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Heavy metal pollution and comprehensive ecological risk assessment of surface soil in diffe-
rent functional areas of Shenzhen, China. CHANG Wen-jing', LI Zhi-jian'*, ZHOU Yan-zi',
ZENG Hui'"* ('Shenzhen Graduate School, Peking University , Shenzhen 518055, Guangdong, Chi-
na; >College of Urban and Environmental Sciences, Peking University, Beijing 100101, China).

Abstract; To explore the impact of urban functional zones on surface soil metal pollution, we ana-
lyzed the concentrations and pollution status of eight heavy metals (i.e., Mn, Ni, Cr, Pb, Cd, Zn,
Cu, and As) in surface soils from various urban functional zones of Shenzhen City. Nemero index
and potential ecological hazard indices were used to quantify the ecological risk levels of different
heavy metals in different urban functional zones. Moreover, we spatially classified ecological risk
zones for soil heavy metal pollution. Results showed that; 1) concentrations of Cd, Zn, Cu, and As
in the surface soil were heavily impacted by human activities, while those of Mn, Ni, Cr, and Pb
were not. High-intensity urbanization and industrialization with the constraints of physical environ-
ment were identified as the determining factors for regional and functional variation of heavy metal
pollution. 2) Pb, Cd, Zn, and Cu had high pollution risks in the surface soils, with Pb having the
highest risk,, which necessitated further management and control of heavy metals. The overall level
of heavy metal pollution risk in the surface soils of Shenzhen was higher than that of other cities in
China. 3) Nemero index and potential ecological hazard indices had different emphases in terms of
assessing the risk level of heavy metals. Those indices showed different performances in the risk
assessment of single heavy metal, overall ecological risks in the different urban functional zones, and
ecological risk classification of heavy metal pollution in the urban surface soils. We suggest that those
indices should be combined to provide more holistic information about urban heavy metal pollution.
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Fig.1 Distribution of the soil sampling sites in Shenzhen City.
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Table 1 Statistics characteristics and risk assessment results of heavy metals in soil of Shenzhen City

TTHE FHIE BRME f/MAE PR 2 5 R AL GEy g% WS

Element Average Maximum Minimum Standard Variation Background V5 R 1o ERRE

(mg + kg" ) (mg * kg'l ) (mg * kg'l ) deviation coefficient value Nemerow Potential

(mg + kg™") (mg + kg™") pollution ecological

index hazard index

Mn 365.54 866.84 65.53 169.18 0.46 279.00 1.31 1.31
Ni 17.03 76.40 2.96 12.51 0.73 14.40 1.18 2.31
Cr 40.39 155.60 3.03 28.21 0.70 50.50 0.80 1.59
Cd 0.59 8.17 0.02 1.39 2.35 0.06 10.60 296.78
As 12.59 256.27 1.02 27.60 2.19 8.90 1.41 14.01
Zn 211.49 3311.40 26.45 357.65 1.69 47.30 4.47 4.50
Pb 83.47 349.70 11.20 68.46 0.82 36.00 2.32 11.65
Cu 73.14 1755.71 3.28 191.73 2.62 17.00 4.30 21.63
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Fig.2 Spatial distribution of heavy metals in soil (mg - kg™').
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Fig.3 Heavy metals contents in soil of different types of urban function areas (mg - kg™").

A Tl HHb Industrial land; B 3238 FH i Transportation land; C; Wi FHHb . Commercial and residential land; D: R IX Dump area; E: [EEZN/N
Hb Natural forest land; F. 4\ FHb Agricultural land; G AH) FHHEL Unused land; H. RK B X Drinking water source area. "N [A] The same below.
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Table 2 Comprehensive analysis results of ecological risk of heavy metal pollution in Shenzhen soil

UIfg X 251 8 A E 15 %48 %0 Nemerow pollution index AR A S 1E FEHEEL Potential ecological hazard index
Functional Number wugisisetc  WORISREE RO IR e e S A
area type T P, B P P, T P, Bl P FEHRI

A 13 5.48 22.52(Cd) 16.39 92.53 675.68(Cd) 740.25

B 39 3.47 10.78(Cd) 8.01 47.78 323.33(Cd) 382.28

C 15 2.47 5.22(Cd) 3.38 26.28 156.69(Cd) 210.2

D 5 3.17 7.40(Cd) 5.69 37.96 222.13(Cd) 303.67

E 8 2.07 5.36(Cd) 4.06 24.95 160.87(Cd) 199.57

F 5 2.82 10.35(Cd) 7.59 44.32 310.40(Cd) 354.57

G 7 1.28 2.89(7Zn) 2.24 10.83 60.41(Cd) 86.61

H 6 2.14 5.38(Cd) 4.09 25.54 161.28(Cd) 204.31

A Tl Industrial land; B 3838 Fi# Transportation land; C: Bi{EFHHE . Commercial and residential land; D 333%3% X Dump area; E: [ 8Kk
Hb Natural forest land; F. 4/ I Agricultural land; G KA Unused land; H: ZX 7K IX Drinking water source area.
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Table 3 Structural statistical results of two different analytical methods

ViR V5 YL ZEF LEH] Structural proportion (%)
Method Pollution level Mn Ni Cr cd As 7n Ph Cu
PATHG PSR TT5HE No pollution 30.6 52.0 72.5 10.2 68.4 13.3 16.3 20.4
Single factor 25 4% Light pollution 56.1 38.8 24.5 18.4 16.3 19.4 42.9 32.7
pollution index H1E£75 %% Moderate pollution 12.2 4.1 1.0 12.2 9.2 26.5 24.5 20.4
JEE 5 Y4 Heavy pollution 1.0 5.1 2.0 59.2 6.1 40.8 16.3 26.5
WA D GE BMAESEE Weak ecological hazard 100.0 100.0 100.0 16.3 95.9 99.0 95.0 91.8
F8EL Potential  H A5 FE Medium ecological hazard 0.0 0.0 0.0 18.4 2.0 1.0 5.1 5.1
ecological PR AE 251673 Strong ecological hazard 0.0 0.0 0.0 27.6 1.0 0.0 0.0 1.0
hazard index  fRyRAE &G E Very strong ecological hazard 0.0 0.0 0.0 22.5 1.0 0.0 0.0 1.0
s A= 251G Extremely strong ecological hazard 0.0 0.0 0.0 15.3 0.0 0.0 0.0 1.0
F4 RYTEENRHETIEESETRSENILE
Table 4 Comparison of heavy metal contents in soils between Shenzhen and 12 Cities in China
i H Item Mn Ni Cr Cd As Zn Pb Cu
12 3T Tweleve cities average 632.29 35.25 54.81 0.51 18.45 142.06 56.44 33.39
WRHITT Shenzhen city 365.54 17.03 40.39 0.59 12.59 211.49 83.47 73.14
T/ H AT Shenzhen/other cities 0.57 0.48 0.74 1.16 0.68 1.49 1.48 2.19

12 AT R R a0 BUM SRR G R S E AR ST e K

SR P2 BRI KK R T BR T A HE L BTN BRI MR VR

A YN Twelve cities were Taiyuan, Nanjing, Hangzhou, Shenyang, Dalian, Chongging, Wulumugi, Beijing, Changsha, Chengdu, Xi’ an, Kunming,

Daqing, Nanning, Zhuhai, Hongkong, Shanghai, Guangzhou, Wuhan, Haerbin, Tianjin, and Shenzhen.
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Fig.4 Heavy metals contents in soil of different cities

I . JEi54 No pollution; 1II ; B2 V5 Yy Light pollution; III ; A G Yy
Moderate pollution; IV ; JUE G Y Heavy pollution. TY; KIE Taiyuan ;
NJ: B4 Nanjing; HZ. HTM Hangzhou; SY: PEBH Shenyang; DL: K
% Dalian; CQ: HR Chongqing; WLMQ: =R S Wulumugi; BJ:
Jt3¢ Beijing; CS: K ¥ Changsha; CD: 8 #% Chengdu; XA. F§%
Xi’an; KM; EW] Kunming; DQ: KK Daqing; NN: T Nanning;
ZH . BRif§ Zhuhai; HK s Hong Kong; SH: i Shanghai; GZ. I
MM Guangzhou; WH; X Wuhan; HEB: B3 /R¥E Harbing TJ, Kt
Tianjin; SZ. %I Shenzhen.
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