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Pollution, Characterlstlcs and Potentlal Ecological RlSkS of Heavy Metals in Road
Dust in BEIJlllg I BN

HU II?ue #qi, (GUO Jianhui, ZHANC Chao, WANG Zheng, YAN Xu, YANG Dong-yan, LIU Zhao-ying

(Beijing Key Laboratory of Airborne Particulate Matter Menrt‘onng Technology, Beijing Municipal Environmental Protection Monitoring
Center, Bel]lng 100048, China)

Abstract : Based on the concentrations of 21 inorganic elements in particulate matter with diameters less than 10 pm (PM,;) in 2004,
and PM, ; in 2004 and 2013 of representative road dust in Beijing, the pollution characteristics and potential ecological risks of heavy
metals in this dust were analyzed and discussed. The results showed that the six main elements in road dust in Beijing were Si, Ca, Al,
Fe, Mg, and K, and the proportions of the total content of the six elements in PM,; in 2004, PM, s in 2004, and PM,  in 2013
accounted for 96. 51% , 96.42% , and 96. 53% of the total content of all elements tested, respectively. The elemental enrichment level
and the pollution degree and the potential ecological risk of heavy metal in road dust in Beijing in 2004 were PM, ; > PM ;. Se, a
characteristic element of coal dust, was highly enriched in PM, ; in 2004, and Cd was high in PM,, and PM, ; in 2004 with enrichment
factors of 1024. 03, 68. 15, and 871. 55, respectively. Co, Zn, Ca, and Cu were significantly enriched in PM, and PM, , in 2004
with enrichment factors of 12.93, 12.33, 8. 30, and 8. 07 in PM,, and 17. 41, 21. 80, 12. 83, and 19. 73 in PM, , respectively; Na
and Si were not enriched in the road dust. The pollution load index (PLI) of heavy metals was 3.95 in PM, and 7. 71 in PM,  in
2004. Owing to the implementation of dust, motor vehicles, and combustion source control measures in Beijing and the relocation of the
Shougang corporation, the elemental enrichment level, pollution degree, and potential ecological risk of heavy metals in road dust
PM, , in 2013 were significantly lower than those in 2004. The enrichment factors of Cd and Se in PM, ; in 2013 decreased to 98. 47
and 0. 95, respectively; those of Cu, Ca, and Zn decreased to 11.90, 8. 84, and 8. 20, respectively; and PLI decreased to 2. 56. The
results showed that the total potential ecological risk of heavy metals in road dust in Beijing was extremely strong. Heavy metal Cd was
the most significant pollution factor and the main potential ecological risk source; its potential ecological risk index (RI) contribution to
the total RI of heavy metals was more than 85% . In 2004, the pollution degree of heavy metals in road dust of main roads was
significantly higher than that for other road types. The pollution degree of heavy metals in PM,; was main road > expressway entrance to
Beijing > secondary main road > ring road; that for PM, ; was main road > ring road > expressway entrance to Beijing > secondary main
road. For PM, 5 in 2013, however, the order was expressway entrance to Beijing > main road > ring road > secondary main road. The

pollution degree of heavy metals in road dust of secondary main roads was significantly lower than that for other road types. In 2013, for
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road dust PM,  in Beijing, the correlation of heavy metals Ti, Zn, V, Cr, Cu, Pb, and Ni was significant owing mainly to traffic-

related emissions.

Key words:road dust; PM,, and PM, ;; heavy metal; enrichment factor; potential ecological risk; interannual variation
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Fig. 3 Enrichment factors of elements in road dust in Beijing
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Fig. 4 Geoaccumulation index of heavy metals in road dust in Beijing
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B 40 %

5 PM, F12013 4F PM, ;"1 85 4 @ 0 28 Z [8] A AH OC

(0.476) . Cr-Cu(0.524) F1 Cu-Ni(0.533) Z[A]7E P

SIRTAESA. R T AT, JL R IE 2R 2004 4F <0.05 AP R REFIEARSE ) MHEITR ZRIAFAAE
PM,, #1, Ti-Mn (0.572) . Mn-V (0.515), Mn-Cr  HIERKZAK.
F6 LtEHERGLESEBEESKEITNERD
Table 6  Potential ecological risk index of heavy metals in road dust in Beijing
HH - b - RI
Ti Mn Zn \ Cr Cu Pb Ni Co As Cd
PM, (2004 4F) 1.32  2.20 15.85 7.68 6.89 71.70  56.10  19.66 63.30 18.56 19009.01  19272.27
PM,, (2004 4F) 0.51 1.16  9.78 2.32 3.8 31.99 100.00  14.66 51.28 13.40  1621.62 1.850. 60
PM, (2013 4F) 0.53  1.22 475 2,32 3.92 3446  22.59 7.23 — 1767 1711.28 1.805. 97
1) —RR AR B S AT
£R7 2004 EEHEEGLE PM,, FESEHREESFD
Table 7 Correlations analysis of the heavy metals in PM,, in 2004 for road dust in Beijing
Ti Mn Zn A% Cr Cu Pb Ni Co As Cd
Ti 1
Mn 0.572* 1
In -0.010  -0.224 1 77 &
v 0.403 0.515* —0.502 - R
Cr 0.255 0.476*  0.141 0.142 j =dl1 —
Cu ~0.144  -0.082  0.227 -0.236 © 0.524* 1 | & | 1 ,.;-"
Pb 0.258 0. 101 0.022 /, 0.212,  0.276 0.317 1/ = f
Ni 0.209 = 0.364 -0.121' | 0.457 ; 0.365 0.533* Q.07 /1 g
Co_ 0.397  [0.236 -0.379 | 0. 4.,1“3 ¥ "o, 378 0.092 0,404 0.412 ¥ i
As | —I..g.e624“. 0.033  -0.055 L/ 0236 7'0 38 0459 00102 T-0.296 €002 1 1%
€d 0403 [" 0.251 0.108 =0. fle-~ /0.058 0.099  -0,148 0.419 1-0.073 -0.043 1
) # 4B 0.0 IOP R F R, /i v '

,—M%E 8 i AT, jl:/'iﬁij_ﬁ%%"‘ 2004/ 4 PM25
1, Ti-Ma(04727) . Ti-V (0.767) . Fi-Ni (0. 679)\

gk 03 AN - e

1Cr(0.580)", Ti-Co (0. 519,

o o

Mn-Ni (0.556) . V-Cr

(0.549) . Cr-Cu(0.479) . Ni-Co(0.504) Z[6]7E P

Mn-V(0:792) , Mn-Co(0.674) , Cr-Ni(0.627) , Cu-  <0.05 /K¥F b BETHE; HETEZ AL
Ni(0.599) Z[AlfE P <0.01 AP EWEIEMK; Ti- KRR
£8 2004 FIFEHERIFL PM, ;HELBMBXHHY
Table 8 Correlations analysis of the heavy metals in PM, s in 2004 for road dust in Beijing
Ti Mn Zn \4 Cr Cu Pb Ni Co As Cd

Ti 1

Mn 0.727™ 1

Zn -0. 064 -0.413 1

\ 0.767"  0.792" -0.282 1

Cr 0.580 " 0. 446 0.312 0.549 " 1

Cu 0.214 0. 007 0. 264 -0. 140 0.479 " 1

Pb -0. 566 -0.411 0. 290 -0. 401 -0.268 -0. 105 1

Ni 0.679™  0.556* —0.029 0. 381 0.627™  0.599 " -0.529 1

Co 0.519" 0.674 ™ -0.292 0. 459 0. 398 0. 105 -0.329 0.504 " 1

As — — — — — — — — — 1

Cd 0.310 0.375 -0. 006 0. 086 0.152 0.258 0.018 0.253 0. 306 — 1

1) * % FR1E P <0.01 /K I AL,

M9 WA, bRt B 4 2013 4F PM,
1, Ti-Zn (0.742) . Ti-V (0.924) . Ti-Cr(0.719) .
Ti-Cu(0.692) . Ti-Pb(0.798) . Ti-Ni(0.903) . Zn-
Cr(0.811), Zn-Cu(0.816) ., Zn-Ni(0.868) . V-Cr
(0.750 ) V-Ph (0.778 ). V-Co (0.777). Cr-Cu

* FIRAE P <0. 05 K- BEMSE, —FmARHK Bk #r, T [

(0.857) . Cr-Ni (0.702) . Cu-Ni (0.742) . Pb-Ni
(0.797) ZIAI{E P <0.01 /K | B FIEMK; Zn-V
(0.597) . Zn-Pb (0.683) ., V-Cu (0.621) . Cr-Pb
(0.672) . Cu-Pb(0.620) Z[HFE P <0.05 /K- I 2
TG ; HETTRZ BRI LR,
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£9 2013 FEHERGL PM, FEEENEXST
Table 9  Correlations analysis of the heavy metals in PM, 5 in 2013 for road dust in Beijing
Ti Mn Zn \ Cr Cu Pb Ni Co As Cd
Ti 1
Mn 0.358 1
Zn 0.742"  0.246 1
\ 0.924™  0.398 0.597* 1
Cr 0.719*  0.201 0.811™  0.750™ 1
Cu 0.692™  0.055 0.816™ 0.621" 0.857™ 1
Pb 0.798*  0.213 0.683 " 0.778  0.672" 0.620" 1
Ni 0.903 ™  0.220 0.868 0.777* 0.702™  0.742" 0.797" 1
Co — — — — — — — — 1
As -0. 064 -0.206 0.273 -0.278 -0.068 -0.076 0.224 0. 167 — 1
Cd -0.120 -0.39% -0.330 0.053 -0.271 -0.262 -0.048 -0.142 — -0.190 1
PagyS =S AN
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{6, VERERAR B LA B 7| R
J& Z I AR S PE 407 AT RE TG R IR 2013 4EE
TR PM, s, EAEJE T, Zn, V. Cr, Cu,
Pb, Ni Z[AIAHSEME R, nTREEA WRE. AHSCHT
%8iAN Cu, Zn, Pb, Cr, Cd Z A RER A THLE0 4
SRR RS . R B SR EE
FRUE R AR S s m e 2 R WA 2013
AEIB 2 PM, T 4 JE 1T AR BRI TS il HEL
2.6 NIFIE KIS AIE B0 4 B TS Y 25 bt
6 Jydb TR [FA 28 PM,, 5 PM, , Hh
&I B BARBOTN ZE . AT AL, 7211 FhE
SJ@r, B Pb I E AN, 2004 4F A [] 25 5 IE B
W A R TG Y R AR LRI P, >
PM,,; H 2013 4EAN[A]3H S E B4 20 PM, s
T 15 YRR L LE 2004 A3 AN R B 1 b 3 AR
[ R T A A rp B4R Cd 75 Yo 7 1 0
K7 At st iR [FE B 2R PM,, 5 PM,
&8 BTG YR AR BTN SE . RIS, 2004 4R
AU TS [F] 38 % 2 G B4 28 P, T 4 & 1Y PLI
RT3, AMEEETGY, RN . F 08 > m i

BRI (Tuco)

B RARHE (o)

_2 L L i 1 i L L i '
Ti Mn Zn V Cr Cu Pb Ni Co As Cd
6
5
—_ 45
oy
& 2
= 1
Bk
& o
k=
_I ||
-2 L
-3 L N N N N . i i L L
Ti Mn Zn V Cr Cu Pb Ni Co As Cd
Hir

JEETGY >S5, WETGH 4 ~5, MREIGYE3 ~4, PG Y2 -3,
REBRL~2, BMIERO0~1, TI5H<0
Eo6 ItmRMmAREREBEHLECEMRRIEH
Fig. 6 Geoaccumulation index of heavy metals in road

dust of different road types in Beijing
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Fig. 7 Pollution load index of heavy metals in road

dust of different road types in Beijing
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