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Distribution and heavy metal character of foliar dust on roadside tree Sophora

Jjaponica of urban area in Beijing

DAI Sidi, MA Keming*, BAO Le
State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract; Foliar dust is an important indicator of particulate matter (PM) in the near ground atmosphere, it can provide
valuable information about the accumulation and characteristic of PM. The study on distribution and pollution characteristics
of foliar dust is important for identifying the airborne particle source. With the rapid increase of traffic flow in cities,
emission from traffic has become one of the main sources of the air PM pollution, and led to the deterioration of air quality
in urban area. However, characteristics of road-based particle emissions and their effects on PM pollution have not been
well studied. Sophora japonica is the main species of roadside trees of the urban area of Beijing and also serves as a good
indicator species for mornitoring PM pollution. In this study, we collect 105 samples of foliar dust on Sophora japonica,
which contains 91 samples along different types of road and 14 samples in parks and gardens as background. Foliar dust is
obtained by elution and filtration, and the dust retention is classified according to road type and analyzed by one-way
Analysis of Variance( ANOVA). The total concentrations of main heavy metals Mn, Ni, Cu, Zn, Pb and Cr in foliar dust
are determined by Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES). The possible pollution sources of
these metals are identified by Pearson correlation and Principal component analysis ( PCA). The result shows that the
highest foliar dust retention, mainly affected by the traffic volume, is found on roadside trees of freeways, followed by major
arterial , minor arterial and collector road, with a ratio of 100:84:75:75. Foliar dust retention by the roadside trees (0. 68 g/
m’) is significantly higher (with P=0.054) than that of the garden trees (0.51g/m"). The concentrations of Cu, Zn and

Pb in foliar dust of roadside trees are 6 times higher than the soil background values, indicating that traffic emission is a
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significant source of metal pollution. The concentrations of heavy metals may affected by a number of factors and have a
generally uniform spatial distribution on traffic area. The correlation among Mn, Ni, Cu, Zn, Pb and Cr is significant in
traffic areas, which means they are mainly originated from particle emissions from on-road vehicles. Lots of heavy metal
pollutants are generated from vent-pipe emission, tyre abrasion, brake wear abrasion, road surface abrasion and
resuspension in the wake of passing traffic. More than one source of particulate heavy metals is identified for foliar dust of
garden trees and traffic emissions accounts for a large proportion. The major heavy metal pollutant Pb, Cu and Zn are
mainly derived from traffic emissions. By comparing the concentrations of Pb, Cu and Zn between garden samples and
roadside samples, we find that Pb is most likely to transport, followed by that of Cu and Zn. This study implies that traffic
emission has become the major anthropogenic source of PM and heavy metal pollution in the urban area in Beijing,

corresponding measures should be adopted for the pollution control.

Key Words: Beijing; Sophora japonica; foliar dust; heavy metal ; principal component analysis; traffic emissions
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Fig.1 A sketch map showing the sampling sites in Beijing
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FEEFBGREME  FABRY S (HCI-HNO,-HF-HCIO, ) 78 B #b b B0 f 20 20 nE s, 438 i B+
R & BETEAL (Prodigy 1ICP-OES , 22 [F Leeman /A ) ) 5 B4 @ TR W E
1.2 Hdnabi

1 Grubbs AR FH )5 , HHAEA K-S ( Kolmogorov-Smirnov ) K556 & B, i1 2R H Mn Ni,Cu . Zn .
Pb . Cr ¥R BOEAS 04, BRI B Excel2007 521, G814 47 I SPSS13. 0 3 4F5E A%, EHER HH ArcGIS9. 3
56
2 H#R
2.1 R[A)E B B A i

SR S R AU R T AT A R A TR AR R A IIER 0. 68 ¢/m?  BEBEA EIRR (AETE X)) VEIRIX T 5

HI AR 0.51 g/m’ , Z357E P=0.054 7KV 1225 W35 AT IER I 2 i o 3 i TIERE R, A H;‘éiﬂﬁé%é’l
TR LA 25 (R 1) Pl T8 T SR i 2R 5435904 0. 81.,0. 68 ,0.61,0. 61 g/m’,
2.2 MEARNESEERE
2.2.1 FriEWE T E A R R
TTIEMFE S IE 91 A BIBR R HAES Mn Ni Cu . Cr.Pb. Zn ARM I ECER A0, A T8 R - 1 2 5 4 8 vk
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Table 1 Foliar dust retention of different types of road and residential area/(g/m?)

AR BifE e/ ME HE 5N FrifE2E
No. samples Mean Minimum Median Maximum Std. Deviation
R B Freeways 24 0.813 0.257 0.580 2.812 0.629
T Major arterial 25 0.675 0.229 0.554 1.552 0.314
T Minor arterial 22 0.611 0.307 0.515 1.539 0.313
SZ# Collector roads 20 0.615 0.294 0.499 1.660 0.341
SR (AR Bk
SGRIX (FTIH) Sk 91 0.683 0.229 0.544 2.812 0.426
Total of roadside trees
- jb% [ ‘£ = X‘
SRR L BER) 9 0.505 0.226 0.375 1.352 0.370

Total of garden trees

FR2 TEMHELHNESBRE
Table 2 The heavy metal content of foliar dust on roadside trees/( mg/kg)

Mn Ni Cu Cr Pb Zn
FEAEL No. Samples 90 91 91 89 91 90
Yl Mean 579.94 48.54 442.29 184.16 150. 63 632.15
FrifE22 Std. Deviation 203.13 17.90 206. 87 98.72 45.99 183. 64
+ 3275 5H{H Soid background value 705. 00 29.00 23.60 68.10 25.40 102. 60
i/ 43 Foliar dust / Soil 0.82 1.67 18.74 2.70 5.93 6.16

ANOVA J5 2253 M2 AN R TE i S A I [f7 2 1 Mn (Ni Cu  Cr \Pb Zn BYHRJE A 5 (P>0.05) . i
WA A A I T 24 P R G e ok P A s [ R 5
2.2.2 FraE BT A AR I IR A B < v LR

AT 5 BE BEA P T 221 Cu \Zn Mn Ni Cr . Pb ¥R (2 3) , I RE et /47 8 A 11 B 4 Ja e 2 1L
(C ey ) s B 20 g s BN P ey gy R, CU gy sy = 1, BEWH Zn ZEATIEARS 1 A ok 2
T REBERS , Pb L2

®3 TEMSERMHOMHELESERELR

Table 3 Comparison of heavy metal content of foliar dust in roadside trees and garden trees/( mg/kg)

Mn Ni Cu Cr Pb Zn
JERBEH Garden trees 526.99 53.32 435.42 159.50 175.55 541.33
FTIEM Roadside trees 579.94 48.54 442.29 184.16 150. 63 632.15
BEBER /AT Garden trees / Roadside trees 0.91 1.10 0.98 0.87 1.17 0.86

2.3 EEJBITEAHIHES T
X AT T AR R e AR 1) i TR 2 B 4 SR VR B A3 A T A OG0 A (3R 4) |, G5 SR R AT TE R I TR 2 9 i 4 )
JUER WA OC, MEEBER T 22 Cu 5 Mn Ni ,Cr AAHE,Cr 5 Pb Cu Zn AAHIE, Pb-Mn \Ni-Zn 540G, X
Ul AT AR P 18 2 4 e 1) [RTRA  TTJce Be  y ot Iv 2 B 4 i SR URAS 1k —A
2.4 HEERICRM T
A7 T AR TR e A I T 2 P 45 T 4 8 o0 VR B 2 IR X AR 75 0 A1, 28 X B e iE AT R R T (3R
5) 1% BRE 4 KT 85% M ZLRAMEL oy . &5 3 Won ATIEM RS, Ca Pb Zn 7E55 — E WA KK
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i ( DTRRR 35.2% ) ,Mn 7258 — F A R E i ( 5TRkE 26. 5% ) , Cr Ni 7655 = E R4 8 i K (57
MR 23.5% ) ; AE3CE I 2R o Cr Mn Ni 25— F B EE IR (TTHE 44.7% ), Cu Zn . Pb 7655 — F
O3 B Aar SRR (TTRRFE 41.2% )

x4 ITENFERMHELESETTER Pearson 18X REUER

Table 4 Pearson correlation coefficients of heavy metals of doliar dust on roadside trees and garden trees

ATiEM Roadside trees FEBER Garden trees

Mn Ni Cu Cr Pb Zn Mn Ni Cu Cr Pb Zn
Mn 1 1
Ni 0.528"" 1 0.794"" 1
Cu 0.371"" 0.493*" 1 0.475 0.471 1
Cr 0.456"" 0.475"" 0.329"" 1 0.839"* 0.775"" 0.435 1
Pb 0.583"" 0.638** 0.713*" 0.374"" 1 0.579 % 0.814*" 0.690*" 0.513 1
Zn 0.612°" 0.681*" 0.579"" 0.306"" 0.726"" 1 0.716*" 0.660 % 0.755** 0.529 0.749 ** 1

# 1L 5% KF-BEAIE, * = 18 19% K BEMR

®5 ITEMMERMMERESRERFENEFHETSER

Table 5 Factor load of the heavy metals on the former three principal components

T Roadside trees BEFEM Garden trees
PC1 PC2 PC3 PC1 PC2
Cu 0.914 0. 066 0.200 Cr 0.917 0.207
Pb 0.773 0. 468 0.209 Mn 0.876 0.345
Zn 0.627 0.580 0.288 Ni 0.816 0.444
Mn 0.171 0. 896 0.270 Cu 0.165 0.911
Cr 0.190 0.230 0.923 Zn 0.429 0.814
Ni 0.472 0.419 0.564 Pb 0. 440 0.787
HF 5k % of variance 35.249 26.531 23.498 HF 5k % of variance 44.657 41.179
FFTTHER cumulative % 35.249 61.780 85.278 FFTTHER cumulative % 44.657 85.836

3 g
3.1 ATIEW EL T A oA S R AR R DA G

TH % A2 38 P RE R A TR IR A TR 2R %) PR R T 2 I RO A T A T A i AT R, 1A
R ZE PR A R R G o F T T S R ZE R L 100:29:10:9 , BESEH
SPIIRAE T 2007 47 8—9 A A1 T T AN [ 28 FUTE e (4 b dr DRl i < 2 I R I S = 100:85:76:66
ARG R AN TR % 2 70 4 4 AR I T s 2 e A DR % < o B ORI < S = 100:84:75:75 , 5 B FR AR 1
SUAEARL, T W B A2 S5 4T AR T A G AR (] s e R 2R BV T B o 2 2 A2 A i i S i), K] ok T i 20 1 1Y)
F S R F A

A3 F AT et 3 Ay e T R T AR AT Bk BRI BN, R B T AR AR PR A R IR A
TR R RO PM, ARV ZE I 5 1k AR 2 A AR A I e (5
S5 AT R SR B i Sl Y R M S O o A S R A HE A AT A P P s s 5 HE LAY PM
RS PM s BGmn, &R43 PM ik R | B 45 0y 2 B AEA T TE R B it R IR et T 2R R AR A B R R 2 i
Bifi 2 A PML YR B2 B 3G I O o PRI AHG 2 3 e B 1) T (LA T T A s 24 et R

AT 2D 2 R T REREA , AT RRIE 45 T P A SR R . — 247 JE AR 1% B iy P2 801 30 Hls T K< PML 1)
IER% W BR Y PMOXELLE T s TR B T E IR, BRI (1 PM AR T8 i N B X TR A
RARE /NI PR8I 7% 21 B 8 P 2 1) 2 e
3.2 ATIER ERL T 2R A 4R R T P RS E

KA E S JEIC R F AN TR s Sm ik sh 2 i 4 JR T R UTIE 51 0 A . A
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WEgE, ERR T 42 Mn (Ni Cu,Cr,Pb Zn A9V BE7E A )18 B 2SR A 22 S5 35 AR B AT 5L AR e 1) [
P, 5 ARBTG5 e R T

I AT IR I T 2R S A S 0 4 VR T AR s  m HE RO AR ) R B S YT, iR
H Cu . Zn Pb AU LA B 695 FHEAY 6 1500 E, Ni Cr Z0T5 S(EAY 2 £, Mn BSART 375 508, P 328
XEH EESRGYYRE Cu Zn Ph, HKIE Ni Cr, Cu 2HIZHESAFREICER Zn IR MR 3 |
ENAERAERTHHOK . AW B Cu Zn 35w T R 5008, BEUTAE R SHE O 528 HE i 1) 52 i R
Ko FEAGEE, 0T B T 5 A2 3 e W AL B 4 R ASHEII PM, o 1. 14 1/h(2009 4F) 10 JE RS HER PM,, 0 0.
67 t/h(2008 47) "' JERAHE C L 55l PM R HECR 10 =0 2 — . —SEERIIN T AT R R X
HERAF LR (AR R A 1 00 A, 0 an e AT RS HEBOR AR B A HER BTk LT
£l T W | == ) e {2 A A B iR R e el el v s W N oD I EE T

F A M i — AR T A X 2R R PR, 3 ST, Cu P Zn 7855 — T RO A R A
i R R AR RIS YA Y Zn SRR IR A AR A Zn ER [ R AR Y i i
Ui B RS TR R A —E BTk, Cu EEOR AR AR IR, LR A AT B Y L P
ok H R AHERL T B VOB Bh A Mn J2 5 T E A EEITEK, Zn Ph Ni A —E R
Mn J& 5 GRS B RIE TR | BT ARERNMZR R & A A 50 Zn Ph 5 25 — 3 i oy 32 %2
Prg i aTTE 7L S SR i d111) 2 = AN % 3P A4 6 T4 S e [ D d L OV O\ € e O W i S S NE S R
FIZER3h BRHRBe SRR XUAL  RIRBE AR M E , AR 5 e

Pearson FHICPE 53T & B Bt AR - 18T 22 () S JE AN 1k —A 31X 5 3238 X A AE BB B L o FR T i B3
A 3 TR AR EE B i T 2ol U 2 B R AR R AR SR, R oM K B, BE BE AR I TR 2B Cre
Ni Mn 25— F 1 EZICE,Pb Al Zn BAT — & MR i, ol LIRSS — s 2R [ RS, 2l
BT 38E ol SR A KAEEE Z RO IR TR AR PM; Cu Zn Pb 7E55 — U5 M # A 40K, Cu-Zn-
Pb ()20 &2 S8 HE B SRR R 33 150 I 22 8 HE L 2 28 R A st T Ja B IX. PM B 43 ¥ e ) 1) H B R
VR, FESERRUN A T ) AR T A5 B AL

Pb . Zn Cu BAAHR EZR A SSEARR, (LB E R TIME T Y HEE AR, Ao LR 1, 7 28 58
IR 4 8 (4 HLAE 7124 Pb>Cu>Zn, Pb 7E i B A4 I T 242 A 3 BE 5 ( Pb g iy > 1) 5 Zn WILAFAH
(Zn gy i <1) , IXFNZE AR SH AR MY HEE A ¢, PFRERY] RARB/NG PM 825 5 K a5/
FERA I BB TOE TR ™ BRIFDE S 09 & A s I 4K 800 m A ZSTE shAR > i) 1Ly st + 18 Pb
We 7 B A HEHGE I, P RELL K SO A f SR A 5, IR RS Aedb s i 98 & B, Ph £ B AE
Fife<l. 1 wm BORURL P s 4 HEE B 00 LU ARSI 50, T Zn  Cu FERIAR<S5. 8 wm HYRURLH & SR AE Il
T e B X R i s, XS R A 1 X R e K
4 Zig

(1) A7 TEAR [E BB F- X I T A2 5 0. 68 g/m®, BEBE Y I MR (8 15 3238 ) M T R B2 0. 51 ¢/m”, 3
25 ST HER B PM VR T RE B Y R R

(2) AT B T 2D BEAE DU B | 3T T SCBR AT A2 5 LU 100:84:75:75 , i /b 5 4o i 1F
FH

(3) s HER ™ A W 1 B R ARG YY) R Cu Zn Ph, 76 2R P (R BE A 2 - HETS (B AY 6 15, 4R
FEOR RS RS ARG B TR AN S | AR R S HE RO S PR 5 0 ok B I 3

(4) FraE A T 2 rp Y 4 R oo 2 LA AR A IRI R | 3 0 5l HE IO 2 2 stk Hoh B ACHERK i 3h
VB R AR TTRR A, S HE It 2 B e R I T 2 1) B R

(5) HECEIETE 4 )E Cu Zn \Pb 9 HLAE 1 th KB/ MKIK R Pb Cu Zn,
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