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Spatial structure and distribution characteristics of heavy
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Abstract;Based on the combination of geo-statistics and GIS, this paper analyzed the normal distribution
characteristics, dominant distribution trends and interaction regulations of heavy metals including As, Cd, Cr,
Cu, Hg, Ni, Pb, Zn, and trace elements Se in the topsoil in whole area of Chengde. Both the most suitable
geo-statistics interpolation model and spatial distribution law for these elements were determined. The results
showed that the average contents of As, Cd, Cr, Cu, Hg, Ni and Pb, were respectively 8. 28,0. 200, 60. 85,
24.37, 0.034, 27.76, 26.65, 77.1 mg/kg. The coefficients of variation of Cd, Cu, Hg, and Pb were
respectively 385% , 143% , 350% , and 118% , which indicated the level of dispersion was great. The
average value of Zn contents was significantly affected by soil types. While the average value of Cr, Cu, Ni
contents was significantly affected by land use types. After comprehensively comparing the interpolation errors
of order elements of different trends, the following results were obtained that non-trend parameters were
suitable for As, Cr, Pb, Zn, Ni, and Se, first-order trend parameters were suitable for both Hg and Cu, while

second-order trend parameters were suitable for Cd. The theoretical model of As was an exponential model,
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which was mainly affected by structural factors. The theoretical models of Cd, Cr, Cu, Hg, Ni, Pb, Zn, and

Se were linear models, which were mainly affected by random factors. According to the Kriging method, it

could be seen that the 9 elements in the area presented a characteristic of low level in the north and high in the

south. And a relatively wide Pb high-value band was formed in the central area, similar to Cd. According to

the characteristics of contents distribution, the high-value spatial distribution areas between Cr and Ni, Cu and

Hg, Zn and Pb, Se and Cd were similar, and the sources were also the same, and only As was significantly

different from them. The analysis results were partially consistent with the traditional statistical results.

Keywords :soil ; heavy metals ; geostatistics ; Kriging
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Fig.1 Distribution of soil sampling sites in the study area
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Table 1 Descriptive statistics of Soil heavy metals

Fri/(mgekg ')

IR |A=)

$5 47 TR R RRU% WM VR REET gt e
BOME Bk il P R AE/ (mg-kg™")
As 0. 80 84.98 6. 81 8.28 7.92 96 4.47 31.32 -0.37 0.92 13. 60
Cd 0. 030 14. 675 0.120 0.200 0.77 385 17.29 321.15 1.36 7.47 0. 094
Cr 4. 00 433.10 48. 63 60. 85 56. 65 93 3.22 13.19 -0.06 1.02 68. 30
Cu 3.37 536. 10 18.33 24.37 34.79 143 10. 08 130. 00 0. 67 2.98 21.80
Hg 0. 003 1.982 0.020 0.034 0.119 350 14. 00 209. 70 0.51 2.98 0. 036
Ni 2.00 223.17 22.60 27.76 23. 86 86 3.98 24.02 -0.06 1.42 31. 80
Pb 5.30 409. 30 22.31 26. 65 31.57 118 9. 88 111. 36 1. 68 9.36 21.50
Zn 9.70 710. 60 71.19 77.10 48. 96 64 6.32 72.75 -0.42 2.29 78. 40
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et HEOCR B O E . R R AR, TR W
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Table 2 Mean characteristics of 9 elements in different soils and the results of single variance analysis
4 T S/ As Cd Cr Cu Hg Ni Pb Zn Se

T ) 6 5.169 0.103 73.731 19. 390 0.032 49. 443 23. 047 70. 373 0. 086
W+ 45 7.588 0. 466 76. 339 35.255 0. 024 30. 781 32.793 97. 065 0. 147
k=g 8 8. 835 0. 143 62. 156 27.076 0.022 35. 838 25.275 83.920 0.133
#+ 191 8.435 0. 164 65. 646 24.051 0.034 28. 836 25. 146 77. 834 0. 150
TRAD TR £ 15 5.184 0. 081 51.416 13. 864 0.015 26.403 18.535 45.220 0. 094
T4 4 18 9.916 0.187 38.299 16.923 0.026 17. 740 46.523 87.241 0. 144
Ly b R A 8 9.416 0.079 32.042 13. 267 0. 026 17. 029 21. 186 42. 874 0.078
o b 110 8. 486 0. 180 52.448 24.016 0. 045 25.491 25.296 72. 686 0. 143
F 0. 665 0. 945 1. 857 1. 089 0.251 1. 859 1.557 2.913 1. 291
P 0.701 0.471 0. 075 0.369 0.972 0. 075 0. 147 0. 006 0.253

T HME AR mg/kg,

R3 IMATEERRDLMFALBNHERTERETENNER

Table 3 The mean characteristics of 9 elements in different land use types and the results of single variance analysis

+ S/ As Cd Cr Cu Hg Ni Pb Zn Se
K Ge 5 4.941 0. 101 92.782 18. 187 0.013 34.072 22.875 62.971 0.092
HE b 23 8. 486 0. 153 93. 545 40. 407 0.029 40. 682 25.430 71.441 0. 158
LS 62 9.737 0.394 66. 004 28. 620 0.030 31.227 32.198 90. 750 0.158
i 21 10. 903 0.161 67.906 24.560 0.038 33.995 22.404 73.683 0.192
N il e V4 24 4.705 0.119 73.169 44.691 0.099 30.311 22.613 82.093 0.116
Mt 172 7.595 0.170 56.073 20. 884 0. 026 25.415 26. 125 74. 346 0. 143
L 94 9.013 0. 160 50. 267 19. 132 0.038 24.222 26. 428 74.737 0.126
F 2.083 0. 826 3.408 3.097 1.419 2.355 0.470 0.111 1. 884
P 1. 054 0.551 0. 003 0. 006 0.206 0. 030 0. 830 0.355 0.082

A A me/ke,
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X+ e 4 )8 oo B M Se ik A7 AH & Mk W
(spearman 7347 ) , # 5& R E R B, 0 R Z [A] /9 S Bk
T 2 5 AH G 2R B R OB/, JT R 2 TA) Y DG B R
R ) PR 22 o bl 4% 00 3R )Y AH S R Bl (3
4) A WFEMEM R RN G B REN 25% , )
BHEMLERKRA L B RRE 47.2% , b Cr F1 Ni |

Cd f1 Pb Cd F1 Zn Pb fl Zn Cu 1 Hg S 4% i 3 (19 1E
F I, AH R R s il o 0.832,0.698,0.739,0. 731,
0.635, Se 5 As Heg . Pb . Zn B W FMIEF KL, 5 Cu
Al Ni 28R IEA G, M5 Cd # Cr 2 [8] A9 AH OGP 4L
59, Cr 5 As fil Pb Z [A] 5t —E M AARCE R B
H#EWF Cr Al Ni,Cd #1 Pb il Zn ,Cu Hl Hg,Se £l As Z [H]
A BE 2 AT AR TR Ak
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Table 4 Statistical correlation analysis among 9 kinds of soil elements

As Cd Cr Cu Hg Ni Pb Zn Se
As |
Cd 0.095 " 1
Cr -0.046 0. 065 1
Cu 0.002 0.385 " 0.405 ™ 1
Hg 0. 068 0. 044 0.113™ 0.635" 1
Ni 0.038 0.138 " 0.832™ 0.436 " 0.095 " 1
Pb 0.104 " 0.698 ** -0.025 0.256 " 0.094 " 0.027 1
Zn 0.158 " 0.739* 0.239 ™ 0.422* 0.096 " 0.315" 0.731 " 1
Se 0.233 ™ 0. 080 0. 140 0.108 " 0.216 0.107 " 0.165™ 0. 143 1

T " HIRTE 0. 05 K- CBUI) b AR (BUR ) , ™ RIRTE 0. 01 JKF (XU) b AR SE (BUR ) ,n =401,
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Fig.2 Dendrogram of the soil elements
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Table 5 Principal component analysis results of soil elements
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Fig.3 Factor loading analysis of elements in surficial soils
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Table 6 Rotated component matrix of PCA

( principal component analysis )

P ASRAER E IS F T R
A sy moERS SRS RS
As 0.104 -0.037 -0.081 0. 800
Cd 0. 905 0. 039 0. 054 -0.004
Cr 0.028 0.947 0.099 0.018
Cu 0. 348 0.377 0.771 -0.053
Hg 0. 005 -0.003 0.948 0.138
Ni 0.112 0.944 0.073 0.047
Pb 0.891 -0.100 0. 055 0.095
Zn 0. 889 0.233 0. 063 0.099
Se 0. 057 0. 097 0. 187 0.753

TE TRHE T iR AT Kaiser 79 (0 B D9S3 e 5% 1, B H6 16 4 Uik
(ML e 8

3.4 tHIOTEMBESN

RIZ I — A 5 2 BA R R (U S5

FE1 3. 11 3.11 34. 50 34.50
F 2 1.85 4.96 20.55 55.04
F 43 1.28 6.24 14.25 69.29
FE iy 4 1.13 7.37 12. 58 81.87
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Fig.4 Trend analysis of soil elements
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B4R, MSE ) 268 %) {5 5 fin 4% 3 0, RMSSE #9 {8 fi% $
i1, A Kringing 4 B RF R 326 45 JC 4 #4500 kS v, [R)
P Hg Al Cu ¥ —Pr, Cd 2L —Fr o
3.5  HHESUER A [E) R BRI

275 5 PR (Semivariogram ) 2 75 X I8 fb 742 7 il A2
AR AR AE AR B A TS R 4 IR — E A R R BB
RAFEAS TT 22 BB ) SR A, 0 M &5 12 v 0 7 5 )
& Jry A% i B o E A T 38R R AR S R A
K HZHAT LUK XA A% S 1) 53 A 2647 4548 P4 A B AL
P B W, 2 T 45 G 5 HEL RS 1 S8 U O RE S 1 XY
SRR FITRI > o A = A B S8R A S 2 T
SRR BB E (C,) RAEIFERE 252 0 1, 248
SRR — R 0 e fH, S Wy 2 B /N RE LUR
H A 0 5 158 2 S5 B ML IR 3R 5 S 9 1 e 5 AR R (A)
U FR AR S R BSS Bk 5 (B I 2 [] e K TA) Bl IR 25, I

Wy AR s [H] HOAH OGS SR RELC/(C + Cy) /2
WEESEGMER A, ROV T 25 [ 5 k. 12s [\
AR S P i 2 Bl B DI A S R A T A R RN T 2
SE SR PE R 2 A 1N AR 1Y 23 TR G L BEAILPE 3R
W) 25 8 AIG A8 B 0 a8 TR AH OGP, M & REUNT 25%
i, 26 B DX SR fE ) 25 ) 4R OC PR SR B, eI 25 () 28 S
S0 M T S L SR 4 A P O R A R &
P e RBOK T T5% ) 3 I IX 4R A L
PR B B BT 1 45 (AR S e, A ) A S R
ZBEALPE R TR Hl BB S E RN T 25% ~
T5% , 3% B DX ok 725 o (1) 243 () A OGP i B s v, He s i) A
SErh BERLYE DN 2 5 SR vk N R SR e ek
JZ 42 R U 2 45 0] A8 SR I 5 A DK B 2 AR S R B A
B R S, BRI 0L 4 A5k SR T 9 R R (i B KRN RSS
e/ UG 3

Hi# 8 Al 1,9 Ff+HE KK RO/ T Pb Ky
0. 176 , AR 7E 0.334 ~0.773 Z 0], Ui ] LR 4@
JCR M Se WYL A 5 5 S0 A SR W) G
PLEBR M, X 9 FhoTFE AT 8 Tt R (148 ik it
#Bid T 8 000 m, /N AEFRHLAE 3 000 m UL I, B
A XS HHEAT Kriging /i {8

As (2 TJ5 22 R BUR T 48 BB AL, B & R Al
10. 8% , 7524 3 000 m, [H it As .48 51 (4 %5 0] 4 3¢
PE, Sl th B 9% X R 2 13 As 2857 B M B Hb 5
Ji A BB M BT S AR A A M B R SE A, X 5 Chen
SR T T A5 S PR R — B MBI R As B ZE
0] 53 A B 45 DR 2 Sk A 48 i v R b TR Y S, 32 N R 9 B
%/ s Cr ,Cd \Hg . Pb Zn Cu Ni Se (34 & #5>
W% 83.7% .83.0% .87.4% .100% .81.7% .89.6% .
85. 7% 86.9% , H. 2 )7 22 RIS J& TP AL (& 5) .
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Table 7 Comparisions of semi-variogram parameters with different trends
JLF R bR JER.E VeI ViR 2 Yo7 MR 22 PR T AR R 2 bREAL T 1R 2 T AR R 2
* 0.172 17 7.385 91 1. 106 01 ~0.011 39 7.389 63
As — W 0.163 11 7.385 42 ~0.013 59 1. 108 61 7.391 54
B 0.137 43 7.440 81 -0.029 04 1.097 68 7.568 70
I 0.175 29 56.414 50 -0.067 63 1.142 77 59.264 92
Cr — 0.208 83 56.525 90 -0.069 22 1. 151 99 59.276 35
1y 0.181 09 56.534 76 -0.070 61 1. 157 35 59.205 83
¥ -0.039 59 0.790 07 -0.275 43 4.942 69 0. 156 01
Cd — & —-0.039 43 0.790 09 -0.275 39 4.944 70 0. 156 30
ey V1 -0.039 32 0.790 04 -0.274 98 4.923 88 0. 156 34
o —-0.005 90 0.121 20 -0.112 83 2.331 82 0.032 41
Hg — & —-0.005 86 0.121 20 -0.112 21 2.324 09 0.032 56
—kr —-0.005 84 0.121 24 -0.113 90 2.327 62 0.032 74
X —1.286 44 32.591 37 -0.136 23 2.521 08 13.738 88
Pb — —-1.293 00 32.597 92 -0.137 18 2.527 97 13.726 11
1y —-1.341 29 32.571 58 -0.138 55 2.547 70 13.592 06
o —-0.209 10 48.314 48 —-0.045 97 1.179 24 42.060 30
Zn — 0.437 02 48.170 29 -0.026 22 1.192 83 41. 809 20
1y 0.424 76 48.240 90 -0.029 16 1. 196 40 41.802 73
J -1.474 97 35.392 12 -0.131 94 2.032 61 17.574 07
Cu — -1.375 62 34.919 19 -0.082 92 1.851 77 16. 376 03
1y —-1.449 67 35.397 46 -0.133 40 2.034 26 17. 609 21
J -0.310 59 24.302 46 -0.108 75 1.651 55 22.229 54
Ni — & -0.282 13 24.349 26 -0.111 48 1.678 18 22.258 72
B —-0.282 31 24.346 99 -0.112 31 1. 685 34 22.263 20
I 0. 007 66 0.095 96 0.021 72 0.793 26 0. 142 24
Se — & 0. 007 68 0.095 86 0. 020 78 0.792 21 0. 142 82
Y V1 0.007 70 0.096 02 0.019 44 0.792 42 0.143 13
*8 ITEXZERETRIABELEBEREMBEXSH
Table 8 Soil elements content and variogram model parameters
A AR/ PRM(C)  HEAMC+0) HERB(C/(C+0)) Yo RE K o DA
As 3 000 0.010 90 0. 100 80 10. 8% 1.505 1.267 x10~* Exponential
Cr 128 738.99 0. 083 35 0.099 62 83.7% 0.773 1.020 x 10 ~* Linear
Cd 128 738.99 0.079 92 0.096 31 83.0% 0.616 2.199 x 10 ~* Linear
Hg 128 738.99 0.108 17 0.123 72 87. 4% 0.334 6.335x10°* Linear
Pb 128 738.99 0. 039 46 0.039 46 100 % 0.176 4.419 x10°° Linear
Zn 128 738.99 0.039 99 0.048 94 81.7% 0. 489 1.101 x10°* Linear
Cu 128 738.99 0.065 18 0.072 75 89. 6% 0. 349 1.402 x10 ~* Linear
Ni 128 738.99 0. 066 84 0.078 00 85.7% 0.532 1.440 x10* Linear
Se 128 738.99 0.092 58 0. 106 57 86. 9% 1. 544 2.161 x10 4 Linear
X 8 W R H A Y A5 AL AH O, R R X R JZE £ T HEOTR A ) AR S A (A (E I RE S [ ] — i &

Herpik 8 Wiyt & FEAZ BN IE S SERENLME N R 5
M, 2518 5 Facchinelli 2519 — %, Hirp Cu Zn H1 Pb
E@ﬁk?ﬁ—'ﬁk*?ﬁiﬁﬁ%%&ﬂlo ANTFAE A5 B 1Y 25 )
A S PRI O, 3 T BE L 5 AS YRI5 X320 S b A o A
iﬁfﬂﬂﬁﬁﬁiﬁ*ﬂi?é%o
3.6 i g A (Kriging ) 4 8] 47 {6 12

GIS 7 4b 3 5 B8 A EDE A 58 Ak 2638 J7 i B A
AR5 S R R A5, 326 HRUASE AU A7 (B B 1L S5 AT DA EOUR 1 S5z B

FR R AR 2 6T DX Bl T P 2 R AR R A 000, A 4 A
A DL A A G AR AE . 2 M B Tk %, &
Y U R A RV (R BE B0 AU BV AR ) A B
BORAE L R 2 W 7)) R G 2 4 1
5 (o HUAR 12 /W [) o A% 3 | TR0 476 F0 725 L 22 46 DL - 3B
SR A AT o s LR A SRR % IR) SR 47 4
JEAE — 2 X ek P A X3 A 7 AT DI e A 3 —
P70 SRz v BLKS A6 L L BT PR v HELA 47 (555, iR
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Fig.5 Semivariogram of the soil elements
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bE TR RMEMEE, As FEGHEN 2.9 ~
29.9 mg/ke, BEAAE B M NI SR E N 12.7 ~
61.9 mg/kg,Pb & & i FEl A 16.4 ~38.6 mg/kg, Se &
S5 0 0. 055 ~ 0. 401 me/kg, Bk 27 it 40 T o %
Cd &g F 2y 0.082 ~0.742 mg/kg, Cr & & 70 [l R
28.0 ~228.4 mg/kg,Cu & myu A 11.3 ~142.4 mg/
kg, Heg & &5 0.013 ~0. 126 mg/kg, Zn & &= 5 [l H
43.5 ~199. 4 mg/kg, B A E (B 5 o DA X I 25 ] 43
iR AR AL X 9 RhoT R & & B AR AIX, 1M Fg
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Hg 76 F 7 B AL 6 b X IR A 5 {8 X5 Ph f‘?iﬁﬁ/ﬁiT
—scmfEA, X X Cd oA R AR AR L, X 5 XN Bk
e FE SR R E P ARG RA —E MR
B2 Pb Hh Y A, Zn F Ph — 35 Y6 AR 1 b 3 LA K
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FIHE Y Cd 1 Se #RE A SR TE MR AWM, LD
Cd . Se 5 LB AE — & A O, Btk & il - 1 98 R 1Y
A TE AN J7 T Sk T IR Pk A
g5 BT, AN —Fh O vk I W oC R Z 8] Y[R
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TR ELA — 3k . R UON AE A 1 R B0 1 S b
L anHELIMES B IO E S MM RER A
W3 B B A 58 5 B 4 v (R M X (S B —3
P X AGER L D) SE AT R v A g W, R e i — 2P
TFJE X P - HE Cd Fil Se P2 22 12 Ab 3 il PR 22 19 T o2 e
R ML (4 BIF 5, AT S BRAR A 9 o i A4 1140 s

4 #Hit

(D)8 ge it 2253 Frh Cd Cu Hg F1 Pb J& T 5
R, R R R 385% 143% .350% . 118% ,
As Cr fil Ni J§ Frhsgsa 5, 2 R RE 55 H 96% |
93% 86% ,7n J& T80 5%, F RE N 64% , Zn &
A2 IR R 2, Cr Cu (NI 25 & B (R 0] 52



-128- LR g, S AR BT b G 2 ) S5 4 5 00 AR R

]\ 6~29. 8

w(Cu)/

w(Pb)/(mg-kg™)
16.4

B9 N N B D

6 TERTEME

2.0~12
IW\ 8 l‘)()-l

0 75 km

S 18] 4y 1R

Fig. 6 Spatial distribution of soil elements
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