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Abstract: The combination of karst high geological background and mining activities in northwest
Guangxi leads to increase soil pollution risk, which poses a potential threat to food and ecological
security., Study on the spatial distribution characteristics and bioavailability of cadmium (Cd) in
soil profiles in this region can effectively assess the pollution status and ecological risk of Cd in
soil. Soil samples were collected from rice field profiles (0—100 cm) at three different positions
within Dachang mining area, located in the typical karst region of Nandan county., Hechi city,
Guangxi. The distribution characteristics and bioavailability of Cd in soil profiles were analyzed,
and the ecological risk and pollution status of Cd in three soil profiles were evaluated by using the
enrichment index method and risk assessment index. The results show that the vertical
distributions of Cd contents are different among the three soil profiles, and the soil Cd is
significantly enriched in the surface (0—20 cm), with 86. 7% of samples showing soil enrichment
factor values over 2, indicating that there is obvious accumulation of heavy metal Cd from human
sources in the soil surface. According to Soil Environmental Quality : Risk Control Standard for
Soil Contamination of Agricultural Land (GB 15618—2018), the Cd contents of some samples
in the two soil profiles far from the mining area exceed the screening value of soil pollution risk of
agricultural land, and in the soil profile adjacent to the mining area, the Cd contents of 90% soil
samples surpass the pollution risk control value for agricultural land. The Cd content of soil
profiles in the study area is mainly controlled by the superimposed effects of multiple factors such
as geological background, agricultural cultivation and mining activities. The difference in the
content of soil profiles mainly depends on the distance to the mining area (the closer the distance
to the mining area, the higher the Cd content), while the same profile is primarily influenced by
pH value and organic matter content. The Cd predominantly exists in the Fe-Mn binding state,
ion exchange state, and residue state within the soil matrix. The bioavailability of Cd is primarily
influenced by total Cd content, pH value, organic matter content and fixation of Fe-Mn oxides in
soil, showing a relatively high availability in soil profile and soil surface far from the mining area.
Key words: heavy metal; Cd; soil profile; enrichment characteristic; speciation distribution;

bioavailability; karst area; Guangxi
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Fig. 1 Geographical Location of the Study Area and Distribution of Sampling Points
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Table 2 Statistical Results of Cd Content and Physicochemical Properties of Soil
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Fig.2 Vertical Distributions of Total Cd Contents and Basic Physicochemical Properties of Soil in Three Profiles
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DC1 10% 30% 30%
DC2 10% 30% 60%
DC3 100%




%14

IPR . F BOLEERASE TR L EHEME LI GH L F IR A DA B 89

6056 A BETS e i 3000 B2 TG Y 15 10945 i DC1
A 4004 T8 BE 5 Y L YR R ¥ Y AN R
e % 5 B DRI (0 3 0 A AT 52 95 e i A Ol R
IEESIbF SR 208

RIS i B

3.1 tEASERERSHNEMES

LB LR TR S B S kF
P TR 38 IR 8 DR 2 DDA O L A ) AR A R
355 300N B BEAR BLTE AT B R ), 3T B8 AR B L T e
PR K 7 2 1 2 25 KU i R RS IX 3 4k
i IEARFIE A Cd & . Cd s & & H 5 P Ak ok
IR AR G R A2 4. i DC1 (4 -4 pH {H 5
KV S o S T S A B T R O Ok
F. i DC2 b 148 pH {H 5 85 25 & S5 % 2
BEEMEEZR, Hlm DC3 (L3 pH {5 Cd &
T KSR E R TSRS A IR R 45
1 25 O R B R 0 S L R 6 56
Fo THE pH (H B AR 2% 1w e o ) AT
APE BRI Cd 4 G 1E VB R A e 5 Cd
(% Bt 4 . Tahervand S8 5800 L3 pH {H 1) B
R E SIS . #im DC1 f1 DC3 KiE
AN B TS A4 o B B 1 pHL 0 T R T
b R A T R L KV S NS TS e AR
THEOARZERF&ERME. fmW DC2 -3 pH

H SR ES A S m R ANEE +3E pH (Y
IR R A 4 A B 5 B R ML X T RE R O L pH
{EL I ARG T Bk A S A W i 1 3 T el e Ol 2D X
Cd*" 11 B RE 7 ARG

3 kil g, R i DC2 oAy B
5 e Cd S B R 35 18 A O O & Ho At w4
TR e BRAT HLI &5 4 5 L4 Cd B i 22 e A
FMENE . HEA PRI Cd £ &
el Cd AR S Z 8k A B AL . T
DC1 #1 DC2 A ML &5 5K 50 3 i B T 50
AR B AR M i DC3 A
PG ESAES Cd SR AW B, K
WEFE ] LA PL & B 5 L Cd B A % U
562 L BT 3 25 A A R W K Cd
JEFAIR & A W R EA PR AT LS Cd RA 45 %
TS o o AT 25 A AT I AT R AR L Cd i
ARNE. TR Fe S ESEME SR Cd & &
BIGERHAL™ . thaR 2 WTLLE 5 X L 4 v
) Fe i — &R AR . PREE L FHF TN AR
BHE R T 13 Fe AR HE . HBFFEIX 3 &
FITH ) 3 Fe, O i 5 Cd B BES Cd &
R DL WA A S s A O AR R, L Fe iy i
AN o X ULIATE TR AL R P Fe £E AN
PN AR T KA ik R X B 4w Cd (19 48
PR R BN

x4 IEFARECISE.CILEEREEE L ERER Pearson 18X R

Table 4 Pearson Correlation Coefficients Between Different Speciations of Cd, Total Cd Contents and Physicochemical

Properties in Soil

ke Sl W 358 H Cd B & i Fi & F, & F; & F, & & Fs &4 Fs &t F; &
Cd M & i 1. 000 0.284 0.475 0.759" 0.642* 0.719" 0.654" —0.290

pH & —0.233 —0.792** | —0.897" * —0.611 0.316 0.412 —0. 387 0.479
DC1 HHLR & & 0.321 0.813** 0.965"* 0.601 —0.187 —0. 356 0.362 —0. 385
Fe;O; & i —0.417 —0.049 —0.119 —0. 356 —0.315 —0.296 —0. 200 0. 289

Mn & & 0. 400 —0.367 —0. 289 0.087 0. 706" 0.799"* 0.212 0.689"
Cd Mar i 1. 000 0.782" 0.961" " 0.593 0.747" 0.198 0.656* —0.008

pH {4 0.138 0. 409 0.095 0.366 0.561 0.635" 0.372 0. 230

DC2 AL = 0. 959 0.738" 0.922%~ 0. 540 0. 835 0. 334 0. 601 0. 111
Fe, 05 & & 0.403 0. 060 0.422 —0.169 —0.029 —0.341 —0.087 —0.040
Mn & & —0.154 —0. 340 —0.130 —0.387 —0.529 —0.525 —0.256 —0.054

Cd B 1. 000 0.822*~ 0.790" * 0.924" " 0.853 —0.076 0.026 0.448
pH {H —0.908"* | —0.932** | —0.922”* | —0.944** | —0.820" " 0.453 —0.021 —0.615

DC3 AU &R 0.055 0. 389 0.332 0.163 0. 407 —0. 440 0.099 0.184
Fe, 03 & & 0.514 0.032 0.070 0. 230 0.119 0.576 0.234 0.170

Mn & & 0.544 0.067 0.129 0. 269 0. 320 0.683" 0.118 0.241

e x FIRAE 0. 05 KRR FFMIL; » x FIRTLE 0. 01 KPR T BEFAME.
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Fig. 6 Correlation Relationship Between Fe-Mn Binding Cd

Content and Bioavailability Coefficient in Three Soil Profiles
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Table S Pearson Correlation Coefficients Between Total Cd Contents, Physicochemical Properties, Bioavailability
Coefficient and Migration Capacity Coefficient of Soil
" |G DC1 1 DC2 #il T DC3
AR R BRI RS | RE| BRI AL |EYATRAERE| IR RK

Cd B 0.292 0.302 0.659" 0.702" 0.654" 0.628

pH {H —0.956" " —0.932** . 047 —0.562 —0.863" " —0.841* "
AL 0.981*~ 0.976" * 0.473 0.528 0.367 0.382
Fe, O3 5t —0.079 —0.068 0.790" * —0.078 —0.090

Mn & # —0.506 —0.485 0. 444 0.471 —0.074 —0.082

T x RIRTE 0. 05 K- (RUB) FRFEAK; * x RIRTE 0. 01 KRB FREMK,

) T e Cd 2 i By SR T 2R A At BRI .
XYL 48 Cd F i as B ar A 52 20T Al 7%
S, R E S EAN G B AEY R AT Cd Z
2N LT s 5w

(2) 138 Cd 75 %) 1 9 1] 43 A7 b 2RI 3R 2
X e LR ECO R E U E R T 20 KA AR
T B AR (i pH E AT P & 5D 152
M 1 s 3 32 22807 Ml R AR 1 3 i R

(3) 5 7 Vs b o v 5 50 X B3 Cd AR A &K
PER EZEREA pH H.Cd B &5 A PR S R
BA A R, BT R Cd B 50 LIE 3
WYV C LASE . 4 pH (E A BLT S & Rk 4E b
WERHZETARMBE R MA S R EEYA
RSB 5 [ E A G, R, X2 T
LTS sh & X, 3 Cd I5 3 XU Bl #5 0]
PL3E 2o R AR+ 38 pH {H L B 1k + 3G HLBT . Fe 1 Mn
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