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Abstract; The rapid gﬁ;'ani.zaij(;n in China may lead-t0 heavy'fr‘n;la‘ polhitipil.inl aitban soil, threatening lhe.wﬁ‘eallh of residents; By collecting literature data p;lblished in tH'e.J
last 15 years, the chiaracteristics and risks of heavy metals in the"ufban soils off82 cities in China were analjzed. -I'Fhe results showed that the average w(Pb) , ‘w(Cd) , ‘w(C)
and @(Zn)n the uthan soils of China were 58.5, 0.49, 412 1% and 156,3 mg-kg ™", respectively, and the average I,,,, values were ordered as follows Cd (1. 10')"> 7n
(0.36) > Pb(0.28) > Cu(®:13). The high concentrations of heavy“‘metalé in the utban'soils were mainlyfound in cities located in cgastal economically developed provinces
(stieh’as Jiagsu, Zhejiang | elc. )7and resource-based provinces ( su(}h as Hunar , _I:I,e-nan, Inner Mongolia, etc. ). The cities of Kaiféng, Yangzhou, Hohhot, Taiyuan, and
Xiangtan had relatively high 7, values for heavy metals infthe soils. The goncentrations of heavy metals in soils from industrial areas and roadsides were significantly higher
than those from residential areas and parks, suggesting that heavy traffic and developed heavy industry were the main causes of heavy metal accumulation in the urban soils. No
significant’correlations between the average concentrations of heavy metals in urban soil and urban economic and environmental indicators [ such as permanent population,
GDP, p (PM,y), p(PM, 5), and SO, emissions] were found. The concentrations of heavy metals in urban soils showed large spatial heterogeneity, and hence the average
concentrations may not reflect the overall accumulation level in a city. The non-carcinogenic risks for children posed by heavy metals in urban soils were generally low, and the
main risk contributor was Ph. However, the exposure to heavy metals in soils in cities with developed smelting industries is worthy of attention.

Key words; urbanization; health risk assessment; cadmium; lead; economic indicators; data integration and analysis
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Table 1 ~ Summary of heavy metal concentrations and 7, values in urban soils of major cities in China
e 7T<1¢ w/mg kg Lo p/pgem”? BAEAR GDP
HEC O Pb cd Cu Zn Pb cd Cu Zn  PM,, PM,s SO, /TN /Lot
4R 132 64.6 0.30 58.8 200 1.07 1.19  0.80 1.22 50 442 [30]
T 62 18.3 0.94 242 221 -0.81 274 -0.41  1.09 384 1932 [31]
33k 88 39.8 0.29 27.8 79.5 0.63 1.8  0.38 -0.16 286 3868  [32]
Jext 232 25.4  0.14 20.8 80.3-0.18  0.05 -0.50 -0.12 76.3 92.0 10.0 2173 25669  [33]
K& 153 46.9 0.24 21.1 136  0.22 0.96 -0.62 0.53 46.0 79.3 28.0 753 5986  [34]
Kb 54 501 0.74 37.1 111  0.25 2.09 -0.07 0.00 552 80.8 15.8 696 9357  [35]
R 18 542 0.11 50.3 133 0.66 -0.8 0.18 0.22 67.3 111 14.6 1592 12170 [36]
R 48 326 0.98 24.6 96.8 -0.11  2.22 -0.48 -0.28 552 80.4 12.8 3392 17559 [37]
LoALE 161 78.6 0.02 28.5 63.4 1.07 -2.43 -0.55 -0.64 799 1402 [38]
e 31 71.7 0.46 66.2 209 -0.47 0.38 0.95 0.19 27.3 529 6.00 687 6198  [39]
Il 78 65.4 0.23 41.6 277 -0.22 -0.47 0.34  1.38 36.0 56.0 12.0 870 19547  [40]
Bt 50 79.5 0.98 66.1 243  0.53 0.62 -0.46 0.56 37.0 64.3 13.2 470 3158 [9]
3| 70 29.1 0.25 26.7 84.1-0.45 1.47 1.21  0.25 21.6 39.9 590 224 1258 [41]
B 182 882 1.20 520 206 1.21 274 0.8  0.96 47.3 76.9 11.6 736 9835  [42]
M 7RI 53 41.1 0.13 345 109 0.32 0.07 0.44 035 53.5 77.4 21.3 962 6102  [43]
HHe 151 37.0 0.20 386 109 -0.01 1.11 -0.06 0.03 57.3 83.0 15.0 730 6274 [44]
R 36 242 019 2L7 -0.72  0.38 -0.49 f 389/ 9641 [[45]
IERIEEE 45 15.6 31.2 68.2 3.22 _ 0.55 -0.24  40.8- 94.3 1 29.6 241 574" L27]
HH 145 49.2  0.24 79.4 254  0.28, _0.55  0.97 1.28 — 734 5}5216 _[i46]
s 4 258 15.0 16.4 0. 464 -0.82 -2.69 A56 644 | 14.4 486 38497 [47]
TrE 99 36.7 1.05 36.4 164 0.32 3.24 0.30 0.86 L el ' ‘ 455 | 1gss 2s)
. 204 60.3. 1.32 111 151, -0.12% 2.8 -0.07 0.6l / 27.7 5-“‘“‘56. 9 164 673 4342~ [48)
Bl 126 281 [0.16 28.5 0 18 0260 & 7 L WOV 166 316047,49]
¥ 106 4428 1017 30.6 13 004l S ) o [50].-
w1679 240l 0.16 Jor.sl 114 ¥ 160 40 272 (51140
2 117 740, 7 52.4 71 69 101/ _7 0 140 Y 186 34 2264 452]
% 687 5616 0.65 34.8 23 L7021 ’ 680 3820~ [83]
= 396 33.9 0.16 26.8 .40 -0.63 .43.9. 80.4 168 523 4402 “[54]
Mag |18l ¥ L1 765 .57 0.90 % 46.1 83.8 178 827 10503  [55]
T 46 5 65.6 J0.7T 45.6 ; - .34 0.07  37.7 63.9 12.4 [56]
SRy 177 320 0.29 648 158 -0.53 4#=F29  0.47  0.29 124 1015 [57]
H 83 271 0.11 18.0 49.7-0.51 -0.13 -1.00 -0.94 43.8 859 20.4 770 10011 [58]
ifg 127 119 0.33 550 229 1.52 0.51 0.3¢ 0.50 42.7 59.0 15.0 2450 28179  [59]
LKA 74 45.5 41.1 149 0.11 -0.54  0.38 548 94.7 45.7 281 647  [60]
I 98 835 0.59 73.1 212 0.63 2.7l 1,52 1.58 27.4 42.0  8.00 1191 17493 [61]
AXRE 220 31.0 0.28 27.4 105  0.08 .09 -0.17 0.24 104 171 40.4 1078 5928  [62]
Pyl 167 40.3  0.33 0.03  0.80 45.2  72.3 16.6 678 15475  [63]
Kt 54 18.0 0.11 32.4 92.0-0.77 -0.66 -0.08 -0.25 71 1155  [64]
KI5 21 247 0.14 30.3 148 3.03 -0.41 -0.16 0.65 71.7 131 71.6 370 2956 [28]
Kt 128 21.4 0.50 28.7 95.1-0.80 1.09 -0.63 -0.39 70.8 103 21.0 1044 17885  [65]
B 26 1.90 66.5 116 -4.07 1.05  0.16 84 312 [66]
L&k 63 509 0.58 47.3 152 0.90 1.51 0.07 0.50 75.8 123 14.6 268 2459  [67]
TN 23 65.2 34.6 169 0.25 0.49 0.53 380 685 13.0 818 5102 [68]
JEH 153 29.1 1.16 35.0 96.8 -0.36  2.03 -0.47 -0.25 388 2699  [69]
V9% 62 37.1 32.5 101 0.05 -0.30  0.04 71.0 137 20.0 825 6282  [70]
T 65 466 0.33 68.9 564 3.39 0.8 0.75 1.99 290 1867  [26]
[y 155 34.9 20.9 48.6 -0.05 -0.82 -0.98 48.9 118 30.0 231 1132 [71]
3l 172 355 0.40 43.8 163 -0.15 1.09 0.39 0.80 61.5 119 34.2 871 5809 [72]
M 72 67.2 1.98 66.3 216 0.8 491 1.07 1.26 50.6 87.1 22.2 462 4449  [29]
| 80 29.0 0.15 40.4 74.9 0.00 -0.20 0.49 -0.06 56.3 118 55.1 223 1618  [73]
IR 196 36.3 29.6 494 0.43 0.50 2.97 78.5 144 28.4 972 8114  [74]
R 60 86.0 0.61 37.4 141 0.95 1.69 -0.13 -0.0l 402 2489  [75]
F-HE 58.5 0.49 42.1 156.3 0.28 1.10  0.13  0.36 52.4 90.7 21.4 693 6 407
e/ ME 1.90 0.02 15.0 16.4 -4.07 -2.43 -1.00 -2.69 21.6 39.9  5.90 50 312
FC N1 466 1.98 111 564  3.39 491 1.52 2,97 104 171 71.6 3392 28179

1) BT 2016 4E1 p(PM,,) | p(PM, ) F1 SO, HEBUE B AR IR T ELS W (www. 2q12369. com) 5 53K 17 2016 41 A A1 GDP £ 4 ke i T

k[ 14]
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Fig. 1 Distribution of heavy metal concentrations in urban soil of major cities in China
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Table 2 Concentration, 1, a0 2 and NIPI values for heavy metals in urban soils under different land uses of major cities in China

VH i/ mg kg

I 0

e
LA Pb cd Cu Zn Pb cd Cu Zn NIPI
TalkIX 60.0 0. 61 54.2 285 0.37 1. 60 0.63 0.94 35.4

N 44.7 0.32 31.3 131 0.43 0.50 -0.11 0.29 7.72
2E3E X 92.0 0. 66 50.3 221 1.05 1.62 0.58 0. 89 36.9

JERX 46.9 0. 44 34.1 132 0.18 1.06 -0.22 0.03 8.13

1, UL BH Tl 2 32 3 328 i 2 R 1 3k vl AR 5% v
2.4 T - A Jm AH R AT

T 49 T 4 I o0 R 2 A I o AT 4 SR Lk
3.3 3 Zn 5 Pb, Cd FIl Cu 7776 18 38 O AR G
(P<0.05),[7lf Cu 5 Cd WAFTES W35 BOME k.

WX S G Jm HA AL SR IR, s i@ B, fe
AR R B Cd | Zn AT Cu 7R T8 %5 14 +
Herh BB B e RIIR AR A, A
A BERAEME(GDP) | p(PM,,) | p(PM, 5) fl
SO, HEMCEESE AT LATE—E i B2 b S et 3l T 2
HERC R PR AR S R B A TS GE
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Fig. 3 Non-carcinogenic risks for children posed by heavy metals
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Table 3  Correlations of heavy metal concentrations in urban soils of major cities in China with urban environment and economic indicators

Pb Cd Cu Zn PM,, PM, 5 50, wEAD GDP
Pb 1 0. 164 0.264 0.398 ** -0.222 -0.222 0. 094 0.190 0.217
Cd 0.163 1 0.381" 0.526 ™ -0.295 -0.293 -0.326 0.035 0. 047
Cu 0.264 0.381" 1 0.720 -0.180 -0.243 -0.179 -0.101 0. 007
Zn 0.398™  0.526™ 0.720 ™ 1 -0.129 -0.133 -0.107 0.053 0.133
1) *FmR P<0.05, ™ Fmw P<0.01
x4 PEFEHTIEESEAREREZZEBERRENRITNER
Table 4 Non-carcinogenic risks of heavy metals in urban soils of major cities in China under different exposure routes
i H HQup HOQ e HQ sy HI
FHfE 0.238 0.0187 0. 000 120 0.257
T/ ME 0.0332 0. 000 397 0. 000 004 14 0.0336
RfE 1.75 0. 0757 0. 000 846 1.80
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