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The optimization and efficiency of a detailed soil sampling design

HAO Yi-cheng'?, SHI Hua—ding", BAI Zhong—ke?>, YANG Ze—dong?, QIN Zhi—heng'?

(1.Institute of Soil and Solid Waste, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 2.School of Land Sci-
ence and Technology, China University of Geosciences, Beijing 100083, China)

Abstract: To explore the efficiency of detailed soil sampling in different areas with different sample sizes during the investigation of soil
pollution, and to propose an efficient encryption method, based on the preliminary investigation, this study, combined with case validation,
predicted the probability of soil contamination by indicator kriging, and compared the efficiency of different probability ranges and different
soil sample sizes. The distribution of encrypted sites in the area with a pollution probability between 0.50~0.95 increased the estimation ac-
curacy of contaminated soil, while in other areas it had a negative effect. In addition, when the number of encryption sites was less than 20,
the estimation accuracy of the soil contamination range increased. If the number of encryption sites exceeded 20, then the estimation accu-
racy of the soil contamination range decreased. Under the premise of non—uniform distribution, encrypted sites did not necessarily improve
the estimation accuracy of soil contamination. Encrypting sites in clean or contaminated areas and encrypting sites too densely in suspected
contaminated areas reduced the estimation accuracy of soil contamination in the entire study area. Only encrypting the appropriate number
of points in the suspected contaminated area helped improve the estimation accuracy.

Keywords: soil pollution survey; detailed soil sampling; indicator kriging; distribution efficiency

WA 2018-06-27  FAHH:2018-11-07

FEE RN AL (1993—) W I Pg 8 p A B9 A, A8 X0 -3 T &2 Jm 58 . E-mail : haoyc@craes.org.cn
“BIEIEE JHEE  E-mail:shihd@craes.org.cn

EETH : [ERE AT H (2018YFF0213401)

Project supported : The National Key Research and Development Program of China(2018YFF0213401)



O 551, 6 TS e A A A DR SRR 1037

- R A R AR A AR5 5 Y A3 A e
B TB, PR A A5 R BORE FE B0 R B Qe XU T
M B4 R R B R T - SRR B SR A B Y S B
PEM, b, SR A AR AR TR T AR
WS REON AR E ., DA AR
S8R (14 25 1) S o vk, ANH AR 3 0 A S5 R R B A
MDA SR S YR A A R ARG B . BFRER I AR
25 [0 S B K2R, B AAT IR Ty S S22 1
MR EERNEZ "7, Gustavsson 5 7E 15
Jui A 22 o v R B, AR R 22 02 A AT iR 22 19 20
f5 LA Lo Jenkins S5UIE 458 — i L W 2R V5 YL o
R, 20 95% WY 7R S B R R PR AL B S 2
B A A 55 S 4 R s YR A A R R
HEZEVEMN.

H AT, A 5 5 2 E A 50 A S G AR Sy A A
FhCT, B 5] A0 R TR Z 3 55 BB T R EBUH
TNFENLAT L IS AT RS Ty A i o TR 34 50 A a5
AR PR I R O A SR A
e BAM DL RHERZEZ R E SFEE,
DI EIAG R R 2, Z IR X 5T X N TG e - 24K F 1Y
fliitel, TAE 3G G 5 BRI PR R v 8 R O
FEFHERALE GO SRE. Fi, DOESKEbT
S B B3 ST A SO LA R A BRI T R, I AE
SEBR Y A e G A v, — g o A TR A SE Y
Bro A R H R RO BRSO, R S
L) 5 RS Y [ HAG SR A A R
B A NDRES AR AL 55 Bk b A
B o P M A TR T T Y DX R I 0, SRS i i o 35
A V5 YRR T 55 Y FoA s X PR R | XA
R Z . RIS YA U SRR 2E , EEORR
T R DR R A S G XA i S HE A
WA S BTG FRAS , I 35 W) 25 (5 Gy XA
BRI AN E SR . N TGRSR, 8
B INFEAS &, Bl 22 RN T AR . mR
A1 R 5 G R R AT BE TR AT 152 2 1Y [ Bk g 2D U A
BN, Vi R B 0 0 58 il 385 el A . A1 A
D5 ZARACH B A T FR R AR 2 152 25 1Y S AT A
XA S FEAC G, 35 YL [R] i) 32 M bt LK SC L
AT SRR TS YR IR O FR DL RS Y W i S
KL 2R 255 5 ), HE A3 A1 2 30 HS AN (] 9 245 (R RH DG 2
FAR Sk B8 7 VA ) W e W A1 2 R T R A 45
B PS5 5

AR N BSR4 0y i A T TS e A

Ay i 5 I AT RLE O BT RS T IR T
TG YA 18] A ARG , 35 T A5 TR (B R H AL
FR 5185, T 398 95 e s () oA AR LA JRy L B e
Aji BRI 20 b g AE  &SE i m
FATRMI R AR Z R E D TARIETEM
AT S R AT A RIS, T T A — O R A
[6) A3 5 07 58 A 288048 (A T 5 58 A B0 s S A 280 O
L SR AN [ A 5 7 S0 A 18 A 45 R R A ) =
IO LRI B SEMIR I3 =

18 /8 % B 4 (Indicator kriging) &= B Journel
(1982) 42 HY i, dee W) e ] T b Jou 58 112 A B Al 285 93 A1
FIRAE B, 8 T R A1 s Al o il Lo
15 Y B EA R e (A o i 2 R AR F s v B
LRIz N T RS QST T R
AT K B HE A b 8 A 7 v B AP T 75
Yyt RS . R AR R ES R
Oy T %0y BT A B oo AR e, OB
AR O~ 1 918 75 742 8 (5 A5 T 22 5 o) B EAE 2 AT 10 54
PEAFFAER 5] 0 A AR . $i6 78 5 B 45 0 (L 1Y
RAMRFRT BN THFE BERIBER , BITE 7~ Bl
ok AR A A ) B (R S TR R R A

AT 5T RV A T AN [l A3 i 7 58 O X in
FREE ) (RO 1) AN Ty Ak, DA - 3805 Qe & T4
R SRR 1), SR FHAE 78 o B4 1) O V0 S A1 i
DI, 32071 T AN TR 2 DX ) A s A RICREA 7 UK
O3B XSRS e DX IA) N ) e AR AS i EA T T ISR
DARR i 3T Al J5 5 S X005 e A A TS B
N T YR A SR AR A O R R SRR

1 MREFE

1.1 AREXELR

BT LA R IX L X o), 25 R R A
P, FE B K 4200 m DL AN ZETE Bl 2 1 X 58
X . 2200 X g L 85 FE 25 km, 5 74 5 B 40 km, B4
TR 484.01 km®. 2 X AV DA ) X, DA 20l Ay
FEMAE, SEME . THR, NEEPE—IH F
R 7K 249 450 mm , 430 7.4 °C, J& & iy 2 1
BRERAEX . R 8 il e
I E TR A R ERA S, LERE IS
B

WFFE XN AT T Re Aol 7 X R R A K
B, TR 2 b R AR AL R S ¥ Y A B TR K L TR K
B, B 0 A ORI A T Y v REE



1038

URIEIRCX iy F38EF5H

1.2 HHFRESMR
AR LR AEFE A 588 4, 2% 500 mx500 m fiY
PHAK AT ps  BEASFE AT R R SR A SRR IR 20
emo A7 IR SRAE T X RE S i TS g, RS
YR 5 5 AR X R E A, H R ARG BORE
AR A R T R AL PR S L R
TR A 45 B TR B (S A T ARSI, AR T 28 A o i
BURIE B 13T T M, INARI E 1
1.3 7k
1.3.1 FEF48 7 o FL 4 1 o 288 A o5 DX It o8 1
TEDRRAE PP T 2R LS A BOR Fi5 &
A I — BE, TR s v B A N A
e S AR i
6 7R v B4V S T e R B (B A Ry L T
FEEE T S E, (D) o BORFEMFIE X AN, IS
HY o R RN Ze, WITE AN — D HE S Xed b
FE XL —A Z AT B R B AL
R
SR Je TOUIN B g A B Bl DX ) R R, i (2)
M=(3)

F(Xo:ZI(n)) =Y N0 (X.: 2) (2)

F(X;Z)(n)) =2/\,-I(X,-;ZL.) (3)

SR P (Xos Z(n) ) 5 X b A 2,10 BUBUER
F(X5Z0(n) ) SR IKHE X Ab AR 2. 0 AR A
o i SR AL

B A AR (2) A (3) Rl 13 2 A 2.

B R . % R 2 ] DL X (4) T
5(Xos Z1(n))? = imy,(xi,xo)m (4)

R R B BUE I B R 0~ 1, JE S A Sy
Hy5 QL Al e i B o V5 g 55 A A 1R ) R R
T8 15 G DX T 3 DX 2 8 X2, L T v A
TG e XS L % I DO ST TE e X, i JEIX
BAEAE R ] F B SR R X ], A e i
SR IK (A P % A s A BB TS Y A TR B
s 2k U X3 ) M 321X ] 2Ry 0.50~0.95, BN 22 28 9A R
WER KT 0.95 (3 Bl A T5 Y X, HE% /T 0.50 FT R
R X . HEEATE 0.50~0.95 4 7 FEl By fin 25 A1 45
X, T EE i — A

1.3.2 Fdlmhb 37

iz FFE 7 v 4 i AT R I I . XS Y
L 4 S0 2R B v A8 3, 3% 5 1 DL i Hr 3
W THBR T A e RO . s P B
Hr R A 7 T FR ST ), B AE — 8 W Bk, TR
B AR IUE BOYE S, S B e R &
B, DA RS [ ADL B0 S 56 (500 I LA B A5E4DL 45 1
FEAR S KAL) AR 5T R HERf P, A 9 5
PLRECH 1000 K o F8 7R 7 BL 4 ME 51l 1 5 7 51 0
R TR I AITE AreGIS 10.2 HHS2 P,

2 ROIBIERESHT

DI DX S 5 Y SRy 5], (A7 39875 YL R A % A
S DI B CRIFSE . I B AR5, L 500
mx500 m PA& SIS %, — IR PE R4 588 1~ i i, iR
B LLIX 588 A i AL T A K 2 401 IX - 458 LS 1O
iz AR R A () 5 1 FEFSE X BB 1 kmx 1
ke [ A, 95 76 AR P9 16 A S A S50, 22 P
A ZA AL BEPLIE I — R 38 2 547, th bR
1A A AE 1761 SRR BT i R F 1
75 e KRS AR E (17 ) ) (GB 15618—2018) , i
JZ NS R Ty Y PO SR N R AN = AN I o =t
SEALEA TS YL BRI, LA 3 A s T £y 7 e
TR Ry B 0 00 ok 37 e 57 R0 225 i s (S )
(1435 e TR AR S T 1 75 e T BUR E R, DAt
A Ry 2 AN AFDRT A S5 A8 ARG B2 5 0 %% I s A AR
X A s AL ARG B, K 3 EA T LA BE SR
(] ARk 23 DX 1] A A1 s R0 e DA 38 X (1] R AR i 1Y

pi= jj") x100%  (i=1,2) (5)

E:M (6)

n

KOS MR Ik . PP 3 3 ARG
V£ RIS A 05 A FE 5 Ao Ay Ao B FR0R B A5 A
Ay S I AT SIS ST 5 e TR

K (6) I BRI I L . EFROREE—HERIX
(] A 0 285 A 51 Y808 s n RO IR X R] P 0 2%
A AR
2.1 MEZERAXIEHE

JE T A AR A b L s R A LA L a2
FHAE 7R vw BL 4 5 0k T 28 4] IX 4 75 e ik 38 40 A,
B 1R



J
]

NONOSONONS

(L[N

\OOONNLINIDO
Tl 1o
~OOSCOOT
O\O0ONNLIND
SNOONONDS

S

(3]

W

&

S

oo

g

Bl EFETRESNTEPLSREER
Figure 1 Probability of soil Pb pollution
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Figure 2 Soil Pb pollution investigation point distribution
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