‘ A ’,3 W2 o2 i
ﬁ& ;%%H s @&J B M AR AR

;RO-ENVIRONMENT SCIENCE
PAik: http://www.aes.org.cn

THRA SR ERARBE RN RRABTT
BRaiEd, PP, @ik, REE

5 AL
FRulae, TEea, 52 b, 55, HIEARGSE- SRRETE YA AR RG], Ll IR Rl2z2r 4z, 2022, 41(2): 295-303.

TEZR 3 View online: https://doi.org/10.11654/jaes.2021-1092

AT RGBS B

Articles you may be interested in

DGTHMEAEHE BT 5 M 2 - VAR X e T S R A A P W s s
R, RE, B, Sk, Tk, R K, e
LNy FREERLF24]. 2017, 36(10): 1992-1999  htips://doi.org/10.11654/jaes.2017-0473

NI = S E HR) X T YK RS H s B o

=0, BROKHR, XU, B0, TN

LV FREE R3] 2018, 37(7): 1511-1520  htips:/doi.org/10.11654/jaes.2018-0802
T 7 U R DX R A i SRR o ) T A TR A 5

RELE, R85, TEIE K, RARAE, VPEE, T, THE

gl FrE Rl k. 2019, 38(1): 22-28 https://doi.org/10.11654/jaes.2018-0201

FE TR B HOH SR AR TTAG R I bR i A= A sk

KI/NEE, AT, BRIE, ATAS, XUZkAR, 5, R4

LMV RLF244]. 2017, 36(12): 2429-2437  https://doi.org/10.11654/jaes.2017-0829
- BT AE H TS YRR T A DA 5 20 208 R 3T

TR, A, B, XA, fkek, TR, 5%

Al R IE Rl AR 2019, 38(10): 2328-2337 https://doi.org/10.11654/jaes.2019-0167

KIEMFAAT, PAFEZFEEE


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2021-1092
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-0473
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0802
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0201
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2017-0829
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2019-0167

2022,41(2):295-303 w oW IR OE R 2 2 20224E2 H

® Journal of Agro-Environment Science @&

BRAB], T, i, . ARG SRR QRS AR R FIRETE)]. AL PR R4, 2022, 41(2) 1 295-303.
CHEN C M, WEI Z B, PENG ] B, et al. Risk assessment of cadmium contamination of rice using soil available cadmium in paddy fields :
Case studies of Guangdong Province , China[J]. Journal of Agro—Environment Science, 2022, 41(2) : 295-303.

FFCEFE OSID

AR SRR R R R

R, TR, BAERS, RRE

(LAER AR REABTIRIREE 22 B, T 5106425 2.7 - s THM 4 B4 IR Al AR - AR THAE S BB LA L o, )M
510440)

B OE N TR L (Cd) T e A REK Cd - .
HARIUR L B A8 1T (B 4900 Pl Sk i (i mit+ i S i

L HE) Cd 5 YR I W BF ST % 5 RO LA RE
S U507 , Hoe T R R (CaCL B DTPA)
S5 HE Cal (4RI AR 7 1B SRR K Gl -t 1 12 e [ B

9y, DS TR pH - S A3 Cd 3B % m@_w S A Bk b
B R LERUK Cd BB S s Ay . B K

Cd XU B . 25 R0« CaCL BRI X Cd % 42 i
Ui 15 i N
C B CIRIA LBk TR L

AE 1/ T DTPA 5 Wi 52 BRG] X R 1 38 Cd A9 S g
T WE R TR L. 5 e CAAEL, AR Cd
BT AT TR OK Cd & i . CaCLARIBGHIE FH 1

AR D RIERE P DTPA SE FI Il Sk 7 o k | BEERRERC
L (R T e £ AT CaClmCd 2 ] srRemrenEn R

BESHA
PTG AR5 T SRR Cd BB R . #7 -

DR T I LR (IR TS B A, 5 20 KR it Al I
HE CaCl~Cd B{E 439249 0.10 mg-kg™ F10.05 mg-kg .
WF5E R, 2 F CaCl-Cd MK Cd BN 5 EE FIB(E v 46 5T A48 CATs YeRg 2 2R, FHERE LAY + CAIs e K BAT S5 5 L.
SRR FEK 5 50 5 A RIS 5 SRIBGR 5 75 e XU ; T30

FESES X583 XEEFEEL:A XEHS:1672-2043(2022)02-0295-09  doi:10.11654/jaes.2021-1092

il

Risk assessment of cadmium contamination of rice using soil available cadmium in paddy fields : Case studies
of Guangdong Province,, China

CHEN Canming', WEI Zebin', PENG Jianbing’, WU Qitang"*

(1. College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2. Guangdong
Dongsheng Industrial Group Co. Ltd. & South China Agricultural University — Dongsheng Joint Research and Development Center of

WiEEHA:2021-09-24  RABH:2021-12-17

PEE B BRI (1995—), U3, ) AREE RN W98 A, A AT R 0PN S SE . E-mail : 1304392141@qq.com

BEMEE : XA E-mail: wuqgitang@scau.edu.cn

BT ) RAFSOHIA L AUH I AT H (2019BT02L218) 5 ) A48 4Ol T4 M R QET Mtk 14 7= 2 i 35T H (2020K)262)

Project supported: Local Innovation and Entrepreneurship Team Project of Guangdong Special Support Program, China (2019BT021.218) ; Agricultural
Science and Technology Innovation and Extension Project of Guangdong Agricultural Department (2020K]J262)



nes 296 brdllE7 S gkttt 55 41 558 2 5

Ecological Environment Remediation, Guangzhou 510440, China)

Abstract: Rice(Oryza sativa L.) is a staple crop in China and has the potential for high accumulation of cadmium (Cd). The Cd in rice can
enter the human body through food chain, posing a great threat to human health. To evaluate the Cd contamination risk of rice and
safeguard the food safety, the present study was carried out to compare the ability of different extractants to extract available Cd from soil
and the ability to reflect Cd content in rice, to establish the best prediction model for Cd accumulation in rice grain and to deduce the risk
threshold of soil available Cd. Cd contaminated paddy fields in Shaoguan and Shantou, Guangdong Province, were selected to represent the
acid soil region and the neutral soil region, respectively. The paired samples of soil and rice were taken to analyze their Cd content. The
results showed that the extraction ability of CaCl, was lower than that of DTPA for the same soil, and both extractants extracted more Cd
from acid soils than from neutral soils. Compared with the total Cd, available Cd index had a better ability to predict Cd content in rice
grain. CaCl, was suitable for the extraction of available Cd from acidic and neutral soils from both regions, while DTPA was only suitable for
neutral soils from Shantou but not for acidic soils from Shaoguan. The best prediction models of Cd content in rice were obtained using
CaCl,—Cd to fit the linear regression with rice Cd. Based on the calculation of the models, the soil CaCl,~Cd thresholds for Shaoguan early
rice (20 cultivars) and late rice (20 cultivars) were about 0.10 mg + kg™ and 0.05 mg - kg™', respectively. This study indicates that the

prediction method and threshold of rice cadmium based on CaCl,~Cd can guide the safe utilization of Cd contaminated paddy fields in

Guangdong Province and serve as a relevant reference for other Cd contaminated areas with acid soils.

Keywords : brown rice; cadmium; available cadmium; extractant; pollution risk; prediction
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Table 1 Data and statistics of Cd in soil and brown rice of the investigated areas

D=3 FEAEL W24 L FHE LREIVRAE b2 5 AL
Sample type  Sample number/)>  Investigated parameter Range Mean Median Standard error Variation rate
[Py ] 223 +3EpH 4.80~6.80 5.25 5.20 0.37 7.05%
Earslf];;i ;0“‘ 223 + 3 Cd/(mg-kg™) 0.20~0.98 0.40 0.41 0.12 30.00%
223 FEk Cd/(mg-kg™) 0.02~0.99 0.38 0.36 0.19 50.00%
T G e 226 +3EpH 4.70~6.90 5.28 5.20 0.31 5.87%
Latseh :;;uf:zm 226 + 4 Cd/(mg-kg™) 0.18~0.58 0.39 0.42 0.11 28.21%
226 Gk Cd/(mg-kg™) 0.05~1.70 0.62 0.56 0.36 58.06%
ik e e 23 + 4 pH 6.05~7.25 6.70 6.71 0.31 4.63%
Lﬁ“;;;‘;‘ii"m 23 +HECd/(mg-ke™) 0.18~1.50 0.45 0.39 0.29 64.44%
23 kK Cd/(mg-kg™) 0.01~0.93 0.14 0.05 0.22 157.14%
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Table 2 The soil available Cd extracted by different extractants and its extraction rate

SRR BEAL PRI PR Extract value/ (mg-kg™) FEHUGR Extraction rate/%
Sample type Sample number//} Extractant 3t FEl Range SEFI{E Mean 715 ] Range SEH{E Mean

B LA 24 CaCl, 0.108 2~0.289 0 0.179 2 35.43~57.80 44.41
Early rice from Shaoguan 24 DTPA 0.128 6~0.412 2 0.2702 37.74~98.50 68.25
M 24 CaCl, 0.077 5-0.287 5 0.164 8 23.99~70.12 42.70
Late rice from Shaoguan 24 DTPA 0.094 6~0.340 3 02382 41.22~91.90 62.05
ik W e 23 CaCl, 0.002 5~0.633 8 0.093 1 0.76~61.31 17.53

Late rice from Shantou 23 DTPA 0.055 1~1.010 3 0.180 1 25.84~84.14 37.11

1% WHART]
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Figure 1 The regression curve of the Cd in brown rice of early
normal cultivars and the Cd in soil( Total content,

DTPA-extractable , CaCl—extractable) from Shaoguan City
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Figure 2 The regression curve of the Cd in brown rice of early
hybrid cultivars and the Cd in soil(Total content, DTPA—

extractable , CaCl—extractable) from Shaoguan City
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Figure 3 The regression curve of the Cd in brown rice of late Figure 4 The regression curve of the Cd in brown rice of late
normal cultivars and the Cd in soil (Total content, DTPA- hybrid cultivars and the Cd in soil(Total content, DTPA—
extractable , CaCl,—extractable ) from Shaoguan City extractable , CaCl—extractable) from Shaoguan City

Fz3 Ut ES CIFRERBEANEHIERITER CASEIRAIE

Table 3 The mis—judgement rate of Cd in brown rice based on standard limits of soil total Cd

RAEIEAY FEAKL pH{E 4= Cd B WAL 1 WAL 2 AR
Sample type Sample number/?>  Mean of pH  Standard limit/(mg-kg™) Mis—judgment 1/~ Mis—judgment 2/f>  Mis—judgment rate/%

e 223 5.25 0.3 10 27 16.59

B 226 5.28 0.3 3 47 22.12

K WA 23 6.70 0.6 1 1 8.70

VE - BRFINE B0 1y LR AR FEORASEAR s RFIE B0 2 Sy LA AR FKolAR . I
Note: Mis—judgement 1 is that the rice Cd is below the standard limit but the soil Cd exceeds the standard limit; Mis—judgement 2 is inversed.
The same below.
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Figure 5 The regression curve of the Cd in brown rice of late low—
Cd hybrid cultivars and the Cd in soil(Total content, DTPA-
extractable , CaCl,—extractable ) from Shantou City

BRUS 252185 1 FH [0] -1 43 B s A4 Cd /Y
S IR T 8 Cd G SUEE S . XA
AT REK Cd 5 3 Cd Y pREE &, DL R R E )

1 b G bR R T A, A ) 3 Cd s A . A
WFFEIA 25 A Ty B WL 4.

MAUE ZEAT LA ), B CaCl—Cd FU i 48
BRORAF o AT KRB IS 255
T F P A 5T 45 5 (R?=0.324 9) AL, A 342 Cd A 8
R BIN EKOY . BRI SR AR
- EE RS Cd 5 T REOK Cd o T ASE 7Y e
AT pH H1PH B 52 6 5 45 HAK R 7, L300 0 A0 R 45
I HEARFSY B 2 g 1 Cd B DL W) A3 /%
A —FERR T AE Ty, PR ST A T AR AR v 3
2% e H AR AR KT

AWFFE R CaCl,—Cd-FFoK Cd 5K 5T 77 2,
PUED S 2R iE (GB 2762—2017) HAE K Cd BRI (0.2
mg-kg ) AT E] I A5 45 R TR S

HH SRR A RS , R K Cd % 58 B bR vE R AE
i, 1+ 4% CaCl-Cd F{E 34}y FLAE> WA , W M RE =44 48
T AR Cd 2258 RG> 24588 o T T FURS AN 2% A e 22
/N S R R G A 1) B0 0T 49 1) R 0.10 mg -
kg™ F10.05 mg- kg il =k Wi AT 14 CaCl—Cd F{H 24
0.13 mg kg™, F TSk B A o ) 2 B — A R AIG
Cd R 2R, S5 20 0 B nT e 2> 0w e, BRI,
0.13 mg- kg FEAREACFR 1k H X B 7 L 1E 19 CaClo-
Cd ML

L CaCl~Cd BB R PP HIFEFR A AE K Cd 5 ft i )
4 10.62%~17.04% (2 6) , 1o AE AR 14 L 4= Cd 4F
11 H, AN L4k AR FORAS R , X AT LA
B PR BERDR IR e 4. R, CaCl-Cd HiE
AR R A IR BE RURS ( PFAR PR AT

AT R IR X LA S Cd o A o XU
TEAG TR PR R AL T Bl K8 , SR M T 2 ) - Cd A
BSOS B , HORAE— R N B 243, RE A
LN 2 4 458 1 T Y 5 2 0 2 S B g iy LA X3
WK A G CA AR 5805 Y IR A 1,
B[R] HlL XA [ AR 400/t T Y000 A TR g Ay s DA B I
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Table 4 The prediction equations fitted by 3 different means

i H Ttem T-Cd

DTPA-Cd CaClL-Cd

ANy Hb S KRGS
All samples (n=472)

A3 MR R 2% ST (n=35)

Hybrid cultivars of late rice

y=1.095 4x+0.044 9
R*=0.169 9 P<0.001

¥=0.593 3x+0.034 7
R*=0.190 2 P<0.05

¥=1.586 6x+0.090 2
R*=0.186 2 P<0.001

y=1.252 1x+0.046 5
R*=0.397 8 P<0.001

y=2.785 4x+0.015 0
R*=0.312 8 P<0.001

y=2.064 0x+0.037 3
R*=0.583 7 P<0.001
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Table 5 The threshold in CaCl,—extractable—Cd of soils for different sampling areas

SRR IKFEIE T Ty A FEAKR CaClL-Cd
Sample type Rice type Prediction equation ~ Sample number/>  Threshold of CaCl,—extractable—Cd/(mg-kg™")
[Py 2] LR y=2.689 5x-0.087 8 176 0.107 0
Farly rice from Shaoguan ST y=1.700 9x+0.029 2 47 0.100 4
1l Cd 458 Fe y=1.701 5x-0.065 0 12 0.1557
i R A WA y=3.903 9x-0.027 8 142 0.058 4
Late rice from Shaoguan SRR 1=3.427 7x+0.059 3 84 0.041 0
Ik Cd Z 28 F y=2.430 3x+0.058 0 12 0.058 4
ISk BEAE Late rice from Shantou Ik Cd &2 Fd y=1.533 9x-0.003 4 23 0.1326
A K AEZER ALl samples y=2.785 4x+0.015 0 472 0.066 4

TE - OGP OCHERE ISk ME R AR Cd 2% SRR AT 20 B AR I IE 189 \Z8 FA1L 208 AR TR A -

Note: Low—Cd hybrid of early rice from Shaoguan, late rice from Shaoguan and from Shantou are Zhuliangyou—189, Taifenyou—-208 and Jingliangyou—

huazhan , respectively.

*6 KL CaCl-Cd BMEAIFHFIBEIRHTEK Cd EEIRFIE

Table 6 The mis—judgement rate of Cd in brown rice based on threshold limits of soil CaCl,—extractable—Cd

g FEA R CaCl~Cd B fE BHAMEL 1 BHITSL 2 BHR
Sample type Sample number/4> Threshold/(mg-kg™) Mis—judgment 1/4> Mis—judgment 2/~ Mis—judgment rate/%

e 223 0.10 38 0 17.04

I 226 0.05 24 0 10.62

5 5 X b s T A 5 R S A
3 #ie

(1) XF T [l 2P 5 %) - 48, CaCL 42 BRI X Cd 1Y
PEILRE J1/NF DTPA SRR, PR R0 32 IBOGR) X 8 14 4 43¢
AR Cd WYHRERE 1 35 T v e

(2) 5 L8584 CAHEL , A7 30 Cd % S B A% B 4T
Hi TN AT K P Cd . CaCL 4R BGHE T 23
I XA IR M Lk £ 3 DTPA B2 IGR) HGE Al
S5

(3)i et LA A TAFIEA Cd & i
SRk Cd & mZ B REBCR 28] T AFIX
AR S FE TSR . YRR Cd 75 ik F]
o v RAEL B, 3 O A5 LR DG R A 3% CaCl—-Cd BB
43312575 0.10 mg-kg ™ F10.05 mg-kg '

() AN K REZE A | []— 287 (g AN ) S R K Cd
SRR 22 501 B, 5 B B M s 8 T A 9 X K
T AR R B A B KR SRR TR K Cd il
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