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Screening and evaluation of soil cadmium extraction methods for predicting cadmium accumulation in rice

E Qian', ZHAO Yu—jie", LIU Xiao—wei', LI Zhi—tao’, ZHANG Chuang—chuang', SUN Yang', ZHOU Qi-wen'", LIANG Xue—feng', WANG
Hai-hua’

(1.Key Laboratory for Environmental Factor Control of Agro—product Quality Safety, Agro—environmental Protection Institute, Ministry of
Agriculture and Rural Affairs, Tianjin 300191, China; 2.Technical Center for Soil, Agriculture and Rural Ecology and Environment, Minis-
try of Ecology and Environment, Beijing 100012, China; 3.Linyi Natural Resources and Planing Bureau, Linyi 276000, China)

Abstract: Screening of extraction methods for available Cd in soils and establishing prediction models for Cd accumulation in rice are es-
sential for assessing and classifying soil environmental quality. In this study, a total of 140 pairs of brown rice and soil samples were collect-
ed from Cd-contaminated paddy fields in the Changsha—Zhuzhou—Xiangtan area in Hunan Province. Total Cd concentrations in the soils
and soil solutions, concentrations determined via chemical extraction methods using acetic acid (HAc), composite organic acid, ethylene di-

amine tetraacetic acid(EDTA ), and CaCl,, respectively, and available fraction analyzed via diffusion gradient in thin—film (DGT) technolo-
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gy were obtained and used to establish soil-rice Cd accumulation models. The results indicated the Cd pollution risk for soil and rice in the

study region. The Cd concentration extracted using EDTA was significantly correlated with total soil Cd content (R°=0.908 4). False rates of

predicting rice Cd concentration using total soil Cd content were 37.2%~39.8%. The performance of the prediction model was significantly

concentration—dependent for the CaCl, extraction method, with a low determination coefficient (R°=0.006) for concentrations of 0.04~0.13

mg kg™ compared to that for the other concentrations. However, DGT technology proved to be a better tool for extracting available Cd to es-

tablish the prediction models (R?=0.585 4, 0.900 9) for rice Cd accumulation than chemical extraction methods were as well as for distin-

guishing the effect of the soil bank supply capacity on Cd enrichment by rice.

Keywords:rice; cadmium( Cd); bioavailability; diffusion gradient in thin—film (DGT)
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Table 1 Operation procedure of extractable Cd in the soil

LI Extractant

I FE Extraction process

CaCl,

EH AR

HAc

EDTA

DGT M 4 eI

FREL3.0 gid 2 mm G A9 13T 100 mL 2508 1, 1A 30 mL 0.01 mol - L™'CaCl, % i F¥R3% 2 ho 4000 r-min™ 2.0 20 min, I
TR 0.45 wm AYPEIR, ICP-MS H 5 24

FREL3.0 ¢33 10 F iR 42 100 mL B0 H, LA 30 mL LMWOAs 3B, LMWOAs SR : FLFR - bR - S7 iR - R (B8
IRH)=4:2:1: 1 IR AR, E5 FHRY 16 h'™,4000 r+min™ .0 20 min, FIFRET 0.45 pum (8, ICP-MS LI 2

PRI 0.5 gtk 2 mm i 19 L FE T 50 mL BL0A I E 4 0.1 mol - L7 Y EE PRI 20 m1L, 22+1 °C R &35 16 h!,4000 r+min™
B9 20 min, FIHGET 0.45 pm BERE, ICP-MS V10

PRI 2 g 1 4ERE G T 50 mL B0 AT /KR 15 2 pH=7 19.0.05 mol - L' 19 EDTA ¥ #i 20 mL,25 C T 54k % 2 h™,
4000 r+min™ .0 10 min, FIFRET 0.45 wm JEAR, ICP-MS 74 %

PRI 2 mm G R 5 100.0 g BOAHE 35 RN ISR (PP) BRLZS 4% , in 2% B3 17K 40.0 mLL, 25 C3%3% 24 h, U 5 7E 2 18T
B DGT, i wiJa A 25 CHEFRARTE AR I 24 h J5F DCT 42 1, 32 IRE5 45 A BHCE T 1 mol - L' Y 9 mL MR W i 15 10
min, B HER 5T 5 F ICP-MS I 72 $2 B M, SR 05 SR FH SCHERT1STHR (14 7 2158 38 Cd RS & 3 DGT_Cd. ¥ LB DCT/E /Y

43524000 r-min™ B0 20 min, B IFRGS 0.45 pum (IERE , ICP-MS ¥l 72 - HEA T Cd & &

®2 ARRTBERK”REBRESRITER

Table 2 Descriptive statistics of soil and agricultural products in the study area

HAL SR I SREDA S P22 f/ME SN W Jiz i B

Physical and chemical parameters Mean Median Standard deviation Minimum Maximum Kurtosis Skewness
pH 5.42 5.36 0.32 4.86 6.54 1.00 1.03
SOM/% 4.30 4.34 0.90 1.67 6.57 -0.36 -0.18
T_Cd/mg-kg™ 0.40 0.35 0.19 0.16 1.17 4.55 2.04
R_Cd/mg-kg™ 0.28 0.23 0.23 0.04 1.45 6.42 2.10
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Figure 1 Clustering results of different extraction methods

of Cd in soil
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Figure 2 Correlation between total soil Cd concentrations and rice

Cd concentrations
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Table 3 Statistical table of differences in Cd concentrations in the soil extracted by different methods (mg-kg™)

FEHR Index F-¥{E Mean %L Median FrifEZE Standard deviation He/IME Minimum I KAH Maximum
T_Cd 0.40 0.35 0.19 0.16 1.17
CaCl,_Cd 0.09 0.07 0.06 0.01 0.45
HAc_Cd 0.26 0.22 0.13 0.12 0.97
EDTA_Cd 0.22 0.19 0.09 0.11 0.79
Org._Ac_Cd 0.16 0.14 0.09 0.09 0.61
Soil_Sol._Cd 8.73x107° 8.18x10™ 0.011 6.85x107° 0.082
DGT_Cd 3.02x107° 2.43x107° 0.003 7.72x10™* 0.033

R4 FAEARREFLECIZESHERCISENXRER

Table 4 Models of relationship between total Cd content in soil and Cd content in rice in different study areas

P S b A mYE Yy HRFEL PO RER E =BT
No. Sample plot Regression equation Correlation coefficient 7 Determination coefficient > References
1 W AR R_Cd=0.264T_Cd+0.128 0.298 (28]
2 NGRS SR R_Cd=0.062T_Cd-0.058 0.441 [29]
3 VLA KRR ™ X (g 8 TR M A S ) — 0.21 2]
4 B S X — 0.223 [30]
5 PPN S} — -0.263 [31]
6 R T X — 0.304 [32]
7 BT 134T (B R Z R R X — 0.532 [33]
8 M N log(R_Cd)=-0.269-0.068pH+ 0.565 [34]
0.153log(T_Cd)
9 PRI R_Cd=0.284T_Cd+0.391 0.392 [35]
10 WIALRE R IX R_Cd=0.02+0.11T_Cd 0.460 [16]
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