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Abstract: Six greening tree species ( Pinus bungeana, Pinus tabulaeformis, Salix babylonica, Acermono, Ginkgo biloba,
Populus spp.) from the Western mountains of Beijing were selected as research materials. The PM, ; adsorption capacity of

their leaves was measured in summer and autumn through the use of an aerosol generator. The surface micro-morphological
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characteristics of the collected leaves were also analyzed by atomic force microscopy ( AFM) to determine the leaf surface
roughness parameters. The relationship between the PM, ; adsorption capacity and the micro-morphological characteristics of
the collected leaves were investigated. The results showed that the average annual absorption capacity of PM, ; per unit leaf
area of coniferous species (1.70 wg/cm’) was larger than that of broad-leaved trees (0.48 wg/cm’). The order of the
average annual absorption capacities of PM,, per unit leaf area for these trees was P. bungeana (1.71 pg/cm’),
P. tabulaeformis (1.67 pg/cm®) , Salix babylonica (0.54 pg/cm”) , Acermono (0.51 pg/cm’) , Ginkgo biloba (0.47 wg/
em’) , and Populusspp. (0.39 pg/cm”). The seasonal adsorption capacities per unit leaf area of PM,; for coniferous trees
followed the order winter (2.86 pg/cm’) , spring (1.39 pg/cm’) , autumn (1.13 pg/cm’) , and summer (0.96 pg/cm’) ;
and autumn (0.56 pg/cm’) , summer (0.55 pg/cm’) , and spring (0.015 pg/cm’) for broad-leaved trees. There was a
significant positive linear correlation between leaf roughness and PM,, adsorption per unit area ( P<0.01), and the
adsorption capacities of PM, ; for coniferous species were significantly affected by leaf surface roughness. The atmospheric
environment of Beijing, as an international metropolis, tends to be seriously polluted by PM, .. According to the seasonal
characteristics of PM, 5 adsorption and the relationship between adsorption capacity of PM, and the micro-morphological
characteristics for collected leaves from these greening trees, a suitable allocation of coniferous and broad-leaf trees with
their different adsorption capacities of PM, could applied to urban green space system and provide basic data for the

scientific screening of city greening tree species.

Key Words: Western mountains of Beijing; broad-leaf trees; adsorption capacities of PM,.; AFM characteristics; leaf
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MR 6 5% 87% , AR I it 634.2mm , HIXHR I 43%—T79% , & BEAL 50T X 5 T 1 — A8 [ R AR MR A Tl 5 24 el
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Table 1 Basic information of sample trees

ffh i s Jf34% DBH/cm S Grown/m

Tree species Age Height/m Diameter at breast height %74 East-west 4t South-north
RA Ginkgo biloba 12 8.78+0.45 7.65+0.23 2.25+0.58 2.12+0.16
W} Populusspp. 12 9.33x0.26 7.38+0.46 1.88+0.54 1.96+0.78
W Salix babylonic 12 6.43+0.22 10.56+0.33 4.73+0.46 4.5+£50.28
T Acer mono 12 6.15+£0.26 9.28+0.23 2.79+0.76 2.65+0.76
AR P. tabulaeformis 13 5.26+0.12 8.28+0.43 3.43+0.55 3.28+0.42

H R A P. bungeana 12 4.2+0.23 6.56+0.55 1.78+0.26 1.35+£0.63
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Instruments Inc. ) 7EJ7 T 7 WA HTBEECT DA A, A IR Z Siy N ARE XA S b T F ndn 48, F 4 ok
0.5 Hz, B FER K 0.2 nm, T PR A 0.01 nm, H KAAHEEH 10 pmx10 pm,
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Fig.1 PM, ; adsorption amount of per unit leaf area for different Fig.2 Seasonal variation of PM, ; adsorption amount of per unit
tree species leaf area for different tree species
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FEZEFE VG I RS PM, IR DU F5 ML & 25 (115.46 wg/em’ ) > (112.39 pg/em’) >FZ (106.37
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PR B 2515 T UL, ISR T Y — 48 FD — AESIOULZS #4 G, 6 R B A B 28 AL s 0 AR .40
T 28555 A B R LAt 7 AR M UL 1) (40 K A 45 40, A DAV I T A 45 4 AN Ih B4R T 1 O R SR
FH AFM R SE#EA 7448, A5 20 E TR S35 A 10 wmx 10 wm (9 4R = 4B 5K (& 3 FE 4) . —4eE&
DA€ B %) i (I R A v B ) A Ak, €8 8 1180 v 3R v PRy, € B AT 3R o BT, 5 =411 mT DA AS
AR B AR, ol LIS R EUIE G 45 R

ML 3 14 it —25 50 BT nl A5 L TR FI 1 R B I 2 S B WA K, I T A B A %) A 0 A, 9T AN
SALEMGREIE /A, SALS K, i R SRS A A MR Sy e R S | RS B R, W BE 0 A G 4 553 1) AR
WAFAE SN RE , (E 5 BRAF X -2 5 1 W o R 0 58 555 A AR A, 2 1T 48 A7 T, JC B il 28 ke 8 [T s, KRS %
Ny ELRR AR Al 22 S 80/ i e B R R Al 25 S R AL R A et R 3R K, SAL R B, 3R B2 A
ARITCHLIN] , S]] 1 BH S 1) SRS I 0 S BE S TS B R AR Rl ARM B U 2 22 S B I (R 281 AR AL i 34
A5, A ZRRERIMNBEIRAAR 2 | SR, KRZ 8 T 2RISR AARIR M BE | M AN KRS 2 A
XoP A e 5 SRR 2= M1 A AR R FE AR KT /1N, LA B 2 i 3 T 4 1 2 = I i R T Rk 2, L IMIRE A
PRI RO REK Bt 2 TRk, nT UL 3R 1A M AR AL 2 B R LB A RS ) g
PM, W Y RE 7 4o, i k2R v U174 AN BH S B8 28 S0 AL D B el I I o D e 555
222 MR AFM S35

TEFAE 2 T A RELRE B2 5 T S 80 58 B SR T 2400 22 (Ra) OWAS P2+ AU BE (Rz) (IEAHE (P—
V) FIGHCHLRS B (RMS) , Forp Ra J&d5c i F (RORLRS B R AE S8, fe AR R 45 501 h PM,, 5 W B & 19 3¢
F, R 3 TR EFERERSES, H T A S50 AR, R LE S ratio 20 A B 2 2000 IR
AT ALY Le o], DN 2 FHL, B AR B ORRE BE R T R R, T A ARORL RS BE Ra GE T HEY b B
((150.23%37.44) nm) >FkZ=( (115.49+54.72) nm) >FHZ( (108.77+12.45) nm) , &5 HHEF R 2 ((80.18+
10.45) nm) >FKZE( (71.99+3.46) nm) >FHZ=( (58.73+12.11) nm) ;AR AVHIEEEE Ra FHHET W E 25 ((104.84+
24.78) nm)>FkZE((81.72+14.43) nm) >HZ((72.38+10.34) nm) , 75 HHHEF W N FKZE((79.95£11.39) nm) >
K ((71.8249.47) nm) >FHZE((62.10£7.54) nm) , FIEZPABER Ra HEF H4Z2((189.12+31.69) nm) >
Z((169.32+30.81) nm) >FkZ=( (149.91£16.38) nm) >E Z=((131.47+10.52) nm) ; HASKLEEEE Ra HEE AL
Z5((178.23+31.45) nm) >#Z=((165.84+30.78) nm) >K 7= ( (159.83+32.86) nm) >FkZE( (124.47+10.52) nm)
I P e L TR 3 B AS Iy T TR KT8 T, P A R S 2 21 284k 55 i e PM, s IR B o e A 54—
H, RIALZSH M (HFRMRFRE 25280 5 PM, MR AR DGR I, 2257 ]
MREFP A=K ZE5 0, P—V RMS il Rz 3R M RSN SR EA 5 Ra AR LRHE
2.3 LR PM, IR B RE T 5 0T R THT AFM FRAESC R

B P e 0 2 P AR JB2 A i T o AR A e AR oA 2 4 2201 ((158.52+19.45) nm) (5 T [ A%
B ((88.18+14.45) nm) , & & B A AE 25 B2 I TR PM, W Bt R B0 &P (1,70 pg/em®) >FE M- (0.48
pe/em®) , HLEF I DUZE PM, oW B AR 357 5 1 Rl AR Rl K T Soe B ] Pt o o R KRS 5 B {1, Pl PR R

http ; //www.ecologica.cn



6 S % 39 &

A ZHEIETE Bt 3y ZYIET =4

500
# 0
600 600
L g
0 0
2 2
450 230
%
0 0
2 2
4
wm
£ Jo
B ZYEIETE YR E4EEm
=3
"
%
%

3 AMRFHNEEFAORME(AFM) BG_EM=242E
Fig.3 Two and three-dimensional AFM ( Atomic force microscopy ) images of broad-leaved trees
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Fig.4 Two and three-dimensional AFM images of coniferous species
C.D Z3 AR 1 Bz ARl AR
F2 AEBFITE AFM W ESH
Table 2 AFM parameters for leaves of different trees
e A . . POIA L
E?E %Eﬁ%ﬁ WA (i HIR WA/T;%E [igs .
Adaxial and X w2 P/ RMS/ T EE Area ratio
abaxial side Ra/nm m m Rz/nm
e Ay HAH # E T 108.77+12.45 599+203.66 154.3+3.01 417.5£70.26 1.09+0.01
Broad-leaved trees W 1 58.73£12.11 513.13£140.12 74.55+14.51 205.27+37.67 1.0420.02
= 1E T 150.23+37.44 1069.3£244.61 154.00£25.36  434.13+109.50 1.5320.06
G 80.18+10.45 828.87+48.10 97.34+11.70  425.23+42.80 1.27+0.02
% 1E T 115.49+54.72 614.73+367.26177.59+69.66 686.53+482.83 1.12+0.04
G 71.99+3.46 534.00+140.88 90.22+3.13 322.17+35.49 1.150.08
& x
A & 1E T 72.38+10.34 384.43+29.72 67.09+12.95 212.31£30.29 1.16£0.01
T 62.10+7.54 331.54+29.88 49.74+4.23 287.09+26.38 1.11£0.01
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abaxial side Ra/nm P-¥/nm RS/ Re/nm
-] IETH 104.84+24.78  960.87+209.95  144.33+32.63  428.60+122.07 1.4020.16
Gl 71.8249.47 749.50+123.97 76.43+17.40  366.93+158.06 1.23+0.09
Fk iE 81.72+14.43  385.23:102.27 82.44+7.89 246.33+98.59 1.18+0.14
Gl 79.95:11.39  480.27+31.96 103.99£14.30  460.43+154.65 1.130.02

% X

LR SZiN # 169.32430.81  1128.53+212.25  236.17+25.13 715.6+90.39 1.89+0.05
Coniferous species " 131.47£10.52  782.70£38.02  222.34:1.85 608.35+8.97 1.1320.05
78 149.91£16.38  898.90+16.71  252.26+7.69 677.279.10 1.150.01
% 189.12431.69  1366.72+279.85  262.09+49.31 733.03128.26 1.9120.03
TN # 165.84£30.78  1118.60+209.46  228.30+27.37 700.21+81.16 1.27£0.03
)] 159.83£32.86  1098.53+202.11  220.17¢29.90  682.6+90.39 1.06+0.05
e 124.47£10.52  766.70+37.87  219.55:1.90 611.79+9.62 1.010.004
ZS 178.23%31.45  1254.00£279.19  243.30+49.71 709.76+128.54 1.68+0.02

Ra: profile arithmetic average error ,P-V; peak and valley value ,RMS: micro roughness Fll Rz: ten point height of irregularities

Ra 5 2% N7 (8 B, I TRT R P, 5 W2 BF F et Il 051 20 ( L3R 3) Rl Rl i [l 05 7 B2 = 92.82+1.26x
(F=32.13,Sig=0.00, Hr y R TER PM, W B, ARFHMIRERE Ra) s 10T EIA 7R R v = 159.08+
2.03x, 3 H.B EEHE (a=0.05, F=41.69,Sig=0.00) ; A] WLAT kB A PM, W% Fif-E: 5 H: *E*Lr“fwﬁaé ii #,
i 25 ARt KA 3 R, LA T R P, R Rt 1 R 5 LA ot A v R T R AR B 2 R
77 3% W 2R TR A 52 e B B A

®3 HREHEEESRECHER PM,KHETE@E5 4

Table 3 Regression analysis of Ra( roughness)and PM, ; adsorption amount of per unit leaf area

leg] ARy B AR Fifp
i H Broad-leaved trees Coniferous species
Items T TR
R? df F Sig jls*; gz R? df F Sig %ggk
[71J5 Regression 4783.29 1 32.13 0.00 6572.02 1 41.69 0.00
582 residuals 2198.70 138 4100.97 138
AT Totals 6981.99 139 10672.99 139
# & Contants 92.82 159.08
HIEEEE Roughness 1.26 2.03

R? Jdf .F F Sig R4 the sum of the squares . degrees of freedom | F-statistics Fl significance level , MR A E F SR
FEMIKE B o0Z A 5 R ] SR M IR S T i

3 itig
3.1 A[FERFRET PM, 22 5

BRI PM, W Hiy BE 0 9 T RE AR R 25 B e P, W BB S 7 by A > TR S IR > T £ AR > 4R
A ShM . PRIBESE G BTG L [ P ARl P, W B o A T A0S, 45 HH 1 B A SR I TRT R P, ¢ % B o
((2.44£0.22) pg/em®) K, I E/N((0.97+0.03) pg/em?) , GASCEE REA T, HY MAREHALHE
22 5 3 B YICAR K INFIAZ I ) SR ) s ) 30 i 2 S G 28 B0 76 B T BSOS 22 k| B R I AE 4 Wk e
KA AR R RS AL R TR R BRI DR AR i TS
P WIARMELE F AR TIET 9L , e v b, A AL AR i A S 3G K 5 ELBT IR AR 3R 0 &b M1 20 21
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10 4] BAH LR LSRRl PM, IR R i 3R T ARM 45 AE 7B 9

AL GREHGIN T R ADHDRE FE |, 90 S R A4S B AR I 1T A e REDRE I T S S R s AR T Y Bk 5
PR fph i AR, B A B RE 3R Y b R AR R S A S R bR N B b R 22 T T L 9 i R A
SABZR AP BB W 2 A BRE S g5, (AR R A AR BB ) AR ZE I T R AR R

B AR Foh BRI TE R PM, IR B ZE AR W A S BB SESH F, FEFH, O F I aURIE 2,
PM, (FREET SHER , WA IR AT A FAE ) RE M AP 0 B i ik ) 22, @& B LU 3 AN ZE TS )
TR A A, i e W dir 15 e P R B ) 5, SR AR R R YA TR BE T Ve i (BT AN BB DI IC TS BRI A
ORI , S A0/ NIRRTk B 7E I i R R s @ E ZE AU 5t PM, 5 Yedie i, 25 S0P PM, o VR B S5 fIK, S ] I A
FhE B 20 B Bl R N RS, PML, Wiy BB 0 e, W T R rh — 2 3 1% PM, (7551 I3 o £ WG o iy 4
REIAXT I /D Zhang 252 8 AR ARG YL X R, - F 258 & A8 T o2 f5a AR , A0 TR YL X, 76 B
15 9% XAEY I B A3 K AR IS, i 2R B C B [ SR RIORELRE A AL RE A B K BE RS n
3.2 R[EIR R R ROY SRHE S U PM, s & R

R SR OB SRR, anit 88 57 & & AR BB A RO i TRDRLRS B | i 7 5 44 S 2R TH H
RESEXT IR A AR 1 AR R RREE VR, BUAE S R Bs A32 SN SRS 0 4, e 36 T8 B by 58 A T RELAS B2
JEYCER R AR gt A5 e R B S PM, i B R S IE A OG . Freer—Smith 25 Y K B A
R0 ] A W B R SRR 0 1 22 S VA TR TR Rl R S R B 22 5 S AT X Rl OUL SR A HORURE AR K OB
NG B S RITR G 22 3 R A T, 2 8 M L 55 s 40 v 2 M T R el A5 it o e O 4 e s A B 5 R TG
T W B i, AR A I T 2 IS, RT3 T 70 42 ik v R/ N SR 0 B A TR ASE B, AT I
Xt PM, 5 A B AR AR I Koch K450 & 30 11 2 iz 200 M 52 2 W AER PML, o R 18 A 2 ik i AL, PML, S 78
LI ZR T B S 080N s ASF SR B AR R g 3 1T i S AR R AR AL 8% A AL R LU B v, R A AR TR
g , B A R A T4 JEAR TC B oA MRS FERAIG, (A5 it PM, W B8 ) W28 = TR, 41 i
IRl PV, o W o i o I REDRE 3 38 AR kv, A A iy 21 R 0 A2 it 3R TR RELRS 252 e B BH 4 | 5 DA 2
HIRFFE 4 54— %) Sabin ZEWF5T L A R mHLEE A A, HLEA 0T TR R KGRI IR B4 Y
A, LR BRE PML, S50k 4 B4 BE ) DA 8

B AR e TEDRELRS B ZR T AR AL S L e PM, W S e — 8 RN A TS BEFSKESH T EER
FiE e 25 AR W 45 A T B A aE I PR AR AL, I A0 3R K A ISR, LS O, R A R AR A T R
SR GR A RGN, R 3 R SRR A B AIAEURS | P THURE B | A R A T P T B
SR HOREF AR Rl PM, IR RE 1 75 A 25 e ik 11 J B JA (R 22— ) I g v TR R 3 2 AR Ak 5 =
FPM, W FfHE AN — 20, HoHURE IR e M E S>> H S i fHEHEF A R B S>H B SH S
TR A A AN — 2, RIESE T kDR X B A R 2R B T R R R DR AR R
Al 5T 4 £ 4 kT FR K, R BCHL SR THT 45 44 RO 285 32 2815 FRBE 52 0 o, P o T REDRE 2 2 b T P, O o 2 1)
PesE P A5 H - HURE BE A 2R B ) AR b — 8| Takamatsu 2578 H A AURIFSE & B0 K A4 KAETS
L IREE ) 5 R T BE R VS G R, DR LRI S A 3 T % A6 A ) B S A S AR 45 3 T T 75 1
A AN DTSSR AR BE 2 B A A T A S TR A L T, Bl L A R S
SRRl T 52 AN B A /N, S A SO AR — 30 T RE SRR . RS K AT Y R B R[], 0 1T R MR
AT B PM,  fiE

4 %t

BB AAE PM, I FRFAE 75 T R B Ao | RIS 1 (117 NP AL R R ELA R RELRS BB Al P, 1K
BFRE 0 3mSR 00 RALA D BB R BT R A8 . A R4 PML, IR P
FEA N A BARSIAA SR > TSR >, =95 04 EAA 2250 0 AT MR BB R PM, 18 Fff e 2
TN EFSFRSITS>E T MRS ZF>E T, B R R PM, I BRE T 52 i 32w fHOE &
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10 JAE = 39 %

AN ZE AT R B A, Ao B O SC RN 3R 2 — , it P MR 255 o7 I T AR P, TR o B 0 38 IE AR G, A
[ o 1 5 RS J3E 240 HE P 5 L B P TR P, B2 B PP AR — 3, BT AR o P, 82 ff 52 AL 52
SN SE N B3 DRMCTRAT TR 7 0TI el AR AR ol e 426 K IR T 17 5 9325 B 4% R Ao AR B A4 BRI Sl ek | i
THT i 242 BE 77 B i R385 A m] A 0k 49y 15 2 7 o DX 22 25 FE MR BT PR () e Rz 25 R e 26 - 32 TR 254 )
T BRI ATV 1 T AR A6 o A o, 27 S S A% Y o i 2 BE 0 ) Z 3 22 AR, & PR AL IR B 51 R i
ERACTM T, 873 KA R AN Tl A A= A28 4
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