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Derivation of risk screening and intervention values for cadmium—contaminated agricultural land based on

Chinese cabbage in the Guizhou Province

XU Gen-yan'?, SONG Jing"*", GAO Hui’, ZHANG Sha*

(1. Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Wageningen University of the Netherlands,
6700AA, Netherlands; 4. University of Delaware of the United States, DE19716, USA)

Abstract: The objective of this study was to derive regional soil Cd criteria for cultivated land. Six representative soils were collected from
Guizhou plateau and were spiked with Cd(NOs). in a pot experiment using Chinese cabbage. Two widely utilized extractants, 0.43 mol - L™
HNO; and 0.01 mol + L' CaCl,, were also included to evaluate the phytoavailability of Cd and were correlated to Cd concentrations in cab-
bage by either linear regression or multi-linear regression (log transformed ). Soil Cd risk screening values(RSVs) and risk intervention val-
ues (RIVs) were back calculated based on food quality standards. The results indicated that total Cd and available Cd could be used to es-
tablish a highly significant regression model or multiple regression model for the Cd content in the edible parts of Chinese cabbage. Within
the pH range (5.5<pH<8.0), the calculated soil Cd RSVs50(0.8~1.7 mg-keg™") and RIVs95(2.8~8.4 mg-kg™) were higher than the exist-
ing national standard (GB 15618—2018). The 0.43 mol - "' HNOs;—Cd based soil Cd criteria increased with increasing soil pH. The 0.01
mol + ' CaCl,—Cd based soil Cd criteria was independent of soil pH. RSVs95, RSVs50, and RIVs95 were 0.02, 0.078 mg -+ kg™, and 0.09
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mg- kg™, respectively. Standard suitability assessment using field and literature data showed that the existing national soil Cd standard was

rather conservative. The RSVs50 based on total Cd and two available Cd proposed in this study showed a high rate of correctness (>80% ).

The present study confirmed that for better risk management of agricultural land, the establishment of regional soil environmental standards

based on available concentration and specific crops is required.

Keywords: risk screening values; risk intervention values; soil—crop transfer model; cadmium
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F1 B TEEREU SR (n=06)
Table 1 Basic physicochemical properties of soil tested (n=6)
e ﬁﬁlﬁ‘ FH RS - S ik %?EL XU f . S CAd(ANR(E)
Soil types pH Organic rr}]aller/ CEC/ . Total nllrf)lgen/ Total phospfkﬁomus/ Total polafflum/ Total Cd(gK)/
g-kg cmol -kg g-kg g-kg g-kg mg-kg
B R+ 6.06 51.44 17.71 2.03 1.23 6.91 0.62
TR 5.60 37.41 20.79 0.99 0.45 15.18 1.35
g 5.42 25.92 36.95 0.95 0.47 13.67 0.42
214 5.86 7.96 11.34 0.95 0.38 14.75 0.26
EJURS 6.43+0.06 37.6+0.17 21.29+0.32 1.410.03 0.80+0.15 16.17+0.21 0.36+0.014
Bt K+ 7.68+0.07 32.3+0.04 19.33£0.11 1.38+0.02 0.89+0.06 21.98+0.17 0.28+0.022
CV/% 12.3 42.5 37.1 439 445 30.5 58.9
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1.5 HI\HHE LR

¥ J Excel 2013 F1 SPSS 19.0 #F 17 %% 98 58 11 4>
BT, K Origin Pro 2017 il &l . X 5 4 J& Cd 1) 1- 8-
VEY) AT B T0IASE A (— e 2t AN 2 00 % 4 [ B )
WA TR 53T -

lg[Cabbage—Cd]=axlg[Soil-Cd|+k (1)
lg[Cabbage—Cd]=axlg[Soil-Cd]+bX[pH[+eXlg[ X;]+k
(2)

F H : [Cabbage—Cd] R F1 3% 7] B #8453 Cd & & , mg -
kg™ [Soil-Cd| Ry 1 HErp 3 CAd B4 A 2L Cd % i,
mg kg™ s [Xih HIER AL CEC 5 5k a b Fl ety
SRy R 1A 2R B

S PEA AR G TR T 4 X iR

F2 AT ECIERMER CAMELE R (mg-kg™)
Table 2 Total Cd contents after Cd addition in test soils(mg-kg™)

b E e AT K WA IR LI S A K 1
Treatments Acid limestone soil Yellow brown soil Yellow soil Red soil Purple soil Alkaline limestone soil
CK 0.62 1.35 0.42 0.26 0.36 0.28
T1 0.71 1.62 0.51 0.31 0.44 0.39
T2 0.86 1.68 0.76 0.43 0.52 0.43
T3 0.96 1.91 0.83 0.77 0.73 0.75
T4 1.13 2.55 1.30 1.16 1.13 1.07
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7 (The mean absolute percentage error, MAPE)
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Figure 1 Derivation of RSVs and RIVs based on total Cd and

available Cd of soil
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Figure 2 Cd concentration in the edible part of the cabbage under
different Cd treatments(n=30)
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A 5 (4 3% pH .OM . CEC D) % + 3% Zn & 555 ) H
KA R, A Ef s Cd S S L pH 2
B A7 7E 5 35 B AH D61k (r=—0.62, P<0.05) , 5 1 A HL
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pH &R Cd A= 0 e B fe R B 7o AH e
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RS R —EL,
2.4 FhiEBE LI CA X TFEES X E FIE

WA Eq.3~Eq.7, H & 5 Cd FR A5 i S 1E15 5]
T FIOR 1132 A 38 Cd A XU 7 2 6 -5 DRI 4 il
o, 25 W35 4, T3 pH 7£ 5.5~8.0, 5L F Total-Cd [
RSVs50(0.80~1.70 mg-kg™) F1 RIVs95(2.80~8.40 mg -
ke ™) 3 5l v T IR T 0 RS 7 HE £ (0.3~0.6 mg - kg ™) I
JRUBS: A HiMEL (1.5~4.0 mg-kg™ ) , 1T RSVs95 48453 BRA 7
(9 XU 07 e (L (181 3) . HNOs—Cd [ RSVs95 . RSVs50
F1 RIVs95 [l pH 19 FF 15 43 %1 A 0.08.0.31.1.90 mg -
kg ' 34 %8 0.27.2.00.28.50 mg kg, CaCl,—Cd fyH5E 7Y
X pH A U, RSVs95 ., RSVs50 il RIVS95 43 il
0.02.0.08.0.09 mg-kg™'. FATHIA W I 15 3] Ay 1 2
Cd AU & bR HERE A5 IR 9P SR M 4 SR 2677, id

R3 ANITEEHIAELIE-AFE CITIBEE (n=30)

Table 3 Regression equations for predicting Cd transfer from soil to cabbage (n=30)

T (5] Y5 Predictive regression model WAL R RIS SR 2% MAPE J¥5 No.
lg[Cabbage—Cd]=1.7624XIg[Total-Cd]+ 0.629 0.857 0.18 Eq.3
lg[Cabbage-Cd]=1.599X]g[ Total-Cd]-0.209xpH+1.904 0.944 0.12 Eq.4
lg[Cabbage—Cd]=1.231x1g[HNO;-Cd]+0.840 0.712 0.26 Eq.5
lg[Cabbage-Cd]=1.161X1glHNOs~Cd]|-0.313XpH+2.754 0.919 0.14 Eq.6
lg[Cabbage—Cd]=0.483X1g[CaCl,-Cd]+1.136 0.693 0.18 Eq.7

F4 BEFEYBERMNSMNER At T3 cd Xt E 5 XS E I E
Table 4 RSVs and RIVs for Cd based on cabbage in Guizhou agricultural land

KW Model  pi Total-Cd 0.43 mol - 1" HNOs-Cd 0.01 mol -1 CaCL-Cd
RSVs95  RSVs50  RIVs95 RSVs95 RSVs50 RIVs95 RSVs95 RSVs50 RIVs95
ZICHERL 55 0.30 0.80 2.80 0.08 0.31 1.90 — — —
6.0 0.33 0.93 3.40 0.12 0.58 4.70
6.5 0.36 1.08 4.30 0.15 0.78 7.30
7.0 0.40 1.26 5.40 0.18 1.08 11.50
75 0.43 1.47 6.80 0.22 1.48 18.30
8.0 0.48 1.70 8.40 0.27 2.00 28.50
—JCAR Y 0.89 0.96 1.09 0.56 0.64 0.80 0.02 0.08 0.09
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Figure 3 RSVs and RIVs derived from the total Cd model
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Table 5 The values of Cd for cabbage reported by previous studies

Hi s Cd &tk 3% Cd & it RS2 s B 5
Place pH Cd contents/mg-kg”  Cabbage Cd contents/mg-kg”  Experiment condition  Date sources
SR 1= X (T X)) 6.53 1.080 0.06 LS IN kS JE
BT L X 6.60 0.462 0.95
STV SCX 6.69 0.069 0.07
BHTE AKX 6.64 0.308 0.52
BB T KX 7.05 0.354 0.53
SN AR T R 6.52 0.251 0.40
SN AR B BT 6.60 0.471 0.99 HF A1 L
x6 ETAXMNTEESEE Cd X IFIEE S K&l E 7T (%)
Table 6 The assessment of the accuracy of RSVs and RIVs for Cd based on cabbage (%)
i H Total-Cd HNOs-Cd CaCl,-Cd
Trems A& BESIR  CIASF DAIE AGE BESR CHSF DA ARE BENR  CHASF DA
RSVs95  37.3 0 55.9 6.8 27.4 3.6 63.6 5.4 73.3 5.0 16.7 5.0
RSVs50  81.4 33 11.9 3.4 81.8 7.3 10.9 0 81.7 10.0 0 8.3
RIVs95 10.3 0 65.5 24.2 58.6 3.4 20.7 17.3 62.1 0 17.2 20.7
GB 15618—2018
el 20 0 73.3 6.7
e 7.0 0 68.9 24.1
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25 AR T ORI SE th T 27 5 5 TR IX LB R R
DU BE A B - 48 Cd XU B P

3 it

(1) A FH (] B8 R SCHRECHE 3o 25 3= 1, 31
A5 DRSS A7 A e o RS 0 0 1617 IR 85 ol L O O 5 o

() AW HE ST LIS Cd 5 A RS Cd i
PE(E (RSVs50) Brifi K. LA T3 B/ sk
YEPIR B , s — 25 I R T S MR e E )
- 35T Y RS B AR E (I 5T , 1 58 Oy 3R BT AR
i
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