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TE RSN T AR Fr X & AR R SRR AR08 , LUARA Ginkgo biloba, #4E4E Malus spectabilis,
ZREPEAE Cerasus x yedoensis, % Yulania denudate, #RZ&# Liquidambar formosana, 4% Cinnamomum camphora,
ZKJE Osmanthus fragrans Fll 5k %% Michelia chapensis 8 MR AT E Al AR & AR 28 EoH | TSP,
PM,o, PM,sfil PM, B3 8 SHEATIE , MBI IR RN A 2 A T AR RUBE L A A AR okt 38 R BT A e s ¥ i
71, FEE SR B EAS O AH , AT SR . SFLIEAY . SR B EPRHE X R A
R . S5RFEHH, MR B R EORE , REBEFIGSAL A HAAEZY TSP Fl PM,, e IR, R
1%, #6491 PM, s BENIESACEE S THAFRN (P<0.05) , HUCHAKRE, WEMFREEAR, S Fisg PM,
MIREIHEF 5 PM, s HEAR—50; BRI AR A A R, AREARAN TSP Al PM, o RE 1R, i T I AR i
(P<0.05) , H3EAE. MANRAEAR, PMys, PM, FANRE a3 —3, SRR S, HUCHERAL . PSR
IRESE . WA REIE, BRI 2R B AIESEEH R 2.5 um B2 DU /NEORL & A 2 e 2.
FE T HABRFN (P<0.05) , IR 2EAR; ASFERF A m AR & 5RFLEE . SILERSES
ERIEHERR; SILEES TSP 2R EFIEMHR (P<0.05) .
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Study on Adsorption of TSP, PM;, PM, s and PM;, by 8 Greening Tree Species in Hangzhou
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Abstract: In May 2019, leaves of Ginkgo biloba, Malus spectabilis, Cerasusxyedoensis, Yulania denudate, Liquidambar formosana, Cinnamomum
camphora, Osmanthus fragrans and Michelia chapensis in 2 places in Hangzhou, Zhejiang province were collected 7 days after rain. Determinations
on TSP, PM,;, PM, 5, PM,, content were implemented by aerosol regenerator. The result showed that on the terms of per unit leaf area, O. fragrans and
M. spectabilis had the strongest ability to absorb TSP and PM,,, while C. camphora was the lowest. The ability of M. spectabilis to absorb PM, s was
significantly higher than that of the other tree species (P < 0.01), followed by O. fragrans, L. formosana and C. camphora were lowest, the PM,
adsorption capacity was similar with that of PM, 5. On the terms of per unit green area, the contents of TSP and PM;, of O. fragrans was significantly
higher than that of other tree species. M. spectabilis, C. camphora and G. biloba had lower content. PM, s and PM; adsorption capacity of O. fragrans
was the highest, followed by M. spectabilis, L. formosana, M. chapensis, G. biloba, C. x yedoensis. C. camphora and Y. denudate. The proportion of
small particles with size of 2.5 pm or less in G. biloba and M. spectabilis was significantly higher than that in the other tree species, while that in C.
camphora and Y. denudate was the lowest. The retention of particulate matter per unit leaf area had positive relation with stomatal density, stomatal
area and villus density of different tree species. There was a significant positive correlation between stomatal density and TSP content.
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Fifi 25 3 1 3ok T A SRR A PO E R IR Tl S &5 KPR GE & 2, BRI IRE) I FE R AW &, KR
SR PM ( Particulate matter ) 5 42 L2 A 24 i ™ AV IREE () L — | T E b8 A\ 20 i AN
AR, SRS J M B AR (D )D<2.5 um Fl 2.5 um<D < 10 um RN BRI PM, s 1 PM,5l, PM,,
SyENWFIRGE , X NAEERE P 5200 5 IR PM, s W] LS A7 S ZERf iR AL, Rt NI R fe T K
ByE Yz —, eAh, RS RS BRI (TSP) &% KA RE IV i Al B, Hok, kifz
BN AR Y T RE 25 e UK 58 A SO kAN I, SEmIRE = 0% D). AT 08, ol Wb
PERASGRy, WIZE—ERREE iAW RATT Y, MEES SR A B RCERE, R
HTERE (PRE. SFLELH ) v LA RO B A s P BRI IR, S R AIRED, Ik, Hd
B AR HE 1 C R AR T RSB B0 — AN EEFSAR . B, FRE A E A AR 3 R
BRE S A ST IR T 2oy, S rAiEl | sRIEENY ) el FREWN )
SR TR S AR A R . B, AEEE L AU SRR R R 4N RE i T
Br, GERFIHATRIFD . ASmlHb AR R AV E A . AERFERE RS 12 REEAR R, TR > R
> Fiply, AR > R, E SR AR > SRR

B TSR T R AT5 G EAN ], A o A AFTERE R 22 5, ER SRR P AR 73 ARE L, AR SR
BT 8 FhagtAbmFh, it ARSI & ARt Homt | b & AR iR e B S T e, 25 A RO 1)
PRI R R ORI R BE 7, e S HAA e AR TR RS, LUBASR T 2 v BRI R 2R
PeAb ROk

1 B 5 RAR LA 58 77 %

1.1 ReEmiksF

HERRI PP S T B AR AN S ek, o, BiiiRE b, R IR 80% L L,
FF HORFE s i LE e, NEZIRERA. T LA ARSI A5 BN 3 4 A
MHEFTARER, FRER, I EHER K .
1.2 #HiAMBIERERE

HAE RAE S B AR P B TR AR BRI R A, FEZSA/N S RN b i BT AH I . Aok 32
FARI AR T 8 FHTH TT5 DL ARERAAE A T R, FLH B4 5 Fhdi IR H3 Ginkgo biloba,
HAE Malus spectabilis, Z<5UH4E Cerasus x yedoensis, F*% Yulania denudate, t##4 Liquidambar formosana; 3
4477 . A Cinnamomum camphora, K& Osmanthus fragrans, 5E &% Michelia chapensis, U3 1.

‘ PEHE 2019 .fE‘S HAWJ‘EEB%E#W\F%E’@ 7 RIGRFE, F)?ﬁﬁ—ﬁx%ié .

%i’iﬂ'{#}{ﬁ\] %)&o ﬁéﬁéﬂﬂ‘@/l\ﬁj‘ ﬂ]lﬁ;j’%*x‘j‘ ﬁ*ﬁl& s *EHE/:—E{TE Table 1 Species, tree height, crown diameter and single

. s , e gy S — leaf area of tested plants
L I HE e, e EEEARIT , TERE
W, WEISRRE, B, e EIREEREAR, TERBESD B Wiim O B

lil;lj:\‘\ F!"?J\ @\ :“: 4 /l‘Ziﬁjﬂ'ﬁli@/}jiTé%i‘lﬁEﬁ?E@E%Wﬁ, WA 10.0+2.5 4.5+1.5 27.98+11.5

RAERFELE 2 ~ 6 mo BEAFhEEE 5 PRIEEAS, SREMIHFEES IR, & 145420 115435  32.7346.8
RN IR, UHTRIE PRER A ARSI R TR S s 208
i+ T b o e T A S 3.540.8  3.0£0.5  18.96+4.2
JaEHE, FREH SRR TR, A e SEI R T AL SO 45610 30805 35,4516,
1.3 BIHERER S e = 85425 4.0+£1.5 99.64+40.6
i) 18+1.5  13.042.5 65.85+21.5

% o 1173 = S 3 RS T A
I R EEAY TSP, PMyo, PM,s, PM, W&l HAH 4 B 55416 45615 37.15410.1

A3 (QRIZFSQ-T) ST KRR ™. J§FR FREAO.
RS EORE RN, Sl BBl . WX 2 e S AR B RBTRE Y RRWGES R, P
% Dustmate Hy2 BRI (JERE Turkey AR ) AREUGH AL E) TSP, PMyo, PM,s, PM, itk
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B, EmieR AR R R R, MR 3 RS FER ARSI AR AR ERONEL S
A R ER, Bl (1) USRI R TSP, PMy,, PM,s, PM, HRFfH&.
M =m/S (1)

Kb, MO E R TSP, PMyy, PMys, PMWRFRHE (pg-em™) 5 m ABONSHAS P& A 250 A TSP,
PM,y, PM,s, PM, WZFftE (pg) 5 S MIONSH IS &b sk soh e Hr i AR (em?) o
1.4 PMEFRIEH

FGAPRIREL 3 BEFREREIVE AREZS, LL 30 cm x 30 cm x 30 ecm VER—ANA0RE ST, TEBAMFERTIRE |
REALIZERE 3 METT , THERANRET NI P32 C s BENLIVEARRESER AN FERERALET T 15 Fyik i = =i,
BUPPEAEAZA R B R A (em®) 5 iZARhAOIH RIFRHEEL LAIP22

LAI=CxA/ (30x30) (2)
1.5 B{FthmilinLtE
FNTERTE AR AR R (W) B R
W =Q x LAI (3)

Kb, Q AR s {3 AR A SO A i N i
1.6 MEREHMEHINE

TS AR RARL R SR R F, SERPEE TR AT e SEE . SREOREARIH Fy b TR
-k, FEALMAS IR TTRBIEDE 5 mm x S mm AORES, FXUEREERS G L, Z53mi 44085, H Quanta
200FEG & S PR vl - 0 ( S8[E FEI 20 ) ) FEARE A A PSR SR migh i), B Ui b pilis 7
P, A% 10 KR 500 fEFRASERL, A R TR ( LRI AL WEFLEELEY L T
KA TEE . H Image) EURALHEIE, FEPLESE 50 ANMSFL, WRBHK . 7. mALLRER MR 2 im i
TEASE R R0,
1.7 HIEALE

FIH SPSS 22.0 2R T AN F 7 ik . ZEELEARSEEST, KM Excel 2007 227 525

2 HERE5T

2.1 AEWFHBEAMERFE SR

M 1 aTEH, AERFOS A R BRI AN AR R 2R (P<0.05) o %4 TSP IEE IHET A
KIE > HHAL > F22 > REWIME > IRE SR > R > 875 >4, Hr, REBRIEHEACRAIH AR TSP i
Aehaom, 058 (1.46 £0.15 ) pg-em™ il ( 1.45+0.14 ) pg-em?, F2% | KEMEAIRESEIRZ, 4330 (1.04
£0.11), (0.90+0.22), (0.73+0.12) pg-em?, PFER. WAL/, 25914 (057+0.09). (0.48+0.08)
ng-em?Fll (0.46 £0.07 ) pg-em™, BALH ALY TSP S RAIARJB RN 3.17 15 BRI Frikas PM,, HORE
TIHEF S TSP HEA—FL, R PMy, B 1R oSS ERURE, 43714 (0.54£0.06 ). (0.43 +0.03)
ng-em?, HUCRREZMAE, E2AEA, 205010 (027£0.07), (023+0.02), (021+0.04) pug-em?, BESIEE
SaEER AR, 8 (0.16+0.04), (0.11£0.01) pg-em™; @4 PM, s BE TIHEF HIESEAE > KRR > 17 >
TREMEAE > SRE S > AR > 122 > 4, Hor, SRR Z 0 TR AARAN PM, s BURE 1, 7032k (0.38
+0.07) pg-em 1 (0.25 £0.04 ) pg-em™, 4R7F . ZKEHAE, SRESERNEMIKZ , 20510124 (0.16 £0.03), (0.15
£0.02), (0.11+0.01), (0.09+0.03) pg-em?, T EFAER/D, 73514 (0.07+0.02) pg-em™Fl (0.05+0.01)
ng-em?, JEEEAEAN PM, s BORE B2 T HARMRD (P<0.05) 5 &AFH Frifiah PM, BURE iHEF 5 PM, s —3X,
Hob, M AEAIA B B 7 i AR 4N PM, BORE e, 43R (0.25£0.04) pg-em™Fll (0.11+0.01) pg-em?,
B | R RUAE | SREEERNERIRZ , 203175 0.09 £0.02),(0.06 +0.01 ),(0.04 £0.01 ),(0.03 +0.02 )ug-cm?,
F2eRERN, 43R (0.03 £0.004) pg-em™ Al (0.01+0.002) pg-em™, i H4N PM, BIRE F1is.
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Figure 1 TSP, PM,o, PM, 5 and PM, concentrations of unit leaf area of 8 tree species
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A AR R BT , IESEAE AL TAHB AT A BARRTEOR, (H B AR AT A AR 8 MR
HEESS 6 75 AR AR A A A2 B0 2 T HAR R, HPARBAOEIH AR RS, Prl 4k a
BRI AR R AR S T HAR RN (P<0.05) .
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Figure 2 TSP, PM,o, PM, s and PM, concentrations of unit green land area

2.3 FEFRMESBAMHERFLSHR

HiZE 2 WA, Ul 8 AR TSP 4B 0.26 ~ 1.33 pg-cm™ Z 1), MiEAk/N "1 TSP & &AE 0.56
~ 1.75 pg-em™ Z 8], FIASSRAE A B I TR 2 S R S g AR

(] — A ) B AR R BAE A RRAE ORI B 225, SN RE SR AR REM
A R i TSP & TRIFE R, E5AE SENASEAR, B 2RAREHAER RS TR IE A s 4

MAE R A= ) SR, SUNEDIE 8 MR PM,o, PM,s, PM, 7 TSP fifg &Y i thF
¥k 27.68%, 14.41%, 6.25%; AN 8 MMFE PM,,, PM,s, PM, B9 =495 TSP 8 &0 L 5]
¥4 32.43%, 20.60%, 9.47%, P THUMAEYE PR R BAAESEH R AR/ 10 pm NETRIAY &
PR T AR, 22 HRPRA N T 2.5 pm B/INBURLA S RE TAEAE, X SR P B S TS A 6
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Table 2 Comparison of dust retention per unit leaf area of 8 species tested in different area

- Al BN
TSP/(ug-cm?)  PM;y/TSP/%  PM,sTSP/%  PM/TSP%  TSP/(ug-em?)  PM/TSP%  PM,sTSP/% PM,/TSP/%
W 0.3240.13 40.63 28.13 15.63 0.68+0.20 44.12 33.82 20.59
i 0.38+0.11 26.32 13.16 2.63 0.56+0.15 23.21 12.50 1.79
K2 1.19£0.27 22.69 9.24 420 1.75+0.13 33.14 23.43 9.71
1B5EAE 1.33£0.26 29.32 18.05 11.28 1.58+0.30 4430 32.91 22.15
TRAEE 1.00£0.78 25.00 11.00 4.00 0.81+0.04 34.57 23.46 9.88
ey 1.06£0.21 20.75 7.55 2.83 1.03+0.23 23.30 6.80 1.94
bS] 0.26+0.04 26.92 11.54 7.69 0.89+0.18 28.09 15.73 5.62
IRESR 0.27+0.11 29.63 14.81 7.41 1.19+0.29 27.73 15.97 5.04

2.4 BIMIRE R EYMLEHELER

241 ARMA A 3 A, AR R SRR, HEPECR ST, Rk AL
i, PREAALEERTE, fURER, AALAGERARIETE G, ST R TR EBOREEE ; A Fri)
EREEHE, JEHR M) . T RAALEMETE, LRGSR ; AR R H)_EREA RN,
AR AL, SO, AFITRURAIBORR, TR LR, fURR N B AGTE T R R S [
MRS iy BRI NET, B ERGEMRY TS AR, WG RIS, T R A R 2R
Lo, SALEAIE HECE AT ZREEAEM ) R EAREbkes A0, 1REGE, TRISLEREEE
WIZgZit), CEEAEFLAE; B2 Roi BRI R DR AR, ARG, R, HH RS, BIRE
SCECRE, TRREASLUEEBS, B, BSI0s AERIH R AR R PR AR, A,
HEHARE, TROARERMHRIGE, AR —, B55040; RESRM i Ea&m s S i
%, M EZAURB SR, TR RM NS5

R 3 BWTAEEHE

Table 3 Leaf surface characteristics of different species

i T HRRSFLEE/(N-mm?) TERESFAS um> T REABEIEE/um RV /um YWAERE/(N-mm?)

R 77.66%2.8 268.60+11.5 8.59+1.5 12.87£1.5

yis 204.33+4.5 48.28+6.5 4.01+0.5 - -

Y/ NS 549.66+1.5 15.02+2.8 - - -
HgaAE 282.33+6.5 49.33+4.5 - 2.3240.5 46.00+4.5
IREHEAE 370.3349.5 28.30+3.7 2.66+0.7 - 26.66+5.3
E 388.33+2.1 87.67+9.5 14.8843.5 20.02+6.5 18.50+5.3
WER 398+8.5 34.55+5.5 11.57£2.3 21.30+7.5 -
REEE 288.6622.6 32.50+5.3 - 19.69+4.5 -

MF 3 K 4 TTUE, 18 8 MIRIPLIRBRSILE R KR, HUCHNER . 22, RKeMHE, RES
K. HESEAEAAR, AL RN IR LIS R, ABRASLE AN, AERF AL AR
Yo B HAALEE . LI PABEE R IEMGRR . AILEES TSP TRERFHIEMHR (P<0.05) .
242 ARRM AL SHHUH PRI R ) B, T DUEBLEARAN g i

Jr BRI BRI AR L, AR A R 4 MEFIES LB

) b FEEG BT, BT RS E, 26 Table 4 Correlation analysis on leaf characteristics and dust retention

Lty T T R, AR Pl | ikt ; T b P b "
: p ; Vo ek 3515 7T ZHI T LR 0.702* 0.500 0.392 0.171

TJX‘LKETXEWHE’JJ:%@E’JIﬁliﬁtlj‘(ﬁﬁﬁxﬁﬂfﬂjﬂ , B ALHRY 0312 0.477 0.427 0.510

RN, HIMTEREASK, SRR T HEBEY.  pe o e o

XFEEMEE A AR SR B TR a2k, WILIE  rEmmlseE 0504 0.132 0.026 0.200
W, AHEATHRE R B R RS, BN g TRIEAMTEE - 0.246 -0050  -0.084  -0.020

RE. REEE, B2 RESEHF TRENSAL T *FRTE P<0.05 KRB,

R HIETH IR, SRR, F1ZAsh;

ZREREAE R 2 S AL B R B LA SRS, , AERRmIFERY ;s AR R R mi BRI
L, EAFTREERYy; R R T RERTBWA K, (HOEE R,
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Figure 3 Microstructure of leaves of 8 different tree species in different area
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3 Wik 5 4

3.1 g

3.1 MR ERS L ELS BASME ARG AR ki AR RS EOR A TR A R B R
— AR ARRE 1P 8 ARG A S R L B AR A AN R Bk A T AR, KR S
) BRI TR 20 B R T AR R, (HR AR AR K, A AR AR A, BT DA B 2 i
iR R R T AR, SN R RV . b, SHCAAIH E AR R B, SR A
AR EAE 8 MR AHEF B TR JURTIREOSERTAL S 26 Fhi S A R i A BE IR T & PR
Styphnolobium japonicum, =ERE4L7K Platanus orientalis Ze Rl 7EH HiAgE IR BGOSR T, RHA4A
PR EEOR, RO ARRE JT; i Bas AR RE I EGRAYZIH 228k Amygdalus persica ‘Atropurpurea’,
%57 Lagerstroemia indica 5%, BT RE/N . BOEZWEGEE, SEREMERARRE T, ZERIRERAN ., 1
TR, S SRR FRIRAL, BRI T AU i b 5 o TR B A0 ST R R By o b T RSO i ¥ VR
ey BB R hRE ) S B R

3.1.2 BWAMALE AR AR B T B AT PSR RS EAREY TSP, PMyy, PM,s Hil PM,
SR 0.46 ~ 1.46, 0.11 ~0.54, 0.05~0.38, 0.003 ~0.25 ug-em™, AEFFEIEE 2 ~ 415, FoBEP%
W5 B P 2T AR RO AR RE 1M 0.8 ~ 38.6 gom™, Wyfhin) iS5 AR ik 40 f5 L0 L, iZRFF0H el
BT AR BRI AL S e, SEOLZERE TARM RS R, B, —Sii R KRR E 45 R A T
I . SR RIE T 28 AMRTRPEEF TR AN RO 25 SR, MRhZ B R ARBE TS 2 ~ 3 4,
AR IRA RIEAW) &

AW AR EH , R RUAE R E SR P B T AR TSP 88 B R T, Hosp - A PM, 5
BT AN /N, TSN IR TSP Wi BmAE 3 07, mid: PM, s Wi R AESE 7 1. SRS
TEALKIL, AR F | TSP a8 L AE K Loropetalum chinense var. rubrum &) 2 £, {ESAMRIFpIH: F 27
TR PM, s HFANEEIAIZE AR, XTSI R P T AR AT AR RE T RRE D X AR PR AR R A RE T
3.3 PR TR A IR AR A AR R AR AN A SR LA oA, R, AR
HITOMEER , CUIRLCREEH) . MERUZRISFLI AR/ INEE . GBI ER S XA i AN SoRI A i RE P A5
M, XUBESECVRFTT RN, R R EARFLE B, WA MR, ARBETT R, AR R LR EE A W TR A
B S AR e, IR ARERR , ELHAFLS R W s T H Al B AR RE Tt T A Rl S
ST IL, F R AR ERAN , AR T RERTRY , T E LU i SRS 2R R AR
HAG RSV 254 0T LIS R R i 52 S P A ki 2 18] B ki BV VR 1, A TR0k
FENT I RS, TR A SIEE Y RGN B T R A X A ORI R 125
ISR PG B RRYT, HISH ka8, kA St it , SHIRERIZEREE, Iiia R T8
RHYAEEE s i A R B PR LA IR . S HARE AR RESENHAEE A 559
i AR A2 AR, BRERCEE DL P o e I A A BERAE A IR AR RE )7, Z5R &
Pl R FRSTRL A A AN RERS 1, X AR TSGR 6 o WP USR] DX ISR i Fr SO 2 ) , e AR RS 4
AT IR A 98 B AT — E AR RS . Pal ™SS R B, A o BAE IS YeE L T A K,
I F S PSS S NIRLRE , XA A T B I 5 YR AR L B S R SR . sl R i A B3
MICASLERN LI, 15 YLD AEH /e B 2, W P 8 B O ZCRRAS AR s ik R , S ALIEE AN BAS R R
3.2 #ig

(1) BT 8 AR A RRE AR E (P<0.05) . MBS TH AR ML BORE, ARBRMMEEIE S
PRGN TSP BRE Jdik, EXHIRREMMERZ , AR/, SO AN TSP SR IR R AR
317 £5. MBI AR TSP S ESRE, RBRBZFHE T HARRF, HIChE2 | JRESK . WERHZR



20 e A DO/ N | /A = S 3 40 4

16, HEEAE . AR AT AN

(2) BARRRIYIHHANEE ST, BN A Fal PMy, BE TR RO SEERIR R, BE 5551
FIRRRNA 5 48 PM, s BORE ST, IS0 R S T HMRFN (P<0.05) , HUCHRE, MAERFRRER. &R
P s PM, IEEHET 5 PM, s R —3, AR gl PM, IORE ik

MR A R, PM o FUTHANRE ST, AR & T AR R, HUCHINER . REEE. £
2 REHERNEHEAE, WA IR, PM,sFl PM, BOHEANRE I —3, BPhREER, HUCHEEE .
R REEE . B REMAE, ARG WA R 2.5 um LU /NBURL A = )
He) 2 T AR R, AR B2EAPRIAR/NT 2.5 um B LR /NIRRT B RE ARG

(3) AEF RS AR i B SR FLEE . LB ERE R MR R SLEES TSP
SEEDFIEME.
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