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Screening Dangerous—Rice—Cropping Areas Based on Soil-Rice Cd Transfer Models in Tai Lake Basin, China
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(1.College of Environmental Science and Engineering, Nankai University, Tianjin 300071,China; 2.Post-Doctoral Workstation of Tianjin Eco—
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Abstract: Tai Lake Basin is one of the major rice production areas in Jiangsu, Zhejiang, Anhui provinces and Shanghai. However, soil pollu—
tion especially cadmium (Cd) has adversely affected rice safety during the production. In this study, soil-rice Cd transfer models have been
established. The geostatistical method based on the models output results was applied to screen dangerous-rice—cropping areas for ensuring
rice safety. The statistical data of the paddy field Cd contents in 2005 showed that 4.85% of the samples exceeded Soil Environmental Quality
Standard (0.3 mg-kg™), and the Cd average content increased by 50% compared with the 1960s background value(0.12 mg-kg™). Soil-rice
Cd transfer models of early rice with or low absorption Cd capability and late rice with absorption Cd capability were constructed using Step—
wise Regression Analysis, separately. The models also showed that the rice absorption of Cd in paddy field was mainly affected by soil cadmi—
um~zinc content, pH and soil texture (clay and sand content) with exception of the rice types. Based on the data obtained from the soil-rice
Cd transfer models of different rice type, the geostatistical method sequential Gaussian conditional simulation was applied to discriminate
dangerous—-rice—cropping areas. Under the planting late and early rice with high Cd absorption capability, the simulation results indicated that
the unqualified rates were 0.05% and 1.47%, respectively. And non-exceeding rice was produced when early rice with low Cd absorption ca—
pability was planted. Based on model calculation, the results were extremely different from the value of 3.3% obtained from the basis of soil
Environmental Quality Standard (GB 15618—1995), which demonstrated that there were limits for application of the soil Environmental
Quality Standard to screen dangerous—rice—cropping area in the Tai Lake Basin.
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OAREA R E &Y, NI R H 3 Cd 5 R m S
BRRER TS Y o R T B OO S S R () B (A R, T e
BRI REKEE = X RIS B BRI Z —
FERER P X Bt 18 S R o3 A RGE AR 2 — e r 3 -
FEK Cd R4, FHR IR AR AR 3R = 2 3R 15 1Y
Vg it - Y5 L W BRI [F] X R A RS K Cd
B8, ARE R R ML G 7 B SE R pl W e B )
DI Ak, T AR B = X, BRI +
Rk Cd MR T EAUTILE, —RHE
SRR R B B R BEFRT Y, TR AN
PLBEAR A B, 4 Mitserlich BREUERY , = 2R FI A KA
RV WO R B0k EAR T B (B AR IR 22 K, ME LA 2
FEERR, AIEEERAE SCR N F 32 201 2 R,
FEATCHHET D M L IR AN 35 5 R AR AR 7
FRUBE AU S P o v 2 Ak oAy 2 1k 4 [ I A - 100588 PR
SR IR B, AR SRS B S SRR Rz
N TEE MR HE-1EY) Cd fBRissl s B4
FEAFLECISE., B pHE., AYURSANL
. R, EAk, WA HE-1EY) Cd Bl
IR ARBTRA , S S S 5t A R Wk
#, WRALE CAEYARSTEERLE WL
B 5| A 3 Zn STE S BRI AR EEE,

KA T E ARG, KIBMNET LRI,
T TR A FHERE R IS RIEARE , T E 4SR5 G
FEBIE Cd 15 YL RS X Sl 2 2L 00 - 3R 85 [m] JEE 7,
FFE B A X - R K Cd Rt sd, I DL
Ry FE R 7 08 AR RE 2R 7= X0 TP B X IBK R 2 ek
FE RBEAMERR W R R A EEE L, BRIE
SERA R LR T RIFIR T LB 15 Y i T,
SR KA X IR KRS Cd AR R A
B, R K H A TR AR AR . AHE
F¥ A4 AR L P45 Jo e MR P R A R 3 R Aok
WEDEE A, SRAZITE ki -RK
Cd fERE RS, 3 DA R B 45 B BE TR, SR b
FEge it o B S5 R BB i K REEE ™ X, LAHA
AR KRR K 2 A A PR — R AR S

I RS

1.1 HREEER
RIAFIRAIEC A PR LT g

A R AN N o N = RN S TR 2
BINEWX, BEEN 3.6 77 km?, TP IK ]
T BEEE RE XS ERKRE T R
R E, BIEFHL LR + B R b+ R
Yt T2, PR N BLA B R AL 151 J7 hm?, FoAoK
H 124 77 hn?, 5ARRKHFHEFRA 82.1% , #i#h & Fids
R 200%, 7 A SE 8K A B B R
AP ERE S 2 EEEN 1 &N L OREF R 2E
SERTEH 37% LA b RSSO TR E T AR & ik
X, HAB 5 e r e B R B 4B 15 Y e 3R 7 DI H A 5%
Hj[16,20,22]o

1.2 HRRERSH

AR BIE R T 2 E AR I R EBIRE, 5
PERAERTE] A 2005 45, -3 ROKREFE SR R
HH A 3R 5% R & W A BTE ) (NY/Y 395—2000) K
(R B K= BT YL M ARBIE) (NY/Y 395—2000)
FIF R BRPAT . REM AR 2RI TREH
0~20 cm Hf 2, B 3~4 MFRAS. RS
[ FEARIESE PR B LA —E 25, i KRR
S EIEE A 1800 m, HiAx X I3 4 1 000 m, 23
TR 2297 Ay, Horh KRR AR i
153 XF, KAEHES P RREIE 45 4>, BRI 108
AR ILE 1 PR

3 IR PR BT A A I B A R | 1
BHRS & A7 & (CEC) .pH H . E£JR Cd.
Zn &5 (13 Zn FEXNKRER I Cd A B0,
RAEIKREW I Cd WATE BRHERZ —22), 13
Cd.Zn §HE & BRI 8 HNO,-HCI0,-HF Bt &
THA R 7 o 2l LA B AT (ICP-MS ),
AR A A 75001, £ 3 pH AGI R FF 3 35 Ha AR
2, DA VLUE MR AN E K R A - E
B, HHEFR TR A L E T, 3 CEC RAZ R
ByRUS . A AR I S AT 43 A A N e 22 A BE KT
10%.

IKFERE RIS , F B R PGHE ks, BRI &
TERTE A VR 1 K2, B LAZE B /K v e PO , SR /5 I
TS o A i e BRI R A v P R I
TS , R R F RSO & Zn,Cd & &2,

1.3 #EAWAER-N

KB A S BA T H 3 -REK Cd &5
BERD  BERUR R R SR 3 R ROKRE S TR MEIME 1T
B ARXTEU e, DA R 2o g itk [ A X S BOE S MR
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Figurel Soil and rice sampling sites in Tai Lake Basin
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Table 1 Descripition statistical results physicochemical properties of paddy field in Tai Lake Basin
| EHHLFEI% pH 1 SE — CEC/cmol -kg™
HHEAPRI(2~0.05 mm)/%  +HEEPRI(0.05-0.002 mm)/%  HHEKRL(<0.002 mm )/%
HRE 2.00 6.61 — — — —
e 2.68/2.82 5.89/5.83 34.25/36.97 41.12/36.78 24.62/26.25 14.69/14.03
JUAI¥E  2.52/3.04 5.80/5.86 30.78/31.87 36.77/30.76 21.78/21.09 13.63/12.89
R {E 2.60/2.90 6.05/5.63 29.00/29.00 47.00/44.00 21.00/24.00 14.00/14.00
ARAB 0.36/0.30 0.15/0.10 0.64/0.64 0.28/0.40 0.50/0.51 0.38/0.39
W/ME 0.57/0.57 3.40/4.32 14.00/14.00 6.00/6.00 4.00/4.00 5.60/5.00
WARME  7.15/5.88 7.58/7.03 90.00/90.00 50.00/50.00 56.00/56.00 35.00/27.00
23554 5.41/-0.03 0.31/0.50 3.71/1.17 1.68/1.01 0.08/-0.90 1.49/1.45
TR 1.43/-0.23  -1.02/-0.36 2.09/1.67 -1.68/-1.19 0.46/-0.11 0.71/0.55

T W R BE(ETCAL ; /7 Ja BB - K REXT BRAE X T S R G T HEL

2 R ARWIGRIEAE H KRS K Cd Zn F RS
WG R, SRR R 255 (GB 15618—
1995 )M L, A5 H 13 Cd #BARERIE 4.85%, 5 60 AL
Lo (8 W 45 SRR EERY, Cd SERRE N 50%, Cd Wil
H AR (E R T P, 220 2 X W I EE A 1E w240
i, WS X4 X8, Cd & Bfm . SR, +
HE KRR RAEX 13 Cd S B 54X Cd S8
LU AT B, P L B ¢ MG 25 SRR, B A 0
2 5 (P=0.108>0.05) , 2= B 33X I 41 55048 7T LA
S Rl —

5 Cd W5 A0, RIS 3 Zn F3H(E
B S HA I, (AR, SRS i Y
YRR B AR ) (GB 2762—2005) FLE MRS K Cd FR{E
0.2 mg-kg! tHH, B EBREMRR L, K
WK TREK Cd R T LK, B5ER
EAH ™, RK Cd B SRR T 2.5 5, 59 EH
P T 1.5 4%, BAXSAXIEE Cd FEN

R 2 KMREFEHELTE 8K Cd.Zn EERRAERITER
Table 2 Descripition statistical results of paddy field and rice Cd,

Zn contents in Tai Lake Basin

HMEEERR . SEREMERK Zn & B0A 1Y
s
2.2 HIE-FEkMAERX ST

3 KRG X L W X R K Cd S B A E AR
3, +4 Cd Zn SR A B ARXTE H A PR KR
Bk Bk & pH EZ R R BLE 3. K
Cd 5851 Cd & & pHIE it . 1 Zn S EA
B AR (B S A VUGS . +3 Cd,
Zn SRE LA YUR pH EHEA BEHERE, DL
KA I A3 Cd Zn & B INSHEAE A& H 2L R
Uik T e H B R, X T Chen . Zhang 5511
BRI R—E, +4 Zn Cd FEZ AR THRE
FRIARSENE, TR A B AR R, BT
DATEA - FE K Cd RO R i L i % le S
AL, PR BEREREK Cd 5B
AR B3, B + 3 Cd. Zn Z A B E MK, Ut
AT Al i IRl AN Rk Cd S B AR R
23 TE-KBRSGIRIEHEE

SR % A5 4 [0 U3 7 B e RS 43 /K RE R A 38 B 7K
FE AR FE L AR Cd /iRy, Z5R0
A1),

A FHZn  tHMCd FKZn  AKCd In(Rice—Cd )=1.098xIn(Soil-Cd)-0.326xpH+0.015x
5 {H/mg kg 63.69 0.12 20.79 0.02 T—Clay (1)
i A A (1) Ln(Rice~Cd) RZFHK C U i
Pffi/mg-kg’  63.00/86.60 0.150.19 2020 0.03 AR, In(Soil-Cd) iR £k Cd HEMIAE A A 2R%
JUfaT ¥t /mg kg  63.90/92.52  0.14/0.19 20.72 0.03 %0, pH 2 -3 pH {E, T-Clay 2y +HER5R H 53 L&
ERER 0400020 088080 028 0.89 i, BRAIE R R°=0.970, RIARERIAT DB R K
ABATIRI% 026/0  4.85/552 0 0.70 Cd R S MHiE 97.0% #7285k, B A F=1 497.835,P=

T SR LK R NOR A T R S R R R
R,

4.83x107°<0.01, 351 B Z K F , ALK S50 ¢ K 45
REWHEBEIEM BEKFE, HRPRESHbRME
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Table 3 Pearson correlation coefficient of soil-rice corresponding samplings monitoring values

gE| Xk cd +#Cd +3% Zn AHLR pH1E bisE LiiE A kL CEC
Fk cd 1 0.538% 0.279%* -0.083 —0.462%* 0.316%* 0.277%* -0.335%* 0.234%
+8Cd 1 0.567%* 0.191%* -0.198* 0.151 0.209%* -0.211* 0.205*
8 7n 1 0.241% 0.203%* 0.058 -0.021 -0.014 0.026
AR 1 -0.087 -0.045 -0.044 -0.051 -0.093
43 pH & 1 -0.103 -0.148 0.147 —0.177%*
i A 1 0.526* -0.829%% —0.878%*
prag A 1 -0.912%* 0.781%*
iz A 1 0.756%*
CEC 1

AR Cd 3 Cd. -3 Zn 32 AR B UE ; * FRTE 0.05 /K L BEEAHE ; ** FTRFE 0.01 K L BEHX,

b B2 BE N In(Soil-Cd )=0.530, pH=-0.545, T-Clay=
0.107, AT FITER FH A F 2 mAg ki Cd FER -+
Hht3E Cd & & . pH E A HERRA &, = ER R
BE# pH {8 ~In(Soil-Cd)>T-Clay, HH 3% Cd &
B ORPRL S B O IEON , 13 pH (E R 50N

R TRETREE, RPCRFEZSEIRRI I Cd
BB A0 22 S, FRAT T 0 DX R 0 B R 40T SR
TR Cd R, FEt i T R AW Cd BB
ZHRBR, HERERCRA K HERELE A
HRHE FLAH XTI Cd BB 7 B R /N3 S v W e B A1
WSO T 24 3 1 A A, T e A Ko e O A R R o T 2
Cd & B 0.05 mg-kg™, FEA B Ry 15, FHNHIE R e Y
RRESAEY Cd &K 0.02 mg kg, HEAE R 26,
HAR 4 MR R EE, EEES R AR T .

T HE-BEAE Cd AFHAR R LA (2),

In(Rice-Cd )=1.058xIn(Soil-Cd )-0.274xpH (2)

AR (2) teE BB R?=0.977,F=1 424.801,P=
8.81x107<0.01 ik 8. E /KK, HRIFRHELL R ECh
In(So0il-Cd)=0.512, pH=-0.474 , B & 4 SHEA 2Z 3+ A
K, AT FIA3E Cd 513 pH EEXBAE R Cd 74
HEH

% e A LS 4 - R K Cd AR R A L 3K
(3)s

In(Rice-Cd )= -0.712xpH-0.005xT-Sand (3)

A (3) PesE B R2=0.999, F=2 587.604,P=
1.04x1078<0.01 , &M BEKF, HARGREL R BN
pH=-0.939, T-Sand=-0.068 , 7] J0%} TR e FIAE Xk
133 pH (ERIEHIRK RN Cd B FEH T

7R IR Wi 7 RS - K Cd AR B A L A 5K
(4),

In(Rice-Cd )= -0.615xIn( Rice—Zn )+0.817x
In(Rice—Cd )+0.035xT-Sand (4)
N (4) g R B R?>=0.997, F=2 246.07, P=5.09x
107°<0.01, 354K BE7KF AR HEL RECH In(Rice-
Zn)=-1.072,1n(Rice-Cd )=0.337, T-Sand=0.445, A}
+3E Zn B4R BRI Cd B EEETF, Mm% Cd
B ENEE RN HE LR SR
FAARQ)~AK(HHHEMFEK Cd BRE S
SEE AR X B L 2. 8] 3. SR AR SCEE ST Y
AT A RO N 55 SR A9 B SR X $iar 3c39 S
SIARTE 1:1 HEMHE, BA T A R KB B o0, Ho
WHE S B E D R B 11 5L, SR A S
RORBT K B S e A , RS R SEPRae K o
LA AR (1)~ (4)FTH, ZER B X K

N -
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Figure 2 Scatter diagram of the natural logarithm of late rice Cd

contents monitoring and predicted values
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Figure 3 Scatter diagram of the natural logarithm of early rice Cd

contents monitoring and predicted values

H £ F o ERE ek Cd W EERE . —RKBH
B BEPRIRURAE X BN ; —RANR RS, £
BH 1458 CdZn & & 3 pH (E | T3 (138K
RS BR HIERPRL A )5 (HIX 4 AN FREA R
KRB R AR B B A ). X TR g & , iRl Cd
R R 138 Cd J pH , X FRIRME
BAg, HFEm 7k pH 8, 1 & I R R AE 3
BTN B HERBAHEC SR, K
M2 a3 CEC, H3EA LR & B 5% BAR L mAE
KXt Cd BRI, {EA) B 5 oAt PR 28 4 B 8 A e e vk
KRB B3 5 H R RBAE Cd IR AL 15
PAZRAE
2.4 FEAKEFRFE

DAAE PR e K REARTS Y X — R DL PR EE FR B AR
E)(GB 15618—1995) R br e (B A 1K 378 , B 24 + 3
pH fE<6.5, 14 Cd 5 & A TF 0.3 mg-kg” BRI RA
X+ 3 Cd #Bhn, XY KIS R G E MG
Yute-sl ARIEAARER T B i A A
)3 Cd AR X L 4 GHERAMBERILE 4),

TREREZW, KSREILE 3.7 7 m? F5H Cd &
B, ST X RS HEARY 3.3%, LR SE R 4y
IKFEEE P IX, BARTCHE R . /KRS X 43 B 5 A
BRI R S BORE K Cd kR, HE MHEREX
F, TRXFp IR IC R M0 E L -k Cd 155
BRI IR . PR GSR R AR 9 2 5 1 38 -RE K Cd
P AR AL 43 BT 9T X 45 SR a5 P A B R R A
Cd & B TME , 3 LA AR A A, R 5 58 e B 4 4
BPUMEETHEREK Cd S M2 814046 GHE R
B 4), 500K 5~E 7, B SHELEREN, B
A 65.01% 1A Cd & E#id 0.02 mg kg fE 5
B, 1B 600 hm? i3 & H 5 YRR EbniE(GB
2762—2005)$LE M 0.2 mg-kg™ FRAE, 5 £%BAE H
T 0.05%, 6 G55 , qn S A i b iy A
anA, AR X IEA 1.6 J7 hm? § H AR, 58 5E X 8 H
TR 1.47%, B 7 F8 , a0 SR b (e i e 78 R A
i, 2R TEAREK Cd HAREDL . A I, FREE = X
R AR LA+ BARAS BT A bR, BN % KRS
Wl Cd BB S22t

3 #ig

ASCAHT T RIS H 3 Cd B AEK Cd /Y
BB, SRERW, § (LEARRERE)
(GB 15618—1995)#i H., -1 Cd #BhrZik 3.52%, 5
20 42 60 AFACE B WM A5 AR H, Cd S8
50%. 5B &5 YR ERE) (GB 2762—2005)
FLERIREK Cd FRIEMEE, TIREXREK Cd P&
BB S5EREME, K Cd SEFHET 25
i, 5P {EA LI T 1.5 £%,

SRR BT A g ST T A s - -
K Cd R RY, F 4 RIS T BR RS AR e 7Y R
KR R RS Cd B4Rl . S5 IREH FERH 4
T AR Cd M EERZF N HE G &,
-3 pH A\ 38 Zn &8 K 585 (- 3Rk Kb
BEr R ), BT FARIZRA AR, H R B 5
R E—E M E S,

®4 TRBENERE T HIR-8K Cd EHERNTEK Cd SEMNENSFERRBER

Table 4 Fitted simi—variogram models of soil Cd monitoring contents and rice Cd predicted contents based on soil-rice Cd transfer models

UgE| FRARI el HAEH K B Sg A km $K/km Jem7R e fl°

Rt 4 2514 0.189 8 0.795 6 109.74/64.83 9.14 59.41

W Fs B 0.197 5 07519 92.31/59.21 7.69 64.68
RS R A 251 0.467 3 0.504 8 31.61 8.13 —
BT A Eice 4 0.143 3 0.342 7 9.18 2.04 —
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Figure 4 Distribution map of soil Cd contents in Tai Lake Basin
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Figure 5 Distribution map of late rice Cd contents based on soil-rice Cd transfer model in Tai Lake Basin
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Figure 6 Distribution map of early rice Cd contents based on soil- rice Cd transfer model(high Cd absorption model ) in Tai Lake Basin
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Figure 7 Distribution map of early rice Cd contents based on soil- rice Cd transfer model(low Cd absorption model ) in Tai Lake Basin
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