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£, KM B WA 550 N R RAEY LRI EREEESR (p<0.05) ,WABHERN 1.2 ~2.4 £, AREY
B KBVMEFD R WA > KR > /N > B3 RFER YRR 12 RO S e e E AR A A SRR EE
BEMBABESHER, ARGEREYHELEREFBE (p<0.01) 4 HEYEAREENFEEEHF b T >k
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Abstract; Urban vegetation plays an important role in improving the urban atmospheric environment. The dust retention
capacities of four urban tree species ( Ficus virens var. sublanceolata ( Miq. ) Comer, Ficus microcarpa, Ficus altissima,
Bauhinia blakeana) in Huizhou, Guangdong Province have been determined. The heavy metal and sulfur content of foliar
dust in different urban areas are compared. Total urban vegetation biomass in Huizhou was calculated by analysis of remote
sensing images , whilst the total leaf area of vegetation in Huizhou and the amount of dust retention by the urban vegetation

over a year has been estimated. The results indicated that the amount of dust retention by the four tree species increased
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with time before the foliar dust amount reached their maximum. Dust retention capacities between F. altissima, F. wvirens
var. sublanceolata (Miq. ) Corne and F. microcarpa, B. blakeana. were significant different by 1.2 —2. 44 times (p <
0. 05) ,following the trend of F. altissima > F. wirens var. sublanceolata (Miq. ) Comer > F. microcarpa > B. blakeana.
Trees species dust retention ability is especially related to their leaf area, leaf inclination angle,, branch hardness, the angle
of branch extension and so forth. Cr, Cu, Zn, Cd, Pb, S contents in foliar dust and the amount of foliar dust for a given
tree species in urban areas demonstrated remarkable differences between landuse (p <0.05) , decreasing in the following
order; the industrial area (IA), the commercial and transport infrastructure (CTA) , the residential area ( RA), and the
control area ( CA). There were extremely high loadings of heavy metals in the foliar dust in the urban areas, with the
pollution index following the trend according to landuse: IA > CTA > RA > CA. The overall aboveground biomass of urban
vegetation in the Huizhou built-up area was estimated to be 3.2 x 10°t, and its total leaf area, 808.4 km’. The dust

retention capacity was calculated at 4430.7 t per year. It could potentially remove approximately 1.63 t,2.70 t,5.54 t,
0.041,1.841,19.52 t of Cr, Cu, Zn, Cd, Pb and S from the atmosphere, respectively.

Key Words: urban vegetation ; dust retention capacity ;heavy metal; sulfur;remote sensing

REFRPTIE—ERA N E—FEAER B B E IR SRB Y BRI = AR R AR B X
I, KOS A S R IR 5 e 2 H 3SR, MU R SRR T, 31 206 EE " B3| R
3B ST RE IS RBSF B, WIS T 2R84 . IR KO, RAUBORL 4 1 BOR IR T4 3% B T 4 2 Kbl 3 %4
Mo BRI AR PR SRR BN SR T REBBIR, U NS A& M0 A R & 55
B M AT AT S R TR B T RS A Wtk % T 7 L Bl 2 R 4 T 7 2 SR 4
BB . YT RSIS R TIES , B SRR B, B — R A RS R 25 R R RO A 3K
B2, BN MR AR BT RE B R INET AR K IR, X AR X 8 A R i P A A g v T
Fe L E S B BRI AWGEIRER D, AR THR=/A, &FRE R R XN A8 BEMNTTRARE)
BB X T SRAL R Fp BT A2 BB ) , T PR I R B R AR HEAT T B, DR X BN SR T L B I I AR R SR HEAT T
Fio
1 HEE5FZE
1.1 HaRE

()RR R\ REEEVIE AL 3% TP R B M T AT B o X A s, 358 9 M REE A
SRR T X (TA) (XA EZHR Tk A ER T, F2H FERFE i Tk BT (PS) )
RO AZE X (CTA) (FEHNIHE 5 AR SR K, AR P g B IR 8 T AP, BEX(RA) (£
BEONERA/NX, AL X ER5E) EEXRX (CA) (EENZE S A TR, n: AT AHE) ,
A1,

(2) REERFY  XTEMTATA 30 REFZEHE 3 ANAE.S ARG5S NMEEX KRN FHETEHES
it, g5 WL . KIH#¥5( Ficus virens var. sublanceolata (Miq. ) Corner) /NH#5 ( Ficus microcarpa) | 18 \L#E ( Ficus
altissima) \ %¢30| ( Bauhinia blakeana) 4 T (5 2TTERALRIFPE) 49.76% , HBBGX 4 KEH RFRMER FBE 4
BT, SRR 20 ~45em, #MEH 8 ~15m,

(3)REEHBE:  YMEHEKT 1Smm, BREKT 17m/s i, ATYCHEYH A LR R ERR T H
YA EFHA, BEEMNTERRER, T 200549 ~10 A, M/G(FERE =18 mm ) §fF 4 d, HL8#1720 d
Rifo BRFPLRE Sm BRE I A BB R Ml 500, B M2 K E e, FELIREE (@ 0. 45 um) FhuB bk
WA T R, ROIRBX AR 27 MR

(HFTHEE EARTIERXEE 14 MELTHE, H 5K/ 30m x30m, ig FH & 042 B2 R B
YR OO B4 B M R AR 4
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S)HEFWMWAEYMEMLE BIEFTEENRAREZMSEROR, RIS R AR EREE TR E A
MR YRR TR SO E A YR .
1.2 FmileE

(1) Bl e Pk i TEAE 70°C T 2B &, FR
Bt 60 B ik 0. 5, i HNO,-HCIO, ¥ JHf# , A ICP-
AES(IRIS Advantage (HR) ( 3%2[E ) Thermo Jarrell Ash
Corporation ) | &) E 48 Cr.Cu.Zn.Cd.Pb 1 S
R

(2) HERME : XHEMEYFEPLIER 20 f s
BARBLT M b, AT ILARBEE 20 ST i, Xt 20 7K B
M ARE, ERAER(BEY FER) , HHERM A
ER; IR REN R TER. 75b, 43R BER
FPRIE MBI 5 ~6 i , M HAMET T iR4E L, &
AR EAR R B AR, R AR E
1.3 HE S5RGBT

SEEEE RN SPSS 11. 0 S it BAF#EAT ¢« Kk,
ANOVA J5 2 43 ¥7 Pearson #H X 53 #7 %, KR H
Maplnfo. 7.0 F1 Origin6. 10 HI/EFE K-

NP REHR P RRALRES RIS IEE:
P, = {[(Ply) + (Pigx1/2}"? P, =C,/C;, I Py P 53 B 1) BATRIS Yetig UM B K BT Y5 Yo 45 35
CoONFEARSIME, CoT AR HIRTTRERES, n RMETEMNEE.

BN X TERGORIRZ 2005 427 J 18 HREKY Landsat TM S48 (Path122 Rowdd) , P = BE %
70, BB RN ENRIEMRAER IR IEA R RGRIE T i s AR RBCY R E M APTIE%0N 67,155
TR, RRROLR . BH5ER A 30m 28 8] 73 B 22 40 7 = A2 A B ( Digital Elevation Model, DEM) H
1:50000 50 F L FE R AL . R TLHERE . FIH DEM 5 B4 IESNR IER X HF#EF T IEHRIE (WGS84 X
HARARR , UTM ) , B IEREETE 0. 5 MEITLAW ; HRBEA THR I E 5 SR A RIS X HgE AT RS IE ; B
JEHEATHIIEARIE . SRAT NDVI Ry [ 8 A 4 & 8 B e 4
1.4 EAEYRREER

g 14 AMEETT B9 AR AR ERIBURE 7 X R NDVI, iz F SPSS #R i 5t i B 416 # NDVI S5 = Y B 4T
BUE AT, A YR ROERES R BT 4 SRR X Y308 o ORI FEPLIE R 4 Mar s &R
YRt SEBR S R AT B T RERERAE Y BREE
2 HREWm
2.1 FEYIRHE B R B 5L

R 11,5 YORHHR, R BEM AT, 4 Rl I AR M mi A 2R EEKmEK, ME4d8
MHEHDREE/NT 0.5 g/m’, BIA%E 20 Kit, A FDIRE X A B LM Fp i B AR A BISRBE AT, £ Post
Hoc 2 AL LSD J7 241, BRI 35E X 4h, A RIS BE XM i s R B 7R 56 16 RFISE 20 REB & k=
Ft(p> 0.05) , BP 3 S i -1 95 2 B3k BT B IR 2928 20d, R85, A v TG AR R e 2 B A [ 3%
WA LR, ERAZVRINERETHES A #7AAR 15 d IR, TREmE" amdt
FEAX AN EMRSE 10 MRF AR T 4 AEIREM, RRPmdag28mt b irAge M — 1
(HEE" G RERT RSB MN R EN — N EE,

Bl Legend

o X
Industrial area

A FEARE X
Commercial and
traffic area

4 BEX
Residential area

Tkm | WHEEEX

[S— Control area

Bl EMiRERSEE

Fig. 1 Sketch map of sampling sites in HuiZhou
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Table 1 The amount of retention foliar dust of tree species in urban areas (g/m?)
B R #EZB Amount of dust retention (mean S.D. )
%#)ﬁ No. Tree
Site  amples  species 4d 8d 12d 16 d 20 d
RIRX 9 B F. dltissima 0.457 £0.03a 0.474 £0.03a 0.543 £0.03a 0.786 £0.04a 1.051 £0.12a
CTA KH#s F. virens 0.301 £0.03b 0.515£0.03b 0.535 £0.04b 0.757 £0.04b 0.845 £0.04b
NS F. microcarpa 0.178 £0.02¢ 0.388 £0.02¢ 0.445 £0.03¢ 0.508 £0.03¢ 0.556 £0.03
%3] B. blakeana 0.139+£0.003d 0.24 £0.02d 0.279 £0.03d 0.363 £0.03d 0.431 £0.03d
TikX 9 B F. aliissima 0.280 +£0.03a 0.535 £0.03a 0.645 £0.03a 1.173 £0.15a 1.259 £0.19a
1A KH#s F. virens 0.314 £0.02b 0.545 £0.03b 0.836 £0.03b 0.913 £0.03b 1.058 £0. 16b
/NHHE F. microcarpa 0.186 £0.03¢ 0.488 £0.03¢ 0.747 £0.03¢ 0.868 £0.03¢c 0.839 £0.03¢
%3] B. blakeana 0.175 £0.02d 0.218 £0.02d 0.326 £0.03d 0.548 £0.02d 0.615 £0.04d
BAEX 6 B F. aliissima 0.127 £0.003a  0.461 +0.02a 0.501 £0.01a 0.823 £0.04 1.024 £0.10
RA KH#s F. virens 0.144 £0.01b 0.381 £0.04b 0.641 £0.05b 0.788 £0.03b 0.785 £0.02b
NS F. microcarpa 0.10 £0.02¢ 0.383 £0.03¢ 0.508 £0.03¢ 0.712 £0.04¢ 0.705 £0. 04c
%3] B. blakeana 0.0497 £0.02 0.238 £0.03d 0.254 £0.04d 0.305 £0.03 0.308 £0.03
HEX 3 B F. aliissima 0.058 +£0. 003 0.214 £0. 004 0.301 £0.03 0.436 £0.03 0.584 £0.03
CA KH#s F. virens 0.086 +0. 004 0.133 £0.003 0.26 £0.003 0.329 £0.002 0.322£0.02
NS F. microcarpa 0.048 +£0. 003 0.176 £0. 006 0.376 £0.004 0.431 £0.02 0.447 £0.04
%3] B. blakeana 0.041 £0. 002 0.150 £0. 006 0.184 £0.004 0.280 £0.004 0.303 £0.02

ab.c.d 4 FEY A S EEXHREY L, ERBE p < 0.05

a.b.c.d show the significant difference comparing to the four sampling trees in the control area, p < 0.05

2.2 RERE A FE SRR X A 8B ) AR

ANOVA J5 24Pk, KiHE R ILis 5550 NHE i R RE N R B EFHEZE R (p <0.05) , T RMH#
AR, AN EZ R EZFARE, F—IhX A, BILERAoH EHRECE&RK, KHBRZ,
INAREAR, BRI R R, LUERIAS R, W HE X /G 20d Y B3 A ge ), W s A &
RENHY 2. 44 £, X8R 1.96 45, /MNHE RIS 1.29 £,

WAL, E TR A FESRE K R B 2 R B (p <0.01) , HB i fF o : Tolk X > Bk 3858
R(RRER) >BERX >HHEX. 520 XEMRET 4 M XYM 5 i Bk b & o k. 3. 771,
2.883,2.822,1.656 g/m’,

2.3 BRAESBENRSE

H&R2 TR, AFRXHERFEENESEM S SBRFERENRZER (p <0.05),Cu.Cd.Cr.STTEEE
DL X (GHEH) ) B, Zn Pb LARG ML 338 X &, /B AR X & i 0 R X W A AT A A 488 . ARl TR IX
LEATHREEHE RN y: TR (B Rl GEX  EEX EEREX,

4 PP ERELE Cd.Pb SEBEE , ARIIEX Cd FEBXI T/ A8 HETRERMEK 120 EL 1,
HEX O 121 45, BAERX K 132 745, Rl 3SE XM T X35 139 f52L ., Pb F2NEEREN 12 FU L, B
X JEEM R X FEA A Ph IREWIAR T HRER 4 L L,

£2 FEAMERMHERENESENHRSE
Table 2 The heavy metal and sulfur content of foliar dust in urban areas ( mg/kg)

?it:* R No&i:m&}%les Cr Cu Zn Cd Pb S(mg/g)
AKX CTA 9 241.5 +£27.4 324.8+23.6° 1782.4 £61.8° 7.8+1.0 512.0+£27.9° 4.63+0.48"
Tk 1A 6 237.00+£23.8 1313.0x37.5° 1860.0 £51.7°* 8.410.9° 462.0 +£21.5 4.42+0.52°
B PS 3 927.6 £27.9° 914.6 £17.4° 204.6 £20.6* 12.8+1.3* 184.0+£15.1° 5.26£0.41°
JEEX RA 6 215.6 £27.0 235.2+17.3 1223.0+14.3° 7.41+0.94 460.0 £27.7 4.24£0.52°
BESEX CA 3 202.00 £+26.8  228.80 +32.9 1127.0 +£38.0 6.8+0.6 434.0+33.9 3.27+0.59*

%p < 0.05

hitp : //www. ecologica. cn
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2.4 WOHEGESREN RS

BIRERAE" B, BRAN YR I TR,

BT Ws =0.000023324(D*H)*® Htt W, =0.00001936( D*H) ™5

Bz W, =0.000021428 ( D*H) ***

ST M A FI R R TR BT A Y B AR A Y BT, ISR W, =0.04389W: +0. 03162
(R*=0.857,n=84), Hi s L EAEWE W= Ws + W, +W,, WAL REAMB AT BEB(U) Fnt4Y
B(W) kst ER :U=a x W, , EFHRE o .b(£3),

B TM SRR B — L k8 $ (NDVI) , 357 NDVI 530 JE 2 A4 ) B B 2 R j 2 e A L B
y = 94.109x + 11.588(R* = 0.897,n=14), RIFIAERTEEEMERKX 67. 48km” BRI E LY
B%53.2 x10%,

BT E R 4 FTFAR 52T SRR A 49.76% , LA 4 FiRME E BN T @R XM H ERAE,
HAE N 808.4 km’, DABNIRTI & T AE X KA I b 2 L — R B R R, A B P SR B K R BB,
H—k#r 274 607.6 t,

£3 4AMFAARERK U=ax W, HFRY o.b ER—XBLE
Table 3 The coefficients of a and b of the four sampling trees for the formula U =a x WZ (mean + SD,n =22) and the total amount of
vegetation retention dust

3 é‘; ) “- 21N
. TR Aslziﬁﬁj?% i . RN - ]
Tree species e b Leaf area( km?) verage of maxi; Total amount of dust

dust retention(g/m?) retention (t)

BIu¥s F. altissima 25.0029 +19.7412 1.061300 +0. 2675 20.8 0.98 20.4
K45 F. virens 45.0928 +£46.15 1.148630 +0. 9998 756.9 0.75 569.6
NS F. microcarpa 44.2810 +£20. 1474 1.001000 +0. 07223 22.1 0.64 14.1
%3] B. blakeana 77.4677 £22.373 1.004300 +0. 03015 8.5 0.41 3.5
B3t Total 808.4 607.6

TR R RATIR M B, SR & > 15mm, R > 17m/s 17, U FFIESE 2 RilFA R, R
FEABIFI B, B 2005 £ SR BORGT, —F T EM BB IR IR, FF B BRIFE R T 20 d BB
S5, EBAT 4 d8 d WIIEE R 1K, KT 12d 8N 2 K, IEBEEMN BT KN 2FEHLEE
4430.7t, MTHAETERARBRESRA S TR, HBRATERNESB A S TREBRERK(E 4. T
W, —4Fep M X B AT HE A2 /R R AR Cr\Cu Zn,Cd\Pb.S B9 B 535104 1. 63,2.70,5.54,0.0,
1.84,19.52 t,

F4 BEHTHEELIESEMSHER
Table 4 Total amount of heavy metal and sulfur for foliar dust of vegetation in Huizhou
W H Item Cr Cu Zn Cd Pb S
TRFHEER

Average content of element ( mg/kg)
R 1 RERE

Element weight in dust retention for a period (t)

TREFRARE

Element weight in dust retention for a year (t)

364.74 603. 28 1239.4 8.64 410.4 4634

0.22 0.37 0.76 0.0053 0.25 2.69

1.63 2.70 5.54 0.04 1.84 19.52

3 itig
3.1 EYTERRESH LR
MR B R SR R X A KE S TSR SRR RS . A—SBRE&HT
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R I AR ST 22 R L RR B R SR SR R A L M T AR R TR A S AR AE T S
U, MR , BB JRER SR R AR , M S, TR IR BB BOR D, se—H& A
SR AHE A VR PR B B B K KGR 3 Ay SRR AT R . TR U A S/ TR I
WM BA B R LR35, T Femandez Espinosa 21 B9 A g M- 32 ERLEE 57 I AR MM B9 B L BB
Ho WEBES IR NUM TS EEERS R, R E EARGHAE SR R N R AR R,

ABFSELE FR W 4 P YL R R AR SN RRBE RN E R, F—8B% 4 #F
AR BT I/MBUR S - B > R B > N SRR B KRB A, BIESR A RS
300cm” , KM 200em® , S50 g 185 cm” , NHFENL A 20 em®, FFAMAZH R, 4 FIFAM B TFEEH
W BRI BSRE, AMHE B RERK, H BT KT M, B RIEE, 5 5 M & LR
B /NHEEM R EEORE, HE BV, B A B

R B N RAR I R AR S K R SR A 25 ~50°, AR A A BEK, 5
KPE AL RHIEME, LR 5 5E D B AR, TR kg, 4% R B AR S Bk , 4%
£ RS [ED, SORARRER S, TR R B Sk, MERMMRARER, 2 TE, H5KTFRKRAZ
HFE ; MRS 4 ~6em; M ACR TR, B REXUT 3, -2 B0 5 Bk ok, BAR KM T ARER K, B RS B A
FAXT AR, BRIES U w o WA B R B, v A A b, R A BB X 0.9247 ¢/’ R E
B,
3.2 ME#ELRES i

B ZBIRIER WL KT, HRE AR T HRAMRT , B/RENN 2 REELRs
6.7566g/m’ ;i FAHEN 1. 1964g/m” ', JLREM 4 RS HME LB R 3.396 ¢/m’ ¥ ARETER KM E4
B 15d MRS 11.6197 o/m® P, IR BRX BT, B A S B0 A B AR BUR, X T RS EM
AR RE AR BN, IRIX T 32 B R SUBUR iv BEARSBIR, FR IS SUR BRI X RIRE, BN
X G % 38% L I T B R AL B A B 95% LA I, 2005 4E BR X MR & 5. 18 vim? BT M4
WEEFRE(S vim®) D, X T ARt BN SR T AR e b Bk BUE A B A S R R 2 — . B B
FAPA RS BB BRET i ae I — M XEE,

EM AR XA L E2REE TR HESER KT RER EEX . ZRERTVX 358
IXW:BJ‘ SHEMCR K, KER A R HARAR 3 K 8 2 ) 078 4% X IR Bk M 3 IX SR TR 5 A2 88/ By B <0 L XU
SERATR, UURTE B X R 8 1 X SR A XK 3, I KR BB B4 B AT, Rl 328 X iy
FHSEH R BRI E RN R, SEM ERL B ML ELR S E P In S THEIE
X, Prusty & BIIF LA RS ERBIEM L, BRI ERSBTEYN T ERERE", #

BESNE, BEX SHLREXS 20 RELRTEELR FHHRAFLRIBOLATEEAT, XEHE
HEAER T ASBERAL, P EH N T B R e R 4B . LSRR L R
WEESHREE RN EEREY , BARag" AT & AT AR By, SR IE bk
W TR B RS ,) R M BA 3. 7157 o/m’  ZE TS YL A0 B B R 2. 8694 g/m” , 7E R X PR 3 8¢
16, % 1.5903 g/m o
3.3 #iuhee

FBMSE , 1hm® PABREFAEATHEA2 36. 4 t,1hm” R ZASMHERIE 32 val™ , SMEHDIER X BRI E D
B A2 B YR KBRS 15 YL KRR , LLTRAR S R B H AR 3R 1 38. 9% ~46. 1% , Z47E R G s
LREEE46.2% ~ 60.8% ", WRE , KMAESLH B L BAIXB D 18. 8% 7mr§¢t}#mt S
W SEM LR 37.1% ~60% " , BB R RE KT RGBT & S BB B3 RS I5 Y

O BEMWHRRRPR, T AEEMNTIHRERR & $5(2001 ~2005 4£). 43
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HLACR BRI R b, P uh R 46.16% ™, Aksoy Z5[21 |18 HMEPHET KEES
B, B RS R, TRBRAKSH Pb BEH 50% ,

BHME B XA 1 4R B ARk 4430. 7 o, ERETHEFELFH Cr.Cu.Zn,Cd . Pb #1 S JLE 4 FiE
1.63,2.70,5.54,0.04,1.84,19.52t, XEHFHHIICE AT Fﬁﬁ%/"~:ﬁ}>kjt’=EP?%F%,ﬁﬁﬁ%m%nﬁﬁm%{’ﬁ
FABRSFREYERIME L EASREE. LEAKEERK 1639. 37hm® (4 4 H#1, 1995 4EHE L8
2177. 9T MM BEIR AR Z 4R B 8628. 287, ERINAISK A T (5 T 45. 02 km? ,Z’Fﬂt}%ﬂfﬁfﬂ
% 808. 28km? , 5 EM 67. 48 km® & 5 IX M H AL 24 & 808. 4km® 0 XY, i 2 4NAT B 4F i 2 B th 5 1k 2884. 5t1%
I, BEE B EBRMA KBS BB R ERE K, ﬁ%#%ﬁﬁu\ﬁﬂ%%%%mﬁu%%
HL TR EBERE, RPN SHEEBBE M, BET A MR SOEBFLAN TR, EE2R
B RERT T ISEF A NT5YL, 7675 L 8™ E 1Y Tolk X A8 8 37 5F B B P vt AR OB i 2 4R B
Z N F ) b R, BLYS BE SR RO FR X A EE R L, VIRIBCE B KRR U bR R) KT,

4 4ig

(1)4 Fpagib IR E AL B R TR Mg, BT EMNIRT AL ERD 4 YRR ECE
HIRRIEC ( =20d) » AERFPHIEEEEZRBE(p < 0.05) MR AZER N 1.2 ~2.44 £, WAL REHIK
INEEF R AR > RS > /NS > K3, ABESE H A [ M 42 BB ) B9 22 SO0 H SR Ak i i T AR IR
A AR BB A SR,

Q) AFEPRER AR EHELBELBRARSEFEEESRER (p<0.05) ,BALELB(JLHE C,
Pb) & BRE Y LB ARG AT RIS KRB/ : T X (EHEE)) L SEX G X &

(3) BME R X R AR N 3.2 x10° , - EAUEE N 808. 4 km® , &4 B3k 4430. 71, W &
Bk AEH Cr.Cu.Zn.Cd.Pb.S WE4551.63,2.70,5.54,0.04,1.84,19.52 t,
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