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Abstract: In order to explore the spatial distribution of heavy metals (Ni,Cu,Zn Mn Co Cr, As,
Ag .Cd.Pb) in urban road dust and the influence of traffic activities, 64 dust samples were collected
from the main roads, collector streets, bypasses, traffic intersections and park paths of Beijing and
Zhengzhou, China. Geo-accumulation index was used to evaluate the contamination level of heavy
metals, and human health risk assessment was conducted using the USEPA model. The results
showed that the concentrations of heavy metals in road dust decreased in the following order; Zn >
Mn > Cr > Ni > Pb > Cu > As > Co > Ag>Cd for Beijing, and for Zhengzhou the order was: Zn >
Mn > As > Cr > Pb > Ni > Cu > Co > Cd > Ag. The contamination levels of Ag and Cd in road dust
from Beijing were much higher than the other elements, and that of As,Ag and Cd in road dust from
Zhengzhou were remarkablely higher. Generally, the concentrations of heavy metals in road dust from
bypasses were the highest, followed by collector streets, and the lowest concentrations were found for
the main roads in Zhengzhou. However, there was no obvious variation patterns for heavy metals in
dust from different levels of roads in Beijing. This might be due to the differences in urbanization
level and spatial distribution of traffic activities between the two cities. By comparing heavy metals in
dust from traffic intersections with those from park paths, it's found that heavy-metals could be
divided into two categories. In one category the heavy metuls including Ni, CuyZn,Cr Pb and Cd
might be influenced significantly by traffic activities. The spatial distribution of other four elements
including Mn ,Co Ag and As was not influenced obviously by road level.

Keywords :road dust, heavy metal, traffic activity, pollution assessment, health risk.

YT B IRA SRS | AT PR A5 Y i T BRI T HA O T R S A TS Y i A, B
AT Z B A v 75 Y e SN 8 4R it 3 R 2 T A% 3 RS K AR 48 4545 23R
BB S PR T e R A . 1T EL A T AR R R ) YRR KRG

B E R AFAE R IR TS e, EOR IRT TV HERC S HE R LA R A S A i B
F2.Ni Cu Cd Pb As Zn Cr Mn Co Ague JURRG UL (1Y F 42 J | % A (A T I A= A5 BT A o 252 .
B N = BRI T A e, Cu 7R HPR IR TP A R 7 55 5 Cd 22 A 5 5l A G /Y
T AR M BB BE A IR  Ph SRR A AT AR T AR B A BREE b
EIm Ty S AR A 32T e (T, 5238 T i R4 ) KT R, 3t 3 K 2 v B T A A R RS
PR PAEAR RIS T ) 2 e 225 U OB i 8 P i ) U — SCR R LIR R 35 5O DB R
XHEREGE I R AT DCTFRE T 30 4F | 5B KT DX 38 R I8 K A4 B R U8 AR 7 J o3, K 2B Ok
RPRLAR S A3 120 T IR AN 8 P S 5 A PR L VR PP X B TC R VR BE 4 06 R, L (1 PR B R A
AT AN 20 ARG B IR A T o R IR 1 A 285 XU DA 26 25 D T R 5 R Ay S
T3 i ) SR BT YL, H TR DL S Tl K 28 v B 4 R T K P A5 T A G IR Y 5 R A
B TS YA AN RN R TR T A ] 25 2 T B v 2 S R I ) R S A T A, AN [ 4 S K P 3T 9 Tl A=
7SI Bl ST A A T A 5 T AT REAE A 2E S ST R 04 TR HE Rt v REA AN [

ST, LAAC SRR 350 1 Dy — 2 R — AR i A9 A3 (PSSl i 199 1 S R e K S il — i
FE) S U TR DU ER LAY B T8 B AR AT SR AR ) 2, LU A [R) BT, A (] WA T % 5 18 7%
SR SR A T S A A RE A, JE R AT V5 e PP A S N AR R EEVEAL A TS Je B ia S 8
S

1 #5771 ( Materials and methods)

1.1 FEfREE
AHFFERG B B FEAS R3] o0 T8 R TIE S, BT A 280 L R /KGE O S AE S T4k
i, R E 46 SORFEE RO AN SSEAXALA 9 A, LA 1 km Sy [A] B 7E AR ST I R 3—4 SRR
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A B RBE SRR REIALN 1 mxS m A CRBEHE B AR b5 118 18 & KTl 4 4 04 4 A
SEHRAL 3 A B S A R T 13 45 KT 3 4% B 3 4% ASSRAL 6 A NP 4 S eSS —JE
BRI RS T, T 2016 4F 7 H i) £ 196 4[] ik FH 98 44 955 26 70 6 R 7 ML 30 4238 % 1 55 2R 48 IR 2B
At B S FE MR A R B AR 0] 506 %

1.2 FESALEE S 53y

PR ARLF IR S it 100 HE (<150 wm) , {8 B 1 B A0t Ak 2% BHB A RS I MDS-6G B £ 7
T T AU € Ni CuZn Mn ,Co Cr As Ag.Cd .Pb 10 FhEE4:J& , FRELZY 0.1 g(HE#AE] 0.0001 g)
BESHE TR RED ARIKIMA 6 mL ¥k HNO, .3 mL HF (R R | 5% =25 T i (BT % 400 W,
130,150.,180.210 C &/ N5 %F 10.5.5 .15 min) #4771 f#.

FHAR L AR e 2k, F 9E [ PerkinElmer 23 7] ) Elan DRC-e Hi B G %5 85 - BUi% /Y ( Inductively
coupled plasma mass spectrometry ) W& 54 J& & 5. 5 8 DALY —2H | B RE I R ICE 1
HE LIRS (GSS-2) 1EZ 1L, I JCE 1 BICRAE 95%—105% 22 18] 43 Mk i () T 2800k 20% , ik 4%
SR BAEXTBRAE IR 25 29 7E 10% VA I ME i & 1 DSDR-EAUK S B MRS A, A S AT ES R
TG ARG R RIEARE A 275 e, B SR AR i AR P B i T B8R 5 4 B4, ST AG T 5 A o
JIeAsE R 2 Al g 2.

1.3 Hdssb ) 53y
1.3.1 1S3IEMIHA

8 ] A A B K2 11 Muller T 1969 4545 3 1) 1 SRR £ | FH g s PN DB v .4 1y 75

FEEEY HI AR (1)

n

C
1, =log, 738, (1)

X1 R BBUEE C, FR KA E 4R n S hE B, R E AR n M RMA, 1.5 B AR
B AN AT 4R 5 YK SR A T R B T SR A, PR M T 5 4 ¥ YK S B SR T
A LOTRE FE MR 1 BUE R RN 0T DL o R i R L4, <O, %90, RN TLI5 4
0< 1, <1, =% &5 0; 1<, <2, “ 90, Fonhis e ;2< 1, <3, =49, Fomhis e ;3< 1, <4, U4,
TR E Y 4< 1, <5, P FmHETYe5< 1, <10 8K, FoR R BTG,
1.3.2 BTN

TE R AR5 Y e T - B B R Al R W W A 3 o i A % A A 3 BRG f  (  Ef BRE JRU AE
RI(US EPA) g ) , ARSEI AT GT 1 7 Tl 4 AR A7 75 02 1 F 08 KU, 38518 HA B0 KU, 17
W A2 FL S0 2 0 PR M i A 15 Yo ) 2 8 e DAL I ] B R R R 75 e it (mg - kg ™+ d ™)
RFR , A TR S RIZ A FIIE A 3 Rk e iy B AR I (2) —(5).
IngRXEFXED

ADD,  =Cx x107° (2)
: BWxAT
InhRXEFxED
ADD,, = Cx 2 2 (3)
PEFXBWXAT
SAXSLXABSXEFXED
ADDderma] =CX X 1076 (4>
' BWxAT
EF Il’lhR(‘ ild XED(‘ ild InhRa(u XEDa u
LADD, , =Cx « hild hild ult th (5)
PEFXAT BW(‘hiId BWa(lull

S ADD | W T TR R ARG S A OB H R ik (g kg™ d™ ) s ADD o4 e JE 2 £ 3K 2 5
B3 H BT (mg-kg™d™) ;ADD , FIFORIRA IR A 0K F 25 (mg kg ™d™) ;LADD ,, H
SO 4 B A GR AR 92 T R (me ke d ) 3 € WBE T AR T 4 TR VI (me ke ) 3 TngR
FFHEA Y IR (mg - d™) 5 InhR K WE IR A B JR 2 3505 (mg - A7) 5 PEF S OB 40 HE b 1R T
(mg kg™ ) sED K BFFEI (a) s BF WREBEFFE (d-a') s BW T HI IR (k) 3 AT 4 -1 B 55 1 4]
(d) ;SA BT B AR TR em®) s SL 4 BB 75 1 (me - em ™ d™ ) 5 ABS g iz JBR i PR 7 FE B 40 0
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SRk 12].
1.3.3  KUSEITANY

XFF SR, RS Sk 3R  XHEEBUR TS Y, R HEAEBUR K Te Bk BN R 5 5% 1T &
PEAT T SR PPAl LA B R0 IR 5 (4 7 Fh R 4 B B A 12 v AR S0 fE B XU , HerP Cr Cd (N
As I EAT B0 TR KU, e e o g W A JHL 008 2 R G I — 3 A Y AR AR A A A B TR A (6) —(8)
B,

HQ=" (6)
HI = 3 HQ, (7)
Risk = LADDXSF (8)

Ao, HQ ZAEBUE AR 1, 2 m 2 FR 87 i 12 P B Yo W i AE BUR S T | P8 SO BUE e AU 1 /DN
ADD SHAEEUEY) TR 2R, RID &S 2 mg kg™ d™ s HI W Z M5 W0 BRER BB
Ao SOXU s 24 HQ B HI< 1 Bk g XU &8 /0N, 50 nl DL Z 0, 24 HQ 5% HI> 1 B, A JE S0 K
W15 Risk 27 B0 KUKE , 7R JB8IE & A (A% s SF F/R BUR AR, JL07 /2 mg- kg™ d ™' 2R Risk

2 5L 59798 (Results and discussion)

2.1 EAEEER LTI

LB R K22 Zn Mn Cr Ni Pb . Cu ., As Co.Ag. Cd-fl 24k & 43 514 366,223,167 .78.0,
65.3.64.9.46.0.9.0.7.7.2.3 mg-kg™" AN T 38 B K42 HZn  Mn  As Cr . Pb Ni Cu,Co Cd,Ag ) F-¥ik
FE A5 R 627 366,163 .90.4 .72.8 42.5 39.0 23.905.1 3.4 mg-kg ' AN 1 Fr7n. 454 SCHRHRGE A9 AH 65
it , A SCHETT T 5T M K 2B FE 4 & A AT TS e K B T 6T Co, Ag WD EE 43 I I AT G AR 5T
b H N T A ST R Ay 8 Fh A SR Sk -5 P e | A i 22 5
(L 2) . AT LIS J6 s T RS N 7 38 5 K 4 T 4 B ViR B R 24 B N A 3K LU o b s T A
FEIRAH Ni \Cr As 45 3 FOTR e T ERGMFACE  FRIN BB KA As .Cd IR TR & T E NS
Bk w25 e E AL
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Fig.1 Comparison of heavy metal concentrations in the road dust from Beijing and Zhengzhou
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Fig.2 Comparison of heavy metal concentrations in road dust from this study, with those other cities in China and abroad

(For each element, the box plots represents data from this study, other domestic cities and abroad cities from the left to right, respectively)

AT HRH P T B < SR Y- B4k B W i T T 3R (L RIS N 3 K 2 R R A
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56 B2 ] e T AR BURAEE I K A2 rp I T R M T S A<k A E 4 T T . L P U AU Tl B K 22
H Ag Al Cd HY-F- BRI 50 51 D ALt T+ HEOCR AT A AT 5 (50 23 A, MBI T8 IR 22 Ag Al Cd
8- R B U v SR T R 4 TR T SHEY 16 4580 51475 Cd 2RI TR A Il ALK Tl
W, Ag FEORIET Sl R BRI RETE T (HMth ) 25 58 20 Tolk S 3l e G HE
TG R S AR T RERE T B ORI G i A T B B Ag A1 Cd MR 2 38 T e SH(E Y
SEBLGALXT E [T S — 2 ST YOS T P 211, AR5 o A e T 3 B 2 T < o VR 2 4 8 T
RHFEHT Y Hoep Cr (N3 B8R W8 AN THAEL B A 24 T 43 SR vk JBE S5 G 2221 AR LE , As 1 9 FE 1) S ff
A FIEROPNAE R W (18] 3) 7 Ag A1 G AR I ST TN T 1P 2 A0 i S8 R JBE 75 5, As AR KM T
R0 B K A PP IR B B RE V5 5t | T BN BN, R LR L3 5 e 2.
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[
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Fig.3 Contamination levels based on Geo-accumulation index for heavy metals in road dust

N 1 B, AR EEAE il i ARt ARURT LA 335 I AR M T 194 T B A 2 B o B o 4 )



51 VSRR AE . TE I IR A T R i 9 75 YRR B 5 3 B 25 2 10 5 R —— LA S R g 151 947

fr Herhdb BT T4 K2R 449.1 ¢, A /NT 150 wm B (5 2F KA 42% 29K 187.1 t, FEIX &B
Ay IR FRBFSE 10 A E 4 )8 (Ni . Cu Zn Mn . Co Cr.As Ag Cd Pb) S 0.192 ¢ AR 4T 44
KA 551.2 v, Ho/hF 150 pum B AR @3 IKZR 1Y 52% , 24°h 286.3 t, FE X 43 KA v I RIFFE 410 Fb
# 42 )@ (Ni ,Cu . Zn Mn . Co . Cr . As Ag .Cd .Pb) & H} 0.410 t.

R AU HUTTAERIH T IE B KA e 4 IR B
Table 1 Road dust and heavy metal load in Beijing and Zhengzhou

LA TR 1 fif <100 H (150 pm) ffif
y B A ) [
}szfﬁ L%%EE*, Load per unit area/ <100 mesh( 150 pm)load/ Hﬁfﬂg
City Road area/km~ (g 2 ) (g -2 ) Scale/ %
JE5T Beijing 100.03 4.49 1.87 42
FBM Zhengzhou 76.55 7.20 3.74 52

2.2 PRI AN IR RLRS 1 J EHL 5 J e FEE o e o U3 A

LT RS PSR T A7) S EGE | St A 2 R 2 el 3 K 2 o < i v S 1R 4 i il T AE A
() MUAR T B L, 10 AL Jm e HEA AL A IR, DR G 18] 4 7 PR Y T 52 5008 52 IR AR Y 6 il e 4
JEICE Ni Cu.Zn Cr.Pb Cd ¥ EE A I RS M T A4 g% A4 Hh, S I B o e ey, Ui
VR BERAG, 5T T e BE e IR S R 2 Cu Rl Cd 285k 1R MG R A0 A FELARRIY B 0 0% 7 B L 450 2 1 B B
SRR, 50 8 A B AR ISR, D S B i o i e T I A I L e st
N [ RIS A 5 4 P R e i e S AN X — WU, LR A AT Dy B AT 2l R HE A S B R
TRARE IR S A 0RO | b 3l & A A2 B L R 0 A 1) B i S A Y e el A, R
7 35 0 3l T LB 4 < J R 52 S T T B0 AN [ BRI 014 A R 7 1 R S 8 B A 3 AL G R
SR R [R]— Sl T A [R] 8 1 2 v T < R P A T

5507 ¥gJHZhengzhou ™ dbrtBeijing
1400 |-
500 i
s 1200k
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o0 &0
A % 1000
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i | 2 800 -
g 200 8 ook
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2 150 2
2 > -
m I m L
100 i
50 ¥
0

2500~

2000 |-
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Fig.4 Heavy metal content in dust from different levels of roads in Beijing and Zhengzhou
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SIS T K A v B 4 R VAR TR A2 A PR R (1R 5 ), o B 2 A e 5 R 114 58 T AKX A1 Ak 1 3 B 2
FEATC Gt 1 el 6 R 2B P A TR R P S 4 SR T 0, 10 R EE & JE nT o 2, — 28 2 Ac
MR E SR, B4 Ni Cu Zn Cr Pb Cd.FEUITTHT A9 IE B K22 Ni 78 2218 HX 20 A 1) vk B2 2 A el
B 1.8 /%, Cu N 4.0 1%, Zn Jg 1.6 f%5,Cr S 2.1 4%, Pb i 1.2 4%, Cd 4 1.5 f35. 76 KB T B 38 3% K 22 Ni
TEASHE AL A (v B A B 1Y 2.9 455, Cu M 1.5 4% ,Zn R 2.1 5, Cr J 3.6 1%, Pb Ry 2.3 £, Cd M 1.7 1.
Horfr Cu RVE TR ZE BB Cr SRR T AR RREET , T L 52 2838 5% Wi 5K, /2 e] AR A8 3 X 21 b A B i 22 931
2 J 2 AR/ N T AR F03E Mn  Co  Ag As.3X 4 Tl 43 & 70 2 7522 18 MK A A FI7E 2 el 1 %
JRAR R EE A 2E A K.

2.3 BT AR AR A

A6 T AN T 9 b T K 2 10 Fh R 4R 28 - Ml A RIRE A R R A 25 3 AR AR TS
YRR AR BBARIT R AT AR EA R4t 3 Mas T LE M AEBUE H 25 8 i 2K
WM ZTF-- AR R R 2P A, e 8 - DB A 8 B K 20 vh T4 i 2 R 1 R B
WA BN 95% LI JLEE 2 T 1 B IR EE A B A 3 2 N 7.5 R0 5.7 A WA
10 FhE 4 08 H 249 5% 88 (A 640 2200, Xt A6 5 v Ja ROk U, A BUE T 48 H Y8 2 s IR R
Zn >Mn > Pb > Cu > Co > Ag, XERMI T4 JE Ok U, JE BUR & 4 8 H ¥ 2 88 1 Mo 2K Mn >
Zn > Pb > Co > Ag.4 FEUEE S8 H A2 # & 2RI T i KRR Cr > Ni > As > Cd, AT Y
MR H As > Cr > Ni > Cd.

FH R 2 WA R AU P 28 - e A PRI N | B R4 AT 3 ik 4% 2 5 1 JRUS: 7 3
ANTF L TS 7 FhEE 4 JE B B R KU A 35 /N, ok A A BRE R ) AN SR AT LA 22

R 2 LU ARSI T A T A R XU

Table 2 Hazard quotients and carcinogenic risk for each/element in road dust from Beijing and Zhengzhou

b XU
ol NS Cu 7n Ph Ni Cr cd As
City Population risk value
HOQ;,, 1.17x1077 2.53x1077 2.50x107® 2.14x1078 3.27x107° 5.28x1078 5.60x107°
HQ;,, 6.41x1073 1.37%1072 1.37x107! 1201073 1.70x1072 287x1073 3.06x107!
JL# Children
HQuemal 230107 T41x107° 9.83x107° 4.78x107° 9.15x107* 3.10x107* 8.03x107
) HI 643107 138x1072 137x107! 1.20x107? 1.79x1072 3.18x107 3.06x107"
KB Zhengzhou
HQ,,y, 6.29x1077 1.36x107° 1.34x107° 4.59x1077 7.03x107 1.13x107° 1.20x107
‘ HQ,.4 8.60x10~* 1.84x1073 1.83x1072 6.43x107 9.11x1073 1.54x1073 1.64x10™!
A Adult
HQ ot~ 4.03%107° 1.30x107 1721073 9.77x107° 1.87x1073 6.33x107* 1.64x1073
HI 8.65x10™ 1.86x1073 1.84x1072 6.53x107 1.17x1072 2.18x1073 1.66x10™!
HQ: 1.95%1077 1.47x1077 2.24x107° 3.92x1078 6.07x107 241x1078 1.58x107°
HQ,,,, 1071072 8.01x1073 1.23x10™! 2.20x1073 3.15x1072 1.31x1073 8.64x1072
L3 Children
HQuemma  3.83%107° 432107 8.81x107° 1.02x107* 1.98x1072 1.65x1073 2.65%1073
i HI 1.07x107 8.06x107 1.23x107! 2.30x107? 5.13x107 2.95x107 8911072
Jb5 Beijing
HOQ;,, 1.05x107° 7.90x1077 1.20x107° 8.42x1077 1.30x1073 5.16x1077 3.40x107
‘ HQ, ., 1.43x1073 1.08x1073 1.65%1072 1.18x1073 1.69x1072 7.02x107 4.64x1072
A Adult
HQuermat ~ 6.72x107° 7.57x107° 1.54x107° 1.79x1073 347x1073 2.88x107* 4.65x107
HI 1.44x1073 1.08x1073 1.65x1072 1.20x1073 2.17x1072 9.91x107* 4.69x1072

3 758 ( Conclusion)

(1) PSS H 4 A P Xk B 0 3 8 38T R S (i FLUAR N 7 T8 6 Ak 24 v o 4 Wk 3 vy 1
B, Ho Ag Cd V5 Y, TS R E L.

(2) FBH T I [ 24 v i 4 i VA B 52 S 3 T Bl M A K, 7 AN [ RS o v A7 T k22 031) , e S
B i e, TR R AR I AN [R) A5 T T B 2 T A R VR A2 5 I S R (R , A2 T ke K
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S A 18 % R

(3) &T-HHRANBEH KA R 1) T 8R40, R0 & &8 H 15 2 8 5 s B AR
Mn > Zn > Pb > Co > Ag, At KKK Zn > Mn > Pb > Cu > Co > Ag.4 FIEURE &R H Y25 =&
FIIFERMN PIHRIN As > Cr > Ni > Cd, ALK A Cr > Ni > As > Cd KN FIE 5 3 T 2 4 i 2 iR
DUBSHAEL /N T 1, 6k A At B T Tt 5 i
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