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Tab. 1 Statistics of dust samples

B i oy i LA (mg - kg TR R
cr Cu Pb Zn Cd SCHR

Jest demdit @K 50 85.07 8241 5430 30831 0.77 20144117 [8]
desdiz T b 30 - 5430 59.00 243.00 0.77 20084F [9]
demtis kg 226 77.36 63.73 50.79 - 047 20094-H 7 [10]

B Bigmt PDIRIXORFEIIEEX. 6 14930 - 398.60 587.70 -  20064F8 A [11]
g AMEEL 30 264.00 258.00 237.00 753.00 0.97 - [12]
SR53 T A/ | 44 162.59 23589 416.63 906.29 1.58 - [13]
gt PIEEIX 48 218.91 186.41 212.94 687.25 0.97 2015411 H-20164:7H [14]

Kt Kt HiE 144 121.41 100.62 6148 -  0.99 - 7
PN Y TR/ | 41 103.18 11318 63.32 - 114 20114F12H-20124:1H [15]

P FKH AR 40 8393 7822 7863 14469 0.31 - [16]
R fE 40 8393 78.22 7363 14469 031 - [17]
JiMIX fiE 28 204.53 4457 - - 2.58 20144F4-5 [18]
eI REET R 46 87.13 104.90 117.15 370.77 1.46 20084F4-20094F4 ]  [19]
MREETE R 140 51.90 49.00 58.50 277.30 1.01 20064F11J]-20074E11 /] [20]

= BB i 60 79.41 168.80 97.49 31653 - 20084:1-10A [21]
AR KfEm B 28 30.30 4356 70.89 170.80 0.31 2013467 1H [22]
KFEm® ERKX 232 9598 7359 101.60 465.00 0.79 - [23]

SR B BRI - - 8564 7235 25429 231 20124F1AH [24]
A R 52 96.88 67.50 132.15 2332.96 4.53 20104F4-7H [25]

HERg i IREIX 40 110.69 62.74 74.63 20259 0.57 - [26]
S kg 76 110.31 135.42 138.61 31353 1.95 200844 A [27]

gz Tl kg 64 12215 629.43 9523 360.16 - 20114£11H [28]

T M T fHriE 23 109.00 34.00 51.00 206.00 - 20114E1H [29]

INA wregli UrgeIx. 57 57.67 51.89 59.22 20056 - 20074E6H [30]
T YN - - 109.27 126.02 326.88 1.79 - [31]
I B - - 9200 9500 208.00 0.58 20044F4 S [32]

Vi Nt ifgx 33 31386 119.23 9271 - - 20114F12 A [33]
Kl rhisg - - 7467 6816 40119 946 20114E-20124F [34]
JUAR s [fan) 10 159.30 176.00 240.00 586.00 2.41 - [35]
7 HiE 39 502.00 899.00 0.31 - - 201048 H [36]

Lo FAtT fiE 35 126.00 123.00 103.00 394.00 1.10 20094E8 H [37]
TRMITT fiE - - 7620 440.80 382.20 248 20104F10-11H [38]
T FEREAESY) 126 25755 181.95 211.24 709.99 2.74 20144F4J] [39]
EZpun T 10 180.14 100.13 108.24 224.94 2.62 20104£4-5f [40]

L AT B 31 138.74 169.84 51.18 271567 3.17 20094E9 A [41]
b el IREX 14 225.00 177.00 279.00 416.00 2.84 20084FE5-7H [42]
AREN HE 252 131.79 97.70 155.65 1031.93 1.92 200746 A [43]

WG AT UIReIx 18 401.63 240.94 176.04 1019.75 2.33 20094F5 f [44]
FrEHT S 52 5325 44.09 144.84 240.27 1.02 201443 f [45]
VEET il 22 96.70 3540 41.90 14530 - - [46]
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gkl

B Koy g TR (mg - kg bt R
Cr Cu Pb Zn Cd SCifik

WL @t fiE 45 154.03 109.08 139.69 696.72 - 20104F [471
L% TR - i 25 51.29 116.04 202.16 321.40 1.59 2005%:11H [48]
oM HIREX 18 121.61 96.37 142.04 47190 - 200842 J] [49]
i TIReIx 15 21112 112.18 232.28 57826 - 20084F:2H [49]
T IREX 15 352.35 244.18 23516 49455 - 20084E2 [49]

T T rfgx 15 184.99 107.82 117.16 49455 - 2008432 H [49]
PRSI LREIX 15 145.48 119.02 289.27 74658 - 200842 H [49]
LN DIgEIX 15 14353 305.34 225.64 787.03 - 20084F2J] [49]

TR T rhgx 15 309.82 224.73 143.60 93578 - 20084F2H [49]
Filiri IfgIx 15 864.21 381.45 308.34 1481.89 - 20084F2J] [49]
[N rhgx 15 64.87 5820 60.35 10449 - 20084F2H [49]

WM T IfgIx 15 164.91 59.23 106.70 190.56 -  20084}-2f] [49]
oAt e 4 81546 142.11 23355 193.19 - 20134F7 H-20144:4)1  [50]

W R A 26 6410 5840 8550 31335 - 200249 A [51]
Kifli e - 150.87 5381.391754.00 3971.72 120.76 - [52]

W KT IREX - - 7916 271.08 798.00 12.11 20054£6 [53]
WAV T IREX - - 131.23 497.20 1599.33 10.82 20054F6 [53]

L7 RV TR 51 55 - 277.17 3046.67 3847.67 85.47 - [54]

Rl 2 UIgx. - = 277.17 3046.67 3847.67 85.47 200546 J [53]

Tl = (2 11 88.73 8222 130.31 369.23 4.34 20104E6J1-20114E5)]  [55]
T Mk 13 9478 8568 96.36 227.85 0.84 20124E7H [56]

By oY) TR/ i 11 7821 111.04 73.81 386.62 0.58 20114F6J]#110H [57]
ST e 28 114.10 273.90 600.40 1831.60 20.23 20084%7-8 H [58]
e AR 240 106.49 138.96 112.73 554.08 1.17 20124E8H [59]

SO SRRHTH B 78 131.20 129.80 67.80 185.97 0.62 20084F3-4 A [5]
ST A I i - - 8133 106.26 33447 4.35 20064F4J] [60]
WS HE - - 5925 7504 56355 0.76 20134E-20144F [61]
WA BHAE. NTE - - 8555 11656 747.30 10.72 20074ET % [62]
#irlne HE - - 26440 53320 5271.00 72.84 - [63]

[ i A N 2 D W 101 149.20 70.80 180.90 46150 - - [64]
vEit fnl 72 138.35 50.66 119.73 279.00 8.82 - [65]
[LER73 TA/N | 25 12520 86.40 147.40 323.40 - - [66]
FXgHt 38 126.70 123.20 408.30 715.10 5.50 20064E2H [67]
FHir HE 28 126.70 123.20 43320 71530 - - [68]

JR AT B 30 135.63 132.17 77.30 375.38 0.13 20084FE5 J [69]

e P fiHE 204 204.00 204.00 204.00 204.00 204.00 20124E7 A [70]
RS Y S T e 91 76.05 5575 77.06 247.08 0.61 - [71]
(@SS NGV 26 189.60 29.40 6490 8950 - 20144E5H [72]
B BRI R 169 54.28 9554 5353 294.47 4.35 20074E8A [73]
L@ AT UIRE X 35 109.70 81.05 82.71 549.02 - 20044E8H [74]

we AT T - - - 6215 - - - [75]

IV R KEE 23 154.00 159.00 296.00 1495.00 0.87 20114F11 H-20124E3 )  [76]

e [ —H DA R SClkEse in L #f D<)
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Fig. 1 Spatial distribution of surface dust in China
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AP ROWTTR RBUREG CONS ERIBIURAT A IES MR EE s BRI A4 X
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B R B e 5 3 o b B R A T AR S R AT, LA KA E A B 1 S bR
BOEAL, MR SR EN RS (K2, £2), 45RERKAEFESERECr, Cu,
Pb. Zn. Cd & it Bt 4 BS R MEIE S 0 A, X e A T X B e . 7845 1) [R) Pk A 1 200
T, FEEIIRCY AR, AR RE BN I 22 (22), ARAEEEL
ERRIBHNA T B eE, BEESRKE SR 010,
32 MRKEESENTEHH
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Fig. 2 Semi-variogram diagram of heavy metal concentrations in dust

Tab. 2 Semi-variogram model parameters of dust heavy metals

SR Cr Cu Pb Zn Cd
e TR TREURAY TR i g i FRHE R
g (Co) 0.02 0.017 0.065 0.021 0.01
HAH (CHC) 0.053 0.055 0.131 0.067 0.034
A (A, m) 7875000 360000 5637000 4190200 4056000
Ji#% (SS) 0.00016 0.000076 0.00029 0.00042 0.00017
FAXFEL (R 0.564 0.614 0.842 0.638 0.593
C/ (Co+C) 0.623 0.691 0.504 0.687 0.706

AR T 5 B AT, ~54.28 mg-kg™e [HIR, Cr & i i E X 50 4 T 1L v
B VLIV RN BT AR, 35 AR AR VA A A A DI, HAt 3 X Cr 7%
ML), X Z2 . Cud B (Eh 629.43 mg - kg™, BLTELRL
BB, FARE B A S kT, 29.4 mg- kg™, R E X T B AR R
PRI, MTEILARAR NS, RIETTAE . AR AL TARMEIX, AEdb45H Cu iy 3 A Xk
TrdEga, HIXBURCAUE. P& A RS SRR P22, 5 Cutili 2
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Fig. 3 Spatial distribution of heavy metal concentrations in dust

{ELIX L IR R A X, AL AR HBIX 44k FARAEIX . Pb f % 2 {E34 %) 3046.67 mg - kg™,
BAEWI R PRI T, FRAR{EN 35.75 mg - kg™, A TEDUIA RIS . Zn &t i f
EE AL A (5271 mg-kgt), HUGEMILE KA (3971.72 mg-kg?),
AR M B St Skl (89.5 mg - kg™), (H S (B X [RIRE HH BRAE AR B AR L IX., 4F



8t FOM A PSR R KA R A BRI B S (B AR 1631

SRR . TLPEAE LR ARA PEICER S B i X, Zn B & e PU AL AR L BB 19
PIEIHAG . Cd 75 2 1) I e (AR IR 43 310 120.76 mg - kg #110.13 mg - kg™, H L7
WA KA T ABE I BUATT , B AR IH e AR R s X, (B MR X,
VoL ivAs L) [T B S i R O G [ L o O 1 s | e A LR s =5 [ i L L =

BRI, Cu. Pb. Zn —FhiE4J&E S & i 2s IR RO AHL, Hfr i s 2K
KEEm—IER, 1 Crfl CdHICH Ba% . 7 EVER N, AR dBHL X 1 3 K b
EEES R, FRIERMINENT AR . WiE R Es S5
33 BEMRRLELESENHESRMKTE

XS 3 A 4 IR A A IR BRI T B Gei T, RIS O M R K 2 T 4 R -1
(B, [RIFFA B SCRIRE A R 45 . EEETT DA HiR X 4 m oo R ) HIETS 5o E™™ (HF
TORIR®G, ANEVER . THE. . B & WS RE) T RIS
BHEO A NS A KA E B ITR N RPUKRE (£3), HRIKEMZERGE (K4),

BE MM EIK AT RN SEFYH SR, EKEPESEICKCr. Cu, Pb,
Zn. Cd Ay 578 1k 70 Bl 43 51 & 57.67~313.86 mg - kg™*. 29.40~190.40 mg - kg™, 51.18~
1271.65 mg - kg™, 89.50~2715.67 mg-kg™. 0.55~36.13 mg- kg™, H:%% H AEIIME 551K
129.21 mg - kg*. 115.99 mg-kg*. 180.90 mg-kg*. 640.81 mg-kg'. 451 mg-kg', Cr.
Cu. Pb, Zn, Cd HiflE 4@ ICR Wi S B MAEILTEA . 28 . MmE . 1L
A A, B AR ARE R L 5.44 4% . 6.481% . 24.851% . 30.341% . 65.941%, M
HEILIAE R, Cd. Zn, Pb & maas AR i R FHAL IR 48 .

SH P EASE M LS S, Bh&A KL Cr. Cu. Pb, Zn, Cd iy EBIRE
o Hp, RREHEUNT LNZR 0 R2BURAL, KT LT T 100 % SRR
5™, 4k 2 B, SENHEK LT Cu, Pb, Zn, CAd¥IRTF L, RHKSEHMHIK
X POFR TR & S A I R e, R RSN Cd, Cd & & REUEEL
F e KAE H BAE IR 4, 353 277.95, T ELAER /044 13 Cd A BEFE B8 3] 1054 L.
MRS . JPE . BRI . LT AR A KA Ph E B R RE R A AR R S
105 UA L, e BRUKAKCE A KRR EWREA , REUEEGEE42.82, Zn 710 . ¥
BT TR R AR RRE O KT 10, TOPEIAF]39.13, HK R I g ik F
22.05, BRINAEFBMLIAL, &80 KA Criy) BRUK R T 1, R4k 258 5
) Cr ¥ ANFFEE A REL, fRa ., Wivr, v, NSl AP Cr & & B AR SR
7.11, 521, 5.08, 4.58, 3.02, FHXJL AWM Cr & EAAE B ERURIL, Cufe)™
RE o™ E, BRIEHCN 1035, Hk 45 428 (9.33), #iil (9.07) ., YLP4
(8.37). #m#d: (7.66).

R [ = K2R B bty 9 R b 36 R 24 v 4 S 1 25 [R1 43 A o W ARER . rhs . T
=X, XK A E 4R ) SRR T (B15), = ANrIXAHEL, Cr. Culi 2
BUKFHEF A . ZRER>HER>PEER, (H2E5 /K40 MPb. Zn, Cd 1) REUKF-t i #)
&R SRS PUHE, T = A XA P, Zn, Cd, HrBE aA g T AR PR,
e Cd, HERET-E) BRI F 63.07, T AEBFIFE I 27.44 F116.21, L) Fik
HIARFR Y Cr Al Cu BBVRIL Z BTG S AR, &R Pb, Zn, Cd SFURAL
Z BN E SR

4 1HE

Xof 2 [l M 3R R A B 4 R Y 5 ARG BT s, 4 0 i DX ) 2 K 2R R
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Fig. 4 Precipitation level of heavy metals in dust in different provinces
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Spatial distribution and accumulation of heavy metals
in urban surface dust of China

WANG Shuo'?, CAI Limei***, WANG Qiushuang"?, LUO Jie**, TANG Cuihua'?,

MU Guizhen**, JIANG Huihao?, LIU Tianyong"?
(1. College of Resources and Environment, Yangtze University, Wuhan 430100, China; 2. Ministry of
Education Key Laboratory of Oil and Gas Resources and Exploration Technologies, Yangtze University,
Wuhan 430100, China; 3. State Key Laboratory of Organic Geochemistry, CAS, Guangzhou 510640, China)

Abstract: Based on the domestic and foreign published papers about heavy metal contents of
urban surface dust, the spatial variation of heavy metal contents in surface dust in China was
explored. Totally, 69 studies on dust Cr, 84 on Cu, 86 on Pb, 79 on Zn and 58 on Cd were
collected. Firstly, the abnormal values were picked up and removed, then the spatial
distribution was obtained through Kriging method and average values in the provinces were
calculated. Meanwhile, compared with the soil background values, the accumulation values of
heavy metal contents were calculated. The results showed that the spatial distribution of heavy
metal contents was universally high and had obvious regional difference. On the whole, the
spatial distribution of Cu, Pb and Zn contents was similar, which was generally dominated by
south- north trend from high contents to low contents, while the spatial distribution of Cr
contents was high in the central part of the country and low in other parts, and Cd contents had
no obvious trends in China. Compared with the corresponding background values of soil heavy
metal concentration, nearly all provinces had higher Pb, Cu, Zn and Cd concentrations, except
for the fact that Cr had no accumulation in Shandong and Guizhou provinces. The highest
enrichment of Cd and Pb was found in Hunan province with 277.95 and 42.82 times of the
background values, and the highest enrichment of Cr was in Fujian province with 7.11 times of
the background values. The highest Cu enrichment was in Guangdong province with 1.35 times
of the background values; and the highest Zn enrichment was in Jiangxi province with 39.13
times of the background values, respectively.

Keywords: surface dust; heavy metals; accumulation; spatial distribution; China



