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Fig.1 Location and topography of the study area
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Table 1 Sample testing items and methods
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Table 2 Soil physicochemical properties and statistics of cadmium in chilli peppers
+ AR/ (mg/kg)
gL pH FbliNgkeg) — HHERGR/ (mg/kg) BRI (mg/ke)
HCI-Cd DTPA-Cd CaCl,-Cd
B> 89 89 89 89 41 41 41
FeA| 425~8.33 10.4~60.1 0.16~5.42 0.017~0.320 0.159~1.05 0.066~0.489 0.01~0.11
il 6.16 36.11 112 0.09 0.37 0.17 0.04
i 22 1.17 9.03 1.05 0.06 0.19 0.09 0.03
SRR 0.19 0.25 0.94 0.63 0.52 0.54 0.66
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CaCLIF ¥R BORIU N 6.4% , 455 503 i i (R T
WA A5 e KRS L3352 CaClLy-Cd 5 HE g T
I3 2 B X 1 X CaCl,-Cd 5 P g T
| PRI LR A HUT G 15 551X 1 ECaCl,-Cd 5 10
22 HWCAE LEBEUMREXSH
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Table 3 Correlation analysis of Cd content in soil-pepper samples

HHR 45
B Eiztay
cd pH Had DTPA-Cd CaCl,-Cd HCI-Cd AL ok
B Cd 1 —0.416" 0.571" 0.604™ 0.735™ 0.654" 0.438" —0.124
pH —0.416™ 1 -0.013 -0.081 -0.369" -0.051 -0.083 -0.072
Hod 0.571" -0.013 1 0.837" 0.588" 0.879™ 0.616™ —0.108
DTPA-Cd 0.604" —0.081 0.837" 1 0.710" 0.958" 0.474™ -0.102
+45 CaCl,-Cd 0.735™ -0.369" 0.588" 0.710™ 1 0.740" 0.423" -0.039
HCI-Cd 0.654™ —0.051 0.879™ 0.958™ 0.740™ 1 0.586" —0.094
FHHLT 0.438" —0.083 0.616™ 0.474™ 0.423" 0.586" 1 —0.028
Kk —0.124 —0.072 —0.108 —0.102 -0.039 —0.094 —0.028 1
T #*RIRTE0.0 17K L (BN ) i ZFAH DG s *RIRAE0.05 KT L (I i E ARG
F4 MEERERSH
Table 4 Parameters of the regression models
+H YRR Hdi A a5 R B EIKF
BMCd—+HE M Cd , +HpH 41 =0.045x,-0.018x,+0.161 0.454 <0.000 1
BARCd—13EDTPA-CA ., +EpH 41 ¥=0.280x,-0.015x,+0.128 0.585 <0.000 1
HHCd—+HECaCl,-Cd 41 y=1.105x,+0.053 0.537 <0.000 1
BHRCd—tHEHCI-Cd , +3EpH 41 3=0.129x-0.016x,0.136 0.553 <0.000 1

.y HHLCA & i, mg/kg ;x4 3 ECA(DTPA-Cd  CaCl,-Cd \HCI-Cd) &

i, mg/kg;x, iy T3%pH,
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Fig.2 Plot of regression model predicted values vs. measured values
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Table 5 Statistics of cadmium in soil and chilli peppers
TR LCdE = HhCd =
pHI H Kl HyfH /M RoRME bR ¥H He/MH RRME P TS
mg/kg % mg/kg %
pH<5.5 31 0.77 0.16 3.78 90.32 0.114 0.017 0.320 90.32
5.5<pH<6.5 21 0.81 0.24 1.78 95.24 0.092 0.017 0.170 80.95
6.5<pH<7.5 20 1.91 0.46 5.42 100 0.087 0.019 0318 50.00
pH>7.5 17 1.20 0.21 4.14 58.8 0.062 0.021 0.170 35.29
4.25<pH<8.33 89 1.12 0.16 5.42 87.64 0.093 0.017 0.320 68.54
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Fig.3 Distribution of cadmium enrichment factor of chilli peppers
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Fig.4 Probability distribution curve of Cd enrichment coefficient in peppers
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Table 6 Environmental criterion for total cadmium in soil

GB 15618—2018

95% AL 4RI AE 5% I AE
X 35k +3EpH e (7K FH /A ) EHME
mg/kg
pH<5.5 0.08 0.86 0.3/0.3 1.5
T A 5.5<pH<6.5 0.17 1.11 0.4/0.3 2.0
6.5<pH<7.5 0.47 1.97 0.6/0.3 3.0
deeis 5t pH>7.5 0.18 1.67 0.8/0.6 4.0
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Fig. 5 Distribution curve of the ratio of cadmium content in pepper to

cadmium content in the soil extracted by calcium chloride
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Exploration of the Soil Cadmium Thresholds for Safe Pepper Production in the
High Geochemical Background Area of Shilin County

LI Minmin"?, WEI Heng'?, YU Hong"?, YANG Taoming'?, SUI Meng'?, HE Liping'**
(1.Yunnan Research Academy of Eco-environmental Sciences, Kunming 650034, China;

2.Yunnan National Engineering Research Center for Control &Treatment of Heavy Metal Pollution, Kunming 650034, China)

Abstract: This study aims to investigate the characteristics of Cd content in soil-pepper systems in geological high-background areas and
to explore the soil threshold for safe pepper cultivation in such regions. The findings will provide references for differentiated soil
management and safe utilization of agricultural land in high-background areas. A total of 89 soil-pepper samples were collected from Shilin
County, Yunnan Province. The available Cd content extracted using three extractants (0.1 mol/L hydrochloric acid, DTPA, and 0.01 mol/L
calcium chloride solution) was analyzed. The correlation between Cd content in peppers and soil physicochemical properties was discussed,
and the soil Cd thresholds for ensuring safe pepper production under different pH conditions were derived using the ordinal distribution
method. The soil in the geological high-background area is generally acidic (pH range: 4.25-8.33, mean: 6.16). The exceedance rate of total
soil Cd is 87.6%, while the exceedance rate of pepper Cd is 68.5%. The extraction rates of total soil Cd by hydrochloric acid, DTPA, and
CaCl, were 49%, 24%, and 6%, respectively. Significant correlations were found between pepper Cd content and total soil Cd (7=0.571;
P<0.01), HCI-Cd (r=0.654; P<0.01), DTPA-Cd (»=0.604; P<0.01), and CaCl,-Cd (+=0.735; P<0.01). The soil total Cd thresholds for
different pH ranges in high-background areas were determined to be 0.08 mg/kg (pH<S5.5), 0.17 mg/kg (5.5<pH<6.5), and 0.47 mg/kg
(6.5<pH<7.5), with the soil CaCl,-Cd threshold being 0.006 mg/kg. The Cd content in soils of geological high-background areas in Shilin
County exceeds the standard significantly. Although the proportion of available Cd is relatively low, the high accumulation capacity of
peppers still poses a considerable risk of exceeding the standard.

Keywords: high geological background; cadmium; pepper; soil threshold



