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Source, exposure characteristics and its environmental effect of heavy metals in
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¢

Abstract; Surface dust is the “source”, “sink” carrier of heavy metals in urban environments, which has a close
relationship with the environmental quality and human health. Heavy metal geochemistry characteristics in urban surface
dust were analyzed, and an overview of heavy metal geochemical behavior of surface dust in domestic and abroad was
generalized, including source of heavy metals in surface dust, exposure characteristics, influencing factors, and
environmental effect etc. Heavy metals in surface dust have natural and anthropogenic sources, and the anthropogenic
source accounts for a large proportion. The main anthropogenic sources are traffic pollution, industrial pollution and urban
construction. Metals sources are different. Now, heavy metals content in urban dust are increasing gradually, particularly
for the anthropogenic element of Zn, Cu, Pb and Cd. Meanwhile, platinum family element ( PGEs) such as Pt, Rh and Pd
have also enrichment gradually. Heavy metals in urban surface dust have three exposure characteristics: (a) Spatial
distribution difference. Generally, heavy metals in urban dust in industrial zone have higher concentration than those in
residential area, cultural and educational area and commercial district. And heavy metals in urban dust in high traffic flow
area have higher concentration than those in medium traffic flow and low traffic flow area. (b) Size distribution difference.
Overall, heavy metal content in urban surface dust decreases with the increasing of the dust particle size. Different heavy
metals, due to theirs different source, have different enrichment regularity in different particle size dust. Zn, Pb and Cr
anthropogenic source elements mainly distributed in particle size dust, and natural source elements such as Fe and Mn

frequently uniform enriched in different particle size. (c¢) Existence speciation difference. Heavy metal element in surface
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dust mainly exists in the residue form. Exposure of heavy metals in surface dust mainly affected by urban traffic activities
(including traffic flow, speed and variable frequency and vehicles features) , street location and terrain, and meteorological
factors (such as rainfall, wind etc). Atmospheric particles, ground surface soil, surface rainoff have obvious influence
mechanism with the urban dust, which the migration processes of dust between these media often directly caused
atmosphere, soil, water pollution with heavy metals. It is suggested that we should increase our emphasis on the time—series
and small-scale research, and the affect of geographical factor to the exposure characteristics and migration mechanism of

heavy metals in surface dust.

Key Words:; surface dust; heavy metal; exposure characteristics; distribution difference ; environmental effect
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A E R LT A (R X b K A AR R S e AR VRS B A AL TR A X e

MICE A E T, Mn V Ni Co #l Ba EZHRIHT AR 1M Cd Pb.Cr Al Zn FE R T ARG,
Zn 1 Cd FEOk BIR ARG ES A & SIPLIE TN Fe E2OR B 250 M08 BAHLA (CANHF AR5 ) £ 55 Cu
FEOR AT & Jm iy R S ship R R EG R 557 Cd £k A TRARES R AR Cr
Tk [ TR 4R RIS NI SRR [ T LRI T 4 B el B Sl
Wi B TH 3 As = ZORVE T YRR IRGE  BIUBHRN A BRI B 12 A8 DA S N 20 ; He 32 2R R T Y
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3 MRREESENEEFEREZMEZSH
3.1 HFRIKADE SR MR R KT

X T e K2 S 3 2 A Cu ,Cr Pb Cd Ni 1 Zn 55, X B LR W B E LA BRI EIE R E X
FAS R FRBE G Ye g2 220 3R 1 FAG E AN 30T R A v O 4 I B i A A 1 0, R IR &
FEARTEIR T R KR (R & 22 S R, RE S AN DS 383 = ki OB 5 R4 DA 45 i) + 385
FAESA XK, Charlesworth 2550 % B (1A # (A D%k 23 J7) SRTTTIE K A2 Ph Zn Cu FI Cd B4 & 03
T (N3 ) KA &, R AR T FH O KT ESRFEReE, Ligim®R
JR4A2 Zn Pb Cu M1 Cd FY{E A A T H 75 S0 1) 6—S8 fif, Cr A1 Ni B 2—3 £5' . BV I FN K
o Cr S e B E M T AL TR E KT, FERMR T S Sl SIS, My AsEZm TREWA
B CRIETRBAHE Pb Fl Zn 7RI P )& B E NI s S 2

FIAN, R AETEVER KR B TC B AT 2R 2 v S B A SRR N R X 2 R, PE e T b
FIRA T Heg &4 0. 638me/kg, As 4 10. 62 mg/ke, VoA H 4815 S 1Y 5—10 457 s Jb i R 2
T He A RAEABIAL mt s X+ e TS S AY 64 5120 e b BRI 3] 5 B A0 B 4 J , 18 K6 I 040 1 o0 2
(PGEs) , FiF BB K22 Rh Pd Pt &8 70 RS M5 1 19. 48 12,17 Fl64. 94 53] | HoE PR EHABE S Pt
Rh ¥, 111 P e BEAE R PR s T4 K 202 n] LK 2B PGEs A9 RBLE ARSI &

F1 ERIMFEETRBRREFEEERERE (nyks)

Table 1 Heavy metal concentrations in surface dust in different city

BT City cd Cu Cr Ni Ph Zn He As AR
References
FIHERS Riyadh 2.3 61.7 32.5 45.0 2134 338 — — [34]
L, Madrid — 188 61 44 192.7 476 — — [10]
WHTEE Oslo 1.4 123 — 41 180 412 — — [10]
2% London — 111—512 — — 544—1637 988—3358 — — [35]
1E7) Warsaw — 154.3 100.3 55.7 174 1286.7 — — [36]
ERAE Otawa 0.37 65.84 43.3 15.2 39.05 112.5 0.029 1.3 [37]
¥ Hong Kong — 110 124 28.6 120 3840 — — [7]
&JE Sydney 4.4 147 83.6 27.2 389 657 — — [38]
#yH. Jordan 6.36 91.9 65.5 — 59.5 639.8 — — [39]
W77 Karak — 26.7 — 4.15 50.5 39.9 — — [40]
%43k Luanda 1.1 42 26 10 351 317 0.13 5 [6]
YR BV 2] Hermosillo 4.24 26.34 11.15 4.7 36.15 387.98 — — [11]
[ — 94.98 167.28 — 230.52 421.46 0.638 10.62 [12]
1%5F Dahak — 2249 99+17 23+4.2 35+7.8 97+29 — — [41]
N 4.95 79.38 87.26 22.17 75.62 169.67 0.11 6.82 [42]
bt 4.3 21 62 20.4 98 680 0.045 — [15,2]
it 0.97 186.41 218.91 64.91 212.94 687.25 — — [43]
I 4.35 81.33 106. 26 334.47 [44]
JEM 1.95 135.42 110.31 21.38 138.61 313.53 0.230 15.37 [45-46 ]
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3.2.1 ZFHFEEER

ANTRIZEAY R TR RASE IR T A b e R 2 v T 4 S S 5 i 2 S W k| 3 A2 4 0 4 g R8T 3 RS %) Tl
A7 B A AN SSTE Bl 04T R A R T B X X SRR (R ) N S G A A 2R R 40 A
fiE . FEIR T D RE X A DX SR A 3 A, LA 06 G X 3k Tl DX P S [R) A T BB S A0 X (4n Tll X Rl X J 43 XA
2 XA ) A TR HRFGE AT HOR IR . R WF S 3B, R 4 B 4 SR AR il X 2838 X, Tl X K 2B v i e
Fe g R X RSO X AR XS R 4 Omar %57 338 24 5 22 8 iy i 36 k2 v 5 4 5 it e v £ BR
TEAE T TG B AT B 1) DI, B AR R BT B B, fit e v DA RSBl P, Charlesworth 8550 238 47 A  7 Tl
DX D e IRZR L PN AT R 24 4 i et W e v T L X T A DX A e b 3 2 T 4 )
i, 2R A MRGE IS 2 o 4 i 3 A i Tl X Rl X DL R 3l T X e e AR/ AR
FRAE I 2 K 2 4 B A L X >SS X > Tl K> Iy K> AR X, ANFEBSRIEITCE, £ R R DI EIX
BEIEAT, T HEE B EARF X Cr Cu Pb 1 Zn 78Rk X K 2B Hp i35 ek P feimn ( B8RS
Y5 YLUR ) 5 Cd 7E Tl XK A H 175 Y K F-fee i ( EZE 0 Tl 15 %65 5 Ni Fl Co 78 B AF XK 22 H 75 Y K
e (54T RIEA L) .

T 5C3 EIHE (R AL Sy ARG, — 7 T [F) — 2R T8 s AN [R] B BE N 2T 5 kT % 1 Ak, 2R 220 Bl B 2
BTGB, L8R )T A5 2 e el 52 11 T8 o BA LA R 225 T B3 #2254 5 S i) 26 2 1) Hll il 0 HG v B 4
JRE S R HR Ph AR AR 55— T S A SR I I A A LRI A L R S 0 T R A s
—FEA S5 T ) - 3 R 4 i ) A R AnE S AN B RN A - e Ph 1 i I T LR S Y A E S RO
TR, B AE T X T 5 9 0] - 3 7 A R R Ph 5 % S LA A BE A BR 0—10 m I 10—65 m™™ |
Z AN R R, MR IR E L BAENATIEIIVAR T ILA RN R AR5 2Rk Barh T8 % s
IR, VL Z 38 Ry b i b IE S5 55 2 B R ), o A7 AR 2 T 4 R T T 1) A3 A I A T A i =
WHLEh 4238 | A AT 4538 A T8 S RN oA LA B Tk LABGR
3.2.2 KRR

IRARARFEAE—E FE R Lo T HE SRl ok, B b3 20 tHh22 80 AEAR LIRS Hh R Kk 2h 4
JERLAR ST AR R R IT T ARSCHESE ) Deletic 45" 438 BT 411 L 26 K 20 42 @ 7E 2—63 wm 2400 P &
B, Ph 7R AN 70% VUL, FEMITT X KA As Al Hg 16 <75 wm KA b A9F-35 & 45 H i 4 i o
55.8% 1 63.5% ) 11 T i 3% K 2 T 4 i 1 o Bt 2 R A A ARG S B L T s A, H R 150 o I
75 wm & FEG PR R Y . McKenzie 252 HUE /N T 1. 5pum (B0 SR K22 Cr Ni Cu Zn F1 Pb (8
ERERE, £0.1—0.3pm ARAE I, Zn IR EHERECH 4900, SR AR BT AR/ (0l T 85
MZ % B s ERKENA TSR, LIRS 53, 7 Fe Mn fE40RLAR LR R A, B L IR 3R
TRAR A 4 B B K AR AR BB NI N, (ECRRIJE 2Rt HORIEAS ], 7E R R4S I A SR AP e —
EXER, —MANEESE TEEEEMBARIKAD 40 Zn Pb, Cr 7E<150pum FiF2 I A& 8 il KT
60% VA b (1) ;1 AR IR AR U Fe Mn ALY S) & EAEARIRAR |,

3.2.3 WRAAEEER

ARRESHE S B, KA T AW A ST SR A, [FRE KA 54 R A7
FETE S et i LR B0 () OGS A, BSR4 M K A2 vh R TR 3 4 B M IRAF TR 5 — 8 25 5 (B 43
& IR LIAETR i S AR, Hoh M LAZE A A HL-B AL P 45 & A MR AR AL 45 A A8 oy 10 i
PR E , AN G TR S AL SR BT A LU AR A o RS R L TRk T K 2 T Zn DABRIR RS & 5
Pb 8 R Bk 45 SAEAE, Cu A Cd ML PLA 9 325 Cr Ni B LIGRIE BAEAE . ARSI ERBI» 5 18
JRAEH Cd Cu \Ni Zn Cr Fl Pb A 91G RCHEIF K ECH : Cd>Zn~Pb>Ni>Cu>Cr,

3.3 HBERIKAD T 4R R R AR 1 52 R 2 AT
3.3.1 gD
TGS R KB SR SR A AN EERNEZ —, FEERIAE T =50, (1) @R
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G <75pm @ 75—150um O 150—250pm

40 60 -
S < 5o = FW
& 30F = & [ A
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K 15 i E gL i
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! i 10 i
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Pb Pb

1 EHiRREESETENREBE
Fig. 1 Heavy metal contents in different particle size fraction of urban surface dusts

AR SCHR 53 Bdm b, TSI IE SCRK 4 Bdn 2

H, Ogunsola %™ 238 J& H AV F745 3538 I (423 B0 10 Jiili/d) Sk Ph Al Zn S T AR E N
3.4 Jiffi/d (UL R BUC TR IB I, R T BB Y H S a5 KA Ok IE A AR P Cu Zn ST R F
HEEIEADEDT ) SREESRAEDT R H AR R 5T T A 2 v 4 S vk I Al A B (R 2)
(2) ZE 3 S AR A% 30T N ACE B , A5 4 AR 3 0 X, S UL RE ORAIL 42 S 40 (R & 58 G AN
2 R ) s B TP R 2 4 SR T R R, (A5 3k T P A0l B K R K A i E A R Y, (3) %
A GRS IR RN RS R SHTLR I LA A e sl o A A R W A KR ) A
Legret 257 BIF5E 60, A 18 B 8 4240 5 BHLEh 2400 e S5 %A KA B4 R S R R IR LR,

R2 EERLBEEERESTEEMLLE (myky)

Table 2 The relationship of heavy metal concentration in road dust and traffic flux

AL Traffic flow / (/h) Mn Cu Zn Cd Pt Pb
3983 510 300 890 0.49 3.1 180
2088 350+28 16059 430£59 0.340. 12 0.5+0.3 5847
1218 34016 18084 31027 0.230.04 0.1=0. 1 5319

3.3.2 fHiEMIE SH PR E

FEFIEL FIT ALk ) e AT BB T A b R R 2 TP R 4 A i S A AR SR L X B AT B3R L
SRR 48 R AN G RS RS, 75 i BRI 3R AT, P 3EL MR A R T 35 4 4 ORI B
T EE SR A PR 282 SR S (45 30 T v ¥ G dp ™ B A9 b R AR R AR FE B A % v R SR 1 1
TE AT PN, 5T P S 2 R R B 8 B RS A AR B ST B I Y 8 E L AR IR N K R A A IR K
SR, MR SE T T8 75 YD B 40 A . Johansson %1 35 3H i 7 8] I B 157308 0 23 1) K 242 4 i 5 i He Al
B R T Y f s 2—4 %, Cu FEBTIE RS K2R v & R Al A B T b & i 7 A3, U T e RN
A3 7= AR 1) B EE 4 TR IR A P, SR I e 2y L ML 4 R T 4 R IR B R A HIGE AR , HE A 3
BT AR B K A AR S R Sl A KA Y
3.3.3 ARHE

RS2 KR TG R R E R, MR KA B R A2 [ 2 RS e A K, iR R R 2 TR 1Y
o TGS G AT B A S BV L T /0N R D0 2 A S0 s 1) 1 D it R0 A 20 T o 4 2 2 AR AE Al UKL
T RN WS EAR/NT 40 wm (R AR R L >40um KB T A B Y L T R BLE
TR, R h A v T 4 v 3 it T S 3 n A AR ) 1 DX AR [] B4 AR A, 7 5 30 37 e 8 v O L X, A 24
T4 v P S B A AR R A T S 3 R o A AR A DXl 21 T 4 S o B I A o v

AR, 38 8 HE A 75 T4 TR 47 v] A B8 A i 5 A X 38, Othman %5 5T 20, &% Pb
B EELIREAERE 2 Sm P FERVERT KB BT 1 7 . A BRI I A2 T Y 5t o 3 5 Ik, Bl
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T B O G IR A B 4 S B TR ARG, Ph  Zn AT Cd B i FERE N B AR B R BOE IR, HAZ XK
N R} 2 I N PN T 8= S e g R 2 e T 2 1 R
4 MRKEEBELBEIMERLHAR

W MR 2b 5 RO ) 32 4 M RAR IR 2 (A AE B S A AH B R i BIL ] X Se R R i R AR
MR I KRS T A 15 Y, 5 AN AR DI
4.1 MR SR I RATE R

W IR AR TE R NI BB T, A 5 BRI R A K, JEHE A0 Bk B, K2R i 478 5 W) R
PRI A KA R BE , 2 A (R KSR ) | AR AR A OGS ML ZE BT HE A Ph M
509% YRR 18 [ S B3 1= e v | 3 S50k ) 25 DAL Bl 42 Baast s XUV FH TR B3, DT A RS, Ph R 3222
FWZ —, Han Z2HGEIL T iR KD A 60% —80% 1] L)k A KA EIF s, Bt ot i KA Bk W i &
BRI, JEHIEXT KA H CuZn Ni \Pb A1 Cd 15 L0 R I TR FRIA B 75% LA b, MIXTHL5EICER Fe Mn #Y5T
BRREE N, HA 45% F151% , Amato 25838 T 588 HERCIUR 4 A< H PM2. 5—PMI0 6748 Bk 4 b
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