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Table 1  Enrichment factor and geo-accumulation index
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Table 2 Ecological risk level and its assessment index
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Table 3 Statistics of heavy metal concentration in soils
i H As Cd Cr Cu Hg Ni Pb Zn
SER/ME (ng/g) 5.9 0.11 61.7 18.3 0.022 24.6 18.2 57.5
HEERME (pg/g) 22.9 0.68 102.4 51.2 0.335 49.3 34.1 112.5
FEEE (ng/g) 16.7 0.270 88.4 33.0 0.050 40.4 29.3 89.1
TERETRME (ne) 11 0.113 66 23 0.02 32 22 62
PR ZE (pg/s) 4.60 0.10 11.52 5.97 0.05 6.89 3.78 12.75
AR SERE(% ) 28 35 13 18 91 17 13 14
HFRE (%) 81.82 98.70 92.21 92.21 100. 00 81.82 90.91 94.81
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BT I A S, X TRE S As
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TFe,0, i i & A&, RXEF H, He 5 As Cr . F,
pH . Cu Ni TFe, O, AN 7775 2 [a] By K I, i Fh B4 7]
RBJETF T R TR X I - 32 81 T Hg AR REEE A
s Qe TS, AR IEHE R A R BOL A R AR
Bk A TUE S
3.2 EERBIHRCES) FIE B
3.2.1 EERBIESE TG RAHE

DL ¥ 94  J B A S R AL 2 S v (R 1
T EAE R Fe JURAE M HEIC R IEAT X H
IR EERE. X8 M4 &M s 4 RE(EF) i
TPAT e (6 5) , nT IAGHH 8 oo R E 4 (154L)
FREEHES A Hg (1.99) >Cd (1.77) > As (1.10)
>7n (1.07) >Cu (1.06) >Pb (1.00) >Cr (0.99)
>Ni (0.93), Hg,Cd,As Zn Cu XI5 875 Y 4%
BA T %%, @5 Y Ph Cr Ni S T 9%, oI5 4,
o, 8 1594 % SR FE NI B 370 % SR FE

Table 4  Correlationship between different elements in soils of Southern Jining

JLE  As Cd Cr Cu Hg Ni 7n F S OrgC TFe,04 pH
As 1 0.501** 0.915** 0.722** -0.312"* 0.901** 0.677"" 0.762"* 0.887** 0.433** 0.290" 0.851** 0.451""
Cd 1 0.561** 0.425** -0.130 0.527** 0.447** 0.515** 0.505** 0.350** 0.433** 0.491** 0.124
Cr 1 0.778** -0.307"* 0.963** 0.827** 0.852** 0.891** 0.520"* 0.502** 0.943"*  0.266"
Cu 1 0.233* 0.832"" 0.766"* 0.940"* 0.681** 0.349"* 0.489** 0.778** 0.107
Hg 1 -0.274* -0.034 0.079 -0.300"* -0.088 0.132  -0.252* -0.327**
Ni 1 0.813** 0.898** 0.871** 0.424** 0.441** 0.930"* 0.293"~
Pb 0.822"* 0.644** 0.407" " 0.591** 0.813** -0.103
Zn 1 0.740** 0.363** 0.531** 0.857** 0.117
F 1 0.480* 0.373*" 0.836"" 0.408" "
S 1 0.665** 0.480"* -0.104
OrgC I 049077 -0.350""
TFe,0, 1 0.222
pH 1

T+ 83 P<0.05; % £ P<0.01,
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FEHER M Heg(99.30) >Cd(71.65) > As(15.16) >
Cu(7.17) >Pb(6.65) >Ni(6.32) >Cr(2.68) >Zn
(1.44), JUE As,Cu,Pb Ni Cr Zn 7ERFFE X1
SEIE /N T 40, WX S G R U R AR AL TR
ABFEERE I AR A AESEEREMZEA
Ko Hg Cd FEAEHREE” o™ R AESEH
QI , B3 He RS E RO, 17 R
SRR BB AR A T AR AL R R 32.47%
ST ARG T AR R R B 67.53% , HigR
WOEHER A 99. 30, J 5" ¥ AE A B8 HF I Cd
JUER SR IR AR A58 H S5 G A BB 3 i o7 S U
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Table 5 Eigenvalue Statistics of enrichment factor and geo — accumulation index of heavy metals in soils

B EF EF <1 1 <EF <2 2 <EF<5 5 <EF <20 20 <EF <40

TR ARG CFEE | R R | REREC R | REEE KR | REREC R | RERE R
As 0.61 ~1.39 1.10 18 23.38 59 76.62 0 0 0 0 0 0
Cd 0.94 ~3.90 1.77 1 1.30 64 83.12 12 15.58 0 0 0 0
Cr 0.68 ~1.13 0.99 54 70.13 23 29.87 0 0 0 0 0 0
Cu 0.76 ~2.06 1.06 15 19.48 61 79.22 1.30 0 0 0 0
Hg 0.77 ~15.51 1.99 17 22.08 44 57.14 12 15.58 4 5.19 0 0
Ni 0.68 ~1.02 0.93 73 94.81 4 5.19 0 0 0 0 0 0
Pb 0.67 ~1.57 1.00 51 66.23 26 33.77 0 0 0 0 0 0
Zn 0.79 ~1.56 1.07 13 16. 88 64 83.12 0 0 0 0 0 0
o Ly, Ly, <0 0<1,, <1 1<, <2 2<l,,,<3 3<l,, <4

TR AR A | FRE SRS N 1% QN v S N 11T QR v S N % QU /0 S O 1 QR o
As -1.48~0.47 -0.06 27 35.06 50 64.94 0 0 - 0 - 0
Cd -0.62 ~2.00 0.60 7 9.09 62 80.52 7 9.09 1 1.30 - 0
Cr -0.68~0.05 -0.18 65 84.42 12 15.58 0 0 - 0 - 0
Cu -0.91~0.57 -0.09 40 51.95 37 48.05 0 0 - 0 - 0
Hg -0.45~3.48 0.45 23 29.87 41 53.25 7 9.09 5 6.49 1 1.30
Ni -0.96 ~0.04 -0.27 72 93.51 5 6.49 - 0 - 0 - 0
Pb -0.86~0.05 -0.19 72 93.51 5 6.49 - 0 - 0 -

Zn -0.69~0.27 -0.08 39 50. 65 38 49.35 - 0 - 0 -
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Table 6 Eigenvalue Statistics of potential ecological risk of heavy metals in soils
B E E <40 40 < E' <80 80 < £ <160 160 < E' <320 E>320
TR AL PXE | AR R | RRAEC B | RRAEC R | MR T G
As 5.36 ~20.82 15.16 77 100 0 0 0 0 0 0 0
Cd 29.20 ~180.53 71.65 5 6.49 58 75.33 12 15.58 2 2.60 0
Cr 1.87 ~3.10 2.68 77 100 0 0 0
Cu 3.98 ~11.13 7.17 77 100 0 0 0
Hg 44 ~ 670 99.30 0 0 52 67.53 15 19.48 8 10.39 2 2.60
Ni 3.87~7.70 6.32 71 100 0 0 0 0 0 0 0
Pb 4.14 ~7.75 6.65 77 100 0 0 0 0 0 0 0
Zn 0.93 ~1.81 1.44 77 100 0 0 0 0 0 0 0

Hg .Cd BiICER W 13825 GV e AR 8 F 1) DTk
RZFRE| T 81.26% (&1 1) , 41 Hg JLR I STRRZE AL
RENT 47.20% , i He %F + A e AR 5 e i
JUH VTR S S FH LR G R RO 44 ~ 670, 5]y
X B Hg “ o ” ¥ A6 A & fa 5 Cd g Ik 2
(34.06% ) , EAEAE S G E LSRN 29.2 ~ 180. 53,
VLR RS © 30 Cd“ AR5 T A AR 1G5

0.68%

3.00%3.16% HAs

N— /“'-_ m Cd

_ W@ e
gL =N g N

\"| /

. Nrdmen

47.20% ® Hg
= Ni
Pb
n
341% 1.27%

Pl 1 SGmoC R (A 506 vtk R
Fig.1  Contribution characteristics of heavy metals to potential

ecological risk
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Fig.2 Map of potential risk distribution of heavy metals in Southern Jining
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Characteristics of Soil Heavy Metal Pollution and Its Ecological Risk
Assessment in South Jining District

ZHAO Qing-ling'”, LI Qing-cai'”, XIE Jiang-kun’ , LI Yuan-zhong', JI Yong-hong',

PANG Cheng-bao' , WAN Miao®

(1. Lunan Geo-Engineering Exploration Institute of Shandong Province, Yanzhou 272100, China;
2. School of Environmental Studies, China University of Geosciences, Wuhan 430074, China;
3. China Construction Power and Environment Engineering Co. LTD. , Nanjing 210008, China;
4. Shandong Geophysical and Geochemical Exploration Institute, Jinan 250013, China)

Abstract; Many methods, including single factor index method, Nemero comprehensive index method, potential
ecological risk index method and geoaccumulation index method, have been employed to evaluate soil heavy metal
pollution. However, no well-developed or standard method has yet been established. Herein, 77 samples of farmland
soil in south Jining were collected and analyzed. The results show that average concentrations of As, Cd, Cr, Cu,
Hg, Ni, Pb and Zn in the samples were 16. 7, 0. 270, 88. 4, 33.0, 0. 050, 40.4, 29.3 and 89. 1 mg/kg,
respectively. The values of Hg and Cd were 1.50 and 1.39 times higher than the benchmark value of the Huang-
Huai-Hai Plain and values of other elements were 0.26 — 0. 52 times higher than the benchmark value. All of the
samples were evaluated by bivariate correlation analysis method, and the results show that soils are polluted by Hg.
The enrichment coefficient method and geoaccumulation method were employed to evaluate the pollution level of 8
elements (As, Cd, Cr, Cu, Hg, Ni, Pb and Zn) in the target area soil. Both results show that there was light
accumulation of Hg and Cd, while other elements were at normal levels. Combining heavy metal concentration in the
selected area, the biotoxicity index of heavy metals, ecological effect and environmental effect, and the potential
biological hazard index method were applied to evaluate the biological risk. The results show that the potential hazard
sequence is as follows: Hg > Cd > As > Cu > Pb > Ni > Cr > Zn with obvious differences to the accumulation level.
Although there was only light accumulation of Hg and Cd, their potential hazards contributed up to 81.26% of the
total contribution of potential ecological risk index. The result was schematized by using MapGIS. It showed that
about 6.83% of the selected area had the problem of strong or very strong potential ecological risk, and the remainder
was at the medium level. Despite the junction of Fuxing River, Yaolou River and Jinghang canal faced the problem of
very strong potential biological risk. According to the investigation on the anthropogenic emission sources in the
research area, it was found that the risk had positive correlation with coal mining activities. Therefore, taking
effective measures to remedy the polluted soil, especially the remediation of the Hg and Cd pollution, will be of great
significance to prevent the further deterioration of the soil environment.

Key words: soil; pollution characteristics of heavy metal ; enrichment factor; index of geoaccumulation; ecological

risk assessment; Jining
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