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Risk threshold for soil cadmium, based on potato quality in a high geological background area

WANG Xu-lian', LIU Hong-yan'*", ZHOU Xian-yong', LUO Kai’, YU En—jiang’, RAN Xiao—zhui'

(1.College of Agriculture, Guizhou University, Guiyang 550025, China; 2.College of Resources and Environmental Engineering, Guizhou
University, Guiyang 550025, China)

Abstract: To ensure the cleaner cultivation of potatoes in Karst region with a high geochemical background of cadmium (Cd) in southwest
China, by using a total of 105 pairs of soil samples and corresponding potatoes were sourced from 5 counties of Guizhou Province as the test
materials, taking the national food safety standards limits of pollutants for foods (GB 2762—2017, Cd<0.1 mg-kg™") as the measure, we
used the statistical regression model to derive the soil threshold values of total and available cadmium based on potato safety production.
The results showed that the total Cd content of soil in the Hezhang County (HZ) and Weining County (WN) sampling areas exceeded the
Chinese environmental quality standard for soil (GB 15618—2018), 92.3% of soil samples exceeded the screening value of agricultural
land, and 77.4% of soil samples exceeded the control value and the soil was at the level of moderate to severe pollution. 80% soils in
Changshun County (CS) and 50% in Ceheng County (CH) exceeded the screened value but not the regulated value, and the soil was at the
level of no pollution in a geological high background area. The point position superstandard rate of potato Cd was 17.1%, and the

superstandard multiple varied between 0.01 and 1.11, mainly distributed in WN. The correlation coefficients between potato Cd and soil

Wk B #9:2020-08-24 R A H:2020-11-02

YEE B : FIFE(1993—) , Zr, M55 I 98 A, S Al DR 515 B4 139827 7 [l H5Y . E—mail : 2478355046@qq.com

HEEEE XM E-mail :hyliu@gzu.edu.cn

EEWAE  UMAE RIS (R JE #81[202013001) 5 FZR A 288254 00 H (42067028)

Project supported: The Science and Technology Planning Project of Guizhou Province (Qiankehehoubuzhu[2020]3001) ; The National Natural Science
Foundation of China(42067028)



a3

URETR Rt Y F 4055 2

Cd, as well as available Cd were 0.587 and 0.755, respectively, both showing strong positive correlation (P<0.01). The regression model

simulated the risk thresholds of soil Cd based on the potato Cd limit standard were 4.30, 7.34 mg-kg™', and 9.39 mg- kg™ on soils with pH<

6.5, 6.5<pH<7.5, and pH>7.5, respectively; the corresponding thresholds of soil available Cd were 0.22, 0.02 mg- kg™, and 0.01 mg- kg™,

respectively. The total Cd risk thresholds of contaminated soils simulated by HZ and WN in northwest Guizhou Province were 5.11 (pH<
6.5),7.75(6.5<pH<7.5), and 9.39(pH>7.5) mg-kg™', respectively. The risk threshold of soil Cd based on potato safety production is more

than twice the risk control value of soil pollution in agricultural land, so the current soil Cd standard of agricultural land is applied strictly

in the karst areas.

Keywords : potato; soil; cadmium; risk threshold; high geochemical background
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Figure 1 Schematic diagram of cadmium geochemical distribution and sampling areas in Guizhou Province
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Excel 2010 B HEHE S5 ¢ . F ] SPSS 22.0 #4740
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2 HR5IHR

2.1 AEMREX TIEERELER

WF5E X A SR AR T WL 1. HZ FIWN 1Y
TR Cd SIS . CSH CHAFTE W 2 5 , AU d
Frat D HZ A WN &GS, LS (CS il CH LI . AN A B8
X448 5 Cd &5 i K/ HZ(8.42 mg-kg™ ) >WN(6.98

mg - kg') >CS(0.52 mg - kg™) >CH (0.27 mg - kg™') >LS
(0.24 mg-kg™) s HZ FI WN [t + 3 5 Cd 75 P4 {E e
A H - A T AR E (0.3 mg-kg™') s LS .CS Al CH
T3 Cd i I T A AR R Cd i
A S Cd F B ¥ HZ(0.10 mg - kg!) >WN
(0.09 mg-kg')>CS.LS(0.04 mg-kg')>CH(0.03 mg-
kg™) o ANFEWFFEIX L3 pH VP H A T 5.14~7.35 2
] 5 45 BB (AT 30.34~44.86 g-kg ' Z [H] .
2.2 AEMHREX LIE CRERTEIFMN

L BAT PR i AR E (GB 15618—2018)
X R GE IX A R AT T i 2R 0 R0 43 (2 2) . HZ FIWN
3 5 Cd S8 Ak AR - 395 YR e, 3T
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77.4% , = SEATFE R B, 75 B2 R HRURUB: 48 4 B 18
SEAE T . CS RN CH - 438 ) 2ok 7 398 180 A9 LU 8] 43 03] i
80.0% H1 50.0% , & H& AT 5 4778 {8 B XU 5 LS. CS Al
CH ¥ 3 Rl o) 35 YL il . 52 N2 wx iy
ST R IX92.2% 1 R Cd R A& F b - 5 S
e XU 05 6 {8, 58.3% i 2 1 3875 e KU 45 il i,
T TR A 7E B VE LI HZ FTWN

i) b RBE L R A M Cd LTS Sl
YE R H AR 35 B AN [R5 X 4= 4 v Cd 15 e
JEVEA PP (6 3) o RFEIWFFEIX Cd (1973 L fE K/
¥ A HZ(2.71)>WN(2.36)>CS(~1.18)>CH(-2.03)>
LS(-2.21) . #h BFHEEERY] HZ A WN 1357 Cd
TGO IR B - T Y KO, SR
TR SRS L X, W TS DX R 1 2 DARR BR R 8 A1 K
KRB ML Cd 8 sl THAD &R & 1Y 1
O S D AR 7 i 1 B R A A AR R BT
i XA FH 3838 2 Cd I BEAIL A A S5 A0k 2B 7= bk
FAAR 2 S an AR RE e 25 | Ak K 3R T 500 A it P o6 2R
KOLTEW PR X A R XI5 B2 7K T TR X!
M ERERE CA A BN ERZEEENS.

F1 ARXTEERBUER

Table 1 Basic physical and chemical properties of soil

WX Hcd AR Cd 13 pH AL AT

Areas Total Cd/(mg-kg™) Available Cd/(mg-kg™) Soil pH Organic matter/(g-kg™) Samples
LS 0.24+0.11b 0.04+0.04a 5.69+1.17h 41.70+21.46a 2
HZ 8.42+5.31a 0.10+0.20a 7.16x1.04a 44.86+18.26a 13
WN 6.98+5.62a 0.09+0.15a 7.35+0.97a 44.06+15.87a 62
CS 0.52+0.28b 0.04+0.03a 5.56+0.66b 43.18+12.98a 20
CH 0.27+0.12b 0.03+0.02a 5.14+0.55b 30.34£6.03a 8

T [F AR NG FRER R AL PR E] 22 57 8.3 (P<0.05) o R 1o

Note: Different lowercase letters in the same column indicate significant difference among treatments (P<0.05). The same below.
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Table 2 Classification of soil environmental quality in the study area
A2 O T e (8D LA (T e ~ R JERR IS (KT ETIME)
WX RE B Priority protection class Security utilization class Strictly controlled class
Areas Samples (Less than filter value) (Filter value—Control value) (Greater than control value)
FE AL Samples K Ratios/% FE AL Samples K Ratios/% FEELEL Samples k% Ratios/%
LS 2 2 100 — — — —
HZ 13 — — 1 7.7 12 92.3
WN 62 — — 14 22.6 48 77.4
CS 20 20 16 80.0 — —
CH 8 50 4 50.0 — —
s " RN BRI 5 R 0,
Note:"—" means the number and proportion is 0.
F3 FAEAMEX LECIHBRIEHRESR
Table 3 Soil Cd accumulation index and its classification in different areas
WFFEIX. Areas I 5¢/ME Minimum oo 55 FAH Maximum Lo F-Y{H Mean I3 Classes 15 YLFEFE Pollution levels
LS -2.64 -1.77 -2.21 0 PREES
HZ 0.24 4.27 271 2~3 Hh R~ R
WN -0.73 5.25 2.36 2~3 Hh R - R
(o -2.75 -0.06 -1.18 0 PREE
CH -2.71 -1.14 -2.03 0 PREE

23 AEMARXSHECIERSHREME S

WFFE X 105 /4> 85 B AE R AT 18 AN Al Cd
B, 23 BN HZ 14 \WN 164 .CS LA, SRR A
17.1% (& 2) s BBAREEUN R 0.01~1.11 4%, #{E M 0.30
f. HZ WNFICS 9 S8 B TE CABPR 4, LS
FCH ) S48 R B bR . X Hu 2 3 AT 2 a] Z01, i Hb
SZRFE BRI CS 13 Cd V5 YR FE AL T I0T5 g%, i
FIAE ) B SEAEAE AR ISR . CS AR A b A i b 1
995 YR G A A S, L - 3 R BE A AR fR R RURS: 5 €S
3 pH A F 4.5~6.8 Z (0], ¥I{E N 5.56, L3 Cd 1)
A R AR A HZ FVWN &, BIFSE R, T
Z5rp Cd 75 i B AR B A4 TE Cd A P R A
SR AT RS | A R AR DA AR AR

TR Cd 1 i 5 A BRIk 5 14 R S 43
BrasRRW (R 4), 8% Cd 5 1R Cd 2 B %
1EH 2 (R=0.587, P<0.01) , 5 %3 Cd 4% 8 3% 1
#H & (R=0.755, P<0.01) . T4 2 F B A 508
Cd, TERRVEAE T 3 v i Cd PR e, A 3G &
B, TR T Cd It i . 7E Cd TRAFTE 45
o BRIRERZE B 8 S AS CAd 1T RS ko, B %5 143 pH
A LR AR AR S B fb . H8ipH Y
AR Cd 2 25 T AH K (R=-0.633, P<0.01) . pH
M) Cd A IR AFTE 25, DI RZ M Cd A 26 9 A b

ISR
w

BfiE pH B9 TH i, 3 & i A il Cd R AL VAR
bW B T R RN B R A DCTE L Cd 1Y A= 0 A Rk R
B,

+ 4 pH 5 4 5 Cd 24 B3 15 M 5 (R=0.647,
P<0.01) ; A ML 5 12 A Cd 0% 2 2 1E A 56 (R=
0.683, P<0.01) , 1 573 24 Cd G B F A ek . 4
Ji DR AT R R 5 T S S A B R o R T
T3 R R AR S T A K = A HLIE R IR
Ko AHUIEH &AM AR CdEEE R Cd i
B, A USR] B Cd & AR B S SR
TE A HLES A2 CA T2 Cd i 350 s K it Ak
JE 3 B A B IR Ak, T AR IE Hh O B B 5 7 n] 5 - g
Cd & AEDTVE RV | 8 T 28 A A 903 BAR 455
M -4 h Cd ATk . HEEMIRIAVERT 3 s (n
MIE]) B2 B, 2 X HE R Cd #5540
24 ETOHRERERENIECINKBERS
2.4.1 BT RE L IX 4 55 Cd A RS Cd 1 AR
159 {5

FIFH S48 44 B IX 103 X B 4% 5 b 250 + 3
Cd HEAT Cd XURS: B (B HE T, XU [ (B AT 25 R Al 22
225, Rk, 58525 HOHmE W15,
JEE 5 S ZE T Cd 1S B R AT 0.031,0.034
0.043.0.017%; J&] {55 "V 48 8 HE R A7 K () - FAg
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Figure 2 Cd content distribution of potato in different research areas and its exceeding standard
x4 BRECISESTEERBUERIERXE
Table 4 Correlation between Cd content of potato tuber and soil basic physical and chemical properties
HIE AR e Cd Hed AR Cd L pH AL
Correlation coefficient Potato Cd Total Cd Available Cd Soil pH Organic matter
HEEECd 1
HCd 0.345" 1
ARG Cd 0.570" 0.015 1
+ e pH -0.031 0.419™ -0.401" 1
ATHLB 0.031 0.467" -0.187 0.242° 1

T ORTE 5% /K FARCHE L, " SRR TE 1% /KPP AHCHEAR .25

Note:"*" indicates that the correlation is significant at the 5% level,"**" indicates that the correlation is extremely significant at the 1% level.

o2 HE2S HEISELRENM, R ER
A S AR Cd B R BN T 1 A2
HXF 20 B EL S E A AT SR R B 2L Cd I iE R
BO/INT L, iR RI A 835 22 ST TRt AN ) 4%
AR R R RE/NT L, SRR 2E R B
J& T E SRR

GB 15618—2018 1, pH<5.5, 5.5<pH<6.5 ., 6.5<
pH<7.5 . pH>7.5 9 4= 38 5 Ju KU 48 T 53 501 oy 1.5
2.0.3.0.4.0 mg ke LA 1R F] U W RE L X
Th A% B 7 4 R Cd 1 AU [ 84331 R 4.30 (pH<
6.5) .7.34(6.5<pH<7.5) .9.39 mg - kg (pH>7.5) (%
5), T IEATREE Cd 1 XU B {65393 4 0.22(pH<6.5) |
0.02(6.5<pH<7.5) .0.01 mg kg (pH>7.5) (£ 6)., I
A Y R Cd BRI i T A T SRR B AN
TRBRUE 43 ) AR b S e XS A
1.15.1.45 . 1.354f% . XA 5558 1 6 ) 448 S Al
PRGBS DI T IR - B AR S 15
Cd AR Cd H{E 45 4 1.08.0.07 mg- kg™, 5 AHF
58 ) RELATAE 22 5 5 X1 5 SR YT 178 21 39 A o 7 382 - /)
2 LA ) 1458 Cd % A BE S T 58, pH A 5.5,
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7.0.7.5 /NFE e A FhoRE B9 4 558 Cd 2 4 AR 43 0 R
0.34.0.54,0.64 mg- kg™, &5 AR T A 52 (14 B4 53X
A g2 X SR EE B R IR A i & AR e ) 45 25 5
SE, W b X 50% (%) Cd LARR R R B U A7
TE (% 3 e X 1 3 A Cd B i e, A RS
Cd B 11K, 12 b DX b A 25 44 25 119 1 458 Cd (A
R o FHBRAT 1 SR BT ft Am v TE A 0 S e IX
ST Al R
2.4.2 BPHAb 4 HEE Cd A RS Cd 1 XU B {8
M-85 Cd 143 A Al AL, B P50 HZ W -4
Cd & i, BT 8 5 5 15 Y B i 0y 4 A R ALE
VUL 52 B IR AL 27 5 S A PR T LR
S5 N R i S AU 2R, 554 P At X 2 S5 B
AT P A5 E0 S P b A 38 Cd i XU B, 13 pH<
6.5.6.5<pH<7.5 .pH>7.5 B}, -4 5 Cd fY KU (54 1L
HoR5.11.7.75.9.39 mg-kg ' (£7), LHEA A CAHY
JRUBSE [ /4371 4 0.29.,0.02.,0.01 mg-kg ' (F£8) . U5
0 3R Cd BRI o T B0 T L SR RR B SR b, 0
Sl R A P A 4 Y KU A I 1.56.1.58 . 1.35
¥ 4 6.5<pH<7.5 W}, b 0% H7 4 1 X8 Cd B 55



EAFE % MR TR R A L KU B 361

RS RMNEIFFHRORBREEFTHE CdEHE

Table 5 Total Cd threshold of potato safety production soil in karst area of Guizhou Province

pH [F1 977 2 Regression equations P1H [#{& Thresholds/(mg-kg™)
pH<6.5(n=48) y=—1.363 9+70.596 8x—139.914 4+’(R*=0.633 8) 1.529 8x107"° 4.30
6.5<pH<7.5(n=34) ¥=6.226 7+0.000 3e****(R*=0.410 2) 3.61x10°* 7.34
pH>7.5(n=21) y=0.129 1+3.847 9¢*™' *(R*=0.082 4) 0.001 2 9.39
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Table 6 Effective Cd threshold of potato safety production soil in karst area of Guizhou Province

pH [ 5 % Regression equations PA{E [ {E Thresholds/(mg-kg™)
pH<6.5(n=48) y=-0.062 2+3.316 5x-4.514 2x*(R*=0.454 7) 1.19x10°° 0.22
6.5<pH<7.5(n=34) ¥=0.022 3-1.788 7e ®**“**(R*=0.002 6) 0.012 4 0.02
pH>7.5(n=21) y=0.011 6-0.012 4e7**" *(R>=0.055 8) 0.006 9 0.01

R MARERESESRSFAEMRORELEFTELSCIEHE
Table 7 Total Cd threshold of potato producing soil in the superposed area of high geological background and heavy metal pollution

pH [1] 079 J5 72 Regression equations P [ Thresholds/(mg-kg™)
pH<6.5(n=21) y=1683.823 5-1 680.320 9¢ " **(R>=0.123 4) 1.43x10° 5.11
6.5<pH<7.5(n=33) y=6.445 3+0.000 4¢¥7*( R*=0.414 5) 7.71x10°* 7.75
pH>7.5(n=21) y=0.129 1+3.847 9¢*™ ™ ( R*=0.082 4) 0.001 2 9.39
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Table 8 Effective Cd threshold

potato production in the superposed area of high geological background

and heavy metal pollution

pH [B1J71 )5 7 Regression equations Py [ (i Thresholds/(mg-kg™)
pH<6.5(n=21) y=0.370 5-1.524 4x(3x107)*(R*=0.204 2) 0.001 1 0.29
6.5<pH<7.5(n=33) ¥=0.022 9-1.897 8™ *( R?=0.003 0) 0.0124 0.02
pH>7.5(n=21) ¥=0.011 6-0.012 4¢ ' "(R>=0.055 8) 0.006 9 0.01

5.59%. 23T SN IE SRR 8 P SR
B Cd AR KU AR X e

3 it

(1) 5 PN 48 s 307 e b ot v 79 5% X R BEEL Cd &5 £
W 3 45 7R L 92.2% FE kA FH i - 3 T e XU T A
58.3% 1k A= 458 T P XU 45 L, 6 Aok A o i 7 1 4
ot 38 T 4o i 1= 1 A = e b= /S R
B - 5 YK

(2)3Z 1585 Cd T RS Cd 52, S48 5 Cd
S ABAR R 17.1%, 35 M52 B B AR , 5 200 A 75 8
TH L AEE T RETS Y 1 R DS A —
Cd i 42 42 XU

(3) 3T Th A5 S8 o 20 4 (R g S R T o 75 B X
358 5 Cd XU (594843 591 R 4.30 (pH<6.5) .7.34(6.5<
pH<7.5) .9.39 mg-kg" (pH>7.5) , /&4 JH Hb 1 3 PR 85

Ji AR (GB 15618—2018) & il {E Y 2 455 A b s 3T
AWEFE , AT B AR FH b 38 Cd s 9 137 FH T 9% S0 4
DXL A
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