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Investigations on the derivation of a safe wheat—producing threshold of soil Cd content and classification of

Cd contaminated wheat—producing areas in northern China

GUAN Wei—dou', XIAO Ran', LI Rong—hua", LIU Xiang—yu', Pan Jun—ting’, HUANG Yong—chun™, ZHANG Zeng—qiang ', GUO Di'
(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. Key Laboratory of Non—point
Source Pollution Control, Ministry of Agriculture and Rural Affairs, Institute of Agricultural Resources and Regional Planning, Chinese
Academy of Agricultural Sciences, Beijing 100081, China; 3. Agro—Enviornmental Protection Institute, Ministry of Agriculture and Rural
Affairs, Key Laboratory of Agricultural Product Quality Safety Environmental Factor Control, Tianjin 300191, China)

Abstract: In this study, 147 soil and wheat sample pairs were collected from six wheat—producing areas in northern China using a point—to—
point collection method. To clarify the quantitative relationship between the Cd content in wheat grains and soil physicochemical
properties, pH, Cd content, soil organic matter (SOM), cation exchange capacity (CEC), and clay content (Clay) were analyzed. The
quantitative relationships between the physicochemical properties of soil and bioconcentration coefficient (BCF) of Cd in wheat grains were
investigated through linear correlation and multiple regression analysis methods. Furthermore, the classification of wheat—producing areas
as suitable yield, restricted yield, forbidden yield, and the associated soil Cd thresholds was derived using the species sensitivity
distribution method for the safe production of wheat in different proportions from each divided area. The results showed that the farmland

soil and wheat samples from the study area had some safety risks. It was determined that 95.1% of soil and 47.6% of wheat grains exceeded
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the Cd limits of soil and food standards. The soil pH, SOM and Clay contents were significantly correlated with BCF, with correlation
coefficients of —0.18 (P<0.05), 0.14 (P<0.05), and —0.53 (P<0.01), respectively. The regression model based on soil pH, SOM, and Clay
content accounted for 54% of the variation in BCF. Based on the soil characteristics in northern wheat—producing areas, three typical
scenarios, 6.5<pH<7.5(SOM=15 g-kg™", Clay=20%) ,7.5<pH<8.5(SOM=30 g-kg ', Clay=20% ) il pH>8.5 (SOM=20 g- kg, Clay=20% )
were set; the soil Cd thresholds for the suitable yield of wheat—producing areas were 0.33, 0.41 mg- kg™, and 0.64 mg- kg™, respectively,

while, the thresholds for the forbidden yield of wheat—producing areas were 1.93, 2.51 mg- kg™, and 2.61 mg- kg™, respectively. The area

with soil Cd content in the range of the suitable yield threshold and the forbidden yield threshold could be considered restricted for the

wheat—producing area’s yield.

Keywords: Cd; bioconcentration coefficient; quantitative relationship; threshold level; classification of wheat—producing area
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Table 1 Statistics of soil pH,SOM,CEC, clay,and Cd contents in soil and related Cd content in wheat grains(n=147)

EiEt e 214 /AME EORME %L PR 22 T WERE P IEK 5 R

Parameters Minimum  Maximum  Average Standard deviation Skewness  Kurtosis ~ Median  Variation coefficient/%

pH 5.27 8.46 7.38 0.67 -1.00 1.21 7.32 5.6

SOM/(g-kg™) 8.72 44.65 18.57 6.32 1.39 2.94 17.64 12

CEC/(cmol -kg™) 10.03 28.47 15.24 2.99 1.38 2.93 14.55 1.6

RS 5% 11.01 29.74 19.97 1.21 1.03 2.88 17.34 5.4

4 Cd F 2/ (mg-kg™) 0.03 2.08 0.87 0.96 0.97 2.31 1.26 2.3

INFERERLCd i/ (mg-kg ") 0.03 0.25 0.14 1.14 1.19 2.54 0.17 1.2
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13 Cd % & Cd content in soil/(mg-kg™)
Bl NEFHCIEESTECISENEXXR
Figure 1 Relationship between Cd contents in soil

and wheat grains

R2 NEFHCIEERB(BCF) 5 LEERAEXES
Table 2 Correlation analysis of Cd bio—concentration factor

between wheat grain and soil physicochemical properties

” e Aot
Paj;:n%ers pi SOM CEC C?sz;;in BCF
pH 1
SOM 0.27% 1
CEC 0.15  0.44% 1
ki Clay content  0.15%  -0.04  -0.04 1
BCF -0.18% 0.14* 007  -0.53%x 1

T 4 RORAE P<O.01 K- B B2 HISG , #38/8 £E P<0.05 /K- |
WEMK.

Note : ** means significant correlationship at level of P<0.01,
* means significant correlationship at level of P<0.05.
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R 507 T [T Cd B 7, M A LRt 22 5 Cd B 1
0 45 A T PRI A T I B AR WA S
PEF 24 38 Cd & fb i 2 I, -3 CEC AR Im2s 3
Py Cd 7= Az B S i 29 VR F L 5 2 138 Cd 5 %
IF, CEC B34 0 ) A R S 1 W i Cd 77 A i),
WAL, Bl E 158 pH 1 T i, 23 B AR HOXF 0 A A6 1Y
T, R B E PR R 23R (T CA IR eI DO VE T ¢
BT R HEURL 148 pH 235678 Ry s Cd A=A K
PER) B R 22—, XS 55 H 16 5 R B, 7 7l
M Cd 5 Y X VE Y Cd 7 & B 20 200 35 5 5% 18 + 1
pH SOM FI e ki % 145 2L K Ay gt
2.3 EEIES SHRR— LA E

FEF Bk /NERORL Cd B4 RS bt
JBT B R DA 3 B 5 R R B R A T X B A S A
FH 22 0% A 261 [0 )1 g 57 1 3 pH  SOM il -+ 32 Zh ok
i 5/ BCF By [BlIH B AR : 1g BCF=-0.097 pH+
0.11 g SOM +1.2 Ig Clay +0.81 (R>=0.54, P<0.05, n=
147) . HZ PRI ] %0, 438 pH  SOM i+ 3 547
i 5/N# BCF [RIAFETE 3 A DG OE & (P<0.05) , R?
{0 0.54, HLHT 4RI /Y 25 0 RS AR . LR R AT BE
SEAHIEFE I IR N AR SR TN A AR Y
RHIREE, Sl il N TS A Cd 249 A 2
FAASEAEL 5 T - 398 Ak i A L, F T ) A 2 A 1
B RS AEE R ZME LT 7 o A2 4. AR 1
1 pH .SOM il +HERLRL % it 3448 5 0] DUSRRE /N A2
b Cd &4 R BS54 % H7AE S, TSR AR

i H, BCF B 4 e BT AR Ak | Ji e - S8 REAE
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Py AT 0 RO e R SSD i vk UG A )
A A AR B A A R R I B RN S BT, K TR — 4
Tl b PP LA ] A F T 19 A S PR RON S50
—Ab AT L EPE T, SEEE BCF MARvELL , KUK
T b ek 2 PR S [ 28 8 = SRR [R) A 9 o b 5 RS 11
PR2E, O T A 2 B G T 2 oG e, Sk, i
— 4G LR AR T I — AL AL 3, A3 )/ E BCF
I — Ak 5 25 5 . BCF=1010077 o011 1S0MH 1215 Clay081) 5]
Bf, A (B b e 2 B bR B TS e R )
(GB 2762—2017) H FILE [ /INZ2 A1RL Cd f5e KPR 0.1
mg ke, BRI RHELECAEEHN T Cima =
100097 pH-OTL I SON12 e Clay=L81) R 25 381) - AN [] A= 358 B
FEPE s 5 T A 8 Cd & BME . BB H
- HERE A A pH L SOM RN Zhbr & Vi, 2 %5 (RS &
A AR B ME T BORTE ), G5B AN h
FE i SE BRI pH 43 A A ] 38 pH S50 80 43, i 3R
B b A B B 3 A4 7 £ 48 pH L SOM Fl Bk 7 1 55
TEN R IR 50 (K 3) , BE 1 5 1 0 6.5<pH<7.5(L)
pH=7 Jy i+ %) . SOM=15 g- kg™ + 3 2 ki & &+
20% ; 15 5% 2 N 7.5<pH<8.5 (L) pH=7.5 J il 55 ) .
SOM=30 g- kg™, 1R 5 17 20%; 15 5 3 4 pH=8.5
(LA pH=8.5 M {l44) .SOM=20 g-kg ™. -3 Fki &t
20% , T 55 00 0 — R Ab B 03— fb R i /N 22
BCF{E 5 H—1LJ5 i BCF (B4 B8 i K B)/INHES , IFFil
BUFE DU 5 U Bl 25 5os TR 2. 20 I, 14
— AL IS /NFE BCF (B KR40 i T A 3T, R ek )
—ALJE B9 /NAZ BCF {HH F SSD M &R ik B /N 1y i
S P A 2 KRR B MR N e e
2.4 SSD M ZINE SNEEFTR LS

AW 5T T B R /INE FERL Y Cd & S50 1
BCF{E #5728 LA 3 RO 5%, FI A Logistic #REURL
RIS SSD T4k . K 3 FlE 52 T 1/BCF i3T5 45 51
Fie BN /INBI IS HEA T HESAE A i A A 5 [l Bs], 4 BEHE 471
SR VE AP BOR THIE R AR R, RAR BT
BN P=100xQ/(N+1) o i . P oy BEUSG

R3 BELFMEEFFRTEHABERIZE
Table 3 Typical situations of soil in the wheat production area of

northern China

SRR e A L
Typ%ffj sri;:tion el SOM/(g-ke™) cj fin?ei/%
i1 6.5<pH<7.5 15 20
Th%e2 7.5<pH<8.5 30 20
153 pH=8.5 20 20

1% WHART]

2, % ;5 Q ) BCF I/INEIICHE 7 %8 bz 19 7 500 N ol Sk
A ARG O 147, BRIG RS B BB
RAE Y AR , F H Logistic bR EUR B A T84 I 2
K, UL 3~ 4.

P 3 Ry A Ta] /N2 i ok Cd B 2R A e 0 A
SAN/NZE SR Cd B R R B U {E , PE AR 979
FEI T WU, UK 151 U FE AR . FLA R 4 FER
() /NZE FERE Cd JUERE AR b v A1, FE 3 Rl 5t T
H— 4k J5 1 h 2657 2% JE S (], 308 B 76 A ] 39 pH
SOM FZEERL & HEAAAE T /N X F Cd s R 1A
[ o AH 3 Fhg 5 N 10— 4k J5 Y il e 3 A1 1/BCF (1)
SNLFEAHIR, HRZH00 U/BCF e iy R
T ARFZ IR A (/N ST T Cd (1 & S RE T 30, B 5
1 /N AR Cd 5 B R AR A 150 o

RSN B A R A, 2 R NS
45595, B Logistic bR EIORBERL 43 511+ AT {8 959% F1 5%
(/INZZ R A (i 2 4 TR AR I B v s e PR )
(GB 2762—2017) ¥ 7E i Cd 75 5 FRAEFR 1E (<0.1 mg -
ke™) T XL () Cd fE B v B (HC) |, 43 311 HCS il
HC95 %o, Horp HCS AR W] (971 95% /N3 % 4= 1) Cd
We g HCOS AU R AT (R 5% /N2 4 ) CA W o [+
iF B Cd 35 i <HCS B9 - X R4 R /N3] X, AR 3R
Al DL REB A 1 /N2 A 7, BEARIIE 95% 11 /N F2
B Cd & A AR B HCS5<Cd 2 <HC95 1l X 8k %)
Oy R /N BR PR X, F R I X IUA A5 A T AR A 4 S
B E R IE A AT 2238/ N R Cd & it >HCS 1Y
DX K] Sk /N A 7 X, R KR 95% 1/ FE
A Cd BRI RS, P ek Rl OR 5 & 4 Cd 1
Yy SRR B AT R A B E Y R . S I
PR BRI B 1 5 T R PR/ NZE e & 7 1 133 Cd
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Figure 2 Variation of BCF values before and after

regression analysis
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BIME, I8 T4, FATH, S BN 6.5<
pH<7.5.SOM 15 g kg™, - 3EH ki % 5 20% (5% 1)
BF, /N B DX 28 4t ™ (B A 3 Cd 3 5 <0.33
mg kg™, /NFEAS R IX ) B R 4 Cd i >1.93 mg-
ke 24 -4 Cd A9 R 7E 0.33~1.93 mg - kg ' B, ATIA
Ry A TN B DI, T B R S A T
/NG A NIRRT Cd I BAR/INZZ VR W) b ol s 3 %
St A R it R N R A . A B, S
B8 TIE 5 20, 1 Cd & 5 <0.41 mg- kg™ 1Y X S8l AT
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Figure 3 Sensitivity distribution curves of different wheat

varieties in the wheat production area of northern China
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ZRU K Cumulative frequency/%
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pH=7.5
SOM=30 g-kg!
FH B =20%

60 75

ZHUH K Cumulative frequency/%

1/BCF

K143 R /N B X 5 1 Cd 5 i >2.51 mg - kg [ X
BRI o R/ NAEAE =X, -3 Cd R AE 0.41~2.51 mg-
ke ' R4y R/ NFE BRI, M 3 A, o AR
Cd BIE 5 3 AT 3BT i i A o+ 355
Iy XS AR E (1077 ) ) (GB 15618—2018) L4 AT
AL AR TS L B2 RUE S 3, T
A5 3] 1 /N 22 B 7™ DX 22 4 1R 7 BB 43 1) R 033
0.41 mg-kg' F10.64 mg-kg ™', YIF = F R % pH 514
GB 15618—2018 K 114 H-Ath 248 o 1 b, - 158 XU i 16
{8 Cd % 0.3.0.3 mg-kg ' F10.6 mg-kg ™', /N L= X
BN 1.93.2.51.2.61 mg-kg, A T4 T bR v
HpRURS: 45 01 3.0 mg - kg ™' (6.5<pH<7.5) F14.0 mg-kg™!

R4 ET Logistic EEHHEAREER THRPENE
E7E T CAEE(mg kg")
Table 4 Cd ecological threshold value of soil for protecting
wheat production under different situations based on

Logistic model fitting(mg-kg™)

1#5 5 Situations HCS HC95
51 0.33 1.93
T2 0.41 2.51
553 0.64 2.61

KIA—1k 0.38 2.07
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Figure 4 Sensitivity distribution curves of wheat in the wheat production area of northern China
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(pH>7.5) o X ZFRMALEE )™ B J7 IHIbRifE GB 15618—
2018 [ LA AT REFS S ™ 4% , 7E 2% 7™ [ 5 1T AT B 22
AR 52 b v ) SR - S 50 K] 43 BE 2R R s 1
B8 Cd e 277 HE, DAAE PRUEAR £ &8 42 28 77 1 [ g
FA R FHE S+ e

T ERBEREA R TR, $E T T R S
HRAS B2 43 BT, & I SCHR B Sk = 4 1T 9 B X PR AR
HL 28 KR53 STk ik = 55 7N 22 A8 By 1) 3 R £
SR HLBT O B AR PR B , S O LUR T SCRR A E 4L
P XA ARAG AL A U . Ay sk, A1) FH o s A
XF AT B0 B R T T B UE b L A5 SR AN LS P
o AN, AE T HE pH 6.5~7.5 554F T AE 147 XF 5500 14
B 3 —/NEERE S R A 14 X B 3ERE R Y Cd /N T
0.33 mg - kg™, 5 2Z XF N (47N 22 A1 RL Cd 7 5 19 <0.1
mg-kg, FHIFE M BME T 0l PRI /INEE B 2 A ]
R, TR S A Cd & 0.33~1.93 mg- kg™ UL 3L
A7 129 XF, Ho AT 77 X FE i i 6 1L 8 7N 22 R R Cd
o T ESEARERRE 0.1 mg-kg ™', BARE K 59.7% , K
AR IR S R AR S 2 R AR /N it o 4
FE AT AT AR B 2 N . f e aT L A5 Y
B B A A AE S PR A 7 T HLA A 3 A
e J5 B2 5T R, A % R SSD ik il 43 /N2 7 X A 4
Cd 75 G 4 A 77 A () G BRAVE SR 7 5 R TR B 4
FE, FEAESRAE BETR I T B AH OGS gk % 52 i) 75 DL F
W, DAPE TR 1 A FH i i) 43 2R T4 o

3 #ie

(1) B 6] 5 B X1 6 pH Lo G 2
SOM 4 15 + HEBh R (Clay) & BV BB BT .+
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Figure 5 Relationship among Cd contents of wheat grains and

related soil and thresholds of wheat—producing

1% WHART]

e XS A b GRA 7)) (GB 15618—2018) H XU fifi
VR EILSE  BBAR RN 95.1% ; /N2 HPRE Cd & B -1
(R 22 EZRE &85 YRR ) (GB
2762—2017) I HLE , bR 5N 47.6%

(2) FHa) SRAE X 435 pH .SOM FI B AL & 5 /N A
FERL Cd & 4 R 80 R S A7 76 18 3 A Gk, 208
LR Il I 25 SR T A R /N2 AR Cd R R B 54% 11

=
/gj‘l‘o

(3) AH 3 Logistic 15 BRI 45 SR W /N i Fil
Va4 979 & B fe N BBURK , % K 151 BRURRBE 8L . by
INFZ PR XY A3 6.5<pH<7.5(SOM=15 g-kg', Clay=
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8.5(SOM=20 g-kg, Clay=20%) FfE L F , T4 Cd &%
1<0.33.0.41 mg-kg ' H10.64 mg-kg ' I}, %L Al VE Ky
JINFE R B I LI X R 43S /N B X
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