2019,38(12): 2672-2680 xR W F OB R F F R 20194F 12 H

Journal of Agro-Environment Science

ReOVe, EHMG, R, LT PERHIR AL e DORFERPRLER S R BRI ST, Al FREERE 7R, 2019, 38(12) : 2672-2680.
SONG Bo,WANG Fo-peng, ZHOU Lang, et al. Prediction model for cadmium concentrations in rice grain under the geochemical background of a cadmium

anomaly area in Guangxi[J]. Journal of Agro—Environment Science, 2019, 38(12): 2672-2680.

[TAREMIKLFE R E X KTBAAAR S SRR3R
RoOER', EMEE, A R, R ', X B, HRER"
(LBERR B TP BREGRISE 5 T RSB, 0 BEb 5410045 2 HERKE TR HUBRFIE2 0%, 06 BEbE 541004)

/.

& BN TR VIR ER b2 SR X R K R AR £t A SE I , SR 25 AR A R A - 3RS S R ST R B S
DX FE P T ISR, MR LK R L 656 14, SR FHIZ AP Z2 S0 I A 43 A G AN R i S 9 T K R F PRI EE 42 8 Cd 5 it
TSR, S5 R ST X R e (pHI(E Dy 6.8) , JB 4T 5T + 4 (OM ¥ {E 47 39.53 g-kg™) , 4= L B AT RS A & Y. 1Rl 4901
90.078~7.893 mg - kg F10.028~5.875 mg- kg™ s ML CEE T 22 4 E Shn i 100 s Bt ) (GB 2762—2017) , 5K Cd B FR 2
13.6%; ANTR) Cd He & S5 90T fre A= TN AL I 2351 24 : G1(<0.5 mg-kg™) :1g(Cd—G)=1.561-3.782 1g(pH)+1.825 DTPA-Cd;G2(0.5~1.0
mg-kg™) :1g(Cd-G)=5.145-0.280 pH-2.448 Ig(OM)+1.039 1g(DTPA-Cd) ; G3(1.0 ~ 2.0 mg-kg ") :1g(Cd—=G)=1.074-0.208 pH-0.029
OM+0.589 DTPA-Cd; G4(2.0~3.0 mg-kg™) : Ig(Cd—G)=-0.897-0.026 OM+0.785 DTPA—Cd; G5(>3.0 mg-kg™) : lg(Cd-G)=0.791-
1.322 1g(OM) o A b, 7 PAR S X 4830 Cd 38 A w5, B 28Xt KR 2 e RhRa ™ A S M, 50 0B 080 A A 5 e e 19 00 A K v A 1)
SRR, R VGRS X At K R L e A TR S

KR TR X KA 38 A8 Z sl TS 5 )y

hESES.X53 XEEREEG:A XEHS:1672-2043(2019)12-2672-09  doi:10.11654/jaes.2019-0723

Prediction model for cadmium concentrations in rice grain under the geochemical background of a cadmium

anomaly area in Guangxi

SONG Bo',WANG Fo—peng', ZHOU Lang', PANG Rui', WU Yong’, CHEN Tong—bin"

(1.College of Environmental Science and Engineering, Guilin University of Technology, Guilin 541004, China; 2.College of Earth Sciences,
Guilin University of Technology, Guilin 541004, China)

Abstract: To understand the effect of soil cadmium (Cd) on the Cd concentrations in rice grain a large-scale study was conducted in
Guangxi under the geochemical background of a Cd anomaly area, rather than evaluating the Cd effect in an identified area. Stepwise multi-
ple regression analysis was used to establish the prediction model for Cd content in rice grain under different Cd concentrations based on a
total of 656 soil and rice samples. The results showed that soil in the study area was neutral (average pH value:6.8) and could be classified
as mineral soil (organic matter mean:39.53 g-kg™); the total Cd and available Cd content ranged from 0.078 to 7.893 mg - kg™ and from
0.028 to 5.875 mg kg™, respectively. According to the "Food Safety National Standards for Contaminants in Foods" (GB 2762—2017), the
over—standard rate of Cd in rice grain was 13.6%. The most suitable prediction models of different Cd concentration grades were: G1(<0.5
mg - kg") :1g(Cd-G) =1.561-3.782 g (pH ) +1.825 DTPA-Cd; G2(0.5~1.0 mg-kg™') : 1g (Cd-G) =5.145-0.280 pH-2.448 1g(OM) +
1.039 1g(DTPA-Cd); G3(1.0~2.0 mg-kg™) : 1g(Cd-G)=1.074-0.208 pH-0.029 OM+0.589 DTPA-Cd; G4(2.0-3.0 mg-kg™') :1g(Cd-G )=
-0.897-0.026 OM+0.785 DTPA-Cd; G5(>3.0 mg-kg™") :1g(Cd—G)=0.791-1.322 1g(OM). In general, the Cd concentration in Guangxi
was relatively high, resulting in a significant impact on the food safety of rice planting. These prediction models effectively describe the Cd
content of rice grain in the study area, which could help to determine Cd accumulation in rice in the Cd anomaly areas of Guangxi.
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Figure 1 Distribution map of the study area
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Table 1 Soil physical and chemical properties in paddy fields

WiH Y Y{E bR 22
[tem Range Mean+SD
pH 4.6~9.0 6.8+0.67
HHLE OM/g-kg™! 7.730~92.95 39.53+10.44
g°Kg
A0S DTPA-Cd/mg - kg™ 0.028~5.875 0.461+0.436
44 Cd/mg - kg™ 0.078~7.893 1.057+1.042
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Table 2 Cadmium content in different organs of rice(mg-kg")

Cd 75 8 2[R R B Y], (8] 42 b 6 7K R I i 1 4 v Cd
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T LT 2 (R PR AG 50 1 B2 K
-2k 0.01, TAE G5 9L F , W34 7€ 0.05 57K - AR
K. HAEXANFRT Rk Cd & S5a6
JEZ A | [4E 0.350~0.484 2 8] , AR K Cd & 5
AT Z IMAF AR OE R (HR A SRR B 411K
[F] s 7 2 22 ] S B A DG OC R L X W] RS2 PR IX
B DX N K FH A LS B s R A e i A . F
FEDXAT WU B f Az = T PG 3 ML S KR
(26.7 g-kg ™), M7E B Cd & & T GB 15618—
2018 Hfk Fl b -3 FE 42 i Cd RE(E T 0, R4
[ 656 117K A5 kPR BR 38 13.57% , X P BE A HL
JE R A A B RTINS T %5 Cd BIMRE B i 7R B2
B, M T Cd AR, T —E R AL
T KRR R Cd I

REMEBE DTPA 2% thi MR 4 ok i 13 h oo %
RS AT DAERE A K A AR R R, PR
A Cd & R/ KRR R Cd R 45 %2
HIsEIR . R 3 AT 7E 85 CA VR 0.5~1.0 mg -
ke 'BF, BIYE G2 4R, Fiok Cd & 5 LA 80S
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3 KFEIHCIEES TEBAMRBXES R
Table 3 Correlation analysis between Cd content in rice grain and

soil physical and chemical properties

WiH J BIE A2
Ttem Range Mean+SD
FH7 Grain 0.002~1.488 0.095+0.147
I Leaf 0.003~5.604 0.217+0.335
2% Stem 0.043~7.414 0.523+0.781
2 Root 0.082~25.58 1.733+2.109

(fi 0?:;2;(3125 pH 1g(OM) ]g(zz};/\_lg('l‘—(}d)

lg(Cd-G) Gl 266  -0.256%* -0.043% 0.110" -0.128*
G2 130 -0.374** -0.484** (.178* -0.139™

G3 171 -0.276** -0.436** 0.265%* -0.004"“

G4 54 -0.110" -0.350%* 0.463** -0.067"

G5 35 -0.090 -0.401* -0.219™ 0.009"

TE:G1.62.63.G4,G5 Jy 13 Cd & 4k (mg-kg—1) 19 5 554, 43
B4 G1:<0.5,62:0.5~1.0,63:1.0~2.0,64:2.0~3.0,65:>3.0. F£4.3%
5. Cd-G /K FEHFRL Cd &4t DTPA-Cd g L3 DTPA (2
ST TR )R AR Cd 1Y 75 5 OM Sy 13847 LS 75 1 5 T-Cd Sy 1358 5
Cd F5 8t s NS FRIRARTE 0.05 IUBER A FAEICHE 235 5 Al 3 Bl FoR
£ 0.05 F10.01 IR EARSCHE B3

Note:G1, G2, G3, G4, G5 indicate 5 grades of Cd content(mg-kg—1)
in soil, G1:<0.5, G2:0.5~1.0, G3: 1.0~2.0, G4:2.0~3.0, G5: >3.0. The
same as table 4, table 5. Cd-G indicates that the content of Cd in rice
seeds; DTPA-Cd indicates that the content of Cd extracted by DTPA
(diethylenetriamine penta—acetic acid) in soil; OM indicates that the soil
organic matter; T-Cd indicates that the total amount of Cd in the soil; NS
means not significant correlation at the probability level of 0.05; * and **
means significant correlation at the probability level of 0.05 and 0.01,
respectively.
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B R OGAN AR 3 AN SE G B R L ) R A
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Table 4 Comparison of determination coefficients(R?) of different
fitting models under different levels

AR

Fitting model

Gl G2 G3 G4 G5

BT ] Model 1 0.111%%  0.409%%  0.336%*  0.376** 0.161*
B2 Model 2 0.108%%  0.407*%  0.339%%  0.400%* 0.145%
BRI 3 Model 3 0.122%  0.406%*  0.355%%  0.388** 0.161*
B4 Model 4 0.119%%  0.405%*%  0.356%*  0.408** 0.145%
RIS Model 5 0.108%%  0.416%*  0.330%*  0.376%* 0.161*

T TR I [ AR R E 0.05 F10.01 AR5 7K P AH e
B

Note: * and ** indicate that the regression model is significantly
correlated at the probability level of 0.05 and 0.01, respectively.

I L BN AT B T ORTR Cd e BS540 T K
FEORFE Cd P52 (4 i A T ASE FRY | Sy 0 I A5 75 1) ot
RCR, PR AR Y 153 5 7K R Cd 5 1 0 S I A
i A BN 20 O T8 R BV HD 2 W53 45 5, %oF
B A S A T T AR 4

AT 2 T A T8 g 3 B R S DAL %) A O R
BOATAL BR T G5 A 90T AL AL Ay SENE S 1A AE
0.05 HER K- 1 AH Sk B 2540, Hofth Cd MRS 90 F
BITE 0.01 27K 7 FAH G 1 2, A0 G R BUR = >
0.644 , J Ik h 0.349 , & B HLL5 B0 Y 1) Foi ) 8 2 s 34t
MEARENSEITEE L R dE 28 H, 7
IKFE R RE Cd B o BRI, 4805 A58 R0 i) 3 B8 2
FACME , Bl Cd Ve B2 A 14, 31 3808 A S
B, XMEZM A —THEMIER S, E£GL,
G2.G3.CASE T I F s W FE 7 0.1 mg - kg™, 1T 7E

£5 R CIEBEETREUARD

Table 5 Best fit model under different cadmium content ranges

%3 Relational R P
Gl 1g(Cd-G)=1561-37821g(pH)+1.825  0.122  <0.001
DTPA-Cd

G2 lg(Cd-G)=5.145-0.280 pH-2.448 Ig(OM)+ 0.416  <0.001
1.039 lg(DTPA-Cd)

G3 1g(Cd-G)=1.074-0.208 pH-0.029 OM+ 0.356  <0.001
0.589 DTPA-Cd

G4 1g(Cd-G)=-0.897-0.026 OM+0.785 0.408  <0.001
DTPA-Cd
G5 lg(Cd-G)=0.791-1.322 Ig(OM) 0.161 0.017

T+ Cd=G KR FFRL T Cd % ik s DTPA-Cd 2y L3 DTPA( .2,
I I LR )R Cd 1Y B it OM 3T AL 75 &t s pH - 42
B

Note: Cd—G indicates that the content of Cd in rice seeds; DTPA-Cd
indicates that the content of Cd extracted by DTPA (diethylenetriamine
penta—acetic acid) in soil; OM indicates that the soil organic matter; pH
indicates that the power of hydrogen of the soil.
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Figure 2 Comparison of measured and calculated Cd content in rice grain
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G1:1g(Cd-G)=1.561-3.782 1g(pH)+1.825 DTPA-
Cd(R*=0.122,P<0.001)

G2:1g(Cd-G)=5.145-0.280 pH-2.448 1g(OM ) +
1.039 1g(DTPA-Cd) (R*=0.416, P<0.001)

G3:1g(Cd-G)=1.074-0.208 pH-0.029 OM+0.589
DTPA-Cd(R?*=0.356,P<0.001)

G4:1g(Cd-G)=-0.897-0.026 OM + 0.785 DTPA-
Cd(R?=0.408,P<0.001)

G5:1g(Cd-G)=0.791-1.322 1g(OM) (R>=0.161, P=
0.017)
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