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Multivariate Geostatistics and GIS-based Approach to Study the Spatial Distribution
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Abstract: One hundred and eighteen surface soil samples were collected from the Dongguan City, and analyzed for concentration of Cu> Zn,
Ni>» Crs Pb, Cds» As, Hg, pH and OM. The spatial distribution and sources of soil heavy metals were studied using multivariate geostatistical
methods and GIS technique. The results indicated concentrations of Cu» Zn, Ni> Ph, Cd and Hg were beyond the soil background content in
Guangdong province,> and especially concentrations of Pb, Cd and Hg were greatly beyond the content. The results of factor analysis group Cu»
Zn; Ni> Cr and As in Factor 1, Pb and Hg in Factor 2 and Cd in Factor 3. The spatial maps based on geostatistical analysis show definite
associatio of Factor 1 with the soil parent material, Factor 2 was mainly affected by industries. The spatial distribution of Factor 3 was attributed
to anthropogenic influence.
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Fig.1 Zones and sample sites of studied area
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Table 1  Basic properties of agricultural soils in Dongguan City

TH /ME NI FAE ittt 22 A R % (13 e J3 or A
pH 3.69 7.73 5.89 0.84 14.26 0.22 -0.28 Ed&
SOM/ % 0.79 3.36 1.91 0.54 28.27 0.55 0.22 IEZ&

1.4 Eds b

WAL T 43 BT oR . SPSS13.0 #4458 ik, Hhb
GErk MR A R AP A8 5 bR 0 Sl ST L B A
A AE AreGIS9. 1 H M Kriging i (B ASEER, fi N FU4
BH, BT A AT

2 HR5E

2.1 LIEESEWGERE
TR E SR TR S R R g W&
2. [ F tH, Cus Zn~ Ni~ Cr+ Pb~ Cd- As Al Hg [¥1°F- Y18
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3R 21.824 66.15+ 20.52+ 43.01. 65.38+ 0.12.
12.76 F10.24 mg/kg, YA 8 FH 5K b b i
-3 PR PR E (S (K 3D, (A B B
Cu~Ni~Cd F1 Hg & S 7 B e (8, JUH & Hg & &
S H CIA E] 1.01 mg/kg, 65 TFEMH 0.3 mg/kg,
30% TR S He & BT T RbRE, N 5]

RLLBR Cr AT As A1, HARTCR B PIEHE L R
B LB ST, JUHE He. Cds P T35 7 543
1XF]0.24. 0.12 F1 65.38 mg/kg, 12 /& T 15 50 {E, Ui
WHRE A AR SE TPl Tl Ak, L B4 )8 2 B R
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Table 2 Descriptive statistics of the heavy metals of agricultural soils in Dongguan City
ek b B BRREC O BAME R e
/mg*kg /mg*kg /% /mg*kg /mg*kg
Cu 118 21.82 20.62 10.67 48.90 5.08 65.10 4.27 1.56 IEERS
Zn 118 66.15 63.15 33.80 51.10 8.43 169.50 -0.32 0.35 EZ
Ni 118 20.52 20.73 11.10 54.09 2.29 57.46 -0.14 0.39 ER&
Cr 118 43.01 42.51 20.00 46.51 2.28 86.59 -0.51 -0.04 A&
Pb 118 65.38 58.50 24.44 37.38 20.36 137.20 0.44 0.86 IEA&
cd 118 0.12 0.12 0.08 66.67 0.02 0.67 22.76 3.67 MHOERS
As 118 12.76 13.00 6.82 53.45 0.40 28.87 -0.51 0.29 ER&
Hg 118 0.24 0.21 0.17 70.83 0.01 1.01 4.30 1.70 IEERS
#3 ITESEEITFMIRE
Table 3 Evaluated standards of heavy metal concentrations in soil environment

Frife Cu 7Zn Ni Cr Pb Cd As Hg
ER = HhrE(pH< 6.5) 50 200 40 150 250 0.3 40 0.3
JUHRAR LR Rl 17.65 49.71 17.8 56.53 35.87 0.094 13.52 0.085
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Table 4 Correlations matrix for the heavy metals; pH and SOM in the agricultural soils

pH SOM Cu Zn Ni Cr Pb Cd As Hg
pH 1
SOM -0.384" " 1
Cu -0.206" 0.259" 1
Zn -0.230" 0.521° 7 0.477" "~ 1
Ni -0.456" " 0.464" * 0.438" ~ 0.582" 1
Cr -0.409" " 0.520" " 0.483" " 0.723" " 0.776 " * 1
Pb -0.138 0.443" " 0.186 0.266" * 0.457" " 0.365" " 1
Cd 0.209° 0.090 0.125 0.238" * 0.059 0.138 0.014 1
As -0.494" " 0.399" " 0.527" "~ 0.557" ¢ 0.752" " 0.663"~ 0.142 0.127 1
Hg -0.051 0.500" * 0.049 0.190" 0.156 0.092 0.419" " 0.204" 0.062 1
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Table 5 Eigenvalues of factors

EON e i A% i e A e J
FFIEAE TR/ % R TTRE % FHIEAE TR/ % R TUkE %
1 3.661 45.761 45.761 3.405 42.568 42.568
2 1.306 16.331 62.092 1.514 18.921 61.489
3 1.046 13.075 75.167 1.094 13.678 75.167
4 0.619 7.733 82.900
5 0.534 6.670 89.570
6 0.471 5.884 95.454
7 0.216 2.695 98.149
8 0.148 1.851 100.000
DB FARIUT 8 3 13 43 B ids
*6 BEFHf
Table 6  Factors matrixes
e A 4wy ] T e AL 4 J ] T
EEE
1 2 3 1 2 3
Cu 0.660 -0.228 0.112 0.697 -0.033 0.115
Zn 0.809 -0.037 0.165 0.774 0.171 0.233
Ni 0.877 -0.054 -0.219 0.848 0.288 -0.131
Cr 0.885 -0.126 -0.059 0.878 0.180 0.003
Pb 0.485 0.613 -0.421 0.261 0.829 -0.186
Cd 0.230 0.271 0.880 0.118 0.062 0.940
As 0.812 -0.298 0.032 0.864 -0.026 0.036
Hg 0.265 0.834 0.050 -0.025 0.823 0.301
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Table 7 Theoretical semivariogram models of factors and their corresponding parameters

TiH BLiN/ | B Cy) HEMCC, + €)) AR (m) g/ G Co/(Cy + €]
FT 1 FRAE R 0.250 0.763 5428 0.33
K2 o A 7Y 0.682 1.019 8372 0.67
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Fig.2  Semivariogram map of factors
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Fig.5 Soil parent materials in Dongguan City
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