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Abstract: The re-suspended road dust samples from 53 sites that could cover basically the entire Beijing in summer> and aerosol samples from
three representative sites in Beijing in four seasons were collected to study concentrations and spatial variations of elements and ions in re-
suspended road dust and its contribution to the air-borne particulate pollution. Ca, S; Cus Zn, Ni» Pb and Cd were main pollution elements,
and Ca®*, SO;"» CI”» K*, Na*and NO; were major ions in re-suspended road dust. Al, Ti, Sc» Co and Mg in re-suspended road dust
were mainly originated from crustal source, while Cus Zn, Ni and Pb were mainly originated from traffic emissions and coal burning; and Fe,
Mn and Cd were mainly from industrial emissions and coal combustion. Ca’* and SO~ mainly came from construction activities, construction
materials and secondary gas-particle conversions, Cl~ and Na® were derived from industrial wastewater disposal and chemical industrial
emissions; and NO; and K" were from vehicle emissions, photochemical reactions of NO, » biomass and vegetable burning. The contribution of
mineral aerosol from inside Beijing to the total mineral aerosols was 30% in spring of 2002, 70% in summer of 2002, 80% in autumn of
2003, 20% in winter of 2002. The pollution levels of some major pollution species; Cas S, Cus Zn, Ni> Pb, Fe, Mn, and Cd in re-
suspended road dust reached 76% > 87% > 75% > 80% > 82% > 0% 45% > 51% > and 94% > respectively, and their contributions to the
related elements in PM,, were 20%-45% > 5%-18% 5 4%-50% > 2%-46% 5 4%-52% > 5%-20% > 30%-60% 20%-40% and 2%-
25% . Re-suspended road dust from the traffic and construction activities is one of the major sources of the air-born particulate pollution in
Beijing.
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Fig.1 Sampling locations in urban Beijing

1.2 1250
1.2.1 JCHEDHr

FRELZ 172 SRR b 1 2R DU 9 208 v R 5
W, A 3 mL # HNO,» 1 mL ¥ HCIO,, 1 mL # HF,
170 CHn# 4 h, ¥ 5 B, Uy BT, A 1
mL ¥ HNO, & A% 10 mL £7ll.

FREX 0.1 g 70405 I 3 5 T R DU SR & 0 =
JEZEW, A FALEE, 2 25 48 25 mL 7

Ab B S FRIRE b 72 B JOBIN-YVON 2 7] 1)
ULTIMA 2 FURHE 5 5 55144 R 61 CICP-AES)
SR T 23 Fhoc M-

NARUE 23 BT 485 R ] Sk, A — I T
] 5% A E 9 0 b o0 ol 38 ) M BR Ak 2 S 25 W) i
(TBWO7401), 73 BT 15 1 58 AE 45 5 BT 43 B 45 R
W 1.
1.2.2 &1

I3 AIFRELZT 1/4 FE S AT 0.05 ¢ 70 9% 5 1)+ 4%
FET 50 mL 3R DY 9 & 0@ SRR, IIN 10 mLL 2%
B 7K, 75 KQ-50B 24 75 i vk a4 C S 1 T i A
IXEAT A FD IR 40 min, REH 0.45 pm 1AL
Ve R fE , SR A 25 [E DIONEX 2 &) F Dionex 600
B A R A B T KSR T F S
Cl™~ NO, ~ NO; ~ SO}~ PO;” « HCOO™ -~ CH,CO0" +
C,0; FI/K ¥ I & + NHy v K* v Na*\ Ca’*»
Mg BT IEREAE80% ~ 120% X 18] . &



134 i ) AR LU T 27 783 R B P e L R RORE 75 e 1) 5% 1) 3

£1 EREEDE TBWOT01 O E S R/ o
Table 1 Measured results of the national standard
material (TBW07401) /pg*g™!

JLHE iy s {8 SE o )
S 310 + 100 322 +48
Cr 62+6 67+6

7n 6380 + 39 723 + 81
Sr 155+ 10 185+£9.0
Pb 98 +8 111£9.0
Ni 20.4+2.7 26.6+3.3
Cd 4.3+0.6 4.8+0.6
Fe 36330+ 910 31 040 £ 3 443
Mn 1760 + 98 1605 + 150
Mg 10 860 + 720 10 014 + 602
A% 86+ 6 88+38

Ca 12 886 + 571 11242 + 940
Cu 21+2 20+ 1.5
Ti 4830 + 250 4750 + 188
Al 750511112 71374 £ 4998

PSR B P IR AR AR HEIR 253 < 5% . #AR M L
SIN =3 T, BIES 7 HIRT IR <0.04 mge ™", BHE T
AR < 0.006 mgeL.™" . HI B AR #ED) ot g 26 7 1)
FRUEA (GBW 08606 HEAT T H ML i 47l s

2 HR5IE

2.1 Mo B2 R

2.1.1 JTHEMEHE

2 HIH T b 5T X 1T 4 2B Cre-suspended
road dust) RRD,, (Fift < 30 pum) A1 RRDy, 5, (30 pm <
Kt <74 pm) H B BT E PR, T HRIE
—IFFH T AR ) 3 5T ¥ Y E RRD,, A
RRDy,,, 7G5 Mg~ Ti~ Na Fe Al Mn [1)°F 343 & 43 5
118 854+ 4 631+ 21 832+ 41 028+ 886 pg/gHI11 199,
3183+ 22576+ 29 683 556 pg/g, HFLE T e A1 Hy
FEFEE IJUE Al M Se A FEAE RRD,, A1 RRDy, 0, !
53944 652+ 6.33 1ug/gF139 860~ 4.51 pglgs HET
AR FESE I Cas Sy Cds Cus Zn<Ni A1 Pb (1)
W FEHR L & T e AT () M 7 = X B g5 R WY AL
Mg.Ti~Sc~ Na« Fe 1 Mn 3 22k B #5724, 1l Ca. S.
CdCu~ZnNi 1 Ph FZk | Nl i Guilit, 5 2 B
2L F 5 5 SR — X

X2 WoR T FEICFEAE RRD,y/RRDyy, H IF)
AN EEAE . Al A Na £F RRD,, M & HE % #2018 T
RRDy;, s Sc~ Fex Co~ Ni A1 Ph 7 RRDy, 1 ¥ < B W% 1
T RRDyy,,» Mg~Mn-Ca-Cu-~Zn.S Al Cd 7 RRD;, "1
WIER T RRDy, o, » 22 BT 22 /N RLAR K G 3R
TR P AN TR P b o KRR (R T 3K P

F2 JdtFEHEIHLE RRD; 1 RRDyy P EETRAFHIRE LR EN1H RRDs)/RRDy 4 tL1E

Table 2 Average concentrations of main elements in RRD3y and RRD;g.74 and their ratios of RRD3y/RRDsg74 in re-suspended road dust soil in Beijing

TER W fpge g™ RRDy/pg g™ RRDsg7/pg* g™ RRDs/RRDsg 74
Al 80 400 44652+ 11213 39860 + 11 904 1.1
Se 1 6.3+1.7 4.5+1.7 1.4
Na 28 900 21832+6413 22576 + 6 945 1.0
Fe 35000 41028 = 27 684 29 683 + 24 832 1.4
Mg 13 300 18 854 + 5907 11199 + 4 368 1.7
Mn 600 886 + 1 047 556 + 400 1.6
Ti 3000 4631 1037 3183 +962 1.5
Co 10 21+7.6 16+8.9 1.4
Ca 30 000 77992 £ 29 008 52361 26 320 1.5
Cu 25 75 + 46 43 £ 29 1.8
Zn 71 271 + 143 163 £ 97 1.6
Ni 20 99 = 130 7292 1.4
S 339 1880« 1110 12541161 1.5
Pb 20 163 +78 126 + 68 1.3
cd 0.098 2.5+2.3 1.7+1.5 1.5

2.1.2 JUHEMZRZN

2 WHH T b 5 e X H T % 28 RRD,, A
RRDy,, 1 6 3 AR % . 75 RRDy, ' Tis Al
Sc~Na~Mg- Co Fl Ca HIARXS bR UENM ZEHKKh 22.4%
25.1%- 26.4% 29.4% 31.3% 35.7% M 37.2%,
XTI A ) 4 A B AR v HAZ 3T~ Y {E . Pb Zn.

S+ Cu Fl Fe [FJAHXIAREA 225300 K 47.7% ~ 52.7% ~
59.1%-~ 61.1% 1 67.5% » ‘&A1 75 8] 53 47 s 25 °F
VI FE RS K. cd A1 Mn 1950 591 4 91.5% F
118.2% » 3X 2 AT 120 8] 3 A7 At 125~ S ) R P
BEK . AE RRDyy > AH O 0 25 b 11 i 22 1) A8 40 1 2L
5 RRD,, T I AHAL
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Fig.2  Spatial distributions of the major elements in those

re-suspended road dust samples collected in Beijing
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H1F~ . CH,COO™ ~ HCOO™ + C1™ ~ NO; « NO;  SO2™ -
C,0;” \PO;” \Na® “NH, \K* \Mg** Fl Ca** I3k
B, Hodr ca?t R SO;™ W B vmr, 430 M 3 274+ 1821
pg/gM 2629, 1207 pg/g: C1I7+ K*+ Na*+ NO; #
CH, COO™ i1, 73 7l 4 360+ 275+ 221+ 219+ 128
pg/gH1259. 47, 186.71~ 154.83+ 163.92. 92.91 pg/g:
M C,0¢ « Mg« F~ NO; ~ HCOO~ Al NH,; & /% %%

%, PO}~ MR BRIk . I 2 &5 IR i b 5 b X Hb 117 7
A Ca?* S0 Cl” NO7 K* Al Na* /2 B3

LK 3LHNH T — L& 7 1E RRD,/RRDyy,, T I AH Y.
FofE, S Ca?* WNO; Mg B NO, [H¥ BE7E RRD;,
F1 RRDy,,, T AEH AHIT, SO;- WNH; PO}” < Cl™~F ™«
HCOO ™~ CH,CO0™ ~C,0;” «K* A Na* 7E RRD,, "' It
TR HRIE =T RRDy,, X S84 R Wb [ 4720

FLAR: 1) 85 R 22 B vt 3 ORI K TR
&3 HEHL RRDyF RRDy, P EEE FHIFHIRE
A% E1T#Y RRDy)/RRDyy74 tL1E
Table 3 Average concentrations of main ions in RRDyy and RRDsg74

and their ratios of RRD3y/RRDj3g.74 in re-suspended road dust soil in Beijing

=R RRDs/pg g™ RRDyg/pgeg™"  RRD3/RRDsgz4
Ca®* 3274 +3777 2629 +3 679 1.2
SO3- 1821 +1666 1207 £ 1604 1.5
al- 360 + 215 260 + 180 1.4
K* 275 + 162 187 + 106 1.5
Na* 221 + 151 155 108 1.4
NO; 219+ 128 164 + 131 1.3
CH;C00"~ 128 + 136 93 +99 1.4
C,0%" 80 + 53 54 +27 1.5
Mg+ 73 + 47 64 +41 1.1
F- 60 + 64 42 +49 1.4
NO; 48 + 74 43 +74 1.1
HCOO~ 20+ 17 14+ 11 1.4
NH; 1716 1110 1.5
PO; - 7.0+11.0 2.5+£5.7 2.8
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Fig.3  Spatial distributions of the major ions in those

re-suspended road dust samples collected in Beijing
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Table 4  Varimax rotated factor Loadings for the complete data set with diameter smaller than 30 pm

TH T 1 K72 K7 3 KT 4 K75 HF 6 K77 e
NO; -0.01 -0.11 0.06 -0.05 0.02 0.92 -0.01 0.57
SO%- -0.09 0.85 -0.04 0.36 -0.12 0.02 -0.22 0.97
cl- 0.02 -0.07 0.93 0.04 -0.10 0.03 -0.01 0.85
F- -0.10 0.88 0.10 -0.05 0.04 -0.06 0.06 0.76
Na* -0.06 0.34 0.84 -0.06 -0.16 0.23 0.12 0.91
K* 0.07 0.36 0.35 -0.15 -0.13 0.58 0.25 0.82
S -0.03 0.92 -0.02 0.15 0.07 0.00 -0.16 0.95
Zn 0.80 -0.12 0.09 -0.01 0.39 0.20 0.09 0.85
Pb 0.72 -0.03 0.15 0.40 0.43 0.04 0.05 0.88
Ni 0.87 -0.03 -0.13 -0.05 -0.08 -0.16 0.03 0.76
Co 0.17 0.28 0.01 0.73 0.20 -0.25 -0.14 0.84
cd 0.15 -0.21 -0.02 -0.10 0.82 0.03 -0.07 0.80
Fe 0.14 0.10 -0.11 0.19 0.93 -0.02 -0.03 0.96
Mn 0.05 0.12 -0.14 0.08 0.90 -0.07 0.00 0.94
Mg 0.49 -0.08 0.47 -0.08 0.01 0.00 0.57 0.87
\% 0.04 -0.14 -0.02 0.20 -0.07 0.05 0.78 0.51
Ca 0.08 0.68 0.28 0.01 -0.03 0.09 0.58 0.88
Cu 0.94 -0.02 0.01 0.06 0.08 0.03 0.04 0.85
Ti 0.16 -0.21 0.07 0.83 0.03 0.06 0.22 0.84
Se -0.13 -0.19 -0.08 0.92 0.06 -0.02 -0.01 0.96
Al 0.01 0.14 -0.04 0.88 -0.04 -0.04 0.12 0.94
FEAEAH 4.41 3.98 3.31 2.33 1.59 1.03 1.01

777 22 (R 534U % 21.01 18.95 15.77 11.11 7.59 4.9 4.83

FInE 5% % 21.01 39.96 55.72 66.83 74.42 79.34 84.17

D ERAEFLREFaE > 0.5
m+n =1 () TR, AHIRZL 30%, 2002 4 FL L

T, Mg/ AD e ™) I Mg/ AL ) EEAE s
(Mg/AD ey BT CMg/ AL gy 73 990 52 17900 8 T A L Y
5 A kst Mg/AL FLEAE .

S S R WA 5. Nl W, 2002 47, dbat
F5 LHREEHHE MyAl FIz 5 09 F kS

Table 5 Ratios of Mg/Al as well as the contributions of sources from inside the city at Beijing in different seasons

70%, 2003 FFKZFE L 5 80%, 2002 A& FEL Y
20% > 2002 VbR BN ZY by 289 IR Be L R,
HiyTRT 47242 2 b 5 DX 1) R AN i Y 11 B TR
=, BEFNKER TAENESE.

_— W Mg/ Al A YR TR B 9%
TSP PM,o TSP PM,,
2001 KT 0.25 0.21~0.30 — — 31 17.2~48.3 — —
HF 0.27 0.20~0.34 0.25 0.19~0.30 37.9 13.8~62.1 31.0 10.3~48.3
002 B S 0.24 0.17~0.30 0.24 0.22~0.25 27.6 3.4~48.3 27.6 20.7~31.0
H 0.36 0.33~0.41 0.38 0.30~0.50 69 58.6~86.2 75.9 48.3~ 100
X7 — — 0.22 0.18~0.30 — — 20.7 6.9~48.3
2003 HE 0.34 0.30 ~0.40 0.3 0.26~0.33 62.1 48.3~82.8 48.3 34.5~58.6
e 0.42 0.39~0.44 — — 89.7 79.3~96.5 — —
2.5 HuIRIHA 0TS GRS IR ) DTk 0 4 R, WA

it 25 AL 30 2 A AN IS T A R PR A e, T E I AL
3 Bl A A SR B A 4 24 1R TR B R
VOB IR I EOR IR 2 — O T A S i 97 48
RRDy, PG RTCR TG R, AT TR J5
BB A P Oe R X H b e YR AN G G

Xumine = X + Xigne

Xiwse = Alggpn (X/AD
A, Al & e IE 2% o5 i

X TG RFRE Ny :
er(%) = - Xﬁﬂ.ﬁ/Xﬁgm%/p) x 100% (5

g

(3)
(4)

‘B RRD,, "' 70
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SFCIE S0 b THT 42 24 (1) 56 R )™ FE )L AN, 4 75%
1) Cu~80% 1) Zn~82% 1] Ni LL &% 90% 11 Pb >k H 5
YL, Ui W AT I HE L Hb 10 #7242 RRD,, ¥ 5 22 v 4
U — AHAE R A B2 A S LUK, b
TG RA A 20 90% » R W R T A2 WA LA, i
LN ANHETBOZ Ph M HEZZRYE . FewMn A1 Cd 1975
YRR AY A2 45% ~ 51% A1 949% » B0 Tk HE iy
AT A ™

W A5 T M0 b E G Yoc &R
FEAS ] 23 35 56 KA mT R N Ui 40 P, 1T 34 1 ik
HOE2.1.1 WP e R R RN I G #
WRIEAS [F) B B2 = T KR4 19 76 22 WK % . Watson Al
Chow 22333 g ] LLHREAR N 10 pum )+ 38 K70
P B AR R — SR FE 2L 2.5 pum 1) R HEXD
P i o, 3 L B 9 28 RRD,, (17853
WA LR RRD,, FO 823, A

Crz = Cyprwm X Pt X Cifipmhcs (6)
o, e RN HLTHT 4% 72 RRD,, 1 JC 24 PM,, 1 5T
BRAE Cpg/m D5 cqppromme TR PMy, T RS IR TR K
FECug/m® )y B cppprpam = 1.89¢y + 2.14¢q + 1.4c,
+1.43¢p + 1.66¢y, + 1.67cys HH ey =3.9¢y:
Pz TOEHLTHA 242 RRD, X PM,, ™ W) K1
TR C% )5 ez 18R MU 47 22 J0 28 IR
(pglg) A THESEA (o) I IE AT, 28 # x6 Z% A AT
TEMNHT, IZA LU EN N Mx N, AL M
XxN73xMx M =Mx N2, 4w —50, 3t 2
(6 AT,

%6 HMEHL RRD, F— ¥ EETRMMEREMSRRED
Table 6 Related concentrations of some major pollution species

and their pollution levels in RRDsj in Beijing

P S CRRDﬁ 1 Ciﬂg‘i 1 Cﬁ%&, 1 cisif/ CrRD

lpgg lpg*g lpg*g 1%

Ca 77992 16 661 61331 76
S 1880 188 1692 87
Cu 75 14 61 75
Zn 271 39 231 80
Ni 99 11 88 82
Pb 163 11 152 90
Fe 41028 19438 21590 45
Mn 885 333 552 51
cd 2.53 0.05 2.53 94

D eppp: 75 94 I6 F T B IR B cgon = 75 G 0 35 1 Hb 56 57 35 96 Ji 5
e s VTR TCHE VG PP IR PE Cglg)s cqmn eppn: 15 A TCH 975 B¢

TEIE

B2 W3R 7. M8 Ca 75 2002 4
ZE R ZE VDR R IR R 5 ZE X PM, 19 DTk R i)
H2.24 5.40+ 9.57 F13.79 pg/m’, 5 PM, ' Ca ¥
20% ~ 45% A1 P, S I TR & 23 8 0.05. 0.13+
0.23 F10.09 pg/m’ s 7 PM,,"' S ) 5% ~ 18%: Cu 1)
SRR 7373024 0.002+ 0.005+ 0.009 A1 0.004 pg/m’
1T PM, B Cu 1 4% ~ 50%: Zn 1) 5T BR & 73 A A
0.008~ 0.019. 0.033 A1 0.013 pg/m’, 7 PM,, "' Zn )
2% ~46% ; Ni I DTHRE 23 5124 0.003+ 0.007. 0.012
H10.005 pg/m’s f7 PM, " Ni 1) 4% ~ 52%: Pb 1) 5T
k25124 0,005+ 0.011+ 0.020 F10.008 pg/m’, i
PM,, "' Pb 11 5% ~ 20% » Fe X} PM,, 1) 53 ik 52 43 731
1.18+ 2.84. 5.04 M1 1.99 pg/m’, i PM,, ' Fe [H
30% ~60% ; Mn ¥ 57 Bk 5 23 5l 4 0.03+ 0.06+ 0.11
F10.04 pg/m’ s 5 PM,o " Mn 1) 20% ~ 40% ; Cd ¥ 51
ik 5 23 %1 o9 0.000 1. 0.0002+ 0.0003 F10.000 1
pg/m’ s 17 PM, ' Cd 11 2% ~ 25% X e 45 B 78 4y i
Wb T 7 28 0 b 5 R AURURE ) 5 G 1 TR 22 OR U
Z—.

%7 WEHL RRD, L EETE
3 PM,, B9 T TR /e m >

Table 7 Average contributions of the main pollution elements

in RRDy) to PMy, in Beijing/pg*m™2

T H AT HE AR Hz
Ca 2.24 5.40 9.57 3.79
S 0.05 0.13 0.23 0.09
Cu 0.002  0.005  0.009 0.004
Zn 0.008  0.019  0.033 0.013
Ni 0.003  0.007  0.012 0.005
Pb 0.005  0.011  0.020 0.008
Fe 1.18 2.84 5.04 1.99
Mn 0.03 0.06 0.11 0.04
cd 0.0001 0.0002 0.0003 0.000 1
7/ R 143.4 231 438.3 69.4
RRDs,* /% 20 30 28 70

1) PMyo " ) A B P40 B2 s 20 MU TRT 422 RRDso X PM,o T4

A IBE I TR

3 g

et CavSyCusZnNivPb F1 Cd 42 F
BGRICE . Ca’ T VS0, W ClT WK WNa® M NO; =& F
BLEF . ALNTi~Se~ Co 1 Mg &2 ZER Y T Hu 52 Y5, Cus
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MEHET, NOy A K* B ZERIE T AL EH R NO, (1)
DAl 57 SN FNAE ) SR e . b 5 b DA OB I 1)
AHYE, B Hb 1147 28, 76 AN TR 22795 16 o0 ik & 40 0l b
2002 FFHRZEL) 30%, 2002 FHFEL 70%, 2003
KL 80% » 2002 F4ZEL] 209% . Hulfi 474> rh — 4%
FETLICZE Ca- S~ Cu~Zn~ Ni+Pbs FesMn A1 Cd 75 9
K3 K 76%~ 87%~ T5%~ 80% ~ 82%~ 90% «
45%~ 51%F1 94% , "EAT 1N PM,, " AH NV 7C 25 (1) 5T ik
HE N 20% ~45% ~ 5% ~ 18% -~ 4% ~ 50%~ 2%
~46%~ 4% ~52%~ 5% ~20%~ 30% ~ 60% - 20%
~40% 1 2% ~ 25% . 2K 1 AT 3% B F IR0 B (1)
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