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Abstract: Foliar dust is a good indicator for airborne particle pollution in a certain area for a period of time. In this study, twelve parks and their
neighboring roads in Beijing were surveyed to compare the airborne particle pollution between parks and roadside environments. The dust retention,
particle size distribution, and heavy metal concentration of foliar dusts of Sophora japonica were measured, and the possible pollution sources of heavy
metals were identified. The results showed that the foliar dust retention of roadside trees was significantly higher than that of park trees (p =0.041),
although the latter contained more particles with the size of 2 ~20 pm. The levels of heavy metal pollution in foliar dusts decreased in the order of Cu >
Pb >Zn>Cr>Ni>Mn, with Cu, Pb and Zn reached the moderate level of pollution. The concentrations of heavy metals in foliar dust on park trees were
generally higher than that of roadside trees. The heavy metals of foliar dust on park trees were mainly from traffic emission, secondly from soil parent
materials, and a minor part from industrial emission and fuel combustion. Traffic emissions made the greatest contribution to the roadside foliar dust,
followed by non-specific sources (included industrial emission, fuel combustion, secondary fugitive dust and soil parent materials). This study implies
that traffic emission has become the major source of foliar dust and heavy metal pollution in Beijing urban areas, and corresponding measures should be
adopted for the pollution control.

Keywords: Beijing; foliar dust retention; particle size; heavy metal; pollution source
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1 5|5 (Introduction)

I T 24 2 23 S I URL Y 7 ) R OK | TR
SRR AE R T 2 TAE Y v R 2 T A0 Uk
FR. NS R E , 1 2k 5 2 S0k 4 1o TR,
T 242 ] SRAE — 5 I [1] | — 5 DX ) 2 ASUORE ) 1Y
TS Y B (HE T4 2009) . — SR FH 25 AR FE RS I
LSRRI Y, % T TR A R R, HAFLR
FER 0, 1A HRB AR A~ [a] s i PR 45 25 R
AL A R B T I T 2R 8 K R R e S
IS SR 1 B ATS JeR B, 3T Ak, LR W)
TR AR A Ry A= 4 W I RN A ) 4 s 78 T R KRR
BB A B 0 BT 58 5 (Qiu et al. , 2009 P {4
2009).

REEORL A7) 2 24 Ay 5 e b 5 2s AR Y
K, sl HER 500 T B8 b R e S XL b4 2R #E
SRS SR ) 1 SRR A (XA AR AR, 2007 ) . b 5tk
DX 1t Do 9% B S 3 5 ) B ) R O A 5 B R R
TR0 7 B T Y DX T B T A Dl B 5 R, HE
FRLRERE K, 538 B IR BE 0 25 K s 1 SRR T, x
Jry RS BT A W R AR (M LIRAE,2011).

G3HT 2 BE R [ PR v 23 SRURL ) 9 T G RRAIE 22
S, 0TI PR B A RN s 2 A IS L.

DA X2 el A 353 50U 40 1) A 5 22 4 v 1 [l
JRATFN AT 35/ G 1 2 el A 0 % s 4 1) 1 244
FEARME R (A L2 20045 1L 517445 ,2006) , it
A SR X el RN AZ 38 B8 UKL ) iR 47 X L A
I, AR S o F 5 38 2 [l R 855 1 [ AR ( Sophora
Japonica) WA AN I RARFHMEME SR ITRE & &,
PR 2 SOBUR A 4 R T YL i O, TR0 ) 4
JEICER B, LU Sy 42 il 5 T JORE ) 75 e 4 R
SRR, G S AR AR A B B R

2 ¥R 57 % (Materials and methods)

2.1 HEX%

FEME S A st ATIE N 1 50% L) B Hee Yrftr
ERMET 10% (BT, 2008) , &3¢ 18 PR ik )
() R AR 78 W, by ke G i 25 22 S IS ), 7R SC 4
— DA R I T 2R A BIE 5 06 4. SR Ml S L U X
12 JEARERRL o5 [ Je HAR U 18 1% (& 1), BB
TH A PR SRFIE L 1.

R1 AEREPDILE KA

Table 1~ Characteristics of the parks and their neighbouring roads
YN N CEEI=YBUEZRE S TH % TH B R PRI
G2 N AN FE 7S BB B bel M Y
ES s Al FH K PAAT R Ji 75T 5
HAe i g ARl B K YR AAT F IR Pl it
(PN Ml FEAR HEHL SKIENATH PSR s
AR st FEA REHL K PENAT BRI IR i
IR ZRARA b st FEA REHL K PENAT LI LAty
MU NT Ml B KPR AAT 55 17el P4 Pl i
V225 18] 2 el st FEA REHL K PENAT IR B 1€
AR NT| Al A R L ERa i
PN AR B KPR AAT 1R % 5
pAlR N At R KPR AT B 4 ISR €
[ERT/NT Al B KPR AAT LIPS 5

12011 4F8 H3—4 H(W)EH5~6d,7 H29
HA T, ZJ5 KRR — B, ToRrge X, R
) TR Sl R AR VR SR A, Rk S SR
BB 22 , B A0 SRAFE AT BCXT 14 2 Tl A A R A % A
RSB EIRE Z2 50 AT TR 22 v b 3R 7 s AR
Ry SRAY: U TR] 3 75 5 /0 3 R AR BN el A1

ST 5 ) AT IE B R, AR D AR . O
SIS FE BRI DR SRAE R 5, RO g 1 177 24
3 m Zifn, SO BT U R I A SRR A [ MR
JEE DU JH 45T 1) 45 S0 R S A TR B — Rl
FEAFER BT 100 g, B HEASE I ADRIR IKAS
iz ] S Ee % RS FEAILT 24 4



156 |

E

33 %

4

5l

# SRR
7B ]

1 eEHERERAER
Fig. 1 Sampling sites in Beijing

2.2 G5

FHUE M- 8 B B 2. RS REAS R
50 ¢ M A A B TR AR 4 min, SERIRAC
M2 T H TR A AL UEAR (0. 45 wm) FlUE, 15 31 2
2R B RS FE E 2 1E ) R B ML TR AR R 15 2]
22 Am, WEW AR Am/50 g (BN RN A
B 2R ) .

I T 24 SURE P BOUR TR 548 B AR H 5728 7 Y
S-3000N #4594 B+~ S f % ( SEM) WL%%, I FH %
FE) EDAX 2w e 3 A A7 B UKL Y BE 335 18 43 41
Br. BEAFEA R BEALI S F TR it i B
THEEHLTHEG B0 F 1 em® BOEREAY I -, S L X
T RS s 7 9 il L B 1 & SR I, s w4 R
SEM MELHARA. SEU S R0 15 kV , UL EURL I 30 it
FKRAHFECK 1500 ~ 4000 £, R IR E AT ECH
1000 1.

R4 4 FH Tmage] 514 52 WG, b3RR3 T
SEM & R 95 o RUURL A 4 B | 5 FBE S [, AT AR 4l
BEE B BIE A SRSk AR 5 5K SEM
B (BORAEECN 1000 £, 455K B8 A (% b R 00 0 1
FZY 1. 10 mm*) 4387 HE R b 84N J50R P R A% T
360 5K FEl A A i SEM BE A Hh 331 9064 4~ Ti]
ZRIURL 60 S BERE A AY SEM IR B 3kt 7173 4
ARIFORL. GEiH A RLAR XA (LA 2 um Jy [E]BE ) B
TR 0. bR T 0 A oK SO 7E R e AR X R
1,100 wm Ph_E B4 R S 28k R HS A0 S L, AR S
P2 ~100 wm 1E ARG .

HEEEILE S EIE R el 5% Tk
K EIE AL ( Prodigy 1CP-OES, € [# Leeman 2\ )

SE R, FE & A% >R FH HCI-HNO,-HF-HCIO, 74 fif &
R FE S MORAE S A B A o B v 4R 2 B il
e Jm TH s Hrad B v ir 65 2 S Mos 2,
BT R L g 2t , T 0 7K 35 R B 4l K. 43 #r ik
PRI 3 A B 05 E - HE4E  (GSS - 8) #4747
Mr B, RS B RN 10% , 43 Mn (Ni |
Cu.Zn Pb Cr (a1 2 53 51 24 89. 4% . 91. 5% .
106.6% 92.6% 98.3% .102.9% , Y555/ HrEisR
(BRIRDGAE 2004 ) . H F b i 4 R FH DR 25 3845, BT
153 0 E 4 AR AR KA A B ER 4 (B R 2R Rk
PR & JEm S R AE 1% DL (HSOH 48,
2012) , fESRVFIRZEVE B Z P4, AT A S 56045 31 19
G T e EA B I TR
2.3 ik

KT AR 25 K0k (Muller, 1969 ) 23 Hr - i 22
A B TS RO, s R R AR R (1) IR A K
.

I, = log,[C/ (K xB,)] (1)

A, oC, b b E & 8 S 80 S E
(mg-kg™'), B PTG A XTS5 b iy 3 &
W (mg-kg ™) ARSCR AL TE LA R
FE PR W Bty | 1990) K R % R 31 35 S0 ik s i
WENHER,K = 1.5 M BGRIER D H I 2.

®2 WRBIFRIEHSR

Table 2 The grades of geo-accumulation indexes

L Py VT
5<1,,<10 6 B 7
4<l,,<5 5 T
3 <, <4 4 75 e
2<1,,<3 3 g - 5 3
1 <Igm$2 2 Ef:!fg“ﬁggg
0<l,,<I I B i 7
1, <0 0 et e

AR R R A 11 R S 20 B A 2 i a3 o
Bd oA i i 2 o 4 T A R L e AR BN IR R U
WKL) TR oT R F AR R IR R IR A Rk Az, 1k
PR —E SRR TR A S TR Bl s
LRSS IR SENIES TR ZE &5
{EA LR R AT (EF) AT

EF:(CL‘/CR)#HI/(C/CR)T:Tﬁ (2)
K, CRTERICR (TR (mg-kg ™) s C, NS I
JCE R i (mg-kg ™). W FERAE M HLSE IR 2 L
JCEWA Sc Mn Ti Al Fe(Loska et al. , 2004) , 4
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XL AT A SCGEE ] Mn /R 82 oo sk, Dbt +
SR S (PP EPAEE RIS, 1990) 15 07 5t
{H. EF {55 & E R XN 5 R WL3% 3 (Sutherland
2000).

®3 BEEFHER

Table 3 The grades of enrichment factor

EF {8 WY B 1YL
<2 <1 NTEHE; 1 ~2 NEMEE 1
2~5 HBE AR (HE3h) 2

5~20 A 3

20 ~40 SRENE AR 4
>40 [IEGES 5

FHOC A3 AT 2 38 3 43 J o0 3R [H) ) AE DG Mk 4
D e 4 Ja R R 5 A AH ], A R 4 R % A
FAAE DG 8 D JHG B A A (] R TR 1Y) AT R T AR, 45
ANFEAE 35 R AH O M DU A 8 AT B2 AN ] Y. 32 8040
ST T RO 2 B — 8 AR AR =4k
T BIUAEEG A &, DL B 7 S e Ji e 580
PR 5315 B A3 AT B Se X 45 8 4 Ja 5 e kA 7
A K-S( Kolmogorov — Smirnov ) 4t 16 5, #5 1] - 1]
2 Mn \Ni ,Cu,Zn Pb . Cr JCE & BB IR IEDS
G341, FHIEAT Pearson AHICA0HT K 2 U320 #r. A2
A3 4 AT e B B AR U7 22 5T K % ( Accumulative
Contribution Rate) KF 80% A £ 2K+, If-iz H
KI5 2% 1F 28 Jie % ¥ ( Varimax Rotation ) 3 47 [H
Jiek.

SCHEE TR A Excel2007 52 4, 483140 Hr
(ECXHREAS T K50  ANOVA 22 SPER 6 S ME 47
K-S GEiH# 56 A C o3 B L 3 Lo 2 45 ) R
SPSS13.0 ¢, HE #U7 E ER ] AreGIS9. 3 58K,
SEEGAEHRZE R Origin. 5 58 K.

3 #R(Results)

3.1 AE AR B T 4 AT AR

3.1.1 HaEm BN AREAE RN R
TH AR S R I TR AR (R 2) IR TR AR AR ¢ K
55 ( Paired-Samples ¢ Test) , A& B2 [l AR 1) i 242 i
BE/NFATER ERL A A A (p =0.041) . BEXTA
el 1T % SR ASUAH 48, AR AR A5 1 S R AR,
IR IR BEAFAE — 22 25 5. 8 Tl B 2% & PRl A
Kz A G5 2 ad , 58 38 HE O 2 Bl 52 i 555
TP (M FLES 45,2011 ) |, 33 AT RE 22 Bel [l B e 402
SR/ B TR L AT TE R AR U 2R AR S R B

(0.43) FL/AFEl EML(0. 28 ) K, i AR 5 2 B 2 Fh A
B AN A | B A B T B R
FROIEZhEE (HESEHAAE2010) | T4 e RE R 3 485
VIAEY R 3, PR sh IR R #5803 n] R 3 3504 [R) 3 i
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Fig. 2 Foliar dust retentions of Sophora japonica in parks and

roadside environments

3.1.2 rtEAWHRESFRE FHRAESITE
2 UBURLER — RiAe M Ze (B 3) . R AT LA A
FRITTE [ P T A 0K 149 A 728 4 A A7 AR RL, 80% LA 1
(R AR SR HRAr A FE 2 ~ 20 pm AORIARVE LN (42
TG 2 ~100 wm) ,7E 4 ~8 wm 2 [8] H BLIEAE , {2
7 bl [ A B A7 oD AR P b %) P T 4 JBORE BR T %
FEREAY 1. 23 175
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Fig.3  Particle size distribution of the foliar dust in parks and

roadside environments
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) H P 2 S A R RO AR | - SR AURE K T
TIURL R R SUBURE A ) R R JBORE A5 AR TROR
TR P e i AR 0 s R, 22 5 U A RO
AR AL, RN H  Si AL AL O + 3%
ORI, SCRT AR 73 R KA A1 SRR £ 0k, 4 A7

AT SRR 1 $H O R - UKL 26 T MRS | 32
B R SilALLO JEE AL /Si (HZH 1/3 5 R BURURL
T Ca i, AR FOR SO AR AR RS
LSRN TR R RS SR N T R N1
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Fig.4  The X-ray energy spectrums of foliar dust particles (a. smooth coal fly-ash, b. soot aggregate, c. mineral particle, and d. building material
particle)
3.2 AEAE BT AN E SR T RAFE W, e AR Cr Min (Ni (Pb . Zn TG B9 & 1
3.2,1 HHAESESE AREAEBKIAE R MR TR R, Ph SR AR 2> bE AE e

T 282 A 4 Je A SO LU AR B0 T 3R 4, SRR AT

25, Cu SR AR bl i 2 R (IR T T

x4 AEMEBRAEPHALNESESE
Table 4 The heavy metal content in the foliar dust on park and roadside trees mg-kg !
R Cr Cu Mn Ni Ph Zn
ST 123.39 172.62 558.27 46.33 176. 89 554.13
B 114.72 180.07 524.47 41.71 130.97 524.48
BEXTREARS ¢ K56 p 1 0.47 0.74 0.41 0.22 0 0.58

I T4 B T S Y
H

s >~

3.2.2 MREAIEKU,,)
FEBERFLN Cu>Pb >Zn > Cr>Ni >Mn(F5)
1, Cu Pb I Zn 7E 7 Fel Fl3H i1 24 vk 21 v B

TGl Cr BRE-P TSI, NifEA R P 2R
JE-rhRETS g eI BT A2 PP OJCTS e s Mn JCi5 3L,



14 TSt A5 UK el B AT T R TR 242 23 - i s R 159

%5 HELESRTEOBRRIEN(L,)
Table 5 Statistical analysis of geo-accumulation index of heavy metals in the foliar dust
T S

RS Cr Cu Mn Ni Pb Zn
N 0.23 2.24 -0.94 0.08 2.19 1.83
TR o RE -G PREEL - rh SR e
TE % 0.13 2.30 -1.06 -0.11 1.74 1.71
BREE- B GRNE LS Jei5 Y e rpEE rpEE

3.2.3 MHEELEWEE HWHRBLLTNY R

JEM R EE R 15 QK A S SEE R N DEL R fef #¢) P T R < JeR i B i ROx L1 0
TSR VM b, O R D 2S R REE TP O TR 6, SR Th AT UL | 3 % I T 6 iR i B
Yyt SRR [R]. ARt n DUROMR S ORI W e T AR e Cu M Zn 73 i A I P
S B B S K AR SOOI A M T i B i R T A0 el X e Y e P v A UL )
Qi 1 W TG e Y U R AR (EPAE (=% r | A AR Sy S e /N EZR AR

A% T 4 J U B AR Dl B B GE % PR B Y

®6 AEMEBNHHESEREE

Table 6  Foliar heavy metal retentions of Sophora japonica in parks and roadside environments pg-kg !
KA Cr Cu Mn Ni Pb Zn
UNT 139.9 184.2 605.9 52.08 187.1 605.5
% 177.2 289.8 816.2 63.59 199.2 807.6
BOXTHEAS ¢ K250 p 0.215 0.039 0.057 0.235 0.508 0.045
3.3 AEMmEEEAE SR TR WA AV MIE RS AE 2 Ao, Jm B b w4 N 7

3.3.1 EABTEAMNEEREF(EF) RIKFHE4S4  ARAEEK EFEHENT 1 ~2, B TRESE. K
J&IY EF %3} Cu>Pb >Zn > Cr > Ni,Cu .Pb Zn Pb ANHEICR A B EF [HIMK T8 1%,
B EF H3FE 5 ~20 Z 0], R B E &, Cr 19 EF H

xR7 HELELETEWEEETFEF

Table 7 The enrichment factors of heavy metals in the foliar dust

_ EF J & SRR

37 5

RHER Mn Ni Cu Cr Pb Zn

N — 1.66 (i ES%E) 7.60(WEFE) 1.88 (W E &) 7.23(BEFE) 5.61(WEFEE)
i % — L93(RMESE) 10260 BEFEFHE)  2.26(REHE) 6.B(BEFE) 6.87(BEREHE)

3.3.2 KA AR A FGERATE4A  Cu Zn-Mn Zn-Ni FlI Ni-Cr PUNE R EASE (p <
R Pearson HUCREUEFF (R 8) AR 0.01).
MR A Cu-Zn B IEARDC ATIER M4 Zn-

®8 AEMERREHHELEEEITEN Pearson 13X RBUER

Table 8 Pearson correlation coefficients among heavy metals of the foliar dust on park and roadside trees

YA T8 %

Cr Cu Mn Ni Pb Zn Cr Cu Mn Ni Ph Zn
Cr 1 1
Cu 0.123 1 0.114 1
Mn 0.149 0.546 1 0.684" 0.579" 1
Ni 0.554 0.08 -0.083 1 0.748 " 0.469 0.644" 1
Pb 0.214 0.369 0.225 0.091 1 0.619* -0.075 0.343 0.698" 1
Zn -0.351 0.741*" 0.492 -0.398 0.081 1 0.621" 0.746"" 0.899"" 0.786"" 0.452 1

. #p<0.05, * * p<0.0l.
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3.3.3 E RN BT A E R
BT FREMHERE(E ) , NP LA
A 2R AT 3 A E I, B TTECR IR F]
82.78% ,Cu.Zn Mn 7£% — F N FH 5 K #H &,
BTk K 36. 15% ; Cr Ni 7E45 — F A 8RR AT

i, TR N 29.29% 5 Ph R4 = T2 [N T i i 4
K, DTN 17. 34% . T8 i - 1 242 m] 2 B 4> 32 A
T, BRTTHCRIL 86.99% , Hoh 45— E K 7 Pb
Cr Ni 41, STRk R IE 44. 11% ;55 - FE W T Cu,
Zn Mn ¥R, TR Ny 42. 88% .

R AEMEBRMEIHHLESETENEFTIRER

Table 9 Factor loads of heavy metals derived from principal component analysis

~ INCEX RS T - B B TR
e “E3 EED) TR e TE3 T2
Cu 0. 889 0.088 0.235 Pb 0.917 -0.040
Zn 0.836 ~0.455 -0.012 Cr 0.856 0.276
Mn 0.803 0.090 0.069 Ni 0.767 0.516
Cr 0.057 0.875 0.148 Cu -0.112 0.954
Ni -0.071 0.871 -0.006 Zn 0.492 0.850
Pb 0.162 0.097 0.979 Mn 0.478 0.772
7 ok % 36.152% 29.286% 17.340% K ik 44.107% 42.884%
Y b 36.152% 65.438% 82.778% E A& 44.107% 86.991%

4 1%i8 ( Discussion)

4.1 [ o e vt AT RRAE B9 £ R

TE R A R T A X R T
HEF2 3 32 8 R Ry 52 e (R 45, 2012) . 4
AT RE PR ) R A s el | T R R R
HER A4 TR ) 55 ) WA T TE AR I 2 AR P, )
VB T S 38 OB AR 1) FIURE ) 25 5 78 18 i K it N X
BRUTRE. LA /N 1 JBURE P RE 6 7E 25 b 4 R
T, H T IE B PR R A RO B, 4 AT B R T AU
Yol /IVRiAR UKL RT LA BE U I B8 B A 14 1 7

ARG TRARTEHILE 2 ~ 100 wm Z 1]
L TR EIE A2/ B ¢ /A N S /R VALY TR A e )
Hiae I I 2 TATIE R, 31X AT R T T 4 e P AR
HORE DI T b MRS J3E | e R 5 5T % 1) UKL W) B
BEBEAT. /INT 100 wm B BRI 5 TR, X 2045 5T o
TG A B8R Y 7800, HL UKL /)N e 3 T AR
A, 2 THI R B #9522 | 3 ol e £t R XL
j((C()()ke et al. , 2007). WFoE < ,*ﬁﬁ%d\$ 10 pm
YRR ) Ty 28 W W HE AN A R IR R 456 0 I
MR G AT W (R LAF,2010) . L, B4R
VIR REL 8 i X 42 o P 05 2 SR ¥ % s/ A
e XURS: A 4 1 AR .
4.2 ANEfMEERHELESRENTREMEER

PR R AR Hok Pt A b R R TR Y
VORI K I Pel FIE B T 22 P Y Cu (Pb F11 Zn

JCEAGEEIR RS b Cr AT NI RA RS YL,
LY PO R/ U /NI 7 1 B ) T S B S e g o
15 YL LR Cu Pb 1 Zn.

AT S ESETEN S E RS T
TH B TE 2 X RT e T AR /N b 4
i B (Wang er al. , 2003) , 38 @R R Z 1Y
FORLAR IR 23 R ok T 21 4 9 L b2k
X EREE R 05 Y R A F5 AR, A FE Y
IEEWURL W) o 4 i e T B, A RS
AN D02 el R A0 7 A R I e B A . IR,
FRTE 2 Dl i B R B A B 7 ik 2 % A 0 1) e 5, okt T
RINFKA, LB 1k 22 E B i, A Bl 4 T4,
REAR I A FIURE ) 1 RS
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