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Multi-nesting Spatial Scales of Soil Heavy Metals in Farmland
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Abstract; Multi-nesting spatial variability and source analysis of statistical technology were applied to the
typical plots which consist of brunisolic soil. By means of the sample testing results on five elements of
heavy metals; Pb, Cd, Hg, Cu, Cr, with As element, which could reflect the levels of the soil
pollution, aforementioned geo-statistical analysis process was done. Optimal model was selected by
kriging interpolation method. And then, the reasonable sampling spacing was well determined. Combined
with semivariance and fractal dimension analysis, the reasonable sampling scale was obtained. The
method combined PCA with semivariance analysis together to trace to the source was adopted forward to
guide agricultural management measures. The results indicated that the origin of farmland soil heavy
metal composition was composed of three main source formations, which were soil parent material,
precipitation and irrigation, and pesticide application. Medium scale jibed with semivariance model
fitting. The value of range varied from 319 m to 752 m. The spherical model was thought more suitable to
describe space distribution of soil heavy metal.
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Tab.1 Statistical characteristics of soil heavy metal with different scales

. [ Y/ T/ ME/ i KAE/ o 5 5 K-S
L /m mg-kg ™' mg-kg ! mg-kg ™! bt 22 R C, o 56 ! N
20 12.97 9.4 17.0 1.969 0. 152 0.2° 0.5313 10
Pb 200 16. 05 11.0 19.0 2.038 0.127 0.135 0.14438 7
2 000 22.41 14.5 29.5 4. 540 0.203 0.27 -0.1363 17
20 0. 100 0. 082 0.12 0.0113 0.113 0. 063 0.1800 5
Hg 200 0. 099 0.075 0.12 0.0126 0.127 0. 052 0.0370 7
2 000 0.133 0. 045 0.25 0.047 0 0.353 0.2° -0.1367 51
20 0. 042 0. 027 0. 060 0.009 6 0.226 0.2° -0.1284 21
Cd 200 0. 040 0.015 0. 063 0.012 8 0.315 0.2" 0.202 8 41
2 000 0. 085 0.010 0. 180 0.029 6 0.350 0.12 -0.0114 50
20 19.90 17. 00 24.0 1.517 0.076 0. 05 0.348 8 2
Cu 200 26. 00 19. 00 50.0 6.383 0.246 0.108 0.1146 25
2 000 21. 86 5.39 36.7 6.427 0.294 0. 189 -0.042 4 36
20 53.23 40. 00 70.0 7.186 0.135 0.2° 0. 606 0 8
Cr 200 56. 60 48.00 71.0 5.529 0. 098 0.072 0.286 6 4
2 000 58.20 43.67 75.2 8.497 0. 146 0.2*° -0.1418 9
20 4.23 3.40 4. 800 0.352 0. 083 0.187 -0.0515 3
As 200 4.41 3.90 4.900 0.288 0. 065 0. 125 -0.1415 2
2 000 6.74 3.25 7.625 0.377 0. 048 0.2 -0.0510 1

= R FEKT,



£ 6 0]

EXAB G Lk A R AR H L3 E 4 JE 2 W) 42 F 0T 5 131

TEEAS KT 95% ARX B2 &k Ry 10% 117 50
TR KRG R N ISR 1 P, JE
ARIFEARUTHRAERER . WK 1T LA K -
SAEZRAG I HE W], 76 0. 05 KB K T, L&
4 8 B i Y A RO TEZS A3 A, S 2 X B s AT
e, AR ZEMRERE FHIERSELR
REZEAANN, L& ESRNLE S REC
TREPLE R R RO B, WU T R S
0 AR AR S . LA 200 m R i, e
Cr As £ 534 % (C,<0.1),1 Pb . Hg Cd,Cu I
EHAPEER(0.1<C, <1), 5 4RERR
Bk Il As  Cr Hg Pb Cu Cd, =5 [H] B #H K
R FRECBR As DIAM RN A A E A O, B A
AN TR FE 1) 23 [ R 0 A REAIOR o IEAH G R AU
I FF 2y Cr Cd (Pb Cu Hg, As F 67 AH 5C 7] BE /&
A FH B i e 183 A ] 7 4 245 A 1 it 0 19 22 S 3
(9o AR T A5 X T RN A S 1) AR O AR
B E R, 0 R Y ORI, 1K 2 O
AN TR RUBE T B 4% 0 R I 43 J =5 () |3 A DGk 42 Ry &R
o1 il £
0.7r —o— Pb
0.5 F
03

0.1

ELIPSISEY )

|
e

|
o
w

20 200 2000
H/m

2 ZREAMKERRZE I ZEALBR

Fig.2 [ tendency chart of multiscale

Wit 180 7 K, 45 00 2 19 25 (8] 3 A O P
Wk, HoH Pb Hg Cu Cr Y [ M & AE b #4AH iT
/N RUBE B R RUEE 25 [6] B A 26 P 28 i R AIG, 255 [R1 4K
FEWS . Cd A As 128 fe it A% B &, 4 3 Al
OB (£ 2) Wi, B 2R I0 R 2 B 40 5t B & 52 i 7=
AT S HE B DGR A5 B E A AR 1R

®2 BENEMERS BN

Tab.2 Principal component analysis

JLHR 551 TRy %52 F sy %3 F sy

Pb 0.725 0. 260 -0.373

Hg 0.133 0. 429 0.789

cd 0. 650 -0.062 -0.387

Cu 0.723 -0.222 0. 485

Cr 0. 603 -0.647 0. 164

As 0. 469 0.735 -0.370
FEAEAE 2.072 1.263 1.177
Tk %/ % 34.530 21.049 19. 619
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Tab.3 Semivariogram characteristic values of soil heavy metals
TR [EFE/m A BR Y4l HEMH BR/m  HER L/ % R RSS ME RMSE
20 W 0.01 3.94 41.1 0.254 0. 629 2.93 -0.04122 1.4617
Ph 200 =3 0.01 3.82 323.9 2.62 0. 833 0.31 -0.084 1.582
2 000 2k 1.196 1.196 10 441 100 0.697 0.127 0.016 98 1.134
20 BRI 1x10°° 0.000 1 31 0.73 0. 306 1.14 x10° 0. 000 21 0. 009 88
Hg 200 R 7x10°° 0. 000 1 319 5.93 0.960  2.03x10°" 0.001 45 0.014
2000 2Rk 0.002 6 0.002 6 10 441 100 0. 65 3.81x1077 526 x107* 0.05
20 BR T 5x107° 9.5x107° 19.6 5.26 0. 002 7.08x107'"  -8.23x107°  0.0082
cd 200 i3 0 0. 000 2 498.8 0 0.949  3.33x10°"° -0.00003  0.0128
2 000 I3 0.0103 0.209 1 50 194 4.93 0.810 7.97x107°  9.69x10°*  0.1173
20 =1 0.203 2.121 24.08 9.57 0.016 2.72 -0.029531  1.4125
Cu 200 BRI 4.3 58.94 407 7.3 0.948 5.45 0.35 6.860 0
2000 S8 1.51 25.24 1770 5.98 0. 007 17.9 0. 024 09 4.963 0
20 i 2.2 58.65 47.98 3.75 0.921 96. 1 -0.0457 4.602 1
Cr 200 BRI 6.5 42.68 752 15.23 0. 848 0.020 3 -0.16 4.0920
2 000 Rk 3.748 3.748 10 441 100 0.318 0. 355 0.019 53 1.8570
20 5 5 0.02 0.1308 43.2 15.6 0.310 1.18 x10? 0.001 605 0.2718
As 200 = 0.000 1 0.076 9 371.8 0.13 0. 898 5.68 x10°° -0.004 8 0.2190
2 000 2Rk 0. 144 0.1438 10 441 100 0. 146 6.4x10°*  -4.95x10°* 0.3883
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T, T F R B T A AL Byt T DA+
A BLITT Y R A RUPE T o R Y 48 AR 1 E I8 IE
B, MR AR A K /N 26 B L [ 1 A B I 4R
Ph Cd #1 As (1 2 fir 50 P [a) — B, B0k B 7 18] —
RV FE At FH o - S A HIL 5 A A A IR A A ok
Bm Hg 26570 AR M LR 4R £5
R T B B BT KA 5l | R K TR DA L A 24 4 A
JE 3 A FEE I,
*4 HELEME Pearson X EH (p <0.05)

Tab.4 Heavy metal correlation coefficients

JLER Pb Hg Cd Cu Cr As
Pb 1 -0.020 0.526  0.212  0.250  0.524
Hg 1 -0.087  0.252 -0.075  0.163
cd 1 0.278  0.212  0.149
Cu 1 0.529  0.187
Cr 1 -0.099
As 1

x5 BREFEESRETHE

Tab.5 Heavy metals mean values of different sources

X6 EEBEMITEFRSEHEEEHY
Tab.6 Correlation coefficients between soil

nutrient and heavy metals

TR N P K A HLBE
Pb 0.534 0. 745 -0.410 0. 621
Hg -0.381 -0.397 -0.049 0. 568
Cd 0.424 -0.382 0.093 0.670
Cu -0.139 -0.312 -0.261 -0.122
Cr -0.234 -0.724 0.185 -0.287
As 0. 688 0. 609 -0.578 0.728
3 &g

(1) HA 2 ARBTG5 ok
FELL 200 m i RUBE N HL o e 38 T 4 JeR A7 A 4% Tl S
FHAE, Horh + 3 T 4 8 Pb . Cd . As (1% 25 [8] 25 5 25 #)
A7 22 v A B R AT U045, Heg  Cu (Cr % =5 1]
AR SR Al 2 T 2 BRI R BEAT 4 o AT 0
A @ 1 A 1) A8 S e B B R e ny i e AN TR R
J&E A7 AE A [ 25 18] 4045 118 32 G Y i A 5 Y 19 fi
I X AFAE Ry FRAFAE

(2) A Blys 1] 46 {0 P00 7 5 % DX S F 4 S
SR IBLI AT B, I 5 DEM I3 A 5 Ak BEAT EEXT
M ok 4y 43 A R R A R B e
RV A R 43 A T A DX sl 398 T 4 J 149 4 A1 A 1
FER o ARSI g A T 3 F 4 J oA 55 4 TR
7 1) i FE A 3 A B DT I R o

(3) FEXS JCR AN [FPRLE 19 % B RS 47 70 45
FI2ET7 22 LEXE AR BT J5 L A AR I 3 4 Jm T R

me/kg (1945 ) ARG VA S 2 L E (% 4 K T I UK, O A K RLBE
L LS R Tl K 2000 m K ] BEAR & F il B AR T BT R
Ph 16 2 0.056 0.018 BA— 2 10 B 5 SR
S (4) LT 53 5391 0 28 £ 2 28 5 b K0 T 1
o " - ~ 2 0 TR R Y o R U T R A £
o “ “ B B it R KR L A 25 AR T 3 A BRI I
As 4.7 4.7 0.001 2 0.048 A 4 AE A0 5T Bk R A5 B Ok IR 1Y b 4 ) 2
HE— B R R 34.53% \21.049% #119.619% ,

s % x #
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