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Prediction of Distribution of Soil Cd Concentrations in Guangdong Province,

China
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(1. College of Resources and Environment, Shanxi Agriculture University, Jinzhong 030800, China; 2. Guangdong Key Laboratory of
Agro-Environment Integrated Control, Guangdong Institute of Eco-Environmental Science & Technology, Guangzhou 510650, China)

Abstract; Heavy metals are one of the principal soil pollution sources. Contaminated soils affect the quality of agricultural products,
and then threaten human health. Prediction of the contaminants distribution in the soil is the foundation of pollution evaluation and risk
control. A total of 1000 soil profiles were collected to investigate the spatial variation of soil cadmium ( Cd) concentration in
Guangdong province. These datasets were divided into two groups, about 900 samples for model training and the other 100 for model
validation. Six frequently used GIS spatial interpolation methods including Spline, Natural Neighbor, Ordinary Kriging, Inverse
Distance Weighted, Local Polynomial Interpolation and Radial Basis Function, and Cubist which is a type of rule-based model were
compared to determine their suitability parameters for estimating soil Cd concentration. Nine different resolutions including 2 000,
1500, 1000, 800, 500, 300, 200, 150, and 90 m were selected to calculate, evaluate and compare their accuracy. The results
showed that, (D Quantitative assessment of the continuous surfaces showed that there was a large difference in the accuracy of the seven
methods. Cubist was superior to GIS-based spatial interpolation methods at all resolutions. Cubist was the best tool for mapping the
spatial distribution of Cd in soils with thirty-seven specific predictors relevant to the source and behavior of Cd ( parent material, land
use, soil type, soil properties, population density, gross domestic product per capita, and the lengths and classes of the roads
surrounding the sampling sites, climatic factors, etc. ) at 300 m x 300 m resolution. The second was Spline, its accuracy was optimal
at the 1 500 m x 1 500 m resolution. @ Results of Cubist suggested that the soil Cd spatial distribution was primarily dependent on the
properties of soil regional parent materials. And soil samples with higher Cd concentration mainly located in Carboniferous and
Quaternary areas. (3) Spatially, Cd concentrations were higher in the Pearl River Delta region and north of Guangdong Province. Many
hotspots existed throughout the Pearl River Delta region due to transportation and pollution of the river. The major anthropogenic inputs
of heavy metals to soils and the environment were metalliferous mining and smelting in the north of Guangdong Province. The soil Cd

~! was lower than that of China, however it varied from zero to 6. 056 mg-kg™'. The

geometric mean concentration of 0. 147 mg-kg
areas with soil Cd concentrations greater than 1.0 and 3.0 mg-kg ™' were 160 km* and 2 140 km? respectively, accounting for 0. 09%
and 1. 18% of the total area of Guangdong Province.
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B, RLINIRE S R gk, e U T PR, R i Y T R
Bk ab BEAEAA, B 3 — AR B 45 A i
T AR 1) 3 bR B AR SR AR (B 1 B — 5] A (i
PRI SR A (A PR B AR, R AR 0 o T AN
— . AR 1) 3 R ESGA ZE AL T RO B N FR
BB IS 3 AN 2 Y00 A 0 4 0 /s 00 5 {1 1
(B, T A8 1) 5 PRVBECRT AL 428 o) 5 R BSORR 8 K R 00
SR O R, SRR AR S AR B — AR )
FE R, R — IR R AR
1.4 KEEIIE

AT 0004 SR AE A5 e 43 2 AR () 7 154 B 900
A FAE R BN | K TR A% 1Y 100 A AR R 56 F R
$hir BTN [R) 32 TR 25 TR (G L T 36 UE K
OB Cd A B XU AT K-S /™) 451
D=0.12889,P =0.1005,P > 0. 05, 3¢ B W 4 ¥ ¥
(43 A A F T R —ERAR. A g6 uE B 4 -5 W
FHIC R BTN, (57 FH 2ty 7 A A 5631 FH s 00 3 0 7
TN AR S T RE T

22 JE 22 IS UERE Y 6 Flt GIS 25 A4 {E
MEAESE. T 5 HAth 7 vk W0 45 SR 175 L
i 45— 1 900 /> T 45 H E A 74 {8, I 0 FH TR A
() 100 NI IEEIEXTEE R T IR UE. [ SR &Pk A
FRERUEE A1 500 mt A FUNDRS B 95 v 5 42 1] 32 pR AR
IR ARG R EE 1 000 m, ffH 7 N2 E R
il T, TOOORG JE d5e 15 5 R 22 I A (B v A (B R
K1 500 m, Ff{E T 20 AR 2 000X, FUIORS B f e
SR B AR e T R A1 000 m H. power %8
WEANO0.5, LSS RABBAE N 11 i35 0K A
150 5 538 5 B A A A ARG B 1 500 m, A {E
JriE N J-Bessel , TUMA i Bz 5 5 A S A (E 15 A 4 (E
RUEEN1 500 m, S8R5 RURE S5 46 (8 7 15, AE S50
BB N 35, AR EBEE M 10 BPRS BE e 5. Cubist )
IGUEZE R B, 4% K /N 300 m x 300 m B,
Cubist FIUMAE P ¢ 5.

2 HFREITE

2.1 Cd &EGIEE
%3 E1 000 FE S Cd AR E S BN,
i Cd & & A /MEN0.0002 mg-kg ', B ORMH N
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Table 2 Optimal parameters of 6 GIS interpolation methods
T H Ei=ta0 90 m 150m  200m  300m  500m  800m 1000m 1500 m 2000 m
SR 4R 3, b1 0. 470 0. 470 0. 464 0.471 0.471 0. 450 0.473 0.477  0.474
1% e %L TR EEEL( Mul) Mul Mul Mul Mul Mul Mul Mul Mul
B 0 0 0 0 0 0 0 0 0
iR B BRI 45° fREE M 4 N IX (445) 445 445 445 445 445 445 445 445
WRME 20 20 20 20 20 20 20 20 20
K 0. 481 0. 481 0. 480 0. 481 0.482 0. 482 0. 483 0.479  0.482
1% RS 5 By 25 (Poly) Poly Poly Poly Poly Poly Poly Poly Poly
Jaizmi ZWXH 1 1 1 1 1 1 1 1 1
Hh 0. 487 0. 487 0. 487 0. 487 0. 487 0. 487 0. 487 0.487  0.482
HE 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
FRBEES AL 4RI A5 13 13 13 13 13 11 11 13 12
il 0. 482 0. 483 0. 484 0.484 0.483 0. 481 0. 485 0.48  0.484
A J-Bessel (JB) JB JB JB JB JB JB JB B
Bl 11559 11559 11559 11559 11559 11559 11559 11559 11559
B AR 12 12 12 12 12 12 12 12 12
LY EEHE 0. 407 0. 407 0. 407 0. 407 0. 407 0. 407 0. 407 0.407  0.407
RS 92473 92473 92473 92473 92473 92473 92473 92473 92473
WRZH 5713 5.713 5.713 5.713 5.713 5.713 5.713 5.713  5.713
Hege (i 1. 063 1.063 1. 063 1.063 1.063 1.063 1. 063 1.063  1.063
Hh 0.503 0.503 0.503 0.503 0.482 0.503 0.502 0.505  0.503
& 40 40 18 18 18 18 18 35 18
FESAGME 4B 10 10 45 40 40 40 35 10 40
Kz 0.518 0.518 0.518 0.518 0.518 0.518 0.516 0.521  0.516

6.056 mg-kg ™', FHIMEH N 0. 147 mg-kg ™" ArifEEN
0.352 mg-kg™'. #4E GB 15618-1995 -+ HEFRESFi
P SMR AR vfE v - Cd B i A BR A A v
0.2 mg-kg A4 Cd & HAAT 5ol LT 4%
Cd &85 S M 5 83.3% ;8 T = g b i BR il
B 1.0 mg-kg WY& 1.5% ;] KB EMK Cd &7
PIMEAE bR EIME LR, B Cd & b IR + 5
W bREST R 6 NANFZEN, 55—, Cd <
0.1 mg-kg_' FEE 285, 0.1 mg-kg_1 <Cd<0.2
mg-kg ™ BRI R AIE) Cd HEART A
R FE; B =25%: 0.2 mg-kg™' <Cd <0.3

mg-kg ™, H U2 5. 0.3 mg-kg™' < Cd <0.6
mg-kg ™', FIERBE AR EY Cd R SRR
BRI 7E 3% pH /NF 7.5 BF £ 0.3 mg-kg ™', 4
T pHEKRF 7.5 B4 0.6 mg-kg ™', 25 =255
VGRS DU 28 1) 2 Sk R B A b A 7=, 4 0 N R fE R 1
PRI 25 2. 0.6 mg-kg™' <Cd<1.0
mg-kg_1 VNS Cd>1.0 mg-kg_'. H, &5
U2 52 SN 2NE T Cd & A UK
-, AT RERT A FEAS R . N 2 T LU
62. 4% M A1 Cd B # o A 7E5H — 2500 Cd & i
/INF 0.1 mg-kg'l.

x3 CdEEHZiITER

Table 3  Statistics of Cd concentrations

R e B N B WIEW BTN BN
I /N o NS N - - - T e ’ .
i T e il Bl ekl
B/ mg-kg=' 0.0002 6.056 0.147 0.352 Cd<0.1 0.1<Cd<0.2 0.2<Cd<0.3 0.3<Cd<0.6 0.6<Cd<1.0 Cd>1.0
B/ A 1 1 1 000 1 000 624 209 59 79 14 15

2.2 FRINZERXT LS

FIHH 900 ARk a5 1Y Cd X BB A 72 (] T
FERI T4 100 A RAE AT Cd X EUELAE b 35 ik £k
YRR, 43 T E 4 7 Fh o 1k i dre A 100 2 55 R e
FEFN R, 3 4 25— Fh 5 bk i e P Tt 45 5.
S5 LR Cubist 7Y T0UMRS B2 Je &, FL R AE 2R3

2 5 B ARABIRIE B FTIAR BE AR

2 AN (7 e A R4 (RS b Ay i)
K EE AR 3 SRS (NIN) B4 (EDHS B 7E I 4
(E R ARSI A, B 2 AL (IDW) | A& ) 3
PREL (RBF) | Jaiiif 20 =03k (LPT) (Y A I A —
3, REAIH(E 1 (Spline) AUKE ELE 6 Fh GIS i fH )y
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Table 4 Comparison of different interpolation results

Jrik A SR 4Bk JrariR 2 Wi (e SN A% 1) 32 R L A B AL W38 v B 4 Cubist
JUEE/m 1500 1500 1 500 1000 1 000 1500 300
IR FRA I R 0.477* 0.487 ™ 0.521* 0.483* 0. 503 ** 0. 505 ** 0. 540 **

TR E . HAN, B 2 R URE KGR
(Spline) . S H & INALEE (IDW) | 42 ) 56 oA 201k
(RBF) FlRiEB 23020 1k (LPT) A4 F90DRS B8 L AR AR 2
ROBER M. 53 v B4 4 (8 7 % (OK) AT 3 SR 208
I BIE 500 m A1 800 m TN R EE b KA.
Cubist i {E 75 52 ROE B 52 8K, & B A [A] A
FAEAE] RUEE XA ) 5T kA FH = AN [ Y.

0.56 L

% 0.54 ¢ AN / . —+ f )
Dos2} . \\.\_._/’. B <l WY N
E 050 | - ——
g 048 L

2046 |

B 44| —— NN —=— IDW —— Cubist
iE —a— RBF —— QK
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Fig. 2 Prediction accuracy of different interpolation

90 150

methods at different scales

B3 0% 7 PSR E ) AR A 3 Cd %
HOEOL,T ATEE R0 3 Cd T '
LKA —F, Cd & i B E 453 A 76 584 b IR 2k =
FAHbIX. (38 e B AR (7 1k (OK) | /£
T332 (LPL) A B 2 A (IDW)) JR0 45 SR A8 %
FEEHEAT T F 8 RO B IR (IDW) FilJs i 2 55
% (LPL) (4 (B 45 5 vh e 2% T 5 75 2800, 353 e
B4 (OK) fR{ESE AR K T 55 F251 Fn 55752800
F AR ABIRE (NN) FIA2 0] 3L pR U 25 (RBF) T 45
LA —HE X Cd 55 £ S5 5 A 1 350 0 45 4 A1 7
AU Hh DX, 0 45 S a7 B b LA 5 (- 1 (-4 s {ELAIK
(BRG] RIS 2 A, 00 245 2R 22 5 v L R e (IR (L
(R RZ I 55 K, R I AN B AR 2 b F50 00 46 91F 55 Cubist
TIN5 S0 b0, 1 [) 0 18 R0 A HR 250, BN S A7 AR
R | AN 23 %) S e (ELHEA T 1, HF S0 A A Tt
HOF =
2.3 Cd &aasu s

FI FH B A TR 75 s ———Cubist 9 55 045 50 1530
J7ZRAEAE 300 m x300 m E FAY 3 Cd &,
HAM A TG a1 3% Cubist” f 7R, 2 5 J& Cubist T
M FR4E H3E Cd Fa B (EA 2R T AL 25

R, AE L Cd SRR LA T EARM K
oA cd SEMEEANTAKRE SMEO2
mg-kg ', HAP— 2R TR ALE TR A A R
[ 94.96% . {HJZ 3T 30 4P, BRYL — i b X & J
TR, DRI AL G (4 A4l AT T3 s ol 3 BEZE LA
Tl A AR A A A IX, 7E & R R P R A &
TR R M D3 2| 72 AR T B R Tl fE T
B, Tl AA: 36 K SR WB A 38 i T 3%
(o5 g Bl 4 Cd o R g . Bk
X HIR R R I X = & BB PR Tk
T T IR AR AR R KRG )
AR AR, LA R A T S 3 A B R A Y
i ERER A RBENESEICR, AR
R T Is Y I od ST T gbn i
FRIIE 0. 3 mg-kg ™" AYTIIIE KB A £ 2R — it
DX R b /8 i DX T B A A fede BRE A o 5 B
S0, R NEMEAG RS S 1. 18%
3 Cd S P RD = 2R AR R AR
3.86%.
#5 +iH Cd S RFNESXDERGH

Table 5 Area statistics of predicted results for soil Cd content

| Cd/mg-kg ™! HRY 7 km? HArH/ %
H—B Cd<o0.1 14.333 79.26
ST 0.1<Cd<0.2 2.84 15.70
=29 0.2<Cd<0.3 0. 698 3.86
UG 0.3<Cd<0.6 0. 194 1.07
BHAH 0.6<Cd<1.0 0. 004 0.02
R Cd> 1.0 0.016 0.09

K4 J2T R4S 1 Cd S (a0 iy Xk, [ 4
(a) /R T3 Cd 75 2 B IR B AR 1) M A
A AL | L FNERIEE 38 AL | ARl AT i
SEFAL TN S IRZERI S AL A AR SE R M 128
FLAL 88w (i X BE AR I3 A 72 3 T 58 AL AROK
AR AR S - R - - - =k
SERRTT = AR 7o Gedi M H py KB el R R Y
ZEPFAREI AR AL U T A AL - 1 R e
FERII S BOR R Cd SR A b7 st il - 4
Cd Fitfi i, VL-H BRI K™ - AR 52BN 52
FURTTR , Cd 5 Sk v (8 DX O 20, 2 W T 3 e
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Fig. 3  Predicted results of different methods with optimal parameters and optimal scales
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Fig. 4 Predicted regions of high Cd concentrations
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Fig. 5 Statistics of Cd concentrations in the cities of Guangdong province
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LT Cd S EREHED LB HIEREE R 3 %
FRUE0. 6 mg-ke ™" LT AN A 4% Cd &
BB + R BT i — bR ifE 0.2 mg-kg ™', {H
IR N L Cd HREREE R R, £
RKMEME/MEZ 2K TRE ST L%
Cd AN E AR T oL, b 2235 Y i
FEER AR 1L T, HE 18, 08% A T AR M i I ER A
U HARMERRHIE 0. 3 mg-kg ™. HUET M,
H10. 469 (1) THFR 3k A 3 PR 55 0T £ b v PR
. RzE, i, iz, ®IN o 5HE 4.32% .
3.15% . 1.9% . 1. 38% it +-3JER5E ot i — G bnife
FRIME 0. 3 mg-kg™'.

2.4 Cd &EMIKSE T4 Hr

32 6 /& Cubist [ 5 NNIR]RUEE o] FAS RS () 030
SEGL Hh F A 5 M PR SR A A R U B iR
(E R PR . FR B R PR 1 S A AR o o £ P A A
TRk R e B T, 5 B ROEEASE A 3 B4 e PR
TR A AR AR Cd
Sy AT O A2 M A s, R AR Cd ot
F— ORI T MR 5 - R A R K56
£, Zhang %0 WIS BRI R 4 Cd RIS
22 MBS 21A% X RUEE R 300 m x 300 m A,
B ) 32y 35 5 M PR -0 N 19 B B
ARSI KRR pH BE — SRR R PR

%6 Cubist RN &R
Table 6 Predicted results of Cubist

RE/m i AT 2 FEZMAFNTF EERMEAET
150 0.519"* 0.98 Ho TR pH7> 58
200 0.480" " 0.99 Hb 2 A Mg pHE7 58]
300 0.540** 0.99 iR NHVE B TE R ARSI R pH P — S TREE R R M g
500 0.525** 0.95 Hh B A It g Lo0]
1 000 0.406* * 0.95 Hb iR i — 2 S s Lot 62)

i 4% R IATE 300 m U F4CHFXF Cd & w1
PAE I ESINITE

K 6 JE#% K 300 m x 300 m KR Cubist ) 4
AR T A Cd 5 8 A A 1 50 LA ) 4 4%
b6 A BRI oAt 1 6 s H RO 1 AR
W2 W Cd FEIEA B/ F 0.2 mgekg ™',
1M Cd i S (E LA py AL 4 F500. R0 4 F5i 0
EE R R ARAEBRT =AM, Edb ., TN PR

AR HBIX , 5 Cd B {E X 0 A 1% i — 2K
27 EHE 300 m x 300 m KEE Cubist i (14 45 7Y
(1) 4 K Ko FLA B 1) 2 4. T LU Y, 4
— KR B 43 2SR TR A M BT 2 AR | 3 B g 2 AR
XTRA T Cd SR A A EEAAEHL FL
4 FA R TIRTC R R BINR, &R,
B ARBRME L. Hrpaw R 8 TE
b DX P X v R R R DS A R Y

&7 Cubist R REHMM
Table 7 Rules of Cubist model

VL FAF

T/ mg-kg ™!

HuZEA R AP, SR A T RS R T3, TEARHRHD, YRR, P, POVROK, BriKiE, H
o, FCA e s, BERGAH M, BRI I, A bk

W HAEAR, TP, ERAR, MERY, &R, —BR, WARY LD, &SR,

A1 FEA, B, R AR, KPR, KHE 0.030
UK LTHE, SO AT HE, TS 6 RO LTHE, BRECLTE, RRLTHE, ST
HE, FLTHE, B RATHE, K, PR+ | SURCTHE, i 2K &
ORI R T AR, Y03 L TVOKT , SOlK B
fbk, FLABE M, SR AT, B T, B

il WL IR, RN, TR R, AN, AR, “ER, WEBA, R, .

! B, BV R AR, KB R, HE :

EHET K ALTHE, HE BT, RO, BT, B AR W KRR,
VERLE &, ARHER -, STL0HE, 5RO, SEBUKAT &, SRLLTHE, Rb2r i
MUK A FR R I, ST, RIS AR, SO SO, B, FA i, T

i JHHL, e, KK, Mk o ors
WO EER ARSI, SRR, AN, AR, B, WIKEE, B, :
T, B, R EOR, KPR, SEE

FL 4 MR R, SBIUR, —B R, WL, ARR, HFiLd 0. 139
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Fig. 6 Distribution of Cd concentrations predicted by Cubist rules and the geological distribution
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