEOALIRTG Y, FEGRN T BRAY) . Y
SO2, X Lby5 Ryt ) PN 1, HEANKE S

(3) UIFFAN T, I BAT—E SRR SR AT Ik

(4) EWFERY], R 5T R
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BB EDLIX . R PRARERE . AR iR A
Yl , XSk I AR v i e E . 2R
B ERA S HAABERVER , S E YR
I (Owen %, 1992) , i#ad ARSI AIXIVEH
Ii] JE B9 R, A WF9E B 2 SR R 1 5 25 Rk
AR B B i 2 TEAROCOC R, UHUE S TSPHI PMyg
(fTJ5 3C5%, 2006) , PR iTiE i <9005
Yo FELR BN BIF BRI A M = 2SI
TH T8 B I L BT O i o AR IR, B F A
FELFE, SmsSHE TR (R 2) , B8R
R TR o B AT L 1o A IR B 7 o B 7
Wik, FEE M PR S, SER Rl A
IR T S 2 iy ELYAPIR AL 3 . AL LM
PSR RRA R RE S8 (SE—BSE, 2002; Z8ETT
&5, 2008) o PRI T A g 4 o b T 3R L R AR S
SR, MRS UE YR E . [FIRT,
FE DA AT DI o O & i B BN B . AR
BMOR. FHE. oA BERSERAIT R . il
BE L CRMCFFIA . 4o (o 28 Bk 0 S I e A B Y
it Bk FARMEY X ZEAZATR A WEIE R,
nymAs . A, BIASE (GRS AE, 1999) . MY
WA LAY SO,, L E B §r 3w T 18 R 4 R R TS 4
PIVERT, k. Bk, ToF . Mk SO, fk
i (2R, 2005) o YA BTG YRR PUE
T IB B ARAT HESE A LA SR Pk as o, 3R
TS ORASCER () SR U] . B E R 1 I U AE AR ES
FINTEAM TN 2, A EAEO . WAL A
AHEY) s F BRI FRBE RN, Pk B o
i, NE, W SO2 FERFERTIRERIM RN, LIk E
AR PP RS

(2) IRTTE B et 2s Al SR i B AR
BEEMACE (B) , BALZREK, NBEXAEES,
Dok e HELA 2 e A A E R JF EL
FHamEM: 2, Al PR, SECE
2 ETE IR IR, DB HE TR B ah 4 (A
C) WIFMBEIRUR . IR 2 Al DLITHE R S22k 4
BiE (B) KUEMERIE ARG 1.9 mst BRI Y
0.3mst, KK 84%, MistHFrss (A) [ 53%,
EHREFTE (C) KK 57%., T8 B 5534k P I
BE R R R RE A R AR, T AR e
Lbws (DLEE 2) o Xl foi g i P 3 o 25 5 T I
/INASE, I EASELTE T B, A ELA LI S
IR BRI KA, Sk 2 R BBy
PRORA G, — S S R AR & T o508
RPN N . MBI S E g% g, 18
R EIE T, AR R, AR
AR YT B s N 1 S B HoAT R )22 ()
2, BRI SR AR A Hp e

T AR, R EA R i K B 4
P, TTRHE SR ASHIE B/ N RS T RE N S B T 5
Y, NOE R ACE ; fUCE B 2 RIR A TR BA5
BRI B, A SR T A S R A S
e lalpst, b in A A TG 5

(3) JTTiE B S L TE R T T A
A S5 3 6 JE R A 22 I R U R T
[ oI A I AL 1 A ke S Sl 3 g 7 22
TS YL T, R S Y T A S i
eI . BT S YN TR s SR . 2
YN . SO, U NS JEIGYE, M HAAT5 5K 1 [H]
MAEMEREN R, SR AGETH SO,
M HAEZS SE Y2 A& (Dhia%s, 2012) . H
SR T s S AN B TS Ye B S, AR e
R 25 [AIGER | TS YIRS Y RE LR IR R
NZLE G A FGE B bR E L, s REs s, B
SERAE o ERT LARA A2 BRI T s Y R
RIX . BbIX . SRR SE N 24 | IR
DRI EEHB TE R, LA RN 4 by iy H Y
T2 BEl | 37 Fel 7R R s 5 A 10 980 B 5 i — )
VS YBIGE , BEE TR LS, LIS
AR AR RIAS .
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Effects of Urban Road Protection Green-belt on Reducing Airborne
Microbes Concentration

REN Qiwen"? XU Zhenhua" 2, DANG Lei* 2, WANG Cheng®
1. Hebel Institute of Forestry Science, Shijiazhuang 050061, China; 2. Hebei Engineering and Technology Center of Forest Improved Variety,
Shijiazhuang 050061, China; 3. Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China

Abstract: With the development of economy and improvement of living quality, people need to clean, comfortable and healthy
living environment. The role of urban green space in cleaning the air, improve the urban environment has attracted more and more
attention. To research thoroughly the effects of urban road protection green-belt on reducing airborne microbes concentration has
significant guiding sense to the air pollution control, environmental quality improvement and scientific disposition in urban road
greening. The paper take three kinds of protection green-belt with different stand structure as research object, which on the Xitucheng
Road in Beijing, sampled at different distances perpendicular to the road with gravity plate method, and then taking count of
microbes. By analyzing the type and proportion of air-borne bacteria and molds on the road and it's protection green-belt, the
horizontal distribution characteristics and the reducing effects on airborne microbes of road protection green-belt, the results showed:
1) bacteria is dominated on the urban road with 99.4%, while molds is 0.6%; in the road protection green-belt, the proportion of
bacteria is 96.2% and molds is 3.8%. Predominant microflora of air-borne bacteria include Micrococcus, Saphylococcus, Bacillus,
Microbacterium, Arthrobacter; predominant microflora of moldsinclude Alternaria, Penicillium, Aspergillus, Cladosporium. 2) Total
airmicroorganism and air-borne bacteria coherently change on horizontal grads, that is the total airmicroorganism and air-borne
bacteria are consistently sharp decreasing from the middle of the road to 15 m distance to the green-belt edge, little change among
15~55 m. 3) The effect of three kinds of protection green-belt to protect bacterial pollution is significant, which exceeds 70%. The
optimum effect is the stand structure of arbor-bush-herb, which exceeds 90%. While the protection effects of protection green-belt is
not obvious for molds. 4) To reduce the bacterial pollution, the optimum unilateral protection width of green-belt is more than 15 m,
but 10 m width also has certain protective effect. 5) It is advised that the urban road protection green-belt should be trees-based, with
reasonable mix of shrub and grass. As for the species, which can be dust removal, sterilization, SO,-absorb should be preferentially
selected. The structure of urban road protection green-belt should be mixed by arbor-bush-herb in northern city, and tree-based with
grass in southern city.
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