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ft %2 4 B AR E R TS e W R i) (GB 2762—
2022) HKFE Cd B ELE, S 4 Cd AR BIE.
B $=0.2x HC;.

1.4 HIEAESSH
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5 pH W il B2 H 4R Cd B4 FHE T, X
1345 pH 25 AL Bl Ky 5.40~8.27, F- R Hy 7.45, Y
TP F R A pH T S E (A 20) . Hop,
pH<5.5 1% 1 HFEN, 5.5<pH<6.5(17 41) Fl 6.5<pH<
7.5(2141), R & v pH>7.5(63 41 ), & 2 B
61.76%. 7% 1 AIH1, WF5E XA R 4 i Cd 5 84
b 3t R 0.244~114.52 mgkg ', F ¥ 16 K 6.57
mg-kg ', HHAR ST 250N 2.97, k52 R, 31X
—ZE R R X TR R T = X, A 5
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15618-2018)") L5 Ay XU 7 6 {1 A4 1l (&4 LE, FF
FIX - HEE )R Cd & Eilbs . MRAEE 2b BIR,
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Table 1 Content characteristics of heavy metal Cd in rhizophere soil of the study area
. e/ IME/ e KA/ V-1 s " TR SETETER
7{3% HY J fﬁ,] ij({ﬁ,] :F /]{54 */T\‘(Eﬁ E%%%& f‘ ;ﬁ % ‘Jjﬁ
mg-kg mg-kg mg-kg HBFRH/% AR/ %
Cd 0.244 114.52 6.57 19.52 2.97 90.20 15.69
pH<5.5 - 5.5<pH<6.5
= 0 b. 6.5<pH<7.5 :pH>7.5  C.
150
120 3.1%
30 - 50 33.7% 11.4%
@ an
8 i B
= o 104 R S
220 g z [ TE RS ST
S = ca -2 2
10 e A oIk - LG 2
SR 3 -%(ﬁé’?&é e
R B (RPriN
0! 0.1 T " T —— 13.5% 2019% wmidhriE oA
5 6 7 8 9 50 55 60 65 7.0 7.5 8.0 8.5 0.1% 1% =S

pH

pH

B2 TRESRE Cd HHEHE
TE: a. 13 pH {225 8 b, -3 pH H1-38 Cd e B2 TR P, 1 60 i e ARFRAR I 39835 b HE XU i L ML . -3 )8 Cd AN RIBAS A Rk
Fig. 2 Distribution characteristics of heavy metal Cd in soil

Note: a. distribution of soil pH; b. scatter plots of soil pH and soil Cd concentrations, with red dashed lines representing standard risk

screening values for soil pollution in agricultural land; c. distribution characteristics of soil heavy metal Cd in different forms
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5 R BB A AR XURSE, IO 5 o - SRR o A
LA R .

M G R A AT R 25 O E S B AR TR
A BRI T B A B A X L R
AT S A A R U A, R 4 R B S U 98 0 LA
T 7 MIER, HAKIES | BT SRS N R A=)
ARy, AT AR A H B A B AT A2 R A
fEE; IRELAT A | R A A mALEE
FER AR A AL 45 5 S WOA N = W AE AR WA AL,
TE SR FR A 5 T A R, s S AR AR A A,
— i i 5 S A A By O3 ik AT BIL R &
o A PAEYIRG, AR RE 155 . A nl FH
M /NFIAE 25 RURHAR A5 7 2 AR B IE X 46 4>
AR LS TPESE Cd AFIEEILAGHHRHE I
2 M 2¢, ISR FR L1 Cd WA i 1E A R0E
i, M Cd A RS AR A & Bl Ho,

E4JE Cd iAW AE A RS L0 b B 1Y) 71.64%,
Cd A A SN BB 11.5%, Hh s 735
A7 B 11.4%, MKIE S SR 0.1%, 5Ril A
Cd /i BAER 9.1%, 3% pH {HE M 3 4R
BRCGSAAEY I E RN E . 3 pH [E T =k
YRS Cd [IXEE S AL, JE M5 e + 12 pH (T 47
RURFAR 18 Cd AR A R, e bE LR E T,
- R IF A Bl N, BRI T Cd B AR
L THT (14 W A, 535 R 3 R R S8 4 Cd B R n ™
SRR ST BRI R, 1+ pH (ERIN, BHEACHAS
Cd 7 5 5 FREAR, S0 T KRS X Cd B9 m iR 2R,
W Sr AR SRR SE B, o ) SR R 4R o TR
145 pH {H, Cd 4 808 5w FEAL 0.9%~24.1%., A<
5E 61.76% +-5EFE 5L pH (H KT 7.5(1& 2a), AT
BF9E X SR S Bt . %4 SR A YK R kS AR K
+- 3¢ pH (= . Cd (IEFRE I BE 5T, AKFEFF S0
ARSI Cd /b BFSE IX 44 Cd AR AR EE L

®2 RRELPEELE Cd ARESLITSH (N=46, Hfi:mg-kg")
Table 2 Statistical parameters of different forms of heavy metal Cd in rhizosphere soil (N=46, unit: mg-kg ')

2R BRI JEMRRLEEAD BETERHE mANSES IR BRI AA BEEAS

Fienicl 0.018~3.40  0.002~1250  0.034~5.460  0.002~54.700  0.001~0.052  0.024~5.850  0.030~41.300
F-4{H 0.390 0.133 0.492 1252 0.004 0.583 1.451
TR 1.32 1.52 1.56 6.36 1.72 1.45 434
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T 3 Cd g P, 7E T4 pH A AR Y
TEOL NS XA HE R
22 KEHEELECI SEHFE

X102 KRR SEAE A Cd B i T 4e it 45
LR 3, MR IX KRS b E 4 8 Cd & A8k
G [ 0.005~1.95 mg-kg ', VI {EH N 0.09 mg-kg ',
B WA T (R i & B R An e £ s Qe R )
(GB 2762-2022) H FR AR fE(E 0.2 mg-kg o HREK

FEAFSEH Cd MR A &1 3 AT, B 9% X 4t 91.0%
(7K FERF SRR Cd VR B AT B A (B i 28 4 I 5
HEE S TS e BR B ) (GB 2762-2022) B J Y 5
B, HA 8.82% 1y /K fF Ff S5 FF &b Cd ¥k FE HE i
02mgkg o REMIIXRA L Cd FREWE™HM
b (A HEIA R T B AR v AR FH Ml - 45 e XURS: A 45 A
HEGRAT) ) (GB-15618-2018) v HiLAE 1149 XU 57 126 {1 A1
A, (H 38 2 X AR 7= ff K AT S A 45 5 o, 7K
FERFSL Cd ¥R B AB AR R AR A, X 243 KA =l 5
M4 A A PR

®3 MERKBHFLESRE Cd FEHHE

Table 3 Content characteristics of heavy metal Cd in rice grains of the study area

s 3 e/MH/ mg-kg I KAH/ mg-kg

X/ mg-kg™

i 2E AR5 R AL HEFRA /%

Cd 0.005 1.95

0.09 0.26 2.85 8.82
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Fig. 3 Distribution of Cd concentration in rice seeds
Note:The red line represents the standard value of rice grain limit (0.2

mg-kg ') in the National Standard for Food Safety:Limits of Contaminants in
Food(GB2762-2022).
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&8 Cd FEB. AR AR K IUA T H X 4 1%
H Cd YA SR 2 8 Cd 15 59T XK R b Cd #k
FEAR Y S R R 22— Cd A AE W A R A AR,
K& Cd AL BOK MR BOFEAFR PR, BF5Y
XE ) VYA AV DX, TR U s 7 e X, A 5
R 4EE Cd SR, XEEED FIBa s R
WAL Rt R A X 3 Cd s SR FE A

(ELASE T B2, AFTE XM I 91.0% B 7K A kF S E i
Cd e B A B o L 1 ™, X — A 4 R R
HAR AR LAY 2%

23 THECAdTETER=SREHETE

M IR ZE AT LU, BT A A R T A
YEME LURS HEPEAN B 53 IX £ Cd V5 Yok, 75 ZEAR 4
SRR LA ) A P S . R AR R ST
Py i ORI A3 A T DR 95% K REFF S5 + 4
Cd WYL A RAE, PR X 52 FR Cd 15 94K,

i F 4% pH X 3P B4 R TR A G EEW
UM, AR SCUR IR 8RBT T b e 4 FH b+ 49835
JRUBS: 5 P b i GRAT) )(GB 15618—2018) -4 pH &Il
43 X [H], 4B WF 5% X KRG & 43 b 328 5.5<pH<
6.5(1741) . 6.5<pH<7.5(21 4 ) Fl pH>7.5(63 41 ),
IKFEMR 2R L pH<S.5 (U 1 4HRES, AitFT4Eit. R
P BB A 2 43 Bl 3 28 SSD £k, andk 4
FIE 4 frs . FE 4 AT %0, Burr 14345 oR B0E & iF
FEIX 1/BCF W34, L6 REUYAE 0.92 DL E . 4G
PLEE R BN, #ES A XK H 11 Cd T & pH
KK 5.5<pH<6.5. 6.5<pH<7.5 Fl pH>7.5 i}, %I
N B 4 cdot & BR A 4> 9 A 022 mgkg |,
1.08 mg-kg ' Fl1 6.4 mg-kg ', I FULHE, 95% (17K Fei
JEARRT 4 ), B 95% MIREK Cd AR 2Bt (&
i A E AR B s e BR & ) (GB 2762-
2022)% 0.2 mg'kg . 5 GB 15618-2018 FL & Y + 13
PRI I AR FL A mT DLk PR, R 448 (5.5<pH<6.5)



84 o A 2025 4E

*4 HIRERET Bur IPERFEL Cd NLELHERFESE
Table 4 Safety threshold and equation parameters of Cd in rhizosphere soil fitted based on Burrlll in the study area

K HpHAE b ¢ k R’ HC, P HECdA: S GB 15618-2018
5.5<pH=<6.5 86.33 3.37 0.20 0.93 1.1 0.22 0.4
6.5<pH<7.5 36.61 1.56 0.99 0.93 54 1.08 0.6
pH>7.5 169.89 2.84 0.63 0.99 32 6.4 0.8
100{ e 100 | R 100 |
S | ; S L A S
w751 w751 & 75
2 sl | B ool T 50l
& TR | S Tg?ﬁﬁimmﬂﬂ = v -—fgss%;gx S
B 2 S swElKI T R 259 CoswEXITIL | B 251 | f) 95@{2%?5&
Cos | 4 Sk KR (5.5<pH<6.5)) s | afr s KR Espirs) | B E L KRGl
01 71 . ' 01 %4 01 3
0 50 100 150 200 0 50 100 150 200 250 300 0 100 200 300 400 500
1/BCF 1/BCF 1/BCF

B4 =4 pHXIE CdEERHA SSD fLk
Fig. 4 SSD curves of BCF value for Cd in three pH levels

b B FARE S E AT, of TS, 0 E AR %5 AELTE pH & Cd TTEX A IEMEXRH X R

? ]:F] (6.5 <pH<7. 5) A ( pH>7.5 )+ R I 26 Table 5 Numbers of samples in the correct zone and the wrong
s o T 3305 FT ST 4 ﬁ B9l zone corresponding to Cd element in different soil pH values
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HIE#Z . WG pH FHm, HEREMEF R B E 8, 0 W13 pH 2520 Cd Wiyl —CH R %, %2
1 23.5% $EE F] 92.1%, 1M [ F AR HEL E 1Y i 2E (1 H1 T 38 pH 2550 HoAt A e B, a8 i 5 i V4 %o
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Fig. 5 Scatter plot of soil Cd content and Cd content in rice grains
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T RGP B A X A T AR
Cd A RS BIE, ASBF5T 56T Burr T L5370 pR %K
U5 101 20+ 3 RE 5 09 o A OB o A th 22, R
AT XN [R] pH 257K R 22 4 A 77 i 138 Cd &
B ECIE 4) . 3 pH 5.5~6.5. 6.5~7.5 fil 7.5~
8.5 T, £ 5 Cdxf i 1y 15 Y KU Wi 3% {8 43 51 by
0.22 mg-kg ', 1.08 mg-kg ' Fl 6.4 mg-kg '(F 4), {HG
HEMRE, 13 pH H 6.5~7.5 f1 7.5~8.5 TS HK
(5 (L 75 T B AT I S A o X6 07 A 4% 1) DXL O 3k
(GB15618-2018), &= %L /2 [K oy 4 1€ pH /2 52 i) 4 13
 CAIT BN R Z —, e -5 rh, 14 Cd
SRMRE A4S A, IE S OH 25 5 1 %k A 3 4 235
VE, T3 Cd Ay A TR B R AR, R FEAE CaO,
TFe,0;. Mn FlE Cd & f A AR A ER 1 3, /K
FEkRL Cd B R i, R A A SE A A X+
e 4 Jm Cd & m MK AR S A Cd & AR,
SRR IT A e —3. Bilhn. Vg s ) R g
A A A %, 4 S 95 g b X 13 pH 5.0~6.5, 6.5~
7.5, 7.5~8.5 TP 95% 7K Fa il PR K AS #8 b 1) +
He st Cd L& BI{ES 50 0.52, 0.80. 1.78 mg-kg
B8 T I T XU I 16 (. (GB 15618-2018) .

BEAR, AR 3 Cd Az 25 XURS: B 1 m] 5 1 PEAh
R, W& pH JHiE, #5819 1 5 5 4 2 48 5, iR
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Study on ecological risk threshold of farmland soil in typical karst
regions of Guangxi: A case study of Cadmium

HUANG Chunyang, HUANG Juan, ZHONG Xiaoyu, LIlJie, LI Mingyu
( Guangxi Institute of Geological Survey, Nanning, Guangxi 530023, China )

Abstract Cadmium (Cd) is a non-essential element harmful to human health and is a primary pollutant in agricultural
soils. It is important to assess the ecological risk threshold of Cd in soil-crop systems. Previous studies have
demonstrated that soils in the karst regions of Southwest China are anomalously enriched in Cd due to geogenic
processes. Therefore, it is imperative to propose an effective method for accurately evaluating ecological risk threshold
of Cd in agricultural soils within karst regions. Rice is the most widely cultivated cereal crop in Daxin County and is
also the crop with the highest Cd exposure in the human diet. In this study, 102 sets of rice crops and their rhizosphere
soils were systematically collected from typical karst regions in Guangxi Province. With the use of the Bur IIl
distribution, the species sensitivity distribution (SSD) curves for Cd in agricultural soils of typical karst regions in
Guangxi were fitted, and a soil Cd safety threshold was established to protect 95% of rice crops.

The results show that 90.2% of Cd in soil samples exceeded the screening value established by The National
Environmental Quality Standard for Soil (GB 15618-2018). However, the Cd content in rice grains cultivated in those
fields was quite low, and only 8.82% of the samples surpassing the Limit of Contaminants in Food (GB 2762-2022).
This suggests a spatial mismatch in the Cd levels between the soil and the rice grains. Specifically, there are three
primary scenarios: (i) the soil exceeds the Cd limit, but the rice remains safe; (ii) both the soil and the rice exceed the
Cd limit; and (iii) the soil is within safe Cd levels, yet the rice exceeds the limit. In the study area, higher soil pH
values correspond to reduced mobility of Cd, resulting in lower absorption and transfer of Cd by rice grains. Although
the soil Cd form is mainly dominated by the content of bioavailable state, the soil pH is mainly weakly alkaline, which
inhibits the absorption of soil Cd by plants. Under conditions where soil pH remains unchanged, changes in the soil
will not pose a threat to food safety. This is one of the key reasons for the low Cd concentration in rice grown in high
Cd soil. The existing standards of soil environmental quality are insufficient for the accurate evaluation of the level of
Cd pollution in the soil of the study area. Given this, it is essential to establish the benchmark of soil environmental
quality that can reflect the actual conditions. Therefore, using SSD, this study calculated the safety threshold for soil
Cd to protect 95% of rice grains and evaluated the actual Cd pollution level in the study area. Based on SSD, the
derived soil Cd safety thresholds for protecting 95% of rice grains under soil pH conditions of 5.5-6.5, 6.5-7.5 and
7.5-8.5 are 0.22 mg-kg ', 1.08 mg-kg ', and 6.4 mg-kg ', respectively. Compared with the limits of soil environmental
quality stipulated by GB15618-2018, it is evident that the national standard is overly lenient for acidic soil (5.5 <pH <
6.5) but overly stringent for neutral (6.5 < pH<7.5) and alkaline (pH > 7.5) soils. The derived value accuracy of
evaluation results significantly increased from 23.5% to 92.1% with increasing pH values. In contrast, the screening
value accuracy specified by national standards dropped from 47.1% to 6.3%. Therefore, the research results can be
considered as more accurate evaluation thresholds, providing a scientific reference for safe production in Cd-

contaminated rice paddies in typical karst regions of Guangxi.

Key words karst region, soil, heavy metal, ecological risk threshold, Cadmium
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