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Research on assessment methods for soil heavy metal pollution: A case study of Guangzhou

XIE Zhi-yi'%, ZHANG Ya-jing'%, CHEN Dan—qing'?, YANG Jian—jun'?, LIANG Yao—jie'?

(1.Guangdong Environmental Monitoring Center, Guangzhou 510308, China; 2.Guangdong Environmental Protection Key Laboratory of Soil
Monitoring and Heavy Metals Sourcing, Guangzhou 510308, China)

Abstract: Based on assessment objects, current methods for soil environmental quality assessment can be grouped two types:single factor
index methods( Single factor index, Potential ecological risk assessment, Geoaccumulation index and Enrichment factor) and comprehensive
assessment methods( Nemerow index, Fuzzy mathematics, Grey clustering method, and Matter element analysis ). In this study, we qualita—
tively and quantitatively evaluated different assessment methods by applying graduation statistics, correlation analysis, grade difference anal—
ysis and complex sorting analysis to data of 8 heavy metals in 208 surface soil samples from Guangzhou, China. Results showed: Based on
the grading degree, Enrichment index is the optimal single factor method for evaluating single heavy metal, while Nemerow index and Fuzzy
mathematics methods were the best integrative assessment methods; Correlation analysis showed that the average correlation coefficient of
Matter element analysis model with the other four integrative assessment methods was 0.477, which was the greatest for integrative assess—

ment methods. This indicates that Matter element analysis model was the best; Grade difference analysis showed that the average difference
value of assessment grades of Fuzzy mathematics method(0.71) is minimum, indicating that Fuzzy mathematics method was the best; Rank—
ing integrative assessment methods indicated that Fuzzy mathematics method ranked the first, followed by Matter element analysis model,

Nemerow index method, Grey clustering method and Potential ecological risk index. In conclusion, Enrichment index method and Fuzzy
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mathematics method are the optimal methods. Both methods could be combined while assessing soil heavy metal contamination.

Keywords: soil; heavy metal pollution assessment; single factor index; integrative assessment method
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Figure 1 Location of Guangzhou and distribution of sampling points
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Figure 2 Box of heavy metal concentrations in Guangzhou soils
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Table 3 Graduation statistics of single factor index

evaluation results(% )
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Figure 3 Graduation statistics of evaluation results by

comprehensive assessment methods
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Table 4 Correlation analysis of evaluation grades of comprehensive assessment methods

RS fEEIREGL PERL MR R EUL NI BORIEE: FMM RERIGE GCM Potsdiik MEAM
TR S G E$5 50 PERI 1 0.4075 0.499% 0.300% 0.4997+
PIAER HE 50 NI 1 0.510%* 0.312%% 0.662+*
MBI R A3k FMM 1.0 0.377+* 0.441%*
eI GCM 1 0.304+
Woas Mk MEAM 1

TE -+ FORAE 0.01 KU L B E AR . PERL: I 7EA 2506 F 15 80k s N IS SR 505 ; FMM . BB B 12 s COMLL K (3R 26 7%  MEAM : ¥

otrie T,

Note : **Indicates significant correlation ( Bilateral ) ( P<0.01). PERI: Potential ecological risk index ; NI: Nemerow index ; FMM : Fuzzy mathematics

method ; GCM : Grey clustering method ; MEAM : Matter element analysis model. The same below.
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Table 5 Difference values of comprehensive assessment methods
R SfEERR L PERT AR EHGE NI BRI FMM IKEEAED: GCM YotsrHk MEAM
RS G E S0 PERI 0 1.77 0.96 0.17 1.24
P i Kk NI 0 0.81 1.60 0.53
B FMM 0 0.79 0.28
PJur Sl 0 1.07
PIICsr Bk MEAM 0
® 6 BREATMEHF
Table 6 Ranking of comprehensive assessment methods
WEESEER AL PERT AMPEEGE NI BOWIECHE FMM JREAIREE: GCM Wi MEAM
LTk GS 4 1 1 3 2
AT CA 4 2 3 5 1
HRIEEIIHT GDA 4 5 1 3 2
ZEAHERF CSAs 12 8 5 11 5

TGS P RGETHE ; CA AR AR T 5 GDA SRR 2E (A s CSA LR HFFF .

Note : GS: graduation statistics ; CA ; correlation analysis; GDA ; grade difference analysis; CSA : complex sorting analysis.

B 1 5P oC Tk B R BRIAE AR, U255
AR, AR e T AR ROk AR R0
BRIk R ORI Mk B 5 B AIHE
F¥oh5.3.1.4.20 B S RhERG AL s e sk i
L, H ot o frids NS 8 B0k R R ETE
A ROk A S TR EGL h Tk
i 1o, 2 ) 5, S BOP O 45 R % AR 22 s IR R
Jakm T AR B T T R R, A S
A BLR T WS SR80k o s A 1 R s 2R B
S W0 Al ik Rk S AR TG Y CHE P R —E
FRANTIRG E 1 s ORI SC7V BE L% M 2 R 31 v Y
ORI

5 #ig

(XA EG R ITR BTG RAR BN T A D
KW, B RIBOL T, 5 QRO Z IR
Hh RBUERL , B R TR AR S KRR B0 %

(2)%t Z P g )8 I ER A T SRR DU PN T i DFE
R, D RGE I ARSI R0 A5 G (TR 5ETT
e H Y R0 BRI R W T vk 23 3 D AR i
ok B Bk Yook B Eeak . &n
i ER A HE AR M Bk dee U, O o0
ATk N R RGE KGR RS G E
Rk

(3) & AR RBOL AN BA 1L R PR B 1795
e LT B JE T Y A AT LS

SE Lk

(AL, X BH. B LR 8 Bk R A 5 8 B A 3B o 5 0 F
i p i FOARITL HR R, 2014, 3(3) :21-22.

KONG Fan-bin, LIU Yang. Comparison of single factor index and Ne—
merow index method in soil environmental quality evaluation[]]. Gansu
Science and Technology, 2014, 3(3):21-22.

IR OB W TN T K A R

V5 QTR 58 1 5 KU S AT, - HL 4, 2011, 42(5) ;1242
1246.
LI Jun- hui, LU Ying, ZHANG Chao, et al.The status quo and potential
ecological risks’assesment of heavy metals in agricultural soils near a
petrochemical complex in Guangzhou[J]. Chinese Journal of Soil Sci—
ence, 2011, 42(5):1242-1246.

[3] SRt 42, FRARA, 2 KM, &5 ALV -3 & )8 A W is iy e

BT 471 AEZSFRE R, 2010, 19(4) - 786-791.
GUO Hai-quan, HAO Jun-jie, LI Tian—gang, et al. Application of an
enrichment factor in determining anthropogenic pollution of heavy metal
in topsoil in Hebei plain[J]. Ecology and Environmental Sciences, 2010,
19(4).786-791.

(4] XURSCER, 6 B, IR, S5, 1 AR BE M R o kv 37 I el L e e 9

ety RRIEEATH)). LHEE R, 2010, 41, (5):1231-1236.
LIU Jing—yong, CHANG Xiang—yang, TU Xiang-lin, et al. Applying the
index Geoaccumulation to assessment of soil thallium pollution in soil
around a thallium—containing slag pile site near a sulphuric acid plant
in Guangdong Province[J]. Chinese Journal of Soil Science, 2010,41(5):
1231-1236.

[5] Wei Z, Wang D, Zhou H, et al. Assessment of soil heavy metal pollution
with principal component analysis and Geoaccumulation index[J]. Pro—

cedia Environmental Sciences, 2011, 10(1):1946-1952.



1336

KA IMERF 517 EIRRET .

[615% fh, B2, 3% B, % NSEB X L S8 15 Yy

A B HPRA[T). S8R, 2011, 32(10) :3099-3105.
GUO Wei, ZHAO Ren—xin, ZHANG Jun, et al. Distribution characteris—
tic and assessment of soil heavy metal pollution in the iron mining of
Baotou in Inner Mongolia[J]. Environmental Science, 2011, 32(10) .
3099-3105.

(7] E4LE. K ERISHEAL L5 Y255 TR o A ], Alk FR5E £
1, 1991, 10(4) : 169-172.

WANG Jin-sheng. Application of grey clustering method in comprehen—
sive evaluation of soil pollution[]]. A gro—environmental Protection, 1991,
10(4):169-172.

[8] Fan L. Q, Chen F H, Fan Y L. Comprehensive assessment of soil envi—
ronmental quality with improved grey clustering method: A case study of
soil heavy metals pollution[]]. Journal of A griculiural Science & Appli-
cations, 2012, 1(3):67-73.

O] A% VLAt H F N IYOTA TN B L EE S

JEI5 Y BUIR(I]. 145, 2009, 41(6):875-879.
XU Li, CHANG Jiang, DU Yan, et al. Assessment on heavy metal pollu—
tion in soils of Anhui Province by matter element analysis model[J]. Soil,
2009, 41(6):875-879.

(101 58, 3 I A0l - 3SR BT 454 PR 4 S0 A8 Y 1y it vy K L
FHI. 7K A5z, 2002, 22(4):37-39.

MEN Bao-hui, LIANG Chuan. Establishment and application of matter
element-based agriculture soil environment synthesize evaluation mod-
el[J]. Bulletin of Soil and W ater Conservation, 2002, 22(4) :37-39.

[11] Onkal-Engin G, Demir I, Hiz H. Assessment of urban air quality in Is—
tanbul using fuzzy synthetic evaluation[J]. Atmospheric Environment,
2004, 38(23):3809-3815.

(2] i, )3CE. 1 B, % BB s e Bos e s 4 e
53 R[] 3, 2008, 40(2):212-215.

ZHAI Hang, LU Wen-xi, YANG Wei, et al. Application of fuzzy math—
ematics and contamination index method to evaluation of soil heavy
metals pollution[J]. Soils, 2008, 40(2):212-215.

[13] JRB0HE, PR R, 06 K 22, 45, R TR0 1 oK sl Uit IX 05
HE L )R IS PPN FREEAE, 2010, 9(6) : 1152-1157.
LIANG Zhen-hai, CHEN Cui—cui, HAN Yu-lan, et al. Soil heavy met—
al pollution evaluation of Dunhua sewage irrigation area by fuzzy
mathematics model[J]. Environmental Chemistry, 2010, 9(6):1152—
1157.

[14] Chen T B, Wong J W C, Zhou H'Y, et al. Assessment of trace metal dis—
tribution and contamination in surface soils of Hong Kong[J]. Environ—
mental Pollution, 1997,96(1):61-68.

(5] L. K& LI 48 40 A AL K SPGBt i BIF 52 D).
KA TR, 2007:41-58.

ZHAI Hang. Research on distribution characteristic of the soil heavy
metals and assessment of the soil environmental quality Changchun[D].
Changchun: Jilin University, 2007 :41-58.

[16] Zhu H N, Yuan X Z, Zeng G M, et al. Ecological risk assessment of
heavy metals in sediments of Xiawan Port based on modified potential
ecological risk index[]J]. Transactions of Nonferrous Metals Society of
China, 2012, 22(6):1470-1477.

[17] VG, B4, FINAR. Wik AHP R 7EHE 4 5 J5 A A% X £ 38 i

PR P Y DARETE 2 B ELAE b S [T Aol RARAR IS,
2011, 32(2):238-242.
YUE Xi-jie, GE Xi-zu, WANG Xu-dong.Application in soil quality e-
valuation on improved AHP(analytic hierarchy process) model of loes—
sial gully region: A case of Changwu county in Shaanxi Province[]].
Research of Agricultural Modernization, 2011, 32(2):238-242.

(18] AL Ha, % VL, fx AT R HEIRIG RN Oy i ST R S 4
W7, 2010, 3(3):749-756.

DU Yan, CHANG Jiang, XU Li. Progress on assessing methods of soil
environmental quality[J]. Chinese Journal of Soil Science, 2010, 3(3):
749-756.

(19364235, T elas, 223608, %, HHETE & Jm Vs P PP ik i ()],
[ 243 37, 2010, 26(17):310-315.

FAN Shuan—xi, GAN Zhuo—-ting, LI Mei—juan, et al.Progress of assess—
ment methods of heavy metal pollution in soil[J]. Chinese A gricultural
Science Bulletin, 2010, 26(17):310-315.

[20] SREEEE, X A5, AIE, 5. 3T 4@ V5 P k(). A
Zki&, 2011, 30(5) : 889-896.

GUO Xiao—xiao, LIU Cong—qiang, ZHU Zhao—-zhou, et al. Evaluation—
methods for soil heavy metals contamination[]J]. Chinese Journal of
Ecology, 2011, 30(5) : 889-896.

[21] ) geit. JURP L HEBHHTAN T 1 HUALT]. )N FREERE, 1996, 11
(2):42-46.

LIU Chong —hong. Comparison of several assessment method on soil
quality[J]. Guangzhou Huanjing Kexue, 1996, 11(2) . 42-46.

[22] K [ BN AT E P St 38 A M 8 AR R EEHIAR(D]. dE st P
Aol K2, 2005 :30-40.

ZHANG Guo-yin. Primary study on assessing indicators and methods
of soil quality for Hebei Plain[D]. Beijing: China Agricultural Universi-
ty, 2005:30-40.

(23] SE 225, N0 B 432 — R s 0 15 5 et A o R RS 0] S 3R
%7, 1990(3):264-270.

DANG An-rong. An approach to the general principle and quantitative
standard of population density classification[]]. Scientia Geographicas—
inica, 1990(3):264-270.

[24] /i, FUBTER, 1 d  Ar Rgei Ji k MORAE JGR AL B
FErP R I WHARLE, 2006, 18(5) :540-544.

LI Xiao—qiang, ZHOU Xin-ying, SHANG Xue. Different—(kPa/"C )size
method of charcoal analysis in loess and its significance in the study of
fire variation[J]. Lake Science, 2006, 18(5):540-544.

[25] B2 B, 6 ok, EHHL, 5. FiWLERE, KR S 4R

a ISR H(T]. Al FREERI 2244k, 2013, 32(2) : 333-337.
CHEN Xue-min, HAN Bing, WANG Li-li, et al. Analysis on the corre—
lation between total phosphorus, water temperature, mineralization and
chlorophylla in Qinghai Lake, China[l]. Journal of Agro—Environment
Science, 2013, 32(2):333-337.

[26] 5kHHHE, XI5, James P.Lassoie, 5. [ VEE I sh P HEIE FRAE 5
4 TR A A KU B AR DG PRI SR [T, AR PR 241, 2013,
32(3):612-621.

ZHANG Lu-lu, LIU Jing-ling, James—philp LASSOIE, et al. The cor-



WG % ST RS R T RS — B T 1337

relational study between the community characteristics of benthic
macroinvertebrates and thepotential ecological risk of heavy metal in
Baiyangdian|J]. Journal of A gro—Environment Science, 2013, 32(3).
612-621.

[27] 3% EE. A shul 5 A L IiC R 2 5209 (1]. &, 2005, 31

(3):48-52.

LIAN Zhi-luan. Analysis and correction of observation difference be—
tween two kinds of AWS and Man—-observed station in Shijiazhuang[J].
Meteorological, 2005, 31(3):48-52.

[28] 5K AL, R, SRIBT. B 05 IR SR WL 3 I A% 822 (1

ST KGFRHE, 2012,40(5):731-737.

ZHANG Jiu-shan, MIAO Feng-mei, ZHANG Dian —fang. Difference
analysis of two types of the rometers for measuring extreme ground tem—
perature[J]. Meteorological Science and Technology, 2012, 40(5) .
731-7317.

[29] 4 TF, TRAHE, B &, 4 W DK IR B PRy I 047 5 L

[J]. B} HE R, 2012, 31(5):617-624.
LI Ming-sheng, ZHANG Jian—hui, LIANG Nian, et al. Comparisons of
some common methods for water environmental quality assessment[]].

Progress in Geography, 2012,31(5):617-624.

[30] 5, AR L. 2R ER AT T R B2 FIRT T BB,

2000(7):45-48.
BAI Xue-mei, ZHAO Song-shan. The judge research of merit and de-
fect of some comprehensive evaluation method[J]. Statistical Research,

2000(7):45-48.

BB, BARHE, MG 2E. 5 SR K eS8 6 & 0 s T

TR B & TR HOR ZVETSE, 1996(1):59-62.
HU Zu-guang, LU Xiao-ping, QI Man—jun. Total number theory and

its application in the sort of overall economic efficiency[J]. Quantitative

& Technical Economics Research, 1996(1):59-62.

[32] frlbes, & B, ARALRT. MM RITE LI & w5 YT b
B PR 3R, 2006, 37(2) :334-336.
SHI Xiao—cui, QIAN Yi, XIONG Jian—xin, et al. Application of fuzzy
mathematics models in the evaluation of soil heavy metal pollution[]].
Chinese Journal of Soil Science, 2006, 37(2):334-336.

(33155 %, JAKE, FIOH, 5. Fxd 388 4 Jm 15 YT 0 iR 5
AL A RCE Ko D). 1-3g8i4iz, 2007, 38(1):101-105.
DOU Lei, ZHOU Yong-zhang, WANG Xu-ri, et al. Improvement and
application of Fuzzzy mathematical model for assessment of heavy met—
al pollution in soil[J]. Chinese Journal of Soil Science, 2007, 38(1):
101-105.

[34] G AL, 2= ke, FPATI, 4. 1385 R (25 (AR (B v LU LU
T = TR DX Hil[]. HUERBESE, 2012, 31(10):1793-1805.
YI Xiang—sheng, LI Guo-sheng, YIN Yan-yu, et al. Comparison on soil
depths predication among different spatial interpolation mothods: A
case study in the Three—River Headwaters Region of Qinghai Province
[J]. Geographical Research,2012,31(10):1793-1805.

[35] RICAE, ZEHFWL I O, &5 IR EE 4 8 T Y AN J i A DA
VLB BREERA 5HR, 2012, 35(9):143-149.
WU Wen- xing, LI Kai-ming, WANG Guang, et al. Evaluation of heavy
metal pollution in river sediment: A comparative case study in Tanjiang
River[J]. Environmental Science & Technology, 2012, 35(9) 143~
149.

[36] FkAAdE. Hepb Kk (0 R 2 1 5 L ERR A BTt PR [J]. Al R £
31,1991, 10(2) : 80-83.
ZHANG Song-bin. Total slope grey clustering method and soil envi-
ronmental quality assessment[J]. A gro—environmental Protection, 1991,

10(2):80-83.



