20174 12 A Z?ﬂ[im‘ *jﬂﬁ%iﬂi %48 % 5B 12

doi:10.6041/j. issn. 1000-1298.2017. 12. 029

ETHRETFEFNIREEEES TS TRREEHN

WHE wWExR' FAHE AHE” Yuaxk'”
(L. o 50 B2 B 2 M RG24 2 25 R 15 17 O T 90, Bk 541004
2. s 2% (16 50) MR A 5B, L3 100083)

TR 75 B A1 R 2 HORE A0 3 A S0 BT 3R AT R R G R A s () B B R T 2 M 2 R 5 5
LR 3% (OK) X SR DX 33 4 S8 3 45 i & 1) 23 1) A8 S MR R AT 1 20 B, 5 4 4 s s BLAS 3 (TK) 12 /48 7R s 1L
Rk (MVIK) 22l 74 3505 4 & o0 F05 Je KU A 1 e 75 Qe 22 A KU BE R 1 o S5 R R WL R i S IX Lo i & R
As Cd Cr .Cu.Pb Hg Ni il Zn {8 i B3 & TAREE AR X, & DU &8 o0 R Z 0 BA 3 A S, v 1)
FAEAR KA [ IR PE RN & 5K 2 5 52 M b B B0 4 A TE R R 9 52 0, 4% 00 < B ST R (BR Cu JTRAM) A A A 5 21
4 2 (8] 78 S A < iR Rk e (L B 0 A A AR T S R I S A S A DX 1R B 0 A 1 TG A A AR T
B RAE XA TE As Cd, Cu Hg Ni il Zn %55 4 J& 5 Y WU, JEXUBS HE < 73 51 2 0. 326 ,0. 805 ,0. 185 ,0. 192
0.267 #1 0. 270, -3 5 43 & 5 Je LA MU BE % O 0. 335,

REW: HEGE; T5RME; 7 BA $6 8 5 B 23 ) 4 A

HhE 4 ES: X825 XEfHRIRAD: A XEHS: 1000-1298(2017)12-0248-07

Spatial Distribution and Soil Pollution Risk Evaluation of
Soil Heavy Metals Content Based on Geostatistics
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Abstract; A large number of soil heavy metal content data and spatial data were obtained through soil
survey and laboratory analysis. Spatial variability of soil heavy metals were analyzed by ordinary Kriging
(OK) and classical statistical analysis. The pollution risks of each soil heavy metals were studied by
utilizing indicator Kriging (1K) and the integrated risk of soil pollution was calculated by multiple
variable indicator Kriging (MVIK ). Results showed that the contents of heavy metals of As, Cd, Cr,
Cu, Pb, Hg, Ni and Zn in karst area were obviously higher than those in non-karst area. They were
significantly correlated with each other (p <0.01), meaning that they were of the same source. The
value of correlation coefficient between Zn and Cd was the highest, and the value of correlation coefficient
between As and Cd was the lowest. All the soil heavy metals had significant correlations with pH values
(p <0.01). All the heavy metals had strong spatial variability with exception of Cu, due to the intrinsic
factors, including the lithology and soil forming rock. The high values of heavy metals were in the
southeast and north of the survey area, and the low values were in the southwest area. There were
pollution risks for As, Cd, Cr, Cu, Pb, Hg, Ni and Zn, and the risk probabilities of them were 0. 326,
0.805, 0.185, 0.192, 0.267 and 0. 270, respectively. Therefore, there was high pollution risk for Cd.
The probability for integrated risk of soil heavy metals pollution was 0. 335. The study provided scientific
consults for the industrial and agricultural production and the environment management.

Key words: soil heavy metal; pollution risk; Kriging; indicator Kriging; spatial distribution
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Fig.1 Location of study area and distribution of

sample sites in study area
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Tab.1 Testing methods for soil samples

R kiR TR R

As JREH/ (mg-kg ™) AFS 0.5

Cd ittt/ (mg-kg™") ICP— MS 0.01

Cr Jfitk b/ (mg-kg™") XRF 5

Cu &t/ (mg-kg™") XRF 1

Pb &/ (mg-kg ") XRF 2

Hg Fit H/ (mg-kg™') AFS 0.000 5
Ni J’r)i‘%]:b/(mg-kg") XRF 2

Zn JFii 0/ (mg-kg™") XRF 4

pH ISE 0.1

GB15618—1995( + 3 ¥ 55 5 5t b5 #E ) 1 19 — 243t
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Tab.2 Threshold of pollution for soil heavy metal

mg/kg
feti pH i

<6.5 6.5~7.5 >7.5
As it b 30 25 20
Cd &t b (K /) 0.3 0.3 0.6
Cd JFi & [t (%) 0.3 0.3 0.4
Cr it o (i) 150 200 250
Cr it (/K H) 250 300 350
Cu it o (e /) 50 100 100
Cu JT i L (SR 1) 150 200 200
Pb BT 280 600 600
Hg i H L 0.3 0.5 1.0
Ni i & L 70 80 90
Zn Ji L 200 250 300
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Tab.3 Characteristics of soil heavy metals contents for different landforms in study area

AF i fe/ME PN - i 22 it 3£ F R
As, i/ (mg-kg™") 5.8 42.3 14. 41 7.21 1.78 3.87
As, itk L/ (mg-kg™") 5.4 71.0 29.37 9.75 1.04 6.27
As; &/ (mg-kg™") 5.4 71.0 21.89 11.37 0. 87 1.84
Cd, JR& I/ (mg-kg™") 0.1 5.8 0.85 1.10 3.21 11.55
Cd, it/ (mg-kg™") 0.2 17.0 4.55 4.51 1.16 0.56
Cdy sttt/ (mg-kg™") 0.1 17.0 2.70 3.76 2.02 3.72
Cr, FHrL/ (mg-kg™") 56. 1 143.0 79. 58 15.55 1.59 4.38
Cr, Fihrb/ (mg-kg™") 45.6 186. 6 119.79 39. 44 -0.05 -1.17
Cry ittt/ (mg-kg™") 45.6 186. 6 99. 68 36. 03 0. 89 -0.37
Cu, it/ (mg-kg™") 16.2 71.6 36. 51 13.38 1.00 0. 69
Cu, FfE L/ (mg-kg™") 15. 4 113.1 57.97 20. 94 0.34 0.31
Cu, 4t/ (mg-kg™") 15.4 113.1 47.24 20. 54 0.79 0.42
Pb, itk ./ (mg-kg™') 17.9 43.9 27.15 5.48 0.57 0. 54
Pb, Btk L/ (mg-kg™") 21.9 74.0 46. 56 15.76 0.18 -1.14
Pb, it [/ (mg-kg™") 17.9 74.0 36. 85 15.26 1.01 -0.06
Hg, FHrI/ (mg-kg™") 0.1 0.4 0.15 0.09 1.43 1.11
Hg, Bk tt/(mg-kg™") 0.1 0.7 0.32 0.16 0.72 0.25
Hg, &6/ (mg-kg™") 0.1 0.7 0.24 0.15 1. 11 0.91
Ni, it/ (mg-kg™") 19.2 176. 8 39. 49 25.28 3.69 17. 68
Ni, sttt/ (mg-kg™") 29.0 148.5 76. 31 30. 53 0.23 -0.76
Niy Fift b/ (mg-kg™") 19.2 176. 8 57.90 33. 46 1.07 0.72
n, Bk L/ (mg-kg™') 48.1 274.0 97.39 48.27 2. 14 4.70
Zn, JFE L/ (mg-kg™!) 68.2 541.0 241. 37 130. 37 0.29 -1.09
Zng iR/ (mg-kg™") 48.1 541.0 169. 38 121. 66 1.13 0.13
pH, {4 4.7 8.0 5.61 0. 81 1.31 0.97
pH, 4 4.7 7.8 6.28 0.77 -0.22 -0.97
pH; 4.7 8.0 5.95 0. 86 0. 41 -1.02

VE: AR 1,23 SRSk A 0 X T R AR A
®4 IRESETFTEAMNEAXRY

Tab.4 Correlation coefficients of soil heavy metals

As Cd Cr Cu Pb Hg Ni Zn

Cd 0. 457

Cr 0.558 0.730

Cu 0.489 0.559 0.549

Pb 0.621 0.704 0.882 0.544

Hg 0.729 0.603 0.730 0.514 0.873

Ni 0.609 0.646 0.801 0.705 0.786 0.748

Zn 0.579 0.885 0.878 0.695 0.884 0.786 0.870

pH{H 0.365 0.513 0.673 0.369 0.630 0.553 0.600 0.630

T« B YA SR PETE p <0. 01 K-35 (RUR) o

HBHR T 0.8, 4b7E 0.896 ~0.979 Z [a], 15 BH fir 1E X
PR T R A b S B & I H IR E SR TR RS
RS el EERAMZI C,/(C, +C) il
WA by i o AR 1 A AR OC RR B Y R, A LN T

0. 25, W] >y 75 [a] 55 AH G s b #E 0.25 ~0.75 Sy 73 [a] h
SERRPEAR G KT 0.75 AR . K S WL
F G BR Cu LR S & (Hedt ol 0.322) 2 3 45
S (4 25 (R AE PR AN , HAh 4 JE T R m A H A o

R5 TEHECEREFFTERHNERKEMSH
Tab.5 Theoretical models and parameters of soil heavy

metals contents

S P E e SIEN €,/(Cy +C) e AL
- C, C, +C 2
As  BRAR 0. 067 0.332 0.202 0. 959
cd 0. 820 4. 650 0.176 0.979
Cr R 0. 043 0.213 0.202 0.942
Cu  BRAR 0. 065 0.202 0.322 0. 896
Pb &t 0. 077 0. 630 0.122 0. 940
Hg  48% 0.056 0. 492 0.114 0.973
Ni 8% 0. 080 0.347 0.231 0. 906
Zn  ERAR 0. 170 0. 690 0.246 0. 970
FUB 2 [ AR G PE o U ISR AE X I T 6 R 5 B 1Y

?I‘ﬂ%lﬁ‘f@ti?%ﬁaaﬁ\miJﬁ%ﬁw’iﬁ%‘?%l

@E‘J 11 N0 2l S B AL D 2 R m e/ o I 3R

PRI S S B (R 5) L 7E AreGIS 9.2 1 43 | X}

8 M & B IC R & AT A MG, R e A
B oA (E 2) .

ME2 Al LLEH,8 FiE &R TR & Bk

F 2R B AR A X R, P R R AR A T b
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Fig.2  Spatial distribution maps for soil heavy metal contents
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Fig.3  Probability pollution distribution maps of each soil heavy metal
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Fig. 4  Probability pollution distribution map of soil
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Tab.6 Precision evaluation for spatial prediction

55 OK IK 3%

MME RRMSE MME RRMSE
As Btk b/ (mg-kg™") 0.223  8.633  0.004  0.409
Cd Jfig / (mg-kg™") 0.258  2.848 -0.003 0.362
Cr i/ (mg-kg™") -0.030 24.220
Cu ittt H/ (mg-kg™") 0.392 16.980 0.001  0.328
Pb i ./ (mg-kg™') -0.336 8.815
Hg ittt/ (mg-kg ™) 0.005 0.093 0.005 0.371
Ni b/ (mg-kg ™) 0.207 23.470 0.002  0.348
Zn it/ (mg-kg™") -0.260 33.700 0.002 0.321
Z; 0.002 0.215
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