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Abstract

In order to determine the spatial variability and three-dimensional distribution of soil pollutants
in contaminated sites, the soil heavy metal Cu in a certain alloy manufacturing plant was selected
as the research object, and the uncertainty effects of three 3D spatial interpolation methods on
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pollution prediction, Kriging, IDW and Nearest Neighbor were compared. The results show that
the results of different difference models are large. The cross-validation results show that the
Kriging model has the highest interpolation accuracy, and the prediction results can reflect the
actual pollution situation. Compared with the traditional two-dimensional spatial analysis, the
three-dimensional visualization method can solve the problem that the two-dimensional plane
cannot visually display the vertical spatial changes of pollutants, and can display soil information
in multiple ways and at multiple angles, reflecting the form of pollutants in the soil.
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1. 51§

FERE 2T CHEREAPRE T, SRR K0 g w5 RV 2R A 8 h, S BURIX
BAEEGEITRNESE, TEYWENMIPEREEF SRR R, DR RNES R 2EE Y
B SRR A NSRBI RRE R S, ™ R R R B AR R[] [2]. 24BAR L), PR RUR A i Ae
(U, D 7 B R R OIS R AL, AR AT A BT AR TV B R A AL AR, X R & Al I
e KU i Qe bt — P T 2 R IR B AR (3]

IR SRR AR 223 o0 3383 el s 18] 73 AUl 5 o g 1 KT 5 [4] [5], BUA W FCAR
FERFIEA LI I € IR R 0 A T 23 AT LEB b, 2 1A [RIER 438 /= 2 ) (1 AR L
SO, A B SRR AR SRR . PRI, I — AR RE RN AE KT BT ) LR EAT A 0 75
PSR L b, T =4 Se it A0k s R i R I A2 —, HETCA%##E K Kriging. IDW
Nearest Neighbor <5iff & 1 = 48 {7 ik N B 138 2k 7 o T3 H G J ¥9 Y S AR O A ) = 4Ky - 43l
BARE T b o (EOGS T30 B AT = 4E T AL TEIF AN 2, FH LLBC T AR ST T 1) 4 18] 22 7 BB AT 7T
=S YRR AT DA e T T AN e BV R TS e B (AL i R, AT BLZ 5 3G A R
B, RN TSR . MW RIS R = LE AR IR, BT S ST A4, v H A
HHAE 5B E ARSI, BA IR LS EhrE . AR & EHiE T =
B Cu 5 Y NBEFEGG], FEI M5 Gl 2 (A G5 K RPAE R At b, o ORI 7T P A = 4 o BUAR L S B 8 TS A
R ST F RIS B0 E T B TRINRS BE, JExt L3 Cu & kAT = Z4EnT ML, SR UL A 1R) 0 A R AL
MR FIZMB A E RIG B AHKNE, I8 H R 2R s XU PG 5 I R 1B A B A TR 4R it
BHA .

2. M5 %
2.1 HEEmRESSH

AR SR AT R Gi A s S A 50 A SRS A R JEN, 2558 78 XK SCHTR B2k} DL R 3% 5 Btk
B RIX I EE T N=20~1m. 1~3m. 3~6 m)i/7 HIERE T RS, REEEE N 0~6 m, LAk
KEER 440, BB A B E LR, NN FLILIR O 2R RS, 2R F AT B R 3
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Figure 1. Sampling point spatial distribution
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2.2. ZHHEHRR

E AT 0L = 4 2 (R4S 7 v = 450 AR E I (Kriging) . [ BE B8 I BUHRE % (1DW) . B 4RI s ik
(Nearest Neighbor) [7], IXEEAR{EBIA CArE LRy, LSS HIERFER H5 Q)& ash B
H.

=4 AR AR AT g v AR =4S R YRR, =4 v A D AUE = 4R A R R, I
FEKS-(X-Y 7 1)) FHEE B 7 [W)(Z 77 100) b 207 22 R BUIEAT S50 3 A, U A0 G A ) 21 7 22 R B
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BHE RN T EE, tHE AN
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B AR 1% (Nearest Neighbor) SCRRZR AR 2 1 J7idk, 7 FRA3HT o 3 4o P 2% 7 ¥k DX 3 A 7 HROs it
TA[9], — A7 I B 4 2 HLI8 A 81 B9 o A1 5 R A D BB BUE R, PSR 83T sV mT LAZS A . 7
HZEARN, PRI BT RO I DN THE . R REONE S

{L h=min(h,h,,---,h,)
h =

0, else

®)

e hy 28 GEE{ O h, :\/(x—xj)2+(y—yj)2 s AEZ M ARG R oA
h; :\/(x—xj)z+(y—yj)z+(z—zj)2 o
2.3. IREHEEITMN

AR 52K FH &5 038 SCH6AIE S VP 2% FhAd A AR Y () 1+ SRS B2, SR 35 R iR 25 (RMSE) 5 1 17 2
(MEMERIRZ ST 468, RMSE #/); ME BT O fh ks i .

ME:%;[U(XJ—U*(XJJ (4)
RMSEz\/%iZ::[u(xi)_u*(xi N )

A u(x) ATIME, o () ABELARE A
3. &R 5vHe
3.1. Cu SEBES T ES

Xt b Cu S AT IR M, BTG THERR, % E T Cu & BRI VES T 45 R W& 1 pr
e WELHH UG, &= Cu &I T EAALIER Y 7.26 mg/kg~21.66 mg/kg, FEHF R
B E/ME S RKEZERBR, ART Cu E/ME. BRME L CAFEMETT LA, 5 —)F Cu & &R,
BEETRERIEIN, 5Pk, RUR LR RS REoN™E, =E LT Cu A5 R M0 HN
0.39. 0.42. 0.30, HKT 0.1, xMrtHerh Cu By [F A i P A8 A 1, 2 IRV AR S RpAIE e, ) HL 22 1)
oy AR T A B ERAK

Table 1. Statistical analysis of Cu content in each layer of soil

F 1. HERELIIED Cu B ERITFHES

G B/IME molkg BOKME molkg “FI{E malkg e i B2 TR RH FRIEZE molkg
Bz 8.50 46.30 21.66 1.94 1.45 0.39 8.49
g i 5.52 36.70 12.85 8.34 2.45 0.42 5.41
HEE 3.88 11.90 7.26 -0.98 1.30 0.30 2.23

3.2. 1% Cu T ZHIZTEEH

TP AR R PR R AP 22 S AR T R T AN S, 5 R B TESR[10], BT A 4k
PRV (22 R AR S M IR R T =42 (a], ASCR b Ge i e it GS+X I TEIX A 3 H &8 Cu
BEAT T ZE R BT, BT Cu SR AE A (8] AR AL, A i A7 Z e B, 1 e R B e
BAT IR, ZOREHERAT & IES A, BN SAFAELLBIRN[11]. (£ SPSS Ml gt il Hft it AT IS
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AR, FEARECON 112, %% K-S K, 4RER, B EE=EtEMSE8EfE LSO mE
3R(P>0.05). 5 = IS EREATEIES DM, S EHeRErEH )5 P HN 0.82 KT 0.05. E#F
V3 RBUR KR Z /NN, S RARBR K SE. e KRBT ZE R 2 .

Table 2. Theoretical model of soil Cu semivariance function and its related parameters
F 2. HIECUFAERBIERERRHBEXSH

=30A i Co Co+C A (m) Co/Cy+C RSS R2
R BRR 68.67 90.71 133.17 0.76 422 0.47
= R 9.49 18.99 204.8 0.5 115 0.42
FF &t 3.36 6.721 55.7 0.08 6.78 0.41

XTI AR Cu BT 200, 5813 Cu &EASE TR TR, &
2 hR AR o TR WA TE X AN FIR BE A L3 Cu S B SR ZE R L, e SR S ER LA R
W T AR A (B AR G AR RE , Rt BB ATLIE PR 3R 5106 A 2 (R 22 ek o AR Gt A8 S K L s, SRR bl 2R 80
B RBUNT 25%, B RGEEA SRAN A AR s B RHAE 25%~T5% 2 18], BB EAT 0 4 R AR 5
T EGE B A S R R SR FE T SR, A hAEsm B I A e KT 7% ] R 42 1A
RIERLH[12]. ik 2 FEERT R, DFFEIX PSS — R ) Cu Bei R % 76%, HAE KT 75%id WIRT 7T X
RIZ T Cu wHA S EER NN R SRR, SRR B RIReERECN 50%, HALE
25%~75%2 [f], VEHWIFERTTEIX N 3 m RAL L35 Cu 73 W) 38 7 v 45 Ky R 3 A ATL IR 32 3R R 512
HA A2 sim B AS RAHOGHE s SR = R B R A0 8%, JLE/NT 25%, REIFEWTFTIXA 6 m iRAL +3 Cu =
AR5 T A S DR AR, BB i e (AR Gt o REALPE DN 3R B A AL . #ElE. 200, Tolk
AN OGS ER, AR R AR BRI ISR BRI A .

3.3. NEHEERE Cu =4S
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Figure 2. Three-dimensional spatial distribution of heavy metal Cu pollution
2. E®E CuisR=H=E 5 E

MERA A S RE W DA I, =MaiE s RZEFREOR, krig BRI T 2558 7550
B AAE S, BENSELT (M 5 G = 4R 2= 18] 70 AT4SAE,  IDW AR A = 2 4% A (R4 (B 405 SR O AN
SARSTR 7 R XTLE krig 55 NN BB AR AR R Z 40BN MR (ELL5 AL, IDW BRI 45 SRARRS “ R~
ik, H RGN /N T NN BB EAT BRI, BABCNWIE . 1E krig B 3R B S
QDX 3 B3 AT DDA (K 3), B ST 7 X/ - Ak 2% - P51, RIS 1 Cu 73415 2.
VSO ERAE BRI, BRI RN, 3 Cu S BB, 5 G AR A s e X [ 3 Y
JEEREY T WETTIX AR AR AN 3 Cu SRR AR, HE&EEAS.
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Figure 3. Longitudinal spatial distribution of heavy metal Cu
3. E&E Cuhi=iE a7

3.4. T ERE

ANREAAE A AT DAAS BIAS [F] i = 4E35 G i AT RAE, (2 AN [F) 3 (B A5 2R R RN (R AN R AR R
AL e FAAE SCBIE H E LI~ 251% 22 (ME) 5 35 77 Hi 12 22 (RMSE) 2K 20 At AS R4 B ASE 28 1 Tt AsS g, =8 S
WEZE R 3 fion,  IDW BERLAT NN A5 B 77 4 (2 H R AR 25 1 U 25 A RRAE B AT THEE, AR IR &
FRY I e R AR B A 25 ) L AR SRR AE o (R, b FEAR AR (A A B IS S ARl LI 4 8 Cu I =4 3 [A) 0 A
fiE, X5 X BEEE[13]FIEESE B [14] 56 (R Fi 45 AL
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Table 3. Prediction errors of different interpolation models
= 3. FEHRERBMTUNIRE

A Bz oy B
Kriging 5.25 7.89 3.33
175 iR % 2 (RMSE) IDW 7.72 5.55 4,92
NN 8.31 5.44 4.85
Kriging 0.17 0.33 0.18
PR ZE(ME) IDW 0.21 0.42 0.19
NN -1.12 -0.22 -0.23

4, Z5ig

AL REW], N LR E R Cu SR EESE “1B7 R A, mfE XS AE b AL A 4

A5 R & mEy, WEEDTA EE, BEERBEER, V53, WA RIS ) =4k 2 8] 70 A5 S 1 5
TIEE )R Cu V5 YPFIr S RRE , Kriging BAUALT IDW BLRIAN NN BR800 15 Gev Bl T 55
GRSRPRROLZE R ), &G iz 3 Cu 1) =4ET5 Q41 b .
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