+ 3 (Soils), 2022, 54(4): 817-826

DOI: 10.13758/j.cnki.tr.2022.04.021
B, ER, GKEE, F. TR () s ) (A s S SRS B SV BT T . 1T, 2022, 54(4): 817-826.

B F ARz EEEN S L5 TR S S S E TR

12 v 21235 ap = 1012 s 12, ) 12,
% #M B gmamS Feeg! ok g

(1 AT ARSI ARG, 5T 100037; 2 EZRIRTTIRES Yt bl TRE ARV UL, bt 100037; 3 {54 XSS5
BEI T ESASEE, L5 100037)

i OE. LISY RSB E NN S, G TR SRR, TN ER T S BRI ERE AR (OK . UK), R
PEESAR{E(IDW) . Z87% 2 30JE (TIN)FIS3 X USRS (OK+TIN) X AN [ B - 16 52 100 P S TR B 119 2 50 5 SRR 45 07 1
SETN 0 ~ 1 m HUREE TR K/ MIRF 7 IDW>0K=UK> TIN >OK+TIN, &5 mFKIK N 74 154, 57 427, 37338, 32707 m’; &7
HER 1~ 3.8 m Hb 2 E A A/INIUT H IDW>UK>TIN>OK+TIN>OK , &5 FAUK K 2 13 089, 11 030, 9 660, 2 183. 1231 m?,
o, SRR A SR (4P W VB FH S SO T L A3t T AN A BB AR X SR A ME RV o 7652 BUAS RIS Yl 2s [l 3 A R ARG LT, TIN J7ik
AT Lfof TR £y o T LA st S RS R R - S A IE M 5 o B AA (ECELAS OKHTIN ik ) o 52 I B4 {52 3G 431 s
MILER, SISO I, ARG 2,

EBR: SY i B SRIEE; BEER

FESES XI1313 X53 XHERFRERD: A

Remediation Area Prediction of Heavy Metal Sb in Soil Based On Spatial Interpolation

JIA Lin"*?, XIA Tianxiang">**, ZHANG Lina'*?, JIA Xiaoyang'*®, ZHANG Dan'?**

(1 Beijing Municipal Research Institute of Ecological Environmental Protection, Beijing 100037, China; 2 National
Engineering Research Centre of Urban Environmental Pollution Control, Beijing 100037, China; 3 Beijing Key Laboratory for
Risk Modeling and Remediation of Contaminated Sites, Beijing 100037, China)

Abstract: Based on the distribution characteristics of Sb content in each layer of soil, the prediction accuracy and remediation of
Sb contamination in each soil layer were analyzed and compared by Kriging interpolation model (OK, UK), inverse distance
interpolation (IDW), Voronoi diagram (TIN) and zone prediction model (OK + TIN). The results showed that the order of
remediation area determined by each method in 0-1 m soil layer was IDW>OK =UK>TIN>OK+TIN and the remediation area was
74 154, 57 427,37 338 and 32 707 m? respectively; the order of remediation area determined by each method in 1-3.8 m soil layer
was IDW>UK>TIN>OK+TIN>OK, the remediation area was 13 089, 11 030, 9 660, 2 183 and 1 231 m” respectively. The smoothing
effect brought by Kriging interpolation resulted in the omission of area exceeding 20 mg/kg and inclusion of area <20 mg/kg in the
prediction of remediation area. Under the constraints of cost and spatial distribution of pollutants, TIN method could accurately
reflect the remediation range of soil Sb within different depths from the perspective of geometric principles; Kriging interpolation
including OK+TIN method and IDW interpolation were constrained by the data distribution assumption, with obvious smoothing
effect and limited estimation accuracy. The above results have certain guiding significance for the determination of remediation
scope of contaminated sites.

Key words: Contaminated site; Antimony (Sb); Spatial interpolation; Remediation scope
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Table 2 Statistical characteristics of soil Sb content
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Fig.3 Histogram of

soil Sb content
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) 2 i/ IR RUBE AT A% S ) A0 Sk il e 1 25,
S H 5 5 E 0 HAE F R BEALER 451 S Y 23 (8] 57 5T
PEd RG], W HAE S, BEITREAR ]
(A8 5 0 22 (1 2 BEAIL IR R 5 RS 1Y), 658 SURHIER 3
P e A K 803 3. NRPITLIE T, Fadsft
RUR A 3 FPE I N SRR b & i
23 (A28 5.0 ~ 1.0 m HIEBREE L £ e U AR
SRR SRS AR R —2%, Ui 0~ 1.0 m +
B oy i RS2 S sh B R, B3R S B
AR PR R SERRAT, P,
Ut B 3 b, 1 9886 B s (AR S /b, A ) A OGP Y
Jin. 1.0 ~ 3.8 m - HEEERIE Jodn 32 SR A 5 BN
BN, 60 1.0 ~ 3.8 m +IEEE R 2+
BEALE Z B5Em, ok H T3 A 7= 16 sh im0
3.2 AEFEX LIEHES SRR TN E S
F 4 I T A E D2 BG4 S
WENEPTIEE, 0~ 1.0m H3EHE OK, UK,
IDW ., OK+TIN Tiiiill 4 7 it i K{E A 160.70 ., 160.69
238.48. 41.72 mg/kg, I/IME K 2.47, 2.47. 1.15,
2.84 mgkg, FHEH K 2336. 27.84. 2830 .
18.23 mg/kg. v FLURS FeR B T g (B RIABRABL %) ~F- 1 A FH
RIS, F TR T AR (S, R
PAEME AN, T FE OK+TIN [-F- 1815 A
oL I A WO o E (£ RN S R g i S i PG
B R2E T T MR 256 E , OK+TIN Y43 X il

W75 BT HA 3 Fhd {74, UMW) OKA+TIN X
TG g A B A A B RE, Bl TIES
Sy AR R R B RN, RO R R AL
THRZERK, EIE S G B e iR 25K, IDW
T3 B RERE 553 A 6 AR B R A R, RS
2 H o3 A B4 5 L ATnoR BE B, i i T A2
S TSI B AR i sg e, AR MR
JEE RS 5] A A R AR, PR A 6 5 Y
L %) FRLIORG A A1 o

M 4 AT IAE T 1.0 ~ 3.8 m HIEERE OK,
UK . IDW OK+TIN Fiill £ % it e KAE K 26.72.29.16,
57.42., 18.89 mg/kg, FAYH/IMA 1.68. 1.69. 0.26,
1.50 mg/kg, FHIEH 6.38, 7.70. 6.97. 5.04 mg/kg.
4 FfAE AR T S (A 00 AR 10 £, X
ARES T S AR BOE S/ A . OK,
UK. IDW 3 P {E 7 3 R iR 2ZE 20 A K, R
& OK+TIN HAMXMRAHRIRE, (AEHTA
Hb 2 A R Ay R A S A K, Nk OK+TIN
X EE R R, S 8A6E(E 5 TR LT
KB4 HIE 20 mg/kg, XE—HFH] OK+TIN HifH
TR OK J7 ik —#E a2 BRFHi oy AR 2K
33 AEAFEMNTLEGES CEMNERIEE

XoF S AR A T T S I S A L, ] Ao o 2 % e
o K5 Bl a1 30 e EELA FNYZ v AR AR, AN
PR B 62 B ARE 20 me/ke 19 XK E A 1B
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Table 4 Predictive statistical results and prediction errors of different interpolation methods

TR FE (m) St SENE OK UK IDW OK+TIN
0~1.0 SN 507.39 160.70 160.69 238.48 41.72
I/ME 0.40 2.47 2.47 1.15 2.84
4 23.64 23.36 27.84 28.30 18.23
b2 63.30 19.98 70.46 34.21 9.62
TR - 64.73 5.74 - 38.48
By miR 2 - 65.28 65.29 63.42 41.13
1.0~3.8 IENE] 260.83 26.72 29.16 57.42 18.89
I/ME 0.10 1.68 1.69 0.26 1.50
T 3.78 6.38 7.70 6.97 5.04
PR 14.42 5.26 6.06 9.80 3.34
PR - 1.58 0.27 0.99 0.42
¥y iR 22 - 23.98 24.69 25.06 8.52

TE: PITR2E B O 28 X

S WA 7 s N AT LA L BT 0~ 1.0 m
- HEERAE ST L, 5 v B FNYZ S B A R 11
BN —2, P — B RAE T H 888 £ 2Ok A T
B4 = 1% 3. OK. UK., IDW R TR -7 R i
HRE I, RAEPR A N BRI, Dial ok
B RBIRIG I, S5HAL T AH L, OK+TIN J7ik 1]
DB - 220 0 5 e 7 o X A 46 42 9 L, (EL T D R
KA s AFTERTE LT, AR S5 & B v S ok
R T EUE S 4R/ o DA S8R L AR
LN, I 20 mg/kg B SN FTTERIZE R 20
TEXIME G, 3= 5 Goit T4 Fh 5 i e iIE = 1t
Ho WRTATLIE & 0758 18 52 BRI
¥ A IDW>0K=UK>TIN>OK+TIN, &% [fi KK Ky
74 154, 57427, 37338, 32707 m*, EWHTZR
FETZERFRE], IDW 5 Pl i i, i
KBE ARG ; OK+TIN 5 TIN #fi&iEE
Fil#ET, {2 OK+TIN ABAFAE— & B F- I A0 . A 1.0
~ 3.8 m FAFE T B 2 B b - B 1B YL Rl
& 8, MEHATLIE 1, OK. UK, IDW JiEX T
B 1E B, L OK, OK+TIN JE AR H,
OK+TIN AU E T TIN B4y, OK fifEFH T 8 4
PR R PR, AT BUE B F D, OK
FE B H AR/ NGR 5); IDW J5iAH LA
T Ao A 3, AR OO T A A o5 S F-TEVE F A
&2 E RN

AR TR) R JBE = HE 40 110 55 750 T 00 K5 2 A& &2 i
ATLAE Y, vl BRSBTS AR B A 5
SRS T SO0, T 45 SRS BRI SR B A (A R T

32 G MBI AT 25305 VR RSN, A8 (L5 A — RE 1 )
FRAE; OKA+TIN 7E—E BB L oRkh 1 o8 BUS i {E A9 -F
TR, ECH T R B AP T A AE Dyl REAT
T 38U e RS DX I8 P ) 0 - AR ELSCR AR,
S T AR S B e HELRS A (B0 T80 ot B R i
TERAEATT G BRI OL T , B Sl RAE R
AR N s it , X SR W] T ML GE T A B T I 0 TR
AR Bk AR5 A MR PR AR M Bl A2 75 e ) 2 1) A T
W xR A SR 24 AR I B B AR LY
— b O , e A R LA E AR S R Y
I, WIS 25 T H5O8 & BB G,
AL T ERE B TR)Z LB E T FE, vl LA
AR LR A B I RV, TR 1 AN R
R 5018 S R ) — Bk

4 HEEYL

Z A PTG S RS, - S S e R
R 2 )8 Sk | 75 e TR IX el o S B (8 ) R R
PEo 0~ 1.0 m VREE T 3EBA & it B2 b TG Sl i,
BB RBUE A3 3 1.0 ~ 3.8 m 4B & HAUA
A Z G shag i, BRI

R FHRE 1 v AR AR E.(OK) L 2 5 HUAB R (UK) |
43 XTI (OK+TIN) . I B {E(IDW) . RARZ Y
(TIN)S R 72 7 3B R AT, OK.. UK
J5 AT LAZE 5 B 1 2 [) 43 A i g S0 kG 8 AR i
R (O R VR R A B, 5
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Fig. 7 Prediction of soil Sb remediation area of 0—1.0 m by different interpolation methods
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Fig. 8 Prediction of soil Sb remediation area of 1.0-3.8 m by different interpolation methods
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Table 5 Remediation areas of soil Sb determined by different

methods
TR BE (m) OK UK IDW TIN  OK+TIN
0~1.0 57427 57427 74154 37338 32707
1.0~38 1231 11030 13089 9660 2183

HASARE A TIN Mg5G, Hom o IR 3 50 7 A i1 7
v BRI, IR TR B ey, (HAE R 43 iAo
FRIEIE T (1.0 ~ 3.8 m)AYTE O FARME LR OK 15
W, &5 BEEEE MR E5E. IDW 1k
TIHE B2 32 BR TR A A 0 B FIREAR RO, , R 5 ANy
IR T 25 50 e A AR s N MBS0 TR 52 A
s gz M A w24 s S0, @ICRA TIN Jr
B V5 Y RBAR TG, D TLART [ B A £ B AT DR
R RS b A [ R B A A SR Y L, LS A
FE T 0] LASE A [F] % B8 B A s A48 52 Y0 T ) — 3k
Hoal#/Erksn . A TIN ik R AHE R
MO 35 0T LAZE A Mo B (49 35 YL PRI 15 0 Fn 38 fin >Rk
ST — DA S 30 | SR T 35 Ry e b o
15 YA S T

15 L3 MR A T R b S W3 S 1B TR
ForEE, T S AR RA A, PR A AL
i AT AE AR e 2 o LA 4 i sl AR B (OK+TIN) J¢
IDW (B 55, LA 8 e 2 Y A 5 5
PR OLAFART o SR FH LRI (TIN)FIAR s LA AR 455 1
D7 BEAUA] AR R0 7 A S Y5 ], T ELRE
MBS A E TR E L
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