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Migration and Transformation of Heavy Metals in Street Dusts with Different

Particle Sizes During Urban Runoff

HE Xiao-yan'?, ZHAO Hong-tao’, LI Xu-yong®, LIAN Bin’, WANG Xiao-mei’

(1. Key Laboratory of Karst Environment and Geological Hazard Prevention of Ministry of Education, Guizhou University, Guiyang
550003, China; 2. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences, Beijing 100085, China; 3. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry,
Chinese Academy of Sciences, Guiyang 550002 , China)

Abstract: The heavy metal pollution in runoff caused by street dust washoff has been an increasingly prominent problem in the context
of rapid urbanization in China. Based on measurement of heavy metal contents in street dusts with different particle sizes and an
experiment of street dust washoff using simulated rainfall, we analyzed the role of particle size of street dust in heavy metal pollution,
and the variation in geometrical forms of heavy metals during street dust washoff. Our results showed that the heavy metal concentration

decreased from "static" street dust to " dynamic" runoff particulate in the same diameter particles. Heavy metals in street dust were
dissolved and extracted during washoff. The average loss proportion of the five metals ( Cr,Cu, Ni, Pb, Zn) were 24.3% , 56.8% ,
34.3% ,22.8% , 27. 3% , respectively. The loss proportion increased with the decrease of the particle size of street dust. Proportion
of extracted form dust was higher in street than that in washoff samples, which suggested some dissolved loss in water. In washoff
samples, dissolved metals of waterphase did not have significant changes; however, heavy metals with particle state in waterphase
reduced rapidly during runoff. Meanwhile, heavy metals of solid-phase particle reduced during runoff. Street dust with small particle
size had higher loss rate during runoff. The variation rate of street dust loss among different particle sizes varied from 4. 6% to 62. 1% .
Street dust with smaller particle size had higher migration ability in runoff, which was more risky to urban water pollution.

Key words :street dust; runoff; simulated rainfall ; particle size; heavy metal; migration and transformation
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40°C 1 2514 N HE TR
1.2 BT
1.2.1 BRI )T

B AR MKEET 0. 45 wm AYEIE (M FHRER) |
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America) H& , IHE G €A E 25 mL, {7 4°C 117
).

4 8 W A7 B & 4 1 R BCR 43 4% 42 X
T KU 4 A 5 R T SRS | TR TR
A SRS FER IS, s AR BGE R AN 3R 1 P,

®1 ESUFRRESEREFHRSHRESE

Table 1 Four-step sequential extraction of heavy metals

40 mL 0. 11 mol - L ™' ZFRVAM , (22 £5)°C, 220 r-min ~' M4 F & 16 h J57, 3000 remin ~' &[> 20 min
40 mL 0.5 mol-L 'R E (pH 1.5) ,4&¥% 16 h, 3 000 r-min ~' &0 20 min

10 mL 30% #J H,0, (pH 2 ~3) . fE 22°C A 2 FIHAL 1 h 5 B T (85 £2) CKIB P 1.5 h, @Ik

<3 mL; FHAMIA 10 mL H,0,, (85 £2) C/KIEHAH 2 h, IE AL 1 mL; A 50 mL 1 mol-L~'

1 EETDI Y e
2 RS
3 GRS
iy Z R4 (pH 2.0) ,¥%3% 16 h, 3000 r-min ' #.[> 20 min
4 TR

3 mL ZEM/K . 7.5 mL 6 mol-L =" £RER M 14 mol - L ™' iR ; 20°C F Bt 4%, i T8I 2 b, R HG 2 €

1.2.3  HE&Jm il B 5 o E 4a o

DL F % AN & W3 R F Perkin-Elmer Elan
6000 ICP-OES 5. Syl /> 52 Ha i 22 , 52 30 B Tt
RIB R PC AL, I 254 2 TS 10% Fi il TR VA TR
TR 24 b LLE ARUKHT A RK (258 1K 4k

e, DAV A5 e, o A ik R v SR R AR HE
(GSS-1) HEE M FHA R 25 R4 T BT 42 il +
HEAREY) BT rh 4 I A [l ISR L TE 90% ~
110% , ¥ i 8 5 22 18] 04 A5 X 5 fE A 22 0 F 5% ~
10% 2 [f].
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TORE )N FRAS 2R B S AR A A Y i e AR
AR EY R T B3 X 32 B2 fh A A Ok 4
Ml AR o B v A AR A 4R
T RN W s Y 5 FP EE 42 & (Cr Cu (Ni,Pb . Zn)
PR bR | BU R RN O o BT R ol 1 i |
24.3% . 56.8% . 34.3% . 22.8% . 27.3%. [alW}
R URL R AR N D SRR 3R R R /IR AR
B R BRI 2 K= 5 T 5
KRR ING:.

R2 HL-ZRRAZHFEESELE" /mg-kg!

Table 2 Heavy metal concentrations in street dust and runoff/mg-kg !

WH A2/ pm Cr Cu Ni Pb Zn
<44 84.9 98.2 29.3 110.6 397.3
44 ~62 68.8 71.0 28.2 91.5 539.9
62 ~105 55.3 59.6 19.7 75.1 411.9
gy 105 ~ 149 47.0 44.7 25.7 85.1 336.5
149 ~250 45.1 33.9 11.6 84.7 343.2
250 ~450 35.3 27.4 19.1 67.3 269.7
450 ~1 000 40.1 20.4 20.8 50.3 359.6
<44 57.5(32%) 18.3(81%) 8.7(70% ) 85.1 (23%) 314.5(21%)
44 ~62 59.1(14%) 23.5(67%) 19.2(32%) 80.2 (12%) 387.1(28% )
62 ~105 43.5(21%) 27.1(55%) 14.9(25% ) 53.6(29% ) 252.3(39% )
iR 105 ~ 149 36.1(23% ) 12.9(71%) 19.2(25% ) 55.9 (34%) 224.8(33%)
149 ~250 28.3(37%) 15.3(55% ) 7.7(34% ) 51.5(39% ) 223.5(35% )
250 ~450 28.3(20% ) 11.6(58%) 13.5(30% ) 62.4(7%) 212.1(21%)
450 ~1 000 31.0(23%) 11.7(42% ) 15.9(24% ) 42.2(16%) 309.5(14% )

1) 55 P RCHE S FE 4 S 0 LU B (AR i I — AR 0K ) PR JEE ) / B v ik B

2.2 A SRR ) i AR AN [RDRE AR UL A7) vh
& @ M IRAF L 5224k

B e AR W v o R o TR 4 R AR A LB
(B g = 748k, WNE 1 RTRLE L, 5 Ffh
4R AR TG (55 R T R U LB nT 1 Sk A
TSR ) I J2 . Zn (30. 7% ) > Ni(18.9% ) > Pb
(9.8%) >Cu(7.0% ) >Cr(4.4% ) , 52k R ) 55 iR
AP HRUAS: Eb (51 B s R A58 B A 42 5 1 T 4 B
Fefsil, 5 e 4@ (Cr. Cu Ni Pb . Zn) BY55 R A $2£ 5K
A BT 298 A R 55 0.03% | 5.6% | 4.7% |
4.0% . 1.6% 35y 48 LAn] IR S A KR . 55
HINEE 43 SR AT 25 32 OB W ki A2 K /INRE W), ZNREAR
BLAR TR PR AR S LR T b v, KORLAR
BN 2z . /INKiEAR A 2 18 A KA T e RO A2 i 242 1)

TR R,
2.3 ARuE ) AR b e E A S R 3 2
aid

TEAS L bl o A 7 A3 AN RDREAS R AN
[Fi) A 1S 25 ) T3 2 P ) Bh 2284k, [ 2 S A i o
il S 7 R AR R ARAR P S KRR 25 1

4 1 S B A W B D A AR Ak, TT LA KA A A
B BN AR AR BE R K. KA S B 4 & T
INKRLAR s 5 i e e , I AL A W B (0 14 384 o 2 4 S vk
TR TS SRR AR 1A AR 4 11 B 4 e e I T e i)
SR R TR EE RMAIIRINE <149 wm PR
(1) Cu T AR, Fifi 25 A [ Fr) 3 K, I AU S 2 sk 2%
<44 pm PRI Ni FEART S BRPIGG T REAR R,
8 > 44 pm UKL 4w v B AR R B[R] 248 T
K. 1Ml Cr Pb Zn #2 bifi 5 K W 5F (] 2208 N %, Ui B
Cr.Pb Zn M KCKiAR Cu Ni B I Ia) 45K

L3 HRT LR /IR AR B ORL ) 7 5 R AR
Tt R 4 A I AT S LA R AR Ak
ULIA AR R ) () 4 IR L S L B R 1, 52 %
LG AR N
2.4 RV R HOR R UR P RS e

RAR T E 5 ORI PR AR I vl 2o A b AT R g
3. RARER N iR R (e KR 62. 1% , Fe /N R
4.6% ) WK 4(a)]. FEIBIH, B4R, #2350 T
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Fig. 1 Percentages of the heavy metals bound to each speciation fraction in street dust and runoff
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Fig. 2 Changes of heavy metals in particulate matter, soluble state and particle state by runoff time
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