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Spatial Distribution Characteristics and Influence Factors of Soil Heavy
Metal Contents in Oasis Area of Yutian County, Xinjiang
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Abstract; Totally 1 165 surface soil samples for heavy metal analysis were collected in oasis area of
Yutian County, Xinjiang. Spatial distribution and influence factors of heavy metal elements in soils in the
study area were analyzed by means of multivariate statistical analysis, geostatistics, spatial
autocorrelation, spatial analysis and GIS technology. Results showed that among 1 165 soil samples,
three of which had As contents greater than the risk screening values. Average contents of heavy metal
elements in non-agricultural lands were lower than that of soil background values in Xinjiang. Average
values of Cd, Hg and Cr contents in agricultural land were greater than that of soil background values in
Xinjiang. The theoretical models for variation function of Cd and PB were exponential model, while the
theoretical models for variation function of Hg, As, Cr, Cu, Ni and Zn were spherical model. Nugget
value of Cd was less than 25% , indicated a relatively strong spatial correlation. Nugget value of other
elements ranged between 25% and 50% , indicated significant spatial correlations. As for soil heavy
metals, the Moran’s I indexes of spatial autocorrelation were greater than 0. There was a positive spatial
correlation distribution of soil heavy metal elements in the county scale. And the spatial distribution of

soil heavy metal contents in oasis area of Yutian County showed a general decreasing trend from the center
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of the study area to surrounding areas. Distribution of soil heavy metal contents in the Yutian County

varied in different parent materials, soil types and land use patterns. Hg, As, Pb, Cr, Cu, Ni and Zn in

soils derived from the same source. However, the contents were affected by soil texture as well.

Key words: soil heavy metals; variogram; autocorrelation; spatial distribution characteristics; Yutian

County, Xinjiang
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Fig. 1  Location of study area and distribution of sampling points



% 43

PRz & 45 BT T I B R X 139 o J8 2 [ A R iE 5 5 Wil PR R 265

(G315) B2 ARV, T HH B AL 4.032 x 10 km®, I
bR SOBE R L DX TR AR 2 R0 2 O BT AR A 94%
W XA 2,42 x 107 km®, 5 S B 6% o J&
1 N o e W 7 IV 25 o W P I 2
KR 33,5 mm, ZARFEE Y 12.2°C, 4 H B
K 2610. 6 h, K PH SRS S 782 ~6 343 MJ/m’,
HFEZN, NG 2. 1 m/s FERML 5 d,
DV L 32.9d, - BEFEI HTHES A
AT RT3 B BROE ) b R A R
to SHPULE PRI R 3 20 vh AR | XURR W B
Y. LM K2R, DA e o 3, T 284F
WA /NZE KRR K Ak A EEAE B AR
IR 35 0 A K% 45

1.2 THERES5WK

URERRE] 2016 4F 7 7, Fihil iRy 2 420 km®, £
SERE i R AE TR O 0 ~ 20 em, 42 B8 RA% 35 BURE
A FHHBIRURE 716 21, BURE 25 BE 1 A/ km” s A< T b
IR 449 21 BURE % HE R 1 /(4 km?) o JET 1165
4, T,

A e P L DS 5 8 R ST O A A
L (BTS2 5 2K B BT 7™ 52 56 09F 5 B ) o A5 0
o AR F R T v R BRI 1

®1 IRESERAFZLENKAZEREHIIR

Tab.1 Determination and detection limit of soil

heavy metal elements

JLHR w600 07 1% A i R
Al 0,4 0.049%
Fe, 0, X LR S T i 0. 004%
Cr 3.505 mg/kg
Cu 0.952 mg/kg
Ni HL SR 3 4 T R A D 0k 0. 744 mg/kg
Zn 0. 646 mg/kg
Cd o R 0.002 mg/kg
HLUBE & 45 B TR T I
Pb 0. 65 mg/kg
As ) 0. 112 mg/kg
T
Hg 0. 005 mg/kg
pH {f LRDAZS 0.03
1.3 HiastiE
1.3.1 75 pR%
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Tab.2 Descriptive statistics of heavy metal content in soils

TE .. e/ ME/ ICN(-% FEE/ PR/ B5RR BramiE aEs KU e (E/ A
(mg-kg™')  (mgkg™') (mgekg™')  (mgkg™') K% (mg-kg™") (mg-kg™")
cd 0. 070 0.270 0.130 0.0200  18.54 0.120 0.6 53
Hg 0. 007 0.072 0.017 0.0052  30.43 0.017 3.4 144
As 3.300 39. 600 9.120 2.5900  28.41 11. 200 25.0 124
Pb 12. 500 29.700 16. 990 1.4100 8.32 19. 400 170.0 1
S ABIURE S (n=1165) .
Cr 27. 100 97.100 47.690 7.6400  16.03 49.300 250.0 40
Cu 11. 900 35.500 17.810 2.8100  15.80 26.700 100.0 38
Ni 15. 300 67. 200 23. 160 41200  17.77 26. 600 190. 0 49
Zn 36. 800 93. 800 52.160 8.3700  16.04 68. 800 300. 0 40
cd 0.0700 0.1800 0.1200 0.0200  16.89 0.120 0.6 44
Hg  0.0072 0.040 3 0.0149 0.0034  22.52 0.017 3.4 78
As 3.300 0 15. 600 0 7.8000 1.4700  18.82 11. 200 25.0 54
A ) Pb 13.3000  20.6000 16.3200 1.0800 6.64 19. 400 170.0 7
FARBBHR(n=449) 5 4000 20,1000 44.0300 6.1000  13.86 49.300 250.0 30
Cu  11.9000  29.3000 16. 280 0 1.9200  11.78 26.700 100. 0 21
Ni  15.3000  31.9000  20.9000 2.5600  12.24 26. 600 190. 0 23
Zn  37.3000  88.4000  47.4300 6.6800  14.08 68. 800 300. 0 30
cd  0.0700 0.2700 0.1300 0.0200  18.63 0.1200 0.6 53
Hg  0.0070 0.0718 0.018 4 0.0057  30.92 0.017 0 3.4 147
As  5.1000 39. 600 0 9.9500 2.7900  28.06 11.200 0 25.0 121
\ Pb 12.5000  29.7000 17.4100 1.4300 8.23 19. 400 0 170. 0 10
R BB (n =T716) v 27.1000  97.1000  49.9800 7.6200  15.25 49.300 0 250.0 36
Cu  12.3000  35.5000 18.7700 2.8600  15.25 26.700 0 100.0 36
Ni  16.8000  67.2000  24.5800 4.2700  17.37 26. 600 0 190.0 46
Zn 36.8000  93.8000  55.1200 7.9500  14.43 68. 800 0 300. 0 32
KUK GB 156182018 - Hi R M it~ JF 8 -3 75 3 AL 6 B ) 954 8 182 IR SR (28 32

2.2 tEESREAENTEHTREFE
i# i3 Kolmogorov — Smirnov 1F 754656, & 3 W]

DA T B X T R T % o TR T E
BAT(P ) >0.05) ., T GS* 9.0 HFwf +
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Tab.3 Theoretical variogram model and related parameters of soil heavy metal content

gl B HEMH

Bt

AR/ ME/

JCE Pk s ) R? RSS RMSSE
A B Gy Cy+C % km (mg-kg™")

cd 0.120 E® BE 6.50x107° 5.27x10° 12.33 14.1 0.605 6.24x1077 3.98x107°  0.925
Hg 0.123 EA B 7.34 x10 7 0.015 48.35 91.7 0.925 5.72x10°% -7.03x10°* 0.911
As 0.122 EZS Bk 6.03 x10° 0.013 45.48 83.0 0.823 1.17x107° 3.93x10°%  0.905
Pb 0. 062 EZ eI 0. 966 2. 064 46. 80 30.3 0.656 2.60x107% -7.91x107% 1.107
Cr 0.073 E& B 1.75x107 510 x10 3 34.31 81.6 0.755 3.88x10°°% -2.05x107* 0.962
Cu 0.103 EZ Ok 2.15%x107% 4.53 x10°° 47. 46 78. 4 0.893 1.11x10°° 0.017 0.964
Ni 0. 093 E BRR 2.43x107° 5.33x10° 45.59 81.8 0.817 2.06x10°% -3.71x10°* 0.920
Zn 0. 056 E& BRIR 2.28x107° 4.84 x10° 47. 11 70.2 0.753  2.06 x10°° 0.057 0.903
3 nEH,Cd Fl Pb 1848 5 ok 80 15 45 7Y x4 TESEEETESE Moran’s | I FEMBRIE

HAREERL , Hg (As  Cr Cu Ni Zn {72 5 ok B0 18
BT R BRI - EL 2 X 3 B Jm oo R
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P, 2 B T AN X E 22 AR R
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YR A R AR R L RAE a2 . B
A+ HEE SRR M R 0.60 Z |- H RSS ¥4
/N, BB 8 Fif - 4 Jm o0 R 8 S ek KO e A Y 41
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2.3 TEESESENZTEEMEXSH
2.3.1  LIE GRS AR A S E
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o3, B 8 4 O AR e 0 b B
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Tab.4 Moran’s / of soil heavy metal content and results

of Monte Carlo hypothesis test

JLHE Moran’s 1 VA P
Cd 0.256 12.90 0. 001
Hg 0.439 21.09 0.001
As 0.457 24.20 0.001
Pb 0. 308 15.93 0.001
Cr 0. 508 25.96 0.001
Cu 0. 464 22. 84 0.001
Ni 0.432 21.55 0.001
Zn 0.476 23.13 0. 001
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e DX AR AP X B HG A DX 0 Oy T 8 3 B A Ok
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Fig.2  Aggregation maps of local indicators of spatial association
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Tab.5 Average content of heavy metals in soils of different soil parent materials, soil types and land use patterns

mg/kg
i H cd Hg As Pb Cr Cu Ni Zn

BRI 0.13 0.014 8 7.37 15.80 41.57 15.47 21.33 52.33

o YY) 0.13 0.0175 8.90 17.34 49.16 19. 01 23.96 52.96
AR KA 0.13 0.0189 10. 19 17. 46 50. 77 18. 69 24.74 54.54
Y 0.13 0.0183 9.95 17.39 49. 63 18. 81 24.59 55. 84

PR+ 0.13 0.0137 6. 60 16. 18 40.13 16. 12 19.27 41. 67

s £ M A+ 0.12 0.015 1 8.30 16. 34 43.89 15.96 25.15 49.05
WL 0.13 0.018 6 10. 03 17. 45 50.27 18. 88 24. 61 55.43

o 78 5 B 0.13 0.014 1 7. 60 16. 13 41.72 15.95 21.73 52.03

THE bR b 0.12 0.0165 8.17 16. 60 44. 30 17.18 22.10 47.50

JE R X 0.15 0.021 6 11.78 18.35 54,04 20. 40 26.76 61.38

b Hi 0.11 0.018 8 9.25 16.73 53.51 18.95 24.05 52. 86

A H A 3t 0.12 0.018 7 9.02 17. 14 53.28 19.55 24.59 54.62

A+ b ) I 2SR oAt AR S 0.12 0.0150 8. 40 17. 40 47. 44 17. 94 22.36 51.70
B b i 0.13 0. 020 4 9. 69 17.27 51.63 18. 80 25.16 54.75

IG5 5 Hb 0.12 0.016 5 9.51 16. 82 48.39 17.52 22. 66 50. 80

P 3 R 0.12 0.014 7 8.47 16. 61 42.79 16.36 22.35 49.90

SR el Ak 0. 14 0.0205 10. 31 17. 85 52.02 19. 64 25. 62 57. 82

2H 0.13 0.0190 10.37 17.58 51.03 19.24 25.20 56. 44
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Tab.6 Correlation coefficient between content of soil heavy metals and soil texture indicators
SLE cd Hg As Pb Cr Cu Ni Zn Al, 0, Fe,0, Corg
Cd 1
Hg 0.227** 1
As 0.172 ™ 0.477 1
Pb 0.427 0.398 " 0.437 ™ 1
Cr 0.193 ™ 0.582 " 0.574 ™ 0.517 1
Cu 0.378 ™ 0.543 ™ 0.545 ™ 0.650 ™ 0.723 ™ 1
Ni 0.263 0.537 0.521 ™ 0.574 ™ 0.684 ™ 0.639 ™ 1
Zn 0.416 ™ 0.566 ™ 0.552 ™ 0.687 ™ 0.662 ™ 0.774 0.630 ™ 1
Al, 04 0.219 ™ 0.534 ™ 0.470 ™ 0.574 ™ 0.795 ™ 0.685 ™ 0. 606 ™ 0. 608 ™ 1
Fe, 0, 0.315™ 0.620 ™ 0.630 ™ 0.615™ 0.903 ™ 0.841 ™ 0.719 ™ 0.766 ™ 0.846 ™ 1
Corg 0.333 ™ 0.499 ™ 0.455 ™ 0.383 ™ 0. 460 ™ 0.510 ™ 0.477 0. 626 ™ 0.420 ™ 0.571 " 1
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