OBk 5 H OB
34 EARTH AND ENVIRONMENT

20254F 4553 % 45 1)
Vol. 53.No. 1,2025

AR REE X5y UiEsIXKEH T ESE
WA MEHEREM T REHAR

oY, WEEY, R, BFE, =

12
7,

FRERE?, !, x| A !

(1. W ERA G Bk 2E AT I IS L BR L2 R R S S0 s, S fH 5500815 2. shEBlABE R, dbat 100049;
3. KT WIRSHEARE, i 430100)

W OE: AEEAAAEEREGT VA RN R LR RE R, MARKRERNEEL NS 2R8A, BT R &RES
FREHLEEH TN AL D AFRRET RMNEH TR Xy Y E s KA LR AN EGE RENSTHEDA
BHENAAPRHEREEWER., EREXVN  MAGEERLEREEMABLE TN, WA LEHRK LEREEMEEH o
k. SEAMYECIFTRRSEARARLETEHNTERFNS, T L FEHRLETRBSRERAAHMEEZX £
S B AN RASEER(13.6%)E THREEEX LE(7.76%) s E F K2R & a8 % 2R AR 5 %
AUHERERH MT LFH R LEROAENEREETEZ KRR, FRSFEH TESSRRE LR EDH AR
xS 5% A Ry R R (X T B e AR A B R e 0T 5 AR B

XKW FHHER PR ELE,RENA;THEE
RESHES: X142; X53

H(Cd) R—F R p A B R, ARG R
5 1] S BUR R EOR U | 7 R R
s RKIWICASE TR AT eI B A ML) a5
15 Y R T T A PR R — AR E20144F (&E 4
s JOlR U AR AR ) 1 R HERE AR C A B BT R
7.0%, JEFTA AR 2 . Hor, fE H T HECARy B 4
SRS CAB KRR LI 53 ZApR 7 Il
o Fr W U DX B A TR L SRR AR I - Cd
5 YU, B CAR TR 5 Al Pt et

3 i Cd B T B TR R B
T2k IR PG R WE TR M X, — 7 TG, S X R R £ S
) R 2 2k R P 5 KA 2o R B U AR B AR
FIE) ST R O B AR R TR T R
B CAH TS 5 X 1 53—y T, i X Ak TR FE B A TR
BURIEIH 5K, 4@ 7= e Ui 2 57 , K I e ot B 1
WIFFR AR5 N st 2 S B0% X 3 b ed i
G TEFEPE L R, PR T X T C Y

WFEBHA: 2024-03-11; BEIBHA: 2024-06-17

XERARIREG: A XEHS: 1672-9250(2025)01-0034-10

DOI: 10.3724/EE.1672-9250.24.52.047

YeBF 257 31712 S0, B ALE AR X SR I L B
AEPEAE S AL RAFTE S ARAE AR 75 PR EE UG T4 45 7
PR T 255" | s e Tl e 5 S Xl A
T YLK [ 2 38, i, WenZe BRI CARI B Z 4
AR XTSRRI X+ HECARY AR IR AT T T ; B 1)
AT T PGV X KRR R S CA AR A
BIFFR T RS E S RUSITN ; Wen 5 B35 17175
BRIRES 7 X 3 CAI SR B AIRAEI S , I 3P4 7 R [l
T HECAR AT BE L (ARG TR MR U5
5B TE SR E S AR ST AT AE B %
S22 Al e G EORAE LR BN SRR (et
TSI R0 ) S R [R] (8 A L | AT 22 341
AR TR 995 2 5 A LA FUR 8 KUK o AF HE T A2 Y -
S ST M X ()RR T 9P Cd i) A A A
T35 e B PR S350 - HEC i i 22 S et K RS R 1 7
TERE R — o Y24 B0 P 5 W 307450 X AR T e PR 4 725
CARE M 3 RGBT A e =, BRI T X A8 1 4

EEWA: HEAMRPREIEGTH (42373065 ,42330712) ; HERA B AR QB 22 (2021399) o
FE—EEEN: E %(1999—), 20, i A, R EBS T 0 13 E AR5 Y, email: wangying@mail.gyig.ac.cn

HEEIEE : XEE(1986—), 5 Wit RITFSE 5t BP9 0 L 3ERREE bR 1L

email: liuyizhang@mail.gyig.ac.cn.

© Editorial office of Earth and Environment. This is an open access article under the CC BY-NC-ND license.


emailto:wangying@mail.gyig.ac.cn
https://doi.org/10.3724/EE.1672-9250.24.52.047
emailto:wangying@mail.gyig.ac.cn

513 AR VORGSO R S DX S M Bl DR [ S 1 B A3 AR S AR A B Y 35

AR TS AL B TR AR A

PRI 0] G g 8 S0 A DX 92 A A ) R 5
ARV, AT PRI T ph i 1 S5 A A B3 g
B PN [ SR U e C e FH LS T O BIF T 4 T
oA e Cd 5 i WA S AR WA Rk il A
HCRHIE , R T AN [ B IA w8 CA AR H - HECA R A% o 4k
P B A . B FER AR AN R IR CA Y5
LB, Jhy e s DX R T S Cdis YL AT A0 1 3 1t
(eSS

1 MESITE
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ST XA T 5% M 48 P 35 1 20 o) i o v 75 ¢ X (25°
39'57"N,106°4126"E) FIER 15 MV 1 8l X (26°13'35"N,
107°40'5"E ) , ixX 4 Il 3= 22 1 8 5 A ki h 7, 3k
V] VY i LR e SRR X Je S R 2 XU A IR
JEL20 °C, FFHIFERRZN1 300 mm, AT £
W, % ) R e Y 5 X EC A & B 8.59 me/kg,
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122 SRBE K R AT R RS T, 32 R K SR
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40~55 .55~70,70~80 cm Z v FUFE S AL 14 b3 B X
+ 5T 4% 5 ADYSP1 DYSP2, HA DY SP 1l iz 7 1%
B DYSP20 FDYSP1 R, ZEDYSP 1R H0~20 .
20~30.,30~50 ,50~80 co)Z v (AL FE414F DY SP2R4E
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REHLIEH£E kg2 Ae e fidsh . HIEERA=E
W H SRR, 132 mm)e e i L BRaRA AR & | FEAF
J#5:£0.15 mm ,0.074 mm/J& i .
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W2 SRR P A A SR FH R SR T I i 3
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AL IR A -k R XS 4986815 (ARL
Perform’X 4200, Thermo Fisher )l & + 3 3= B Ak~ 2H i
(f245Si0, ,Al,05 . Fe,05 . MgO, CaO Na,0 . K,0 MnO
P,05 . TiO,) , FEALFE i B B 2 A BRUEY) 5 S 5% AT
HEF 32T 4 H Sh I #4Y (Auto-Digiblock S60 UP )2
FHHNO;—HF-HCIO IR A5 & /5 L F A, T i o 42 ) R
LR 5 25 B TR B { (ICP-MS |, Agilent7700x,
USA)IECASFH 4 Jm & i . THMAAE MBS A
10% V47 HE FbR HEAE 5l AT T8 45 1, 1 00 HEAE 5
(GBWO074052a) Cd) RIS % 4182.5% .

FHECAM IR AR TE 75 % F Tessieris 20 4047, 45
(1) I Ae e 3s  FREL.00 g+ 34 &, iILA8 mL 1 mol/L
MgCly-6H,0, 4R 1 h; (2)BRFREREE A4 kAW
HIA8 mL 1 mol/L NaAc(pH=5), % iR%%8 h; (3) 84
EE R IIA20 mL 0.04 mol/LER FREL I Y
25%MEMRIIR , (96+3) CHEH4 h, [HIWTHRY; ; (4) FHLES
A7 FRAY A3 mL 0.02 mol/L HNO; %5 mL 30%
H,0,(pH=2) , IR AWM (85+2) CA-HF2 h, inuh
IR LK, FEAAS mL H,0,, T pHZE2 , Ak ZE{5R3
h, A H5 A5 mL 3.2 mol/L NH,Ac, 1120% HNO,#
BEZE20 mL, 7-9%3%0.5 h; LB HEHOR 283 00 8 I 2
X550 mL, R A 8 R TR BT (PinAA-
cle 900Z , PerkinElmer, USA )N E Cd & & ; fiea lad AL
AT AR ZE AR RS TP Cd & i .

T BECAM AW RS RIS E Kb e LR
A RS BRI I R ) (GB/T 23739—
2009) 2 HEATHRI, BRELS.00 g 1 HERE S, IA25 mLiE
B30 (0.005 mol/L DTPA—0.01 mol/L CaCl,—0.1 mol/L
TEA) TEE FIR2 h, REUR L B0 U8 5 R FHAAS
MECdy 7.
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0.46 mg/kg, ALOyK13.4% %t T-WI5EIX B4 F0 135
HERb 22 A 22 5, e 02 C A5 8 4 1Y) /o L o 75
S MR Lo TR A R S A R X RS AR
PAEF=104 %143 5L B , BIEF<103& B ol (R i A M 75
B EF>102052 3 B 2E N 15 J45m AR50
142 Hdlaoandr

ARWFFE K FHExcel (Microsoft Office 2010) #ff-4b

FRIF A K , R FHOrigin 14 58 iU R 23 1, R HISPSS
(23.0) B A 52 1 PearsonH JEPE 24T

2 AR5
2.1 TIEIEEEMBRLFEAR

5T X 40 T2 bR AL 22 2 T 1. TR
HIRHRT  DFFE X I 0 B AR 20 %k s AR
Si0,(44.8%~77% , F¥IE 460.2%) .Al,05(9.36%~25.9%,
SEHIE H15.9% ) FFe,05(5.07%~9.45% , SF I (H N
7.10%) , Hfth#% 5 oc R & i (A BEAMR 2%, iF
FEIX T IETT R IR A S SN 3R )2 1 {E A%
P IR X - S A M BR A 2 A A 22 5,
i R S IX 3 1 HP CaO \ MnOFIP,05 85 2 15 T4
M 2y DX - S I 5 BER: Rl DXl sl e, oAk
FIOURAMIH 225, IDYSP2HMgO & # T
DYSP1. MICERIGNm /3 AR | BT 7 5o X+
STE TP ALOS B fE Bl - R YRR BT Al X
T T ALO LA AR AR S a3 HAth = e R
-3 T I (Y B TR AR A 3

W5 X A3 5 T p HAE 22 463 [ 4 6.98~8.20, 2 1
PEZ S0P, S5 X DURR R £k 5 oy 3 i) Hb 5t 75 S A
AT AR, 0L T 3 X 4 e pHIT R N R, Al hE
GHIETE K R T % ph R PR 1L R K pHA 5612230
TIEAHLT (SOM) & it (AL 24 7.53~52.6 g/kg,
T T X - ESOMAE B A Mg & T Mk 16 3 X £
., AMMHE 7 (ECEC) WA by F R
2.38~40.3 cmol(+)/kg. T B ALE (Fey) & it h
3.47%~9.19%, Fe i~F- 315 L 481.7% , i +- 1 1Fe
FEUIN S AR e AT . AR 3 A FRAE Ty
AT, SOMAE (A -+ 18 R 2 1 I ini FEAIG , 362 SOMi v g
S HHETE 31 X BRDYSP241 , BHE 2 - HEpHIG
TR 2 T Al 2 0 ) T TR AR AR A N
ol .

22 HEIEESEN LT

TR CA S 1 5 5 5 A 40 AT RRIE an LT
N T A X L AEC S 5 6.30~15.8 mg/kg, T
{E49.25 mg/kg, 5 AT ATEZ X 3 00 6 2 45 50— 31
FLIG B X A ECd & 2 0.29~25.6 mg/kg, FIHIMH N
9.89 mg/kg. WLIEBNIXFRIE FIECAE & W 3E = T Hy
JE X o BIFSE X A Cd & ek v T 3R 0 Cd
FIFRIE 5 51 (0.66 mg/kg) Pt i T A BRIR £ X
5, AT FE P T IX 14E - 249{#4.94 mg/ke)
Fit -t Jural IR ARER 7 XU AK 198 (CE44180.82 mg/kg) 2
MRAETFRE R A FH Hh 14875 Y KU A b
HEGRTT)) (GB 15618—2018))  B#IH DYSP1IE 22
PERE SR AN A IR A Cd & o 249 8 3ok 36 [ 4 JH
5 Y KU R . WF9E X R CdAY & 4E I T 5
CAfr m ALk — 3, M T Bt 4 222 458, T
Y X S T CA Y EF (R 49.55~20.7 , Bl 1% ) IX.
+IEH I CAREF{H M 0.74~53.7 ., Al UL, M 25 1
S DX - e T T CA Y B AR 32 A RS A B SE )N
JREAE KA TR T fEx - EC iy & 42— ik, (2
S JE Y R 2 7 X S C R AR I N R L, T
WM TE Bl X - ECd I & 4 32 N\ R TR A 52 K
SR R)2

M) o3 A KA Hb BT 1 56 X Cd % B TR
JEMASAL RN LDSP2HI IR )ZE 2 i T L2, i £
HECd & i FEAZ X BT S, s s X+
BECd i B - HER B B Iz Wik A, K2 L HECA T i
#ik25.6 mg/kg, K=& BB, IDYSP 1L EZE -
HECAF AU A0.29 mg/kg. MDY SP2H 1% )Z
H R CAFRE , T RE S R ZE P i Cdm FEBA &
T HL SR TR TE R AR AR RN ) SRR TH], Cd
A BT 14 4347 52 30 R [RTARRAE BV 5 05504 A X
Py N R 2 2 4 | S T C A A AR R
AR g F W - 9 C ke PR I AR =2 — AR 5 e
TG Y Iy S A ) X T 2 R Cd I T IR RS A R

AN TG B X AR Zn P& it i & i T
bR s X (12 o b e 7 5 X R I Zn 5 it
J A 182~352 mg/kg, Pb i FEVIL [ 47.4~74.2 mg/kg; B
AP i 3 X DY SP 1 TH Zn 7% 2 5 [l 2 100~499 mg/kg,
DYSP2| i 1 Zn 5 w1 067~1 775 mg/kg , Pb & &
JEFE R 161~276 mg/kg. HLIESIIX 1 1EZn Py & B
IR BE IR HTRAR , 5 CA ARt A — B
2.3 HEHEEBER ST

et FH 38500 T CA I I AE TR SR E AN EI3 BT /R . 7
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Fig. 1 Cd content and enrichment factor in the paddy soil profiles
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Fig. 2 Distribution of Zn and Pb content in the paddy soil profiles
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Fig. 3 Speciation of Cd in the paddy soil profiles
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Fig. 4 Cd bioavailability in the paddy soil profiles
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b7 18 42.6% , ] 38 AR CARYSF- 34 i HR20.5% 1M
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SR TR (020 A AT (P2 LR R RIS 25 51 0k ) i
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MIGNI T RS AN, 665 Cd R ZMAF T 2R Ak
LR BRI S SENEYEA A E
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TSR AN AN, B b 14 25 St mT RE X E 4 1A AS
FEARE . AT N IR S 0 A5 R AR B o 4 PR
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- T A TS Y KU RS B A G HAE Y
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FFTINA , 9 v ot o Y 4 e P 30 (6 T A R
T4 S i 3 e A 2 A e e E kT )2
HEPOAYIEH PE , Mao 5 01 % BTG Y 13 rh PG I 1
(35% ) FHEG IR 58 (27% ) ; Dm0 % s BRI Ak )
WX RIECAR A A R & T A i S IX I8, A
WFFE R FH % S BURID TPASR B0 X b BR Ak 21
FRAEL AR CAACIEAN [ (1 5 Hir e DX T - A7 40T, 445
R, IR A HIRCARTEPE (W] 384745 5 11.40.8%,
A RAS H HE13.6% ) BT 3 T TR R A Cd (7T 3842
HH20.5% , FRCS G H7.76%) o TR, AR GRS BT A
TEA AT Es AR, 0 I E K A Cd EZ A HL
TR FIBRAT AL W B 1] 5 |, 22 AT S e A AE 07 i
TR C A7 - b 32 2 DLk AR R AR 4 A AR TE

2 PARXLEECISE. CAHDTPARNES HEFT BRI SHAPEXEY

Table 2 Correlation coefficients between total Cd, DTPA extractable Cd and main soil physicochemical parameters in the study area

X 35§, T H pH SOM ECEC Fe, ALO; Fe,05 MgO Ca0 MnO
% 4] cd —0.523 0.562 0.823™ —0.523 0.715" —0.273 0.571 0.516 0.080
(n=9) Cdprpa -0.261 0.752" 0.353 —0.848" -0.200 -0.826" —0.369 0.480 —0.427
5 cd 0.383 0.832° 0.861" 0.735" 0.703 0.614 0.966" 0.964" 0.125
(n=8) Cdprpa 0.340 0.489 0.537 0.552 0.619 0.681 0.534 0.262 0.597

o AE0.0 LK b A OG, 7E0.057K - 3 AH I 5 Cdprpa : CAYDTPASR IR
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(E2) LA BRI, X SR AR SR 45 5 455,

B PRS2 A1, A R A SRR S i Cd A A
BCPEMEER R, DR BEE pHRRR, R m
H, i B /0 LX) o 453 s 1 R T s |, T i i Cd A5
SRR AR A pHIR AR (25 A5 2 i
HUTR R B+ Wy S W B 0 B 40 s 1 e AR e 0 AR
KAEIHI R, M5 75 5 X EHECADTPAfR LR 5
pHEABZF ALK E (r=-0.261), 5SOME B.3& IE
M1 (7=0.752, P<0.05) , S HTIIE L KRB FE 4 L
— 3, T pHM LB/, HEECAR E YA B AT
AR EZ AR, LA, CARDTPAFEUR 5t
BAEALER S B 2 B UG (7=—0.848 ,P<0.01) , A] HE
5 M-S S5 F T RSN CAELAT R i R B A
Bl Re 1A Ko e LIE 3h X+ 35w, BRDYSP1
TRIZ 2RO, o207 3 Cdy HAA B i A A
Rk, MIDYSP1 b2 HHECd &5 AR YA Sovk 2 1 3%
BT RZE, R C A% b IR H A T A Gk
MDY SP2#I T CAfy A= WA wicbE 5 H B it S AR B AR Ab
BONRE S BT CAS T N R A G, AHGHE
AT, B B X - HECdR D TPATR UK S5pH |
SOMAETC i A G , CARIFEMTEPEACARERE T g

SRS 3 X S Cd A WA R AR A
W&,
4 758

1) b B AN Ry S P S 3 R IECA S 4R TE B
BT e X, R I C & i B IR AR AN T AE
WEEIX, CAdF L E T HIERZE  BAAEREPECAInFR)Z
THEER RS HEEAPUT B A R R AR
Wyt M 396 Sl X R - 398 v e K PR C d 5 A 32
&,

2)) HiuJo R T S5 X 0 T rh Cd 322 DU AR SR
W45 G35 (42.6% ) FETE, U W 384645 (20.5% ) o
T M 3% 2l X R A= 38500 1 b Cd 32 22 DL vl e e 3
(40.8% ) FAAE , U AR FAY 45 675 (29.5%) , iX R
B, 39t IR C AR TR MR TR L K o

3B IE B XA H - HECA A A WA w5k (13.6%)
T T T X 4 (7.76% ) ; MU R S R X - 4ECd
PR AE A A0 T2 A2 AT ML R s Ak AR s i)
TCH YN A AR 3 B I B X - HEC I AR WA AL
PEEEZCORIEN M, TEPEACA T2 ER il 33
)2 HHECAy A A BT

2 % X W
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Cadmium Distribution and Bioavailability in Paddy Soil Profiles from Regions
Impacted by High Geochemical Background and Mining Activities,
Southwestern China

WANG Ying'?, LIU Yizhang"*, ZHANG Yongxiang®, LI Yuyang', JING Jing"?,
ZHOU Wangwang'?, NING Zengping', LIU Chengshuai'
(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry Chinese Academy of Sciences, Guiyang 550081, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. College of Resources and Environment, Changjiang University, Wuhan 430100, China)

Abstract: Paddy soils in the high geochemical background and mining activity areas of Southwest China generally exhibit cadmium (Cd)
enrichment, with significant differences in the activity and risk of Cd from different sources. However, comparative studies on paddy soil
profiles with high Cd content from different origins are scarce. This study compared the vertical distribution and main influencing factors of
Cd content, chemical forms, and bioavailability in paddy soil profiles from high geochemical background and mining activity areas in
southern Guizhou. The results show that Cd content in high geochemical background soils changed little with depth, while in mining
activity areas, Cd content decreased with increasing depth. In the study area, Cd primarily occurred in the forms bound to iron and
manganese oxides and in exchangeable forms. The proportion of exchangeable Cd in mining activity area soils was about twice that in high
geochemical background soils, and the proportion of bioavailable Cd (13.6%) is higher than in high geochemical background soils (7.76%).
The bioavailability of Cd in high geochemical background soils is influenced by factors such as soil organic matter and free iron oxides,
whereas in mining activity areas, the source of Cd mainly affects its bioavailability. The downward migration of active Cd increased the
bioavailability of Cd in deeper soils. These findings provide a basis for pollution control of high-Cd paddy soils of different origins in karst
areas.

Keywords: karst regions; soil pollution; heavy metal; speciation; migration and enrichment



