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Characteristics and Interannual Variation of Chemical Components in Typical

Road Dust in Beijing
HU Yue-qi, LI Meng, YAN Xu, ZHANG Chao

(Beijing Key Laboratory of Airborne Particulate Matter Monitoring Technology, Beijing Municipal Environmental Protection Monitoring
Center, Beijing 100048, China)

Abstract: Samples of road dust were collected from selected representative roads in Beijing in September 2004 and May 2013, and
then re-suspended on filters using a NK-ZXF sampler to prepare road dust PM,, and PM, . samples. The concentrations of the chemical
components in the road dust PM,, and PM, ; were analyzed, and source profiles of the road dust in Beijing in 2004 and 2013 were
established. The characteristics and interannual variation of the chemical components in the road dust in Beijing were analyzed and
discussed. The results showed that the chemical components in the road dust PM,, and PM, ; in Beijing were Ca, Si, organic carbon
(0C), Al, Fe, K, Mg, SO;™, and elemental carbon (EC). The total content of these chemical components in the PM,, in 2004,
PM, ; in 2004, and PM, ; in 2013 were 46.7303% , 56.9198% , and 38.747 8% , respectively, and the total content of these
chemical components accounted for 95.9% , 94.3% and 94. 7% of the total content of all components tested, respectively. In 2004,
the contents of Si and Al in the road dust of ring road were significantly lower than those of other road types, and the influence of soil
dust on the ring road was the smallest. The content of Ca, a characteristic element of construction dust, was the highest in main road,
and was the lowest in the expressway entrance to Beijing. The content of EC in the road dust from the expressway entrance to Beijing
was significantly higher than that in other road types. However, in 2013, the total content of all components tested and the contents of
Si, Al, and Ca in the road dust PM,  of secondary main roads were significantly lower than those for other road types. Due to the
implementation of dust, motor vehicles, and combustion source control measures in Beijing and the relocation of the Shougang
corporation, only the content of SO;~ in the road dust PM, , in Beijing increased slightly by 2. 0% in 2013 compared with in 2004 ; the
contents of the other components decreased significantly. The contents of Ca, Si, OC, Al, Fe, K, EC, and NO; decreased by
45.1% ,31.5% , 17.5% , 20.3% , 55.6% , 33.3% , 30.0% , and 50.3% , respectively. The results showed that the ratio of
[NO; ]/[SO;™ ] did not accurately reflect the changes in the relative contributions of fixed sources and moving sources. The [ 0C]/
[ EC] ratios of PM,; in 2004, PM, 5 in 2004, and PM, 5 in 2013 were 9. 77 3. 88, 9.36 £3.25, and 14. 41 £10. 41, respectively.
Secondary organic carbon (SOC) pollution was present in road dust in Beijing, and the SOC was an important component in the road
dust PM,, and PM, ;. The source profiles of different urban road dust samples and the source profiles of road dust of different sizes in
the same city were not very similar, so the corresponding source profiles should be established and updated in a timely manner.

Key words:road dust; characteristics of chemical components; source profiles; PM,;, and PM, ; ; interannual variation
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Table 1  Information for the road dust sampling points
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Fig. 1 Map showing the distribution of road dust sampling points in Beijing
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G2 EC HORIE T A W T s Ak A R R 5E 4 Ak
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M FEH ) S0 EERIETIREE . AW R
BRBEAN AL 2 L bRt I A 2 TR e
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Table 2 Source profiles of road dust in Beijing/%
s PM,, (2004 4F) PM, 5 (2004 4£) PM, 5 (2013 4£)
FIMH b if i 2 FHIfE b fi 2 FIE T g 22
Na 0.644 0 0.1487 0.4528 0.1472 0.4860 0.2197
Mg 2.096 0 0.176 1 1.7302 0.5075 1. 608 5 0.6121
Al 5.544 1 0.7398 5.0818 1.2839 4.0493 1.3206
Si 10.853 4 1.8344 13.546 4 3.1703 9.2749 3.1045
K 1.6813 0.2879 2.0120 0.2740 1.3419 0.4826
Ca 10. 003 7 1.563 8 14.175 1 2.367 8 7.7818 2.9137
Sc 0.0009 0.000 3 0.000 8 0.001 1 0.000 8 0.000 3
Ti 0.2207 0.036 0 0.5695 0.094 8 0.2267 0.073 6
\ 0.009 2 0.002 1 0.0304 0.004 2 0.009 2 0.0027
Cr 0.0132 0.0052 0.0235 0.005 5 0.0133 0.0039
Mn 0.0815 0.0112 0.1548 0.0222 0.0860 0.069 9
Fe 4.0653 0.4003 6.2191 0.478 8 2.763 1 0.9937
Co 0.016 0 0.006 0 0.0198 0.006 1 — —
Ni 0.008 5 0.0037 0.0114 0.0019 0.004 2 0.0017
Cu 0.0151 0.0052 0.0338 0.006 4 0.016 3 0.007 3
Zn 0.1003 0.0304 0.1626 0.048 6 0.048 8 0.0209
As 0.0013 0.000 1 0.001 8 0.000 5 0.0017 0.0012
Se 0.0000 0.000 1 0.018 4 0. 009 8 0.0000 0.0001
Cd 0. 000 4 0.000 5 0.004 7 0.0050 0.000 4 0.000 2
Ba 0.0772 0.0108 0.076 3 0.0203 0.058 6 0.0218
Pb 0.050 8 0.058 5 0.028 5 0.068 2 0.0115 0.005 3
K* 0.0138 0.049 4 0.3346 0.1536 0.1626 0.1126
NH, 0.459 3 0.492 8 0.8980 0.9439 0.0050 0. 009 3
NO; 0.2713 0.2282 0.640 1 0.476 4 0.3184 0.1797
S03- 1.4440 0.6227 2.1053 1.1270 2.1475 1.4858
Cl- — — — — 0.714 4 0.3227
EC 1.2437 0.7658 1.274 4 0.4455 0.8917 0.5319
0oC 9.798 8 0.9726 10.7755 1.268 3 8.8897 1.254 6

1) " o A R

M 2 AT 1, 2004 4F A6 5T #i52 PMH
AR BT PM P A, Hoh it
R, 2004 FE L PM,, H RS> zéﬁz
ik35.190 0% , KT PM, s 111943.941 7% 5 9 ™A
Iy, HOWRGE oc, fE PM, PR B B R
9.798 8%, i PM, s & 10,775 5% 5 B F1E
PM,, 1 & B F2.1885%, & T PM,, T (¥
3.9780% ; W ICE M EC 78 PM, 5 PM,  h & &
PIHA 2, 49180, 292 9% 550. 412 0% F1. 243 7%
51.274 4% .

gEaF2FN, BIALE, 2004 LR IE B
o PMzsqﬂ%ﬁ{ﬂ'ﬂéﬂﬁB’Ju HoN60.047 0% , BEH
T PM,, "1148. 700 1% , S ERAHZEUT 12% , HAE 28
PRI AL 27 20 53 Ii%iﬂznm:% Na, Mg, Al Fl{%
HILEK Ba, Pb, Sc 7E PM,, P Y & HUAE PM, S
T ECEE AR A, A A A A ) i R
H:PM, 5 > PM,. ABFSEERW], AR iR T ROR A
RN LRI RS, 0K ) W BEAH S Ak 2% 20 43

AE S5 , 3 B0 7 2B P R A 2 o0 A

PM”EF/F?EE?T PM,, P& X5 A X
HP AT I I S5 TR AR — B R T

Y RS BC A, Hfl 43540 0 & PM, 1
T PMYY , WA R A ST 4518

sol O PM;o(20044F)
O PM; 5(20044F)
40 t B PM;5(20134E)
¥ 30t
= 20}
HWATLH MATE AT EC oc
T H
B2 JtEERFHLE PM, M PM, (L ZASDERESE
Fig. 2 Chemical composition percentages in the PM,,
and PM, s of road dust in Beijing
2.3 JHEE PM, AL HE R T

MIE2 Al Y, ARt PM, s, 426



1650 7D 53

B 40 %

2535 2013 4E L 2004 AE XA B R R, Horb gk
WAL 2% 20 5 % & T B8 40.7497% , T FET
32. 1% ; H5CIC R i 0 50T [ M27.618 2% , [%
WRA 37. 1% 5 T oo R B /0 8 T 0. 164 8%
FENE A 59. 8% 5 B F ik FREN 3.3479% , FEIE A
15.8% ; EC 1 OC & &t 43 il T B4 0.891 7% #0I
8.8807% , % HFFET 28.3% F19.3%. NFE2F
H, AE PM, T, A2 4 40 BR Na, SO~ B &
5348 2013 4FEL 2004 AEREA BTSN, HAd A4 5y
() B 5 T R .
2.3.1 PRI PM, fb 274153 052

AWFFERM, 2013 bt iE B4 PM,
AHFKJEARARIR TR Ca W& & 2004 4E 1Y
14.175 1% FR&ZET. 781 8% , N THE—2F, ik
45.1% ; Mg B9 &g A N, TREIEEEN 7.0% ;
TRV AR IR OC R Si & B 2004 4E Y
13.546 4% FIEZ9.2749% , T FEWERE H 31.5% ;
Al & 15 i 2004 4E195. 081 8% | [ %4.049 3%
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1117 308 35 AR T XD A R SR YR R X b Rt K
SR R R

Al REIA A 2 B2 R IP AR, 4K
Wb Si R EET Ca &, MEFUKRAIRE
JLE Ca B FERT S g7 HESK
e DKk 5 3=, ORI R AR e, fomidt
U 2004 4E38 #4742 PM,, F Si > Ca, 1ii PM, 5
Ca > Si; {H 2013 43 B #7242 32 B K I 252 ) i
F R, O PM, 1 Si > Ca.
2.3.2 EHIRITNT PM, AL2EH 3 IR

AT, 2013 LRt TTE H L PM, s H,
BB AL ARRIC R Fe 1058 70 8k 2004 4E 1Y

6.2191% FREZE2.7631% , K FAbmih A 2+ 1%
HEITE S B EHE2.970 0% 2, T FRIE B & ik
55.6% ; Zn FEERIFE T RGBT, LR
Iy H i 2004 4E (0. 162 6% T [ 20.048 8% , F %
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2005 46 H, BT s A — R R i 4
775 2006 4E 5 H, H SRS 2008 AFE
JEF= 400 J7 t, 4 SR = AN 57, 2010 4E
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FH 2 Al 2013 AR TTiE B4 PM,
Ll RS ARMPRRAL 5> OC F1 EC 1 5t &40 84y
S 2004 4E£410. 775 5% T F% %8, 889 7% (T M
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FE30.0% ). HABFRERIE FALSh R4,
JREEAR | WM IAFE | R4 B SR A A Rl AR
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2000 A4 TrIAS AR AR R S TR SR
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&, VIR 15. 6 JTEARAE, I T S4EX NE 42524 T
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NO; f4 5t & 43 B0 1 2004 4E50. 640 1% K& N
0.318 4% , [l ik 50.3% ; THLICE K i & 2
U 2004 4F /2. 012 0% TR HR1.341 9% , T R
JE#ik33.3%.

3 s bRt ARk KA EE SO, Fil NO,
AESERHEE. PRI, 1990 ~ 1998 4F, JbatTiIX
KA SO, FHWEH 116.8 pg-m~*, F] 2001
~2005 47, Jba T X KA B SO, ¥k N
59.4 wg-m ™, 1 2011 ~2015 4F, JLRiTH X KRS FR
Bi S0, W EE R 23.6 wg-m . BFFE K SO, 4E
A4 1 1998 4E Y 120 wg-m PRI R [ 2000
71 pgem ™, ATRES L EU T AR KO IR
S HEBEVE T RE IR OGS | AT U0 BT A AR AT
P DX Ej AR Ml DXRR I BIObe A O, DA b R AR T
SO, Wy HEAk. Z J5 2218 T B 2 2004 4 1Y 55
pgem K 2013 45 26.5 wg-m ™, 2003 ~ 2007 4F
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BLESBAE IE T 2005 436458 i LA 2 2006 4 DY
Kok SERUB B GE IS, SO, ARSI E 2007 ~
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pgem L RAIEE SO, WM 2004 475 2013 4R 1
SRATE — 5 TR, (H AT RE T 5t R A AT X
e 5 P LA R KBRS K VE R, 2004 ~2013
SR PRI PM, SO 1 & AR T —E K.

M 3 B F 1, KA NO, 4 ¥k &
1998 ~2007 FFEAFAESE 66 ~77 pwg-m *Z[H],
¥171.0 pg-m*; AIREH T 2006 ~2008 4F-Jt 5T U
KAKHT 5E RS AE e, DA S AR R 158 it AR
SNO, HEBCRAE D™ J5 A% BRI 5 B8 A i 52 B
KAIREE NO, 4F Pk BE7E 2007 ~2008 4 B 3
TR, 2008 ~2013 FHREAFLEAE 49 ~57 pgem 2
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Fig. 3 Annual mean concentrations of SO, and NO, in the

atmospheric environment in Beijing
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Fig. 4  Comparison of chemical compositions percentages in PM,; and PM, 5 from different road types
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Fig. 5 Comparison of chemical components percentages

in PM,, and PM, 5 from different road types
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Fig. 6 Similarity and correlation analysis between the PM,, and PM, 5 source profiles of road dust in Beijing
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L, HASMST PM, AHSC R B T 0.9. ARWF WIEMHE PM, IR0 15 ER -5 8 T i A ¢ R 4L
FEARW, 2004 AFAUHTE B4 PM, SIRAOMES KT 0.95h, SAZKE, il LigrH R Y
AR EHW Bl REA Rl 5 Bl AR, KT 0.9, aTWL, AR 2 (8] 8 #4742 IO o3 3%
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Tk, 8l B ATREARL. 2004 AR5 2013 A MR AYIE BEAH AR TR AL
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Table 3 CD and correlation coefficients of the PM;, and PM, 5 source profiles of road dust in Beijing and selected other cities

AZKIE PM,, BINTT PM,, A PM, 5 FITT PM, 5 BT PM, T PM,

e

CD R? CD R? CD R? CcD R? CD R? CD R?
PM,, (2004 ) 0.4557 0.6961 0.5457 0.2815 — — — — — — —
PM, 5 (2004 4) — — — — 0.4553 0.6663 0.4432 0.8256 0.3632 0.7007 0.5921 0.7678
PM, 5 (2013 %) — — — — 0.4508 0.5558 0.4063 0.9290 0.4510 0.8606 0.4051 0.5719

1) “—"FmRAR T
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