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Characteristics and Risk Assessment of Heavy Metals in Urban Soils of Major Cities in

China
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Abstract: The rapid urbanization in China may lead to heavy metal pollution in urban soil, threatening the health of residents. By collecting literature data published in the
last 15 years, the characteristics and risks of heavy metals in the urban soils of 52 cities in China were analyzed. The results showed that the average w( Pb) , w( Cd) , w( Cu)
and w( Zn) in the urban soils of China were 58.5, 0.49, 42.1, and 156.3 mg+kg ™", respectively, and the average I a0 Values were ordered as follows Cd(1.10) >Zn
(0.36) >Pb(0.28) >Cu(0.13). The high concentrations of heavy metals in the urban soils were mainly found in cities located in coastal economically developed provinces
(such as Jiangsu, Zhejiang, etc.) and resource-hased provinces ( such as Hunan, Henan, Inner Mongolia, etc.) . The cities of Kaifeng, Yangzhou, Hohhot, Taiyuan, and
Xianglan had relatively high 1,,,, values for heavy melals in the soils. The concentrations 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, ) , 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 Pb. However, the exposure to heavy metals in soils in cities with developed smelting industries is worthy of attention.
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Table 1 ~ Summary of heavy metal concentrations and /,., values in urban soils of major cities in China
YT FRE w/mg kg™ Lyeo p/ug-m”~> WEAR GDP
H=E P cd Cu Zn Pb cd Cu Zn PM,, PM,; SO, IDiPN 1127t

48 132 64.6 0.30 58.8 200 1.07 1.19  0.80 1.22 50 442 [30]
e 62 18.3 0.94 242 221 -0.81 2.74 -0.41 1.09 384 1932 [31]
£13k 88 39.8 0.29 27.8 79.5 0.63 1.88  0.38 -0.16 286 3868  [32]
Jbst 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 50.1 0.74 37.1 111 0.25 2.09 -0.07 0.00 552 80.8 15.8 696 9357  [35]
%A 18 542 0.11 50.3 133 0.66 -0.86 0.18 0.22 67.3 111 14.6 1592 12170 [36]
WH 48 32.6 0.98 24.6 96.8 —0. 11 2,22 -0.48 -0.28 55.2 80.4 12.8 3392 17559  [37]
SRS 161 78.6 0.02 28.5 63.4 1.07 -2.43 -0.55 -0.64 799 1402 [38]
N 31 71.7 0.46 66.2 209 -0.47 0.38 0.95 0.19 27.3 52.9 6.00 687 6198  [39]
7 78  65.4 0.23 41.6 277 -0.22 -0.47  0.34 .38 36.0 56.0 12.0 870 19547  [40]
HIH 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]
fiAn| 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 88.2 1.20 52.0 206 1.21 274  0.83  0.96 47.3 76.9 11.6 736 9835  [42]
W R 53 41.1 0.13 345 109 0.32 0.07 0.44 0.35 535 77.4 2.3 962 6102  [43]
AE 151 37.0 0.20 38.6 109 -0.01 1.11 -0.06 0.03 57.3 83.0 150 730 6274  [44]
W 36 242 0.19 21.7 -0.72  0.38 -0.49 389 964  [45]
I R 4 45 15.6 31.2 68.2 3.22 0.55 -0.24 40.8 94.3 29.6 241 3174 [27]
g 145 49.2 0.24 79.4 254 0.28 0.55  0.97 1.28 734 5546  [46]
416 42 25.8 15.0 16.4 —0.46 ~0.82 -2.69 45.6 64.4 14.4 486 3849  [47]
PiEC] 99 36.7 1.05 36.4 164 0.32 3.24 0.30 0.86 455 1755 [25]
B 204  60.3 1.32 111 151 -0.12 2.82 -0.07 0.61 27.7 56.9 16.4 673 4342 [48]
Rl 126 28.1 0.16 28.5 115 -0.15 -0.04 -0.18  0.26 166 3160  [49]
¥IE 106 42.8 0.17 30.6 94.1 0.22 0.70 -0.13  0.04 [50]
R L 1679 24.0 0.16 -0.43  0.18 67.8 114 16.9 470 2721 [51]
22 117 42.7 52.4 184  0.49 0. 69 1.01  55.0 140 18.6 324 2264  [52]
% 63 56.6 0.65 348 294 0.95 255 0.23 1.70 680 3820  [53]
HE 396 33.9 0.16 26.8 79.5-0.38  0.20 -0.40 -0.63 43.9 80.4 16.8 523 4402 [54]
Hint 181 111 .11 76.5 196 .66 2.19 0.57 0.90 46.1 83.8 17.8 827 10503  [55]
T 46 65.6 0.77 45.6 105 0.86 2.68 0.34 0.07 37.7 63.9 12.4 (56]
BERAL 17 32.0 0.29 648 158 -0.53 .29  0.47  0.29 124 1015 [57]
# 83 27.1 0.11 18.0 49.7-0.51 -0.13 -1.00 -0.94 43.8 85.9 20.4 770 10011 (58]
i 127 119 0.33  55.0 229 .52  0.51 0.34  0.50 42.7 59.0 15.0 2450 28179  [59]
W 74 45.5 41.1 149 0.11 -0.54  0.38 54.8 94.7 457 281 647  [60]
sl 98 835 0.59 731 212 0.63 271 1.52 1.58 27.4 42.0 8.00 1191 17493 [61]
HRE 220 31.0 0.28 27.4 105  0.08 .09 -0.17  0.24 104 171 40.4 1078 5928  [62]
o 167 40.3 0.33 0.03  0.80 45.2  72.3  16.6 678 15475  [63]
Ko 54 18.0 0.11 32.4 92.0-0.77 -0.66 -0.08 -0.25 71 1155  [64]
KJE 21 247 0.14 30.3 148 3.03 -0.41 -0.16 0.65 71.7 131 71.6 370 2956 [28]
PNES 128 21.4 0.50 28.7 95.1 -0.80 .09 -0.63 -0.39 70.8 103 21.0 1044 17885  [65]
ol 26 1.90 66.5 116 —4.07 .05 0.16 84 312 [66]
[EXY S 63 50.9 0.58 47.3 152 0.90 1.51 0.07 0.50 75.8 123 14.6 268 2459  [67]
N 23 65.2 34.6 169  0.25 0.49 0.53 38.0 68.5 13.0 818 5102 [68]
JE I 153 29.1 1.16 35.0 96.8 -0.36  2.03 -0.47 -0.25 388 2699  [69]
fikq 62 37.1 32.5 101 0.05 -0.30  0.04 71.0 137 20.0 825 6282  [70]
v 65 466 0.33 68.9 564 3.39 0.80 0.75 1.99 290 1867  [26]
ik 155 34.9 20.9 48.6 -0.05 -0.82 -0.98 48.9 118 30.0 231 1132 [71]
B 172 35.5 0.40 43.8 163 -0.15 .09 0.39 0.8 61.5 119 34.2 871 5809  [72]
B 72 67.2 1.98 66.3 216 0.84  4.91 1.07 .26 50.6 87.1 22.2 462 4449  [29]
BN 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]
M 196 36.3 20.6 494  0.43 0.50 2.97 78.5 144 28.4 972 8114  [74]
PR 60 86.0 0.61 37.4 141 0.95 1.69 -0.13 -0.01 402 2489  [75]
S 58.5 0.49 421 156.3 0.28 .10 0.13  0.36 524 90.7 2.4 693 6 407

/MY 1.90 0.02 15.0 16.4 -4.07 -2.43 -1.00 -2.69 21.6 39.9  5.90 50 312

e KAE 466 1.98 111 564 3.39 4.91 1.52 2.97 104 171 71.6 3392 28 179

1) &3R5 2016 4EB p( PMyg) « p( PMy 5) Fil SO, HE7 i B A U5 T BRI ( www. 2q12369. com) 5 43115 2016 4R B9 A 1 GDP 2 55 Bl R U5 T

Sk [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,

2e0 *
geo

and NIPI values for heavy metals in urban soils under different land uses of major cities in China

SEH & /mg kg !

geo
LRI Pb Cd Cu Zn Pb Cd Cu Zn NIPL
Tk X 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
A& X, 92.0 0. 66 50.3 221 1.05 1.62 0.58 0. 89 36.9

Ji RIX 46.9 0.44 34.1 132 0.18 1. 06 -0.22 0.03 8.13

o, W0 ] Tl 3% Bl 0 32 38 3 A e 3R 3 T P
F4 R M) EEORIE.
2.4 I A G R AR OGS b

ST - A 4 T B Z AIAH DR A3 BT 2 2R L2
3. 3T 4 Zn 5 Pb. Cd Al Cu £77E 5 35 (1 AH S
(P <0.05) ,[FEf Cu 5 Cd WAFAEE 135 M AH DG

VEWIIX LT G Jm HA FAL AR I, s i@ B #e
A RR 4 B B 2 3L Cd | Zn A1 Cu FE3E R 30 +
B SR T 0 22 B RSRBEAEAR f0dnk h  fE
ANH L ERAEME(GDP) | p( PM,) . p( PM, 5) Fi
SO, HEMCE A5 n] LAAE—E R BE L S Bk Hh T 3 2
Hea i R AR AR R, © A HE TR E
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Fig. 2 Distribution of NIPI values for heavy metals

in urban soils of major cities in China
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Fig. 3 Non-carcinogenic risks for children posed by heavy metals

in urban soils of major cities in China
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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 S0, LLENE| GDP
Pbh 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) " /K P<0.05, ™ #/R P<0.01

x4 FEFEHTIEESETRARREERERBBRERNRITNER

Table 4  Non-carcinogenic risks of heavy metals in urban soils of major cities in China under different exposure routes

iH HQupy HQueppe HQ gy HI
SEHA{H 0.238 0.0187 0. 000 120 0.257
e/ ME. 0.0332 0. 000 397 0. 000 004 14 0.0336
SCoNIE 1.75 0. 0757 0. 000 846 1.80




14 YA T R L G RAURHIE S XU A 7

Ja BT A B T AR - T G e Y R R KU
3 &ig

T X & SR IS R, e IR [ 2
BRIt FIEE 48 o(Pb) . w( Cd) . w( Cu) Al
w( Zn) ¥J{H 4> 5 Hg: 58.5. 0.49. 42.1 F1 156.3
mg-kg ™' YR B 4 E 1, FXE A Cd( 1. 10)
>7n(0.36) >Pb(0.28) >Cu(0.13). I, (HEEH
T AR JRET, M R R L R BT A
WL, X Sk 300 Ak i 2gim iz i . &8 T
FAH VR4 3 b A i T AT A 6. 3. [
T Tl XA AE T X+ 4 e e e T
B XA el 392, 158 BH M 396 3l 7 52 3 1 B A 3k i
T HEER SR EEORR. S R E AR R
S %A N T GDP, p( PM,y) . p( PM, ) #iI
SO, HEMCEL S5 IR BT ML U8 b5 Z [RIAH A B 3
AR A 5 1 24 M A SZ e 1 3k T 4 kY5 ek
S i R XU TP/ 5 S 2 BH R 3k i v - 4 4
J& LB AR 200 KU Ak T2 427K -, Ph ok 322 KUK T
. SR AR RS A 1 R A, s>
JUEEAEH ] b Be BT[], e Bz fih - 585 K T,
A BT B AR LA B XU
SE X ik:

[1] Manno E, Varrica D, Dongarra G. Metal distribution in road
dust samples collected in an urban area close to a petrochemical
plant at Gela, Sicily [J].
(30) : 5929-5941.

[2] Gope M, Masto R E, George J, et al. Bioavailability and health
risk of some potentially toxic elements ( Cd, Cu, Pb and Zn) in

India [J].
Environmental Safety, 2017, 138: 231-241.

[3] TongS M, Li HR, Wang L, et al. Concentration, spatial

Atmospheric Environment, 2006, 40

street dust of Asansol, Ecotoxicology and

distribution, contamination degree and human health risk
assessment of heavy metals in urban soils across China between
2003 and 2019-a systematic review [J].
Environmental Research and Public Health, 2020, 17(9) , doi:
10. 3390 /ijerph17093099.

[4] GuYG, Yuan P P, Lin Q. Contamination, bioaccessibility and

International Journal of

human health risk of heavy metals in exposeddawn soils from 28
urban parks in southern China’s largest city, Guangzhou [J].
Applied Geochemistry, 2016, 67: 52-58.

(5] ik, 4, PeEcde, 5. S URTC 0 YT 48 X 1 12

FERIBITI S BN A ReAE (D], A2k, 2016, 35
(3): 772-780.
Fang S B, Cui Q, Pang H H, et al. Source-sink theory based
distribution characters of soil heavy metals along an urban-rural
gradient in Pudong new district [J]. Chinese Journal of Ecology,
2016, 35(3) : 772-780.

[6] Peng C, Wang M E, Chen W P, et al. Mass balance-based
regression modeling of Cd and Zn accumulation in urban soils of
Beijing [J]. Journal of Environmental Sciences, 2017, 53: 99—
106.

[7] BiXY, Liang S Y, Li X D. A novel in situ method for sampling

(10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

urban soil dust: particle size distribution, trace metal

concentrations, and stable lead isotopes [J]. Environmental
Pollution, 2013, 177: 48-57.

Xie S W, Yang F, Feng H X, et al. Assessment of potential
heavy metal contamination in the peri-urban agricultural soils of
31 provincial capital cities in China [J]. Environmental
Management, 2019, 64(3) : 366-380.

Li XY, Cao Y J, Qi L, et al. The distribution characteristics of
heavy metals in Guiyang urban soils [J].
Geochemistry, 2012, 31(2) : 174-180.
Cheng H X, Li M, Zhao C D, et al. Overview of trace metals in

Chinese Journal of

the urban soil of 31 metropolises in China [J]. Journal of
Geochemical Exploration, 2014, 139: 31-52.

Pan L. B, Wang Y, Ma J, et al. A review of heavy metal
pollution levels and health risk assessment of urban soils in
Chinese cities [ J ]. Environmental Science and Pollution
Research, 2018, 25(2) : 1055-1069.

R R v o s e e 1 B TSR S ) N M 2
BERESHAR, 2011, 34( S2) : 60-65.

Chen X D. Study on the spatial distribution and pollution
evaluation of heavy metal in urban soil of China [ ] ].
Environmental Science and Technology, 2011, 34( S2) : 60-65.
B, By, R 3 4R S IR R LA ()]
SR ATHBEE, 2017, (10) : 198-199.

E R Rt S v A ). o BT e AR 42017
(M. b5t PRSI AEE, 2017.

Wang L J, Lu X W, Ren C H, et al. Contamination assessment
and health risk of heavy metals in dust from Changqing industrial
park of Baoji, nw China (1].
2014, 71(5) : 2095-2104.
Ma Z W, Chen K, Li Z Y, et al. Heavy metals in soils and road
China: a

Journal of

Environmental Earth Sciences,

dusts in the mining areas of western Suzhou,
preliminary identification of contaminated sites [J].
Soils and Sediments, 2016, 16( 1) : 204-214.
PR, BERG, HIEE, % P ELHOTRT RIEAL
THEBCHARHE (1], P EIFREEII, 1991, 7(1) = 1-6.

Wei 'S, Yang G Z, Jiang D Z, et al. Basic statistics and
characteristics of background values of soil elements in China
[J]. Environmental Monitoring in China, 1991, 7(1): 1-6.
wRM, B, EEER, S TR EUK R G i Yy
fiE R Ade e KU PP A [T]. BRBERL 2, 2021, 42(4): 1714-
1723.

Huang H W, Xiao H, Wang D Q, et al. Pollution characteristics
and health risk assessment of heavy metals in the water of Lijiang
river basin [J]. Environmental Science, 2021, 42(4): 1714-
1723.

Peng C, Cai Y M, Wang T Y, et al. Regional probabilistic risk
assessment of heavy metals in different environmental media and
land uses: an urbanization-affected drinking water supply area
[J]. Scientific Reports, 2016, 6, doi: 10. 1038 /srep37084.
Chen Y R, Xu X J, Zeng Z J, et al. Blood lead and cadmium
levels associated with hematological and hepatic functions in
patients from an e-waste-polluted area [J]. Chemosphere, 2019,
220: 531-538.

Gaier E D, Kleppinger A, Ralle M, et al. High serum Cu and
Cu/Zn ratios correlate with impairments in bone density, physical
performance and overall health in a population of elderly men with
frailty characteristics [J]. Experimental Gerontology, 2012, 47
(7): 491-496.

Chabukdhara M, Nema A K. Heavy metals assessment in urban

soil around industrial clusters in Ghaziabad, India: probabilistic



8 w5 B 3 %
health risk approach [J]. Ecotoxicology and Environmental metals accumulation risk in urban soils of Beijing and its
Safety, 2013, 87: 57-64. influencing factors [J]. Environmental Pollution, 2016, 210:

(23] LiuP P, Ren HR, Xu H M, et al. Assessment of heavy metal 174-181.
characteristics and health risks associated with PM, 5 in Xi‘an, [34] oA, witAZE, EEE, & KRENARNEX LRSS
the largest city in mnorthwestern China [J]. Air Quality, IS YGRS (1], Tk %4 5344, 2018, 44( 10) : 102—
Atmosphere & Health, 2018, 11(9) : 1037-1047. 106.

[24] Han Q, Wang M S, Cao J L, et al. Health risk assessment and Shen M N, Han X K, Kang C Y, et al. Ecological risk
bioaccessibilities of heavy metals for children in soil and dust from assessment of soil heavy metal pollution in different function areas
urban parks and schools of Jiaozuo, China[J]. Ecotoxicology and in Changchun [ J ]. [Industrial Safety and Environmental
Environmental Safety, 2020, 191, doi: 10. 1016/j. ecoenv. Protection, 2018, 44( 10) : 102-106.

2019.110157. [35] Mal, Yang Z G, Li L, et al. Source identification and risk

[25] Zs—z, Ogdk, xfmr, & JTEIT HIERESBIT K assessment of heavy metal contaminations in urban soils of
WEAE B R TEN [T]. A EER 2%, 2015, 36(3): 1037- Changsha, a mine-impacted city in southern China [J ].
1044. Environmental Science and Pollution Research, 2016, 23(17) :
LiYM, MaJ H, Liu D X, et al. Assessment of heavy metal 17058-17066.
pollution and potential ecological risks of urban soils in Kaifeng [36] Zhang X X, Zha T, Guo X P, et al. Spatial distribution of metal
City, China [J]. Environmental Science, 2015, 36( 3): 1037- pollution of soils of Chinese provincial capital cities [J]. Science
1044. of the Total Environment, 2018, 643: 1502-1513.

[26]  FHabk. IR T % 4 S T A Jm S Bt (DL [37] WA, 22T, ki, 5. W RIMX LR AR
T WIFRHOR:, 2014, 10-25. TR [T]. FERITE R 24 40 ( AR ERR) | 2012, 29
Jiang W L. Study on heavy metal pollutions in soil and dust of (5): 3135.
road in Xiangtan city [D]. Xiangtan: Hunan University of Wang J L, Li Z P, Yang Z M, et al. Specificity of heavy metal
Science and Technology, 2014. 10-25. soils in core zone of Chongqing [J]. Journal of Chongging Normal

[27] #prkik, ENGE, DB IPRSR Ak R 4w s University ( Natural Science) , 2012, 29(5) : 31-35.
FRAERATH (D], deri@ s, 2019, (16) : 110-116. (38] xlgtZs, Lok, REL, 5. BT AL X 15 H 4
Yang Y Z, Yan H X, Ma M D. Characteristic and evaluation of Jo B BARAE R s YeirAn (1. s, 2019, 14(2): 73-
soil pollution by heavy metal in different greenbelts of Hohhot 77.

[J]. Northern Horticulture, 2019, ( 16) : 110-116. Liu J K, Wang J L, Yin Y Z, et al. Accumulation characteristics

[28] 2R, TN, (S, KJEAT L1 E 48 15 Y ss a0 S and pollution evaluation of heavy metals in soils of Fuyang City
W [J]. 3Esfk2#, 2015, 34(4) : 772-778. planning area [J]. Urban Geology, 2019, 14(2) : 73-77.

Li K, Ding Q Q, Fu S. Spatial distribution and assessment of [39] farEtes. Ml 5E X 4 HE R 42 V5 Yo ke fiF Kot A (D]
heavy metals from the soil of different functional areas in Taiyuan SRR BRBIFARR) , 2013, 22(6) - 414-417.
City [J]. Environmental Chemistry, 2015, 34(4) : 772-778. He R T. Study on the characteristics and the analysis of causes of

(29] xS, ETuk, BRSE. M E K PN+ E RS soil heavy mental pollution in Fuzhou urban core [J]. Journal of

Yers I 534 (J]. P R F a2 ARBFE ) , 2011, 14 Yunnan University of Nationalities ( Natural Science Edition) ,
(4): 78-82. 2013, 22(6) : 414-417.
Liu W T, Wang Z B, Chen M R. Detection and evaluation of [40] Cai Q Y, Mo CH, Li HQ, et al. Heavy metal contamination of
heavy metal contamination of roadsides soil in Yangzhou city [Jl. urban soils and dusts in Guangzhou, south China [J].
Journal of Yangzhou University ( Natural Science Edition) , Environmental Monitoring and Assessment, 2013, 185 ( 2):
2011, 14(4): 78-82. 1095-1106.

[30] ZA%C, Edh, BRB, % ARGRRIEKERESE 1] A 10 LB S R 75 R G 5 A A U BT
15 YRR AE K A B KU E A (). 2R3 22 2k, 2017, 36 1. &%, 2014, 33(2) : 421-428.

(5): 1408-1418. He Y S. Pollution characteristics and ecological risk assessment
LiY W, Wang J, Ju T Z, et al. Heavy metal pollution of heavy metals in Haikou urban soils [J]. Chinese Journal of
characteristics and human health risk assessment in soils from Ecology, 2014, 33(2) : 421-428.

different functional areas of Baiyin, Gansu, China [J]. Chinese [42] Lu S G, Bai S Q. Contamination and potential mobility
Journal of Ecology, 2017, 36(5) : 1408-1418. assessment of heavy metals in urban soils of Hangzhou, China:

[31] k%, w3, 29575, & 0 IX - HE 4 E 25 606 relationship with different land uses [J]. Environmental Earth
TERAES RPN ], FREEESHE, 2018, 32(10) : Sciences, 2010, 60(7) : 1481-1490.

100-106. (43]  SRAM], SBREE, TIKH, . WRRIETTIRTT L 8w 2
Zhang J, Dong J, Liang Q F, et al. Spatial distribution and risk [a) 23 A5 R AE AR ST (1], ZRIbgell K224, 2010, 41
assessment of heavy metals in urban soils of Baoji city [J]. (7): 56-61.

Journal of Arid Land Resources and Environment, 2018, 32 Zhang ] M, Chi F Q, Su Q R, et al. Study on spatial variability
(10) : 100-106. of soil heavy metal in Harbin building area [J]. Journal of

[(32]  SRERL, SKAELE, BoRak, 45 BRI AEX - E 4 Northeast Agricultural University, 2010, 41(7) : 56-61.

JEIE YA (D] K R OREERFSE , 2016, 23(2) : 352-356. (44]  Zemhs, RAKD, THEE. AICTTHTT L3N E &R TR & i

Zhang L K, Zhang H J, Huang X M, et al. Assessment of soil Kezs (@) A (1], S R8s S5 i 2 4%, 2009, 22(3) :

heavy metal pollution in different function areas in Baotou [J]. 24-27.

Research of Soil and Water Conservation, 2016, 23(2): 352- LiZF, Zhu J Y, Wang L. C. Heavy metal contents and their

356. spatial distribution in urban soil of Hefei City [J]. Urban
[33] Liu R, Wang M E, Chen W P, et al. Spatial pattern of heavy Environment & Urban Ecology, 2009, 22(3) : 24-27.



14

A P T YT I BB 5 R A 9

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

Liu Y, Shen G G, Chen X Y. Assessment of heavy metal
pollution and human health risk in urban soils of a coal mining
city in east China [J]. Human and Ecological Risk Assessment:
An International Journal, 2016, 22( 6) : 1359-1374.

ShR A W I T E AN X T A R T Y KU A (D]
TP S0P 25, 2010, 30(12) : 67-69.

AHRRE, R A, MAKE, S KA E SR S
& R M — L e o (1] T ARME SRR
%, 2014, 21(10) : 7-12.

She L' L, Li F Q, Shi Q W, et al. The influence of the heavy
metal content in urban dust on heavy metal in urban soil —
taking Jinhua City as an example [J]. Guangdong Trace Elements
Science, 2014, 21( 10) : 7-12.

gPL. R WITT 43 B E R PR M IR AL A R K s
AEALBET [D]. B BWIFIT K%, 2015. 36-46.

. B L A3 T 4 R 43 () 43 A REAE B KU PRAG 5 [D ]
PR MRUKSE, 2010, 15-25.

W, B, SR, SF. AR AL T T 1 4
JEAR . A5 ) 43 A BV AE A S U TR [J]. R B R,
2015, 36(2): 507-515.

Dai B, Lv J S, Zhan J C, et al. Assessment of sources, spatial
distribution and ecological risk of heavy metals in soils in a
typical industry-based city of Shandong province, eastern China
[J]. Environmental Science, 2015, 36(2) : 507-515.

BAE, IROCRE, R, AR R M IX TR 4 I i YR L O
# 1], WIRSE, 2011, 35(5) : 675-679.

Cai K, Luan W L, Li C, et al. The evaluation of soil heavy
metal pollution degree in Langfang [J].
Geochemical Exploration, 2011, 35(5) : 675-679.

Wang B, Xia D S, Yu Y, et al. Magnetic records of heavy metal

Geophysical and

pollution in urban topsoil in Lanzhou, China [J]. Chinese
Science Bulletin, 2013, 58( 3) : 384-395.

XU, R, B, A5 TR % BH T AN [R) Zh A IX 1 45
AR TG YR BT [J]. FRBeRE:, 2016, 37(6) : 2322-
2328.

Liu Y N, Zhu S F, Wei X F, et al. Assessment and pollution
characteristics of heavy metals in soil of different functional areas
in Luoyang [J]. Environmental Science, 2016, 37(6): 2322-
2328.

XIS, RBkAR, T4, 45, mME T ERE LIRS 4R
TSARAET ST [J]. HHEEIR, 2010, 41(2) : 463-466.

Liu S G, Zhang T L, Wang X X, et al. Heavy metal pollution
characteristics of topsoil in suburban areas
Nanchang city [J]. Chinese Journal of Soil Science, 2010, 41
(2): 463-466.

PEVAR. T GIS {30 T ARl 4 38 0 4 ) % &k 23 ] 43 A
[D]. Fist: BstMl i, 2016. 25-35.

Pang S D. Spatial distribution of heavy metals in urban forestry

a case study of

soil based on GIS-a case study of Nanjing city [D]. Nanjing:
Nanjing Forestry University, 2016. 25-35.

KU, WRELH, RROHE. #9730 X 1 i ¥ e il &
TP TALL BL: 2011 fpE PRS2 2 2 2 RAE 2R SR (5
—8y [C]. BEARFE: PEKEEREES, 2011,

XUE, WL, T, % PUr SRl ST R R R
R G R TS YRR IR ST LA BB T ) L] o
£1, 2019, 39(3): 111-119.

Liu R, Huang Y, Wang L, et al. Characteristics and evaluation

of heavy metal pollution in soil and near-surface atmospheric dust

of typical mining city in Southwest China a case study for
Panzhihua city [J]. Journal of Mineralogy and Petrology, 2019,

39(3): 111-119.

(58]

[59]

[60]

[61]

[62]

(63]

[64]

[65]

[66]

[67]

(68]

wdhdh, el EiE, & F B LEES R
AT ] hEFEERE, 2017, 37(2) : 661-668.

Zhang J J, Ma C M, Kuang H, et al. Assessment of heavy metals
pollution in soil of Qingdao based on matter-element extension
model [J]. China Environmental Science, 2017, 37(2): 661-
668.

Jaffar S T A, Chen L Z, Younas H, et al.

pollution assessment in correlation with magnetic susceptibility in

Heavy metals

topsoils of Shanghai [J]. Environmental Earth Sciences, 2017,
76(7) , doi: 10.1007/s12665-017-6598-5.

Wang H, Zhao Y M, Adeel M, et al. Characteristics and health
risk assessment of potentially toxic metals in urban topsoil in
Shenyang City, northeast China [J]. Clean-Soil, Air, Water,
2019, 48( 1) , doi: 10.1002/clen.201900228.

WKy, AN, WP, S WYITTARF DI RE X LR R
BEETE R B H LA AT RN (1], BAES ¥R,
2020, 31(3) : 999-1007.

Chang W J, LiZ ], Zhou Y Z, et al. Heavy metal pollution and
comprehensive ecological risk assessment of surface soil in
different functional areas of Shenzhen, China [J]. Chinese
Journal of Applied Ecology, 2020, 31(3) : 999-1007.

SeSEar, 4RIV, LA HESIR T M A R S YN S B
XL A FET e (], Bk 58, 2019, 19
(3): 261-268.

Chai L L, Cui X T. Pollution assessments and prevention
countermeasures of heavy metals of soil in main cities of Hebei
Province: taking Shijiazhuang as an example [J]. Science
Technology and Engineering, 2019, 19(3) : 261-268.

Wang G, Liu H Q, Gong Y, et al. Risk assessment of metals in
urban soils from a typical industrial city, Suzhou, eastern China
[J]. International Journal of Environmental Research and Public
Health, 2017, 14(9) , doi: 10.3390/ijerph14091025.
Bhies, AR, BRI ROV = A X R G R S e
AR SO A A S I — DAL R G i ) [T, s 3Rt
2, 2007, 27(3) : 395-400.

Zhong X L, Zhou S L, Zhao Q G. Spatial characteristics and

potential ecological risk of soil heavy metals contamination in the

Yangtze river delta a case study of Taicang City, Jiangsu
Province [J]. Scientia Geographica Sinica, 2007, 27(3) : 395-
400.

BRostn, okfis, okom, AR REAR A3 DA TR £ o A Y
T T LEE &m0 RERAE (J]. A 5RN IR,
2015, 31(2): 166-173.

Chen Z J, Zhang Q, Zhang Q, et al.
characteristics of heavy metals in soils as affected by land use in
southeast Tianjin [ J ].  Journal and Rural
Environment, 2015, 31(2) : 166-173.

BN, FEIR, GERE, SF. M HIRE SR ST K K
PUR MM 7 ik ()] T 5 X BF5E, 2012, 29(5): 878-
882.

Li X P, Nan X J, Hou K, et al. Mobility of heavy metals and the
leaching characteristics with ascorbic acid from urban soil in
Tongchuan city [J]. Arid Zone Research, 2012, 29(5): 878-
882.

FIT . SR R G A5 ) 43 A AT R X R
M EHEARIE (D], BEARFE: Frsmfl K, 2008, 14-27.

Wang Y Y. Space distribution and accumulations in roadside

Accumulation

of Ecology

trees of heavy metal in urban soil of Urumqi City [D]. Urumqi:
Xinjiang Agricultural University, 2008. 14-27.

PRk, JRTTEL, @keMs, &5 JRINIRTT L3 Cu, Zn, Pb %
RIS 1], K EARFES4R, 2007, 21(6) = 75-78,



10 w5 B 43 %
134. City [J]. Shandong Chemical Industry, 2019, 48( 10): 240-
Chen H L, Zhou J] M, Jin Y B, et al. Concentration and 242.
chemical speciation of Cu, Zn, Pb in Wenzhou urban soils [J]. (73] EghAr, B—h, E5. BT GIS NI A FEIEEX +
Journal of Soil and Water Conservation, 2007, 21(6) : 75-78, WETE 4 B U5 e RN M A AR BEAE (7). 3RIERLAE, 2016, 37
134. (2): 710716.

[69] MR, IR, WS, 4 ST IX £ E 4R 5 YT Wang Y Q, Bai Y R, Wang J Y. Distribution of urban soil heavy
W K VBT (T, i3 EE 5k i AR 4%, 2010, 23(4) : 36— melal and pollution evaluation in different functional zones of
40. Yinchuan City [J]. Environmental Science, 2016, 37(2): 710-
Wang H D, Fang F M, Xie H F, et al. Pollution evaluation and 716.
source analysis of heavy metal in urban soil of Wuhu City [J]. (74]  FRE. FBINTTASFITIBE X )2 1 L8R8 40 15 YR I BT 5
Urban Environment & Urban Ecology, 2010, 23(4) : 36-40. Kb (D] #BIH: FBIH K2, 2011, 11-21.

[70]  xUHE, THZE, T, % B ARDEX LIEESE Xia H. Investigative pollution and environmental impact
B R A SRR RS PR [T]. 3@ iR, 2018, 49(1): assessment on Pb, Cu, Cr, Zn and Mn in Zhengzhou urban soil
167-175. from different functional areas [D]. Zhengzhou: Zhengzhou
Liu M M, Wang L J, Wang L, et al. Concentration and University, 2011. 11-21.
ecological health risk assessment of heavy metals of soil in [(75] B, SR, SESHH. W RN T T 4R 4 A AR
different functional areas in Xi‘an, China [J]. Chinese Journal of Ko deitMy (7). WP E L, 2008, 35(3): 524-530.

Soil Science, 2018, 49( 1) : 167-175. Xi C Z, Dai T G, Huang D Y. Distribution and pollution

(71] #EE, Z/0NF, F4k3, 45 Pk + 3 & g A A 4k assessments of heavy metals in soils in Zhuzhou, Hunan [J].
TERHFR B AR [J]. A &2E44 3K, 2016, 35(6): 1531- Geology in China, 2008, 35(3) : 524-530.
1538. [76] Jiang Y T, Sun Y J, Zhang L, et al. Influence factor analysis of
Yang R, Li X P, Wang J W, et al. Geochemical distribution and soil heavy metal Cd based on the geodetector [J]. Stochastic
environment risk of heavy metals in urban soil of Xining City [J]. Environmental Research and Risk Assessment, 2020, 34(6) :
Chinese Journal of Ecology, 2016, 35(6) : 1531-1538. 921-930.

[(72]  FWA, i, CAE, & BT I E 4R 5 Y [77] Xie T, Wang M E, Chen W P, et al. Impacts of urbanization

RBCFSRITAENT (7). AL, 2019, 48(10) : 240-242.
Mao Y M, Shen H Y, Dai Q Z, et al. Survey of heavy metal

pollution and source identificayion of the urban soil in Xuzhou

and landscape patterns on the accumulation of heavy metals in
soils in residential areas in Beijing [J]. Journal of Soils and

Sediments, 2019, 19(2) : 148-158.



