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1
1.1
(PNEC)
2
[9-10] 2 mm
SSD Log- Cd
logistic Burr III Log-normal SSD 1
(hazardous concen- 12
tration HCp) 7 2
3 2
5% HCS 95% F1 R EIREKBUMER
[11-12] Table 1 Basic physicochemical properties of tested soils
cd pH 5.70 7.15
12 Cd(mg/kg) 0.14 0.15
CEC(cmol/kg) 16.3 22.3
cd cd (g/kg) 28.3 353
(BCF) (g/kg) 1.59 2.09
Burr [II 12 Cd (g/kg) 0.94 0.96
95% (g/kg) 15.2 15.9
Cd Cd (HC5) (2 ~0.02 mm)(g/kg) 100 83.6
(0.02 ~ 0.002 mm)(g/kg) 683 679
(<0.002 mm)(g/kg) 216 237
F2 HikEmRM
Table 2 Rice cultivars used in experiment
(d) (d)
P1 52 156 P7 9 163
P2 27 145 P8 2640 125
P3 2 156 P9 1 160
P4 18 161 P10 C 4418 133
PS5 9108 153 P11 146 146
P6 4 155 P12 8 138
1.2
3 2
6 kg 2 mm 2~3cm 2
2 CdS0O,-8H,0
Cd (GB
15618—1995) (0.30 mg/kg pH<7.5) 2 1.3
4 Cdl
0.60 mg/kg Cd2  1.20 mg/kg Cd(total-Cd) CaCl, Cd(Cacl,-Cd) EDTA
Cd (CK) 3 Cd(EDTA-Cd)
Cd
3 3
80% 50 ~ 60°C
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Cd,ont Cd ( Cd
CaCl, Cd EDTA Cd )
Cd HNO;-H,0, mg/kg
(Varian AA 240 FS+GTA) SSD HC5
025¢g (1/BCF)
5 ml ( ) 3 ml H,0, Burr III SSD
140 C 2h (GB 2762—2017 0.2 mg/kg)
150 C 30 min 5% Cd (HCYS)
15 ml
cd BurrliOZ (http:/ /www.cmis.csiro.au
(GSB-27) /envir/ burrlioz/)
(GBW07444) Burr [II
95% ~ 106%  94% ~ 103% Cd = 1 i )
0.01 mol/L.  CaCl,  0.05 mol/L [1 & )L}
EDTA 5g 50 ml X
25 ml 0.01 mol/L.  CaCly(  0.05 mol/L b ¢ k 3 k
EDTA) 180 r/min Burr IIT ReWeibull c
2h 4 000 r/min 5 min 0.45 pym RePareto
15 ml Excel2007 SPSS18.0 Sigma-
plot10 LSD
1.4 ( 0.05)
1) (BCF) - )
2.1 Cd Cd
Cd CaCl, Cd EDTA 3 Cd CaCl,
Cd BCFotai.ca BCFcqciyca Cd EDTA Cd 3
BCFgpra-cd CaCl, Cd Cd 7% ~ 43%
BCF - Cdrice 1) EDTA Cd Cd 60% ~
Cdsoil 64% EDTA Cd CaCl,
Cdyice Cd mg/kg Cd
#*3 ZURLELE Cd RAREREE Cd & 2(mgkg)
Table 3 Total and extracted Cd concentrations in soils after aging
total-Cd CaCl,-Cd EDTA-Cd total-Cd CaCl,-Cd EDTA-Cd
CK 0.14+0.01 0.06 +£0.01 0.09+0.01 0.13+0.01 0.04 £0.01 0.08 £0.01
Cdl 0.78 + 0.05 0.10+0.01 0.49 £ 0.02 0.72£0.10 0.06 + 0.01 0.43 +0.01
Cd2 1.39+0.14 0.17 +0.01 0.93 £ 0.02 1.36£0.10 0.10+ 0.01 0.83 +0.01
2.2 Cd 44,1 584 64.6g/ 2
>
Cd 12 1
1 Cd Cd
Cd Cd
Cd
447 61.6 66.6 g/ Cdl  Cd2
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Fig. 1 Grain yields of 12 rice cultivars under different Cd treatments
Cd 0.03 ~0.22 mg/kg  0.06 ~ Cdl  Cd2
0.38 mg/kg 6 0.64(P<0.05) 0.74(P<0.01)
5 il cdl Cd2
Cdl Cd 0.05 0.06 0.74(P<0.01) 0.67(P<0.05)
0.13 mg/kg Cd2 0.10 0.09 Cd
0.23 mg/kg C 4418(P10) 2 Cd 2.3 Cd (BCF)
Cd 4 2 12 Cd
Cd1 Cd2 Cd BCF 4 Cdl  Cd2
0.03 ~0.12 mg/kg  0.04 ~ 0.22 mg/kg BCF Cd
3 4 3 BCF
Cdl1 Cd BCF
0.04 0.05 0.09 mg/kg Cd2 0.08
0.06 0.17 mg/kg C 4418 Cd2 2.4 Cd
Cd 12 Cd CaCl,
Cd 12 Cd EDTA Cd BCF
Cd Pearson BurrliOZ
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Fig. 2 Cd concentrations in brown rice of 12 rice cultivars under different Cd treatments
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R4 MUFRIMEARSHLE E 12 NMKkFERMAEX Cd ) BCF &
Table 4 Cd bioconcentration factors in brown rice of 12 rice cultivars grown in Xinghua soil and Changshu Soil
BCFai.ca BCFcac,-ca BCFepra-ca
CK Cdl Cd2 CK Cdl Cd2 CK Cdl Cd2
P1 0.09 0.08 0.07 0.22 0.67 0.66 0.15 0.14 0.12
P2 0.19 0.08 0.09 0.45 0.69 0.85 0.31 0.14 0.15
P3 0.11 0.05 0.05 0.27 0.45 0.50 0.18 0.09 0.09
P4 0.06 0.04 0.05 0.13 0.37 0.43 0.09 0.08 0.08
P5 0.12 0.06 0.06 0.28 0.50 0.55 0.19 0.10 0.10
P6 0.20 0.08 0.08 0.48 0.74 0.71 0.33 0.15 0.14
P7 0.06 0.04 0.04 0.15 0.31 0.36 0.10 0.06 0.06
P8 0.10 0.08 0.05 0.25 0.72 0.49 0.17 0.14 0.09
P9 0.07 0.06 0.06 0.17 0.55 0.62 0.11 0.11 0.10
P10 0.47 0.26 0.24 1.13 2.31 2.29 0.77 0.45 0.41
P11 0.28 0.08 0.09 0.67 0.70 0.89 0.46 0.14 0.16
P12 0.35 0.11 0.11 0.83 1.01 1.04 0.57 0.20 0.19
P1 0.07 0.07 0.06 0.21 0.87 0.83 0.13 0.12 0.10
P2 0.14 0.07 0.08 0.43 0.91 1.10 0.25 0.13 0.14
P3 0.08 0.04 0.05 0.26 0.53 0.69 0.15 0.07 0.09
P4 0.05 0.04 0.05 0.15 0.55 0.65 0.09 0.08 0.08
P5 0.09 0.06 0.05 0.28 0.73 0.66 0.17 0.10 0.08
P6 0.16 0.08 0.07 0.49 1.07 0.97 0.29 0.15 0.12
P7 0.05 0.04 0.04 0.15 0.45 0.54 0.09 0.06 0.07
P8 0.07 0.08 0.05 0.21 1.08 0.74 0.13 0.15 0.09
P9 0.05 0.03 0.03 0.17 0.43 0.41 0.10 0.06 0.05
P10 0.20 0.15 0.15 0.64 1.98 2.14 0.38 0.28 0.27
P11 0.17 0.09 0.10 0.53 1.11 1.38 0.32 0.16 0.17
P12 0.18 0.10 0.10 0.55 1.29 1.39 0.33 0.18 0.17
SSD 3 3 Cd 0.30 ~ 6.0 mg/kg
2 12 Cd (<0.60 mg/kg)
C 4418 2 Cd
Cd 9 Cd 12 Cd
1 Cd
2 12
cd cd 1 2
Burr 111 (3] 20 (
Cd Cd HCS 5 ) Cd
Cd EDTA Cd 2 20
Cd Cd
CaCl Cd 2 (4 84
cd 4
3 ( cd cd cd Cd)
12 Cdl  Cd2 Cd
Cd
Ccd Cd
el 17
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Fig. 3 SSD curves of BCF values for Cd among 12 rice cultivars
x5 ETF Burr I ER 2 MEEARKS Cd REHEMHCHRUESH
Table 5 Safety thresholds (HC5) of Cd in two soil types fitted by Burr III model and associated parameters
Cd b c k HC5(mg/kg)
total-Cd 16.9 6.07 0.34 0.78
CaCl,-Cd 2.84 6.07 0.34 0.13
EDTA-Cd 9.88 6.07 0.34 0.46
total-Cd 17.5 4.66 0.59 1.17
CaCl,-Cd 1.98 4.58 0.61 0.14
EDTA-Cd 9.61 4.67 0.59 0.64
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12 cd cd 0.01 mol/L  CaCl,
cd 0.05mol/L EDTA CaCl,
cd
(3] (el Cd EDTA
Cd
[17]
Cd cd Cd CaCl, 221 0.01 mol/L
(0.60 mg/kg) 12 Cd CaCl, Cd
7 5 [13] 20 CaCl, cd
Cd Cd 0.13mg/kg  0.14 mg/kg
3 EDTA
EDTA cd
Cd 0.46 mg/kg  0.64 mg/kg
(18] K 818
pH 594  7.50 pH
cd A
cd 0.74 mg/kg  1.63 mg/kg
(9] 8 (pH 4.94 ~
7.75) 17 SSD HCS HCS
Cd
8 Cd 0.70 ~ Cd
4.79 mg/kg 12 cd Cd
cd Burr III
SSD
(0.20 mg/kg) cd Cd
0.78 mg/kg Cd
1.17 mg/kg (GB 15618—
1995) (0.30 mg/kg pH<7.5) Cd 22
cd Cd
[24]
(GB 15618—1995) cd Cd
< < < -
cd 95% Cd
cd
cd Cd
Cd
pH
Cd [20-21] Cd
Cd [25-26]
Cd 4
cd cd
SSD cd Cd

Cd
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Food Safety Thresholds of Cadmium in Two Typical Paddy Soils of
Jiangsu Province Based on Species Sensitivity Distribution

ZHENG Qiangian"*, WANG Xingxiang®, DING Changfeng®"
(1 School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210046, China; 2 Key Laboratory of Soil
Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Understanding the sensitivity differences of cadmium (Cd) uptake by different rice cultivars and the food safety
thresholds of Cd in typical paddy soils of Jiangsu Province is necessary for the safe production of rice and the environmental
assessment of paddy field. In the present study, twelve rice cultivars widely grown in Jiangsu Province were selected, and two
paddy soils (acid soil sampled from Xinghua City and neutral soil sampled from Changshu City) with different physicochemical
properties were collected from Jiangsu Province. The soils were spiked with Cd in different Cd addition levels. The greenhouse
pot experiments were conducted to study the sensitivity differences of accumulation ability of different rice cultivars. The results
indicated that there were significant differences in Cd concentrations in brown rice due to the difference of enrichment ability, the
highest concentration is 3—6 times higher than the minimum concentration, and the indica hybrid rice was significantly higher
than that of japonica regular rice and japonica hybrid rice. The SSD curves for Cd were fitted with Burr III type distribution based
on the bioconcentration factors of the twelve rice cultivars. The 5% hazardous concentrations were then derived inversely by the
national food safety standard. The threshold values based on total Cd content in Xinghua soil and Changshu soil were 0.78 and
1.17 mg/kg respectively. The corresponding threshold values based on CaCl, extractable Cd were 0.13 and 0.14 mg/kg, while the
corresponding threshold values based on EDTA extractable Cd were 0.46 and 0.64 mg/kg, respectively. Cd thresholds based on
total Cd in the soils were higher than the 2™ Grade (0.30 mg/kg for soils with pH<{7.5) of the Chinese Soil Environmental
Quality Standard (GB 15618-1995).

Key words: Cadmium; Rice cultivars; Paddy soils; Food safety threshold
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