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Distribution and Risk Assessment of Soil Heavy Metals in Area Surrounding Taiyuan City

GAO Peng, LIU Yong", SU Chao

(Institute of Loess Plateau, Shanxi University, Taiyuan 030006, China)

Abstract: Using Taiyuan City as a study area, we measured the concentrations of soil heavy metals( Cu, Zn, Ni, Cr, Pb, Cd, Hg, and As),
mapped the spatial distribution of heavy metals based on Kriging interpolation, evaluated the ecological risks of heavy metals by Hankson
index, and explored the relationships between soil heavy metal concentrations and pollution sources based on the pollution source investiga—
tion in Taiyuan. Results showed that: mean values of Zn, Cr, Pb, Cd and Hg were higher than the background values of Taiyuan City soils,
while those of Ni, Cu and As were almost equal to their background values. According to the Hankson ecological risk assessment, the soils in
the studied area were at medium risk level. Mercury and Cd were the main risk factors. The 74.1% and 30.8% of samples exceeded medium
risk levels of Hg and Cd, respectively. The concentrations of Pb, Hg, Cd, Cu, Zn, Ni and Cr were high in the south part of the area, and As
was high in the south and northeast areas. Chemical industries and mineral industries were two major sources of soil heavy metal pollution in
Taiyuan City.
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Figure 1 Map of sampling points

SR O EETHINE Cd ook, RAREF%
FHEEETHNE He Fl As S0 R EF IR 6 6
% Pb.Cr.Cu.Zn Ni LK., +IEE S &I
7 SR ATG PR LR 1,

GBI BT A R TR S R S TRE IR HED)
i, AR i AR o A S A AR AEAE S
(GSS-10 F1 GSS-15) #4743 M B2t o DS FbR
HE2E L3R 2,

L4 EBREIFENFiE

HAm, T 3 S R V5 Y i) i 2 i
BIBOL ARk CE R N RN, BRI
T4 8 0 B AS [R5 H V5 Yl dss 7™ 3 1) ¥ 42 @ I 1
A, ASCR A HELE S Hakanson $#8 H W EA S
DS 3 A e (3 3)M, H PR AR

RI=Y E=YTxC/C, (1)
Kb C hESER § NS CORTRE R NS
Pl , Hor Hg i FH L] S48 3 LA LA in fE 254 R
Z W, Cd RABE ARG E M E2ZE S E, L
RICERBIRH LT ) - 588 s B s fE 2= 1E R
Z A" E N F IR SR TR | AW A A XU
TREGT hESRE N EEERE, Hd CuZn Ni|
Cr.Pb.Cd . Hg As By 8 Pk R &3 9l 5.1.5.2.5,
30.40 .10, RI JyZHh 1+ e 4 & () 25 6 A A R 4
AGIE



868 RAINER 2R EIREE T R
F 1 TEEEETERNAE SRR HR
Table 1 Sources and detection limits of measurement methods for soil heavy metals

Fer st 5 <K fvA P37 Far i R
Cd mg kg A BRI GB/T 17141—1997 0.09
Hg mg-kg™! JEF s GBI/T 22105.1—2008 0.002
As mg-kg! JEF e 61k GB/T 22105.2—2008 0.008
Pb mg kg ST 6 RE GB/T 17140—1997 0.3
Cr mg-kg! ST RE HJ 491—2009 5
Cu mg kg JIATETF IR bR Tk GB/T 17138—1997 0.03
Zn mg- kg™ ST TSGR GB/T 17138—1997 0.06
Ni mg-kg! JHAVEF I R GB/T 17139—1997 0.15

R 2 pREEHNE R RNFREZE

Table 2 Recoveries and standard deviations of quality control

b 5 A X EhES i 22
GSS-10 Cu/mg-kg™ 19 102% 0.059
Zn/mg-kg” 60 101% 0.043
Ph/mg kg 2 96% 0.064
Ni/mg kg™ 26 100% 0.053
Cr/mg-kg™! 58 99% 0.028
Cd/mg-kg’  0.105 100% 0.101
GSS-15  Hg/mg-kg' 0094 99% 0.033
As/mg kg™ 217 99% 0.091
x3 BEESRESE
Table 3 Grades of potential ecological risks
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80<E <160 i 300=<RI<600 i
160< E;<320 AR5, RI=600 AR
£ =320 Wi

1.5 HiEabE
Xt E 4 5 Y GE T T el A A e oA A
KOPMTRITT 22000, 75 SPSS 13.0 HR 581 M B 2w 15

Qertyzs AL R Kriging 4R {E , 76 ArcGIS10.0
R BT AR 52
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Table 4 Descriptive statistics of soil heavy metals

JLHE Mflimg-kg!  BREZE RRfH/mg-kg!  fMEmgekg! INPUEFE R {Emg kgt ERAHC WE E ik
Cu 29.53 9.74 74.8 15.30 22.90 0.33 2.81 145 SPHOES
Zn 89.35 24.48 179.10 52.90 63.50 0.27 1.04 1.05 S
Ni 29.86 4.63 47.40 16.80 29.90 0.16 2.14 0.90 ES
Cr 74.41 2025 193.19 40.00 55.30 0.27 1488 322 MHUER
Ph 2731 8.47 68.40 16.60 14.70 0.31 5.25 202 XBOES
Cd 0.243 0.143 0.923 0.041 0.10 0.58 5.85 197 WHOERS
Hg 0.092 0.091 0.712 0.013 0.02 1.00 1820 379  MEIEA
As 10.73 2.34 18.08 4.76 9.10 0.21 1.06 0.60 IS
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Table 5 Content of soil heavy metals in different years(mg-kg™)

JCE 19924 1995 45 1998 4FE 2006 4 2008 4= 2013 4F

Cu — 25.25 — 28.87 33.30 29.53
Zn — 91.50 — 86.08 99.04 89.35
Ni — — — 29.76 38.12 29.86
Cr 63.3 52.69 — 73.69 85.03 74.41
Pb 239 — 27.24 26.29 27.53 27.31
Cd 0.191 — 0.202 0.212 0.232 0.243
Hg — — 0.122 0.121 0.072 0.091
As — — — 10.96 14.46 10.73
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Table 6 Correlationship between soil heavy metal elements

J8kr  Cu 7n Ni Cr Pb Cd Hg As
Cu  1.00 0.835%* 0.559%* (0.590%* 0.771%** 0.682%* (0.453%** (.233%*
Zn 1.00  0.480%* 0.616%* 0.838** (0.769** 0.559** 0.158
Ni 1.00  0.691%* 0.415%* 0.318** 0.103 0.375%*
Cr 1.00  0.536%** 0.381%* 0.290%* 0.167%*
Pb 1.00  0.775%% 0.674** -0.047
Cd 1.00  0.507** -0.004
Hg 1.00 -0.061
As 1.00

Note: ¥* P<0.01,*P<0.05
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Figure 2 Spatial variation of soil heavy metals
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Table 7 Index of heavy metal potential ecological risk in

soils of studied area

e B B AAESRREEGRARLD

R
B

wu

IRAE i (E P g B AREE RRAR

Cu 127 59.80 6.99 100% 0 0 0 0
Zn 027 439 143 100% 0 0 0 0
Ni 1.14 793 497 100% 0 0 0 0
Cr 053 699 268 100% 0 0 0 0
Pb 2.15 2505 945 100% 0 0 0 0
Cd 6.63 15249 4054 62.1% 30.7% 7.13% 0O 0

Hg  7.55 52830 69.81 36.4% 40.7% 16.4% 4.34% 2.1%
As 523 19.87 11.75 100% 0 0 0 0

N
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|
/\E [ RI
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Figure 3 Distribution of integrated ecological hazard in studied area
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Figure 4 Distribution of pollution sources in studied area
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Table 8 Results of Bonferroni test

Al Al Cu Zn Ni Cr Ph cd Hg As
kT 37.33 114.08a 31.9 79.77 34.48a 0.38a 0.12 10.9
KA 35.55 84.45h 28.96 73.84 27.34h 0.52 0.10a 11.39
HH 23.30 76.06 27.69 65.44 21.65 0.11b 0.05 10.09
B 3 30.15 85.12b 29.54 70.89 24.85hb 0.23 0.06b 10.11
TEL 31.85 97.79 30.63 85.51 28.54 0.29 0.82 10.25
W] 30.11 92.22 29.29 70.91 30.86 0.28 0.12 9.31
sig.(ANOVA) 0.917 0.0077* 0.381 0.413 0.008%* 0.0027 0.043% 0.712

HE % Sig.<0.01 (BUBKRI ), * Sig.<0.05(UUBKH )5 (a b )t Bonferroni KRS 3L, PRI R B 522 5, RIRNOR A 525 5

Note: ** Significant < 0.01 (two—tailed ), * Significant<0.05 (two—tailed ). Letters(a,b) indicate the results of Bonferroni test; the same letter shows no

significant difference while different letters indicate significant difference.
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