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Abstract: [Objective] Soil components serve as the material basis determining soil properties and heavy metal behaviors.
However, the effects and mechanisms of different soil components on cadmium (Cd) adsorption performance, speciation, and
bioavailability in purple soil remains elusive. [Methods] This study employed selective removal and exogenous addition

methods, combined with adsorption-desorption experiments, sequential chemical extraction, and pot bioassays, to investigate
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the effects of core components of OM (humic acid, HA and fulvic acid, FA), iron oxides, and manganese oxides on Cd
adsorption performance, speciation, and bioavailability in purple soil. [Results] The results showed that there were
significant differences in the effects of the various components of purple soil on soil properties: the removal of organic matter
(ROM) and iron oxides (RFe) significantly increased soil pH and specific surface area (SSA), while the removal of manganese
oxides (RMn) had the opposite effect; the removal of each component significantly reduced soil cation exchange capacity
(CEC), charge quantity (SCN), and density (co), with the effects of RFe and RMn being the greatest; the addition of exogenous
components had a significantly weaker effect on soil properties than component removal, and only the addition of organic
matter-containing components (AHA and AFA) could increase soil pH and CEC, but significantly reduce SSA; the addition of
manganese oxides (AMn) significantly increased SSA. The changes in soil components and properties regulated the
environmental behaviors of Cd: ROM and RFe significantly enhanced the adsorption capacity and strength of soil Cd, while
RMn had no significant effect; in the component addition treatments, only AHA and AMn could enhance the Cd adsorption
capacity by soils. The availability of Cd (Avail-Cd) in purple soil was constrained by its occurrence form and had no significant
correlation with adsorption capacity; among the various forms of Cd in the soil, only exchangeable Cd (EX-Cd) positively
contributed to Avail-Cd, while carbonate-bound (CA-Cd), organic-bound (OM-Cd), and iron-manganese-bound (FeMn-Cd) all
showed negative contributions. ROM and RFe, as well as AHA, promoted the transformation of EX-Cd to above less labile
forms, thereby reducing soil Avail-Cd contents by 39.30% to 96.80%; while RMn, RFe-Mn, and AFA treatments acted the
opposite, significantly increasing Avail-Cd contents by 2.38 times to 2.91 times. [ Conclusion] The pot experiment confirmed
that the accumulation of Cd in pakchoi (Brassica chinensis L.) is mainly regulated by the availability of soil Cd. Changes in
soil components altered the biological availability of Cd mainly by adjusting soil pH, CEC, OM, SSA and thereby the
distribution of Cd forms in soils. This study clarifies the regulatory effects and mechanisms of soil key components on Cd
bioactivity, providing a theoretical bases for soil pollution remediation and management.

Key words: Adsorption; Cadmium; Availability; Organic matter; Iron and manganese oxides
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BB PR T WRRRE S S ESEEY, Wi R E e Esh, Tl (et £ %
JEAED R SRR A, RO e g R A AR RER . R, W T ESEEE
FHRLEHFBMNX, TIRHE AN KX E e R A BT MR v R 2k, (HIES
X 3 BGE PEA  R A AR Cd AT AR RN S5 WL sk Z IR AN HIIAIREE, O
e, AHIE T AVE B L X T2 o0 A B o TRRACHKI P AR G a0t R, SR 3Ly ik B L BRVE A A
WAINEE TR, S 2 A vE A oy e, BEEE Cd W -AEoas . BN TR G0le
AGARAEDRGS, TR PR E 20 IEH > HAL FA RUERER A R A AR X 40t Cd
WEFPERE . TR DA R RS20, A 2 e KA AR D BRI R DOk, JEos
KPR Cd VAR AR SR, DR+ BRI & Cd 5 2 R I HRA R

1 MR J5k

1.1 ik # Rt

kR AL, RAERTILRX (29°49'9"N, 106°24'42"E), KFf k& &N
233 mo KA 0~20 cm TIEREZRERE, EHBEA . MWRESRE, TIEXMNEARTE
WEEE, i 2 mm . HIEMAEERVERLR 1. MRER (HHAETE AT 13585 Je )%
B GRIT)) (GB 15618—2018), iZ3E Cd & &K TFue STk, SEEKWH3E Cdis
PAEBATT . BAERA NS BT R, WESEHFEAFAERNL, HIRATERS, #E8 b
B, IR, Rt S DU R R 32, SRR L — S AR o B
BRI, WEAEIE RN 12 098 mgkg!, WEAREMYIS BN 637 mgkg!, HEBAL
Y& s 75.5 mgkg!, HEEAMYIEEN 451 mgkg!, LAY S EN 610 mgkg!, T
E AN & 5y 588 mg-kg!.

HA WSE AT = AEMRHEARAR, RKIET A=), REEmIR, 4R 60%,
pH N 8.5; FAWEH B E WL THIRA R, HHEMRASAEY). 5 TG, AR
t, 45 90%, pH N 6.3; FHE AMAANAR], WS H B BChi i A AR IR AR, 4R
99.0%; Mgl A ALERIE S H R RIHA R A R AT, 4N 99.9%.

= IR BB F MR
Table 1 Chemical properties of soil tested
+Ekm pH CEC OM AP AK ALN AVCd TCd
Soil type /(emol-kg™") Ngkgh) /(mg-kg") /(mg-kg") [(mg-kg") [(mg-kg") [(mg-kg")
wegn - 6.8 23.0 23.8 0.70 218.0 90.6 0.086 0.11

FE: CEC, PHEST3CHeE: OM, HHLA: AP, B3k AK, A4 ALN, BEE: AVCd, HAE Cd; TCd, £ Cdo
Note: CEC, Cation exchange capacity; OM, Organic matter; AP, Available phosphorus; AK, Available potassium; ALN, Alkaline hydrolyzable
nitrogen; AVCd, Avail-Cd; TCd, Total Cd. DPurple soil.

1.2 R 55E

1.2.1 AR b2 e S & IR Oy ZeB: IR S i M L BRIE R AT R e 4L A X I
PEBT R 8 73, AR S ESCER[224E 2 073, ettt £ R LA AL (OMD. 4%y,
BRENER s P . EBRANLREY: RAAIRIL N 7%NaClo, L&y 1: 5, 80 C
AKnE 1 h, B, EEUEPER=K, HHFERE LS KR = ZRmER. %
Ji 0.1 mol-L"' NH:OH-HCI, it 1: 10, % 1 hj5 80, ERLUESE=0 RS
BRERY: R BRI -FT IR TR - E KR L (RIFR DCB X)), FRELEAE 15¢g, BT 2000
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mL KB T, I 0.3 mol- L #7 B 24H 300 mL, 1 mol-L BREEZESN 75 mL, /KN 80 °C, H
HAVMEARE RSN 7.5 g HARWIEE, 4ERF 20 min 5510, Bl BiER, EE =0 &
PREER AR 5 BRDIR, SR DCB VELBRIEEEEMY), F RS FKIE =K, FRA
0.1 mol- L' NH,OH-HCl LB, HEE KRGS =K ERAVUR. mEyR. i Lk
B, eBBRAENR, BRBREEAY, SIRERTERE, YWHEBETOKEE 3 K. ERE—HS)E,
PR 25 B F K el R i =R, DURETH R0 E S i52m . BL R (Removal) Fon %BR
R ey, WA EIEA PR RSN ROM, M AR LR E4EE AN 2R N RFe-Mn.  [A]R 15
BRI ASIREE (CK), BARAIRINE 2 iR,

TR SR E S A S RIS R R, AR WS SEA . AT R ARy
A 3.57 g'kgts 1996 mg-kg! M1 336 mgkg!, HoAPEIEERAE 3N 85.0%. 83.5%M1 73.5%; 4y
FRE RS R L Sl e 2Bk, MEEBRE D NN WA GREFAREEL Sy, Bk, RE&HS I
RIEa LR, FlREENY) EBRERAR, (HIFRAETIIAGE S BORH B4 53 % 338 14 57 #2me 1) oTik -

AR A3 (R AR : 453 22 IR AT AT AN [R) 2H 40 75 R 4 39 1 RN B 4 SR AR AT N R AR
HANIEL 3 IR N2 75 B8 AR A RO B ZH 43 ARACL AR B AN B . SAath, AR5 1 B /MR 0 TR Ak 3
MERRSEINEE AR, HEHRTR S Ao %t Cd HIEREAT N, BT HIEANUR S B
BRSO R R3S RN 5, ARSI A 2y ME LR RE RIS br R se 4 — 30, DRk, AHEFida iR
HHEFE 1% (10 gkg") FIELBI BE IR (HA) ME B iR (FA); L e+ hga iy E
BONEHIE AR, o, MRS AN AR S A R B R, DR IR BV E N B E AR
IR T 1% EAR I (BL Fe ozl LE LAY R ELAER AN A, Hig
PEm, SEREEMK, DHAERNEREMARRE, BB E 0.1%M AR (B Mn JTER
e RAEEARRA S Z BRI EAER, SH5ERFEUM, &E T 5 —H 00N 2 455 [F iR
ibEE, PL A (Addition) FRERMFEEH S, BAGHEAWNE 2 Fin. BT, SHSR
G 5H3EFR RS, TS KEN 200 gkg!, FEMRE, T 25 DIEERH 30 dJ5, KR
KT, R PRI 2 mm bRUETT, 8 BN RIS IR IAL B L7, D& S 8= R IR AN
BRI H .

2 TR TR K E 3T R YmAS

Table 2 Different processing groups and their corresponding codes

S -
&iiﬁ%ﬁt;l;rereatment NI/ 2 BRI 5 98 0 X 4t Add/remove substances and add amount and ttreatment code
o
i ;gﬁﬂfn‘“gle 10 g'kg'HA (AHA); 10 g'kg'FA(AFA); 10 g-kg' £HH7(AFe); 1 g-kg''MnO, (AMn)
10 g'kg'HA+1 g'kg! MnO, (AHA-Mn); 10 g-kg'HA+10 g-kg' £14kH" (AHA-Fe)
VRA NI Mixed 10 g-kg'FA+1 g-kg! MnO, (AFA-Mn); 10 g-kg'FA+10 g-kg! £ %1 (AFA-Fe); 10 g-kg ! 4k +1 g-kg!
additions MnO; (AFe-Mn);
10 g'kg'HA+10 g-kg'Fe+1 g-kg'Mn (AHA-Fe-Mn); 10 g-kg'FA+10 g-kg'Fe+1 g-kg'Mn (AFA-Fe-Mn)

% & & 3 Removal LA (ROM): ZBREEMY (RFe); HBRFAMY (RMn);
treatments LBREL. FREMY) (RFe-Mn); LBREHURAERAMLY) (ROM-Mn)

1.2.2 AN[FEZH A BE LIRS Cd TR RE SRR RS FREL IR AN A L 358 20 73 Ah 3 it 2%
1.000 g T 50 mL 2RI 0 1, L 0.01 mol-L! NaNOs IS WA N e i i, 1% /K& L 1:20 hn
AR FE ) CACL VA0 10+ 204 50, 80 100. 150mg-L"), T 0.02 mol-L' HNOs ¥k % pH
WA 4.0, e E TERREIR Y, 7825 CHAFFLL 220 rmin &% 24 h, BEJ5T 4 000 r'min 'B§
O 10min, B EJERIGE CAKREE, i LB AT S B Cd MR TR &, B4
HEE 3 K.

fEE RS S8 R MRS S, EEIAE CdIKFEN 50 mg L1 L IeAE S db AT i S, 18 251
B ~F 1l 5 (0 B3, IIN 10 mL 2 B FoKERREV e 138K Z, BEJE I 20 mL 0.01 mol-L! NaNO;
TR 57, EA RS0 TR 24 hy, 4 000 r-min B0 10 min. 5% _FER T CAIKEE, 5
Cd R & .
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WPt 1% FRER IR AN [E AL PR 3R 0% 1.000 g T 50 mL 2RI, BL0.01 mol-L!
NaNO; EBAE N HF i, % t/KmREL 1. 20 A CACL A, [E5E Cd IR E AN 50 mg-L-
L EREPR R DU 220 r-min fHIR 25 CHr¥%, EARIN RO, 1. 5. 10, 15, 30, 60, 120. 360
min) BT, FEIE IR Cd RIE, tHEAFER N E, AR 3 AT, R RE)
J12E TR R AT I G
1.2.3 AR CAIERFA S AN RAZEARFRAEE, K NE Cd fEAR
H oy i3 IR RS A AR . FREATIRFE & % 100.00 g, BEA 500 mL BEEHEMH, A
HrnA CdCL &, ZH GB 15618—2018 KM E HIE, WE TIEINE Cd BInENR 2
mg-kg!, TR, RIS KE N 200 gkg!, TEBEEAME FRIIR 60d, & Cd LI
e T PR3, BAMRZERETE 1. 7. 154 30, 45. 60 d FEATHURE, KM 0.1 mol-L! CaCly VAR 112
R A A Cd H s PR (3538 60 d J5) MlEH CdRMAFEE. pH. CEC
K sgdib g S8, Hrh Cd B2 907 1 Tissier SR BUEBHTINE, ¥ HIEREF T Cd 2l
AT A (EX-CA). KRB ED (CA-CDH. BEAMDNLEEE (FeMn-Cd). AL EE (OM-
Cd) MFEZR (RE-Cd) TifE&sR), Frfg LR SR RE 3 AT,

1.2.4 AR AAEwRR T, BRI S LRI EENE, (R E AME N 140 4 b
H, RS RN AT (CKD, B—d 7 n4l (AHA, AFA, AFe, AMn) FIZ 4%
AW (AHA-Fe, AHA-Mn, AFA-Fe, AFA-Mn, AFe-Mn, AHA-Fe-Mn, AFA-Fe-Mn), ff
A IS F TR 7RI IN 2 mg kg ANIE Cd H-24k 60d, [FIRT#EARM Cd MR (YD), 3t
TH 13N, BAbHEEE =R HEHAEYIA/ N B3R (Brassica campestris L.), R E R T SR 55
SR FNEE I “KILHS” PRSEMM, Mrla ERTIR XSS EE. ZftEgaEEt 1.0
kg, FF44ME 150-120-180 mg-kg ' FIN: P,0s: KO Lbfljiti NJEAE, JEAES: 1 ANH4)2S04. KH2PO4-
KoSO4 MITE AN o« PR¥F IR E /KRN HEFKER 60%, THERMARML—EG, BFssee
£ FRHERER, SRR S RA B A, Bl A AU IR Ak e A A R R Oy —
R, HiFR 45 dJE o B A RGN B, FHE B TKBES, JEAETRIAK S, T 105 TR
H 0.5h, FIFE 75 DA T 10 h BIEE. WE/ B0 EAER ES. # T E Cd R

=,
1.3 3B HTNE 7 3E
4% pH. HAHLFE. CEC. % B MEIEAMHE LA ZESH RN e SR+ B (Rt

SEHTY (E8 3 RO B9, Horh pH SR pH tHE ;s HEA HUSCR H B RR A —IMn#vEll € ;. CEC ¥
M QIR B A T i B R R I e T8 DCB 2 BUERS, T TR 128 & A 84
AN E T7 3803 S R R e SR B R AR B IR AR B 1200

ANTEV 2 43 AL FE A3 RE S A AL 2 E LS EOR A Li SR 0 R T P B A e ik s, G
IR ML (po) RIMHEMHE (00) RIMHIHME (B HRMA (SSA) I T HL i 4=

(SCN) 5 AMEbR, HIFEANXE Li FP45E H—2.

/INESEH Cd B 2 e SR AR - v AR T RS, FREL 0.300 g HEIRE M, I\ 3 mL i
1% K 1 mL SR AT, EAE 25 mL I g, BT 4 C &I RS .

W B i a5 ) Cd S BORER FH KA R TR G BEVE (TAS-900, Jbnitrsr) Wilse: 1%
B ARG A RES Cdy Cd TEASTRIGH BA L /N E SR Cd W AR F A S 07 IR IR SO A (B
A 6880, HA)ME .,
1.4 FHRALTE

AN L3520 43 AL BT Cd B S50 W B R B 2 527 43 31 SR FH BA 22K (Langmuir) 55 35 W B 777 R AR
ZREN 1T AT .

Langmuir 58 TR B EW M, HU T AR R:
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A, g NPT B4 B IR E, mgkeg!s Co NTVHARTESBIWRE, mgLl'; gn AL
BN E S B RN, mgkg!:s KL NWE, Lkg!l.

WE 250 1% B T 4R 36 Cd AL 22 W B i 7

t t 1

w e 2
A, ko AR R HG g N IR ¢ 205 Cd I &, mg-kg's ¢ NPT ], min.

A, BHRFES St 9814 B B Excel 2022 5 SPSS 21.0 #{4hi#4T. RHBKE T2
T (ANOVA) 455 X5 H (Duncan) % 5 LWL 4 BT 2% Ab BR8] ) 22 5(P<0.05), AH <K 3R £ A
Origin 2021 341

de

2 2R 50HE

2.1 NELE S AIRXT TR RS20

EBRECAN N3 oy B R L, o, 3% pH. CEC K HLEMRESS E4E 1%
WEAT AR ZEY). mE lav] i, S5RECEH D1 CKAE, 4oy LB+, ROM. RFe Zb#Af 1
3 pH 2 A T 4.00 3.4 AL, 1 RMn JUAE 358 pH SR T 2.0 ANfr, ZAEEML
YN £ (RFe-Mn) 1# pH 3 — %MK, {H ROM-Mn 4P 13 pH 53R LR E 257 403
M, FTERIN T AN S HA B FA (FACEE B R4 T+ T 3% pH, 1] AFe 71 AMn b3 % 13 pH
M FEA R . IR INEZ:br LA N B pH FHm, X Re SHAMURES INAN 2 BRad #ExT +
1 pH B2 HLHI 22 7 A % ROM /] Reidl/ D AL 73 R COME WL, ik 45855 Eh LBy 1
B RN AT FRARRR G2t ee 70, AT 22X pH s W AMEA N HA A FA AN KA L,
AR A IR E e /), RN AR RS BTG R B ATV RE R 1Y, RN BT
B pH bJt. HAMM R B R R O bR, X2 X DU MRS DX e S A K
W, T A LR AR E AR R 4 pH th R IEE R . I 1b AT A, BRI PR
8 Fe. MnA M — KEEH Y, HRERLT 148 CEC, DL RFe fl RMn MWK, RMn
Al RFe-Mn 43 CEC 43 5% CK PR T 35%A1 35.7%. 4k, X S5HHR K Few Mn B4 5
EPH B AR A . (HAL A, AN THURGH IR CEC ¥ &,
AHA-Fe. AFA-Fe 1 AHA-Fe-Mn %% CEC 43713800 7.14%. 14.3%F0 4.3%, HAths—4H 53400
WhEEEL CK AR E . IR R Rk T3R5 AN N 53 76 1) 29 338 1 o A i 1 FH 9
ATEE—E. B, RRTEAD S TR R T IAHEE BN EE R, T MR IR 5 14 5

) ) ELA i JE 1

12
a 2 5| a b) ok <)
i b b [ be 4
de d oty [ def - L
— M fo cfgcf e fg d ¢
\ , _ollb o "€ fg cfact; s« [ 100 d e
gk e 3 ¢ b ™ h "
) fgmt 2 i o K K i
1 = 0 I m !
5 3
=1 %l‘ LJ E
=] k 8 = 60 § n
3 b
4 | prs) 10 7
H @) 40
2 5 "
= 20
O WL L L b L bl bl e bl bl laly 1 L (et 1 1 1 1 L 1 1 1 1 1 L 1 1 1 [l 1 IIASENSIANEREEARE NEE AL 1 L 1 1 L 1 1 1
O A T PSS N 5 A CROPGELO AN AP S2 00 110 200 S5 08 1§ ROl A LGP P aE 0 S, 52 o0 2 308 300
' f g ? it
JLFT Treatment A Treaument 4b#E Treatment

E: CKOMMIRAL, HARSACBRTZ G SOFWAE 2, ARVNG FRERR [F)— R AR A B8] 22 5 2.2 (P<0.05). T [A. Note:
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CK was the control group, for the meanings of the remaining treatment codes, please refer to Table 2; Different lowercase letters indicate
significant statistical differences among different treatments of the same factor (P < 0.05). The same below.
Bl 1 REREBORINA [F) 320 5 % 58 pH (a). FHESF2CH#E® (CEC, b) ALK (SSA, o MM
Fig. 1Effects of removing or adding different soil components on soil pH (a), cation exchange capacity (CEC, b), and specific surface areas
(SSA, ¢)

TIELER A (SSA) FH Ak 2% 1 5 1 42 5 M B8 45 i P A 3] e 5 T 25 T A 1 B B2 g 1 ol IR o
RIEER (B 1c, B 2) R, LBrTiE4Hn+, ROM. RFe 4b#fii 3% SSA # CK 7il¥em T
32.24%. 6.46%, RMn i RFe-Mn AbFH £ S5 SSA & % 41K 9.86% 37.24%: 1i AHA. AFA fll AFe
2= S8+ 3 SSA 73 AL 11.44%. 16.90%F1 38.0%, AMn EIfEMH SSA KIEHE N 23.81%. XA&HT
B BRI A 2 T BRI R AT, B BRIX SR A A SRR 4 B, SSA M, T
HIVERIAE I B A G LRI E R, BRI A 38 2 525 o T 3 LU SR T AL

F AR (B 2) MiE, AFEGE LRI EA (po) SN, ARk 6 7E-
0.08~-0.10V; (HXJRM AT (oo)v HIIRAE (Eo) MEMEHE (SCN) mKiE, Hi o
A B AR m T —5, H #5431 SSA R EZEAMEHK R (R2=0.908 8, R»>=0.915 6).
F B MK S SCN > 4.43%~19.0%, H HER RFe-Mn 4, Y& 35 oo Eo &
9.42%~31.54%, RFe-Mn AbEEH oo FIAKIETE, X HH RN G K. ERINLEF, AFe.
AFA-Fe X oo & B iR THER NS, HIRZHA. FA, 4IRS 00+ Eo 20 5l FEA% 27.0%-
27.2%, HAFWHREWRMNEHT ZF WM AR T AR R 25 1, XA 3500 2250 45
Cd 75 NI B 4@ I IR AT A= A IR % 52

0.0¢ Tcu
20
o, 0.02 g
3 1] <5
4= g -0.04 = =
2 g ¥ g
g
= 5000 £ 31
5-00 ™ s
©u ab a = b 7 b
2
=2
&
=4
‘T;j\ o Y
ER:
> 4 a
: 5 b M 5
w gl
= B O e
= E cf
Xz 4!
23 i =
E 2ol
#® g
2
v
3
=
& olLlLLLLLLLLLLLLL
= D 0O 4D A a0 B o
A &S FHRITFE I
) : ; &S SO
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Fig. 2 Electrochemical parameters of soil treated by removing or adding different components
2.2 R[ETIREA 57 IR Cd R T A RIS

2.2.0 ANFA A A FE Cd ISR B AR R 34 0 AL PR Cd (RS 15 B R AE AT AR K
75 (E3), B ROM Ml RFe BiZHALEEAh, 25 Ab3ExT 358 Cd (1M B B3 S EBEE VUG Cd ¥R
S SR BT TR A BT AT R, X SR S 7T A R0 — B,

KH Langmuir 77 B0 BEHEAEIEATINE, e REL R? 3ITE 85%LL b, 415K 3 Fism. ROM.
RFe S35 3RTF 7 L3 Cd W&, 40548 CK BN T 142%1 60.0%, RMn 4B Cd W &4
WA R E . (HFEN 25T S (RFe-Mn) 2T 380 Cd &> 38.0%. 544> %A
7], AFe fll AMn 8§ AFe-Mn F 4 W 2 fomi 3t Cd W AE /), WIHES CK ZR AR, ik
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Y HA. FA H5r AL FEZH 5 CK I8 TRAE 7.90%~17.7%2 1], H AHA-Mn AbFREG B— AHA b3 Cd
W BN, R EAANEA I IR, A A HLE A B A A T ER T XS Cd R
ReJ1. S LBRACEEAEL, Ao AL EE SR T 40 2 2Bk, IR I YR S L E
JE& R B VEBE SR S, AR 53 (AR I DATR I RIS ZE 3 452 A R 2 e

FFW R ] B 336 Cd W B 2 [ REE : ROM. RFe A1 RMn AbF Cd VR 73 il CK &K
7 50.0%- 57.6%F1 10%, FKIIXLEH 73 iEFR, AU T 330 Cd KA &, mHSEm 7H
W B, G DA MUBT R A M VR FE SR N IR S A R AL 43 (R 2B AR R B IR, AR
RFe-Mn MY BFAE T 1238 Cd RN AR, [FIRHEREE 7 HIRM SR, AR B I T 1.0 %
PLE, XSRS MM EAERA R, FHEERE— 2Rt EAESMAT,
T HA [ACEE, REERT T 8 Cd B PHERE, F At 7 TG 10 B — BRIk W B 5 R R 5
M/ o

1 600 B CK 1400 1400
~ 1400 2 gf-)eM 1200 __’;l 200
- S & r &
51200 ¥ memr 2 1000 &1 000 -
< 1000 ¢ ROM-Mn 2 L =
= = f H CK
5 2 800 (% g 800 * AfcMn
Z 2 800 =2 £s = AlIA-Te
= S = % =X g 600 = g, 600 ®  AHA-Mn
£ 600 ! = 2 ! A AFA-Fe
g E 400 £ 400 " 4 AFA-Mn
Z 400 S 3 <« AHA-Fc-Mn
< ‘ 2 200 < 200 & AFA-Fe-Mn
200 &
0 i L 0 0 " . L.
0 10 20 30 40 50 0 5 10 15 20 25 0 5 10 15 20 25
CAHHT K I% CAF#TiiKIE CaHfiik I
Cadmium equilibrium solution concentration/(mg-L ™) Cadmium equilibrium solution concentration/(mg-L™) Cadmium equilibrium solution concentration/(mg-L™)
Bl 3 AR LI S 52mi R Cd (V2508 T Bl 28 (Langmuir)
Fig. 3 Isothermal adsorption curve of Cd under the influence of different soil components (Langmuir)
= 3 AELIBARXT Cd B9 Langmuir IR MIS 8K IR
Table 3 Langmuir adsorption parameters and desorption rate of Cd by different treatment groups
A3 Treatment capacity, O, Equilibrium constant, R? Desorption quantity Desorption rate
et & K i)
CK 1112 0.452 0.9955 20.13 3.30
ROM 2 688 0.175 0.8529 10.06 1.57
RFe 2119 0.252 09139 8.53 1.27
RMn 1250 0.548 0.999 7 19.39 297
RFe-Mn 676 0.262 0.994 6 34.37 6.43
ROM-Mn 1225 0.680 0.998 8 18.45 2.81
AHA 1289 1.433 0.993 1 11.67 1.74
AFA 1207 0.209 0.984 2 18.5 3.05
AFe 1119 0.548 0.998 2 19.15 3.07
AMn 1152 0.485 0.996 5 18.21 2.93
AFe-Mn 1113 0.478 0.999 3 18.38 1.75
AHA-Fe 1253 1.217 0.967 2 11.75 1.55
AHA-Mn 1309 1.763 0.997 8 10.36 3.13
AFA-Fe 1223 0.226 0.987 5 18.87 2.88
AFA-Mn 1202 0.214 0.993 4 17.41 2.95
AHA-Fe-Mn 1290 1.946 0.997 5 10.76 1.60
AFA-Fe-Mn 1200 0.223 0.995 1 17.58 291
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2.2.2 AN[F IR A FENS Cd W ED Ji2E i SR 2SR AR N Cd W BHAT 2 AR AR
B R M B R B T T, SRR IR SR AT . A 4 PR, IR R AT X A A AN B, B
R I B B BRI 3 BT B B, X 5 AT 7T 45 RS2, FrA AL PRALNT Cd HW BT 47 30
min NPT, BLE, BEE AL A TR, W A A, JFAE 60 min IS F X T
.

7 600 2600
& & 500 500 fgf
e 3 18 Z 400 1w £ 400
£ 8 = 8 = 8 m K
= § = & =8 * AFe-Mn
B E 3300 = 8300
£2%0 m K = 2 = AHA-Fe
2 O ROM £ m (K £ ® AHA-Mn
£:200 A RFe 2200 ® AHA £.200 A AFAFe
g ¥ RMn Z e arA & & AFA-Mn
Z 100] ) % RFe-Mn Z 100 A AFe Z 100 4 AFAFe-Min
4 O ROM-Mn b) ¥ AMn c) & AFA-Fe-Mn
0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 -l L L L L L L 1
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
RJ [A] Time/min BJ [B] Time/min I [A) Time/min

K 4 AR 3R] Cd MR AR R B /0 57 il 25
Fig. 4 Kinetic curve of the effect of different soil components on Cd adsorption
R FHE =20 280 ) 57 R e AR Mt iR Cd MR P2 553 % (0.999 8<R*<1.0), RWAEHEXT Cd [
MR BT AR A AR PR T, AR DO R IR . S B E S8R 4 P, 2, Kl
N HHEARA RN IS8 4551 47 )L, ROM. RFe Al RMn #J 25 =xt Cd (IR,
KefH 8 CK & 1 A5 LA E, {H RFe-Mn ) KpfE A0 25 FRAG, B S AR IR A 2 852k 3
WX EE A AP 138 Cd WA R, thRZ MR B o AL TN I AR R B b X PR B 2 Fe A e
HIRZI, AHA. AFA. AFe BJINRT Cd MIMRHEES, 1 AMn WA REARINLLE T, AFe 5
AHAs (HA F1FA) RV FIFETHIR I H 2, AHA-Fe AbEEXT Cd 1R FH# 25 AHA AFe 73 l#& e T
13.11%M1 152.01%, 10 AMn W&T GG R ERE, U e 2T B St on o 5 T3 Xl o i 7%
EMI—E, ROM. RFe fll AHAs. AFe $Jfiith 1 Cd MW PHERE, XA T-EBRAEINZAL 2>
X AR IS ML 22 5, o> REReRAL T BRI BRI, T2 S I R I A
LI .
R ANELIEATIE Cd WEZ R N FERSH
Table 4 Relevant parameters of the quasi-second-order kinetic model of Cd in different treatment groups

I &

23
AP Treatment Equilibrium adsorption capacity, g. H&W A R?
1 Adsorption constant, K¢
/(mg-kgT)
CK 475.9 1.404 0.999 9
ROM 732.8 3.370 0.999 9
RFe 707.9 2.830 0.999 9
RMn 640.6 3.041 0.999 9
RFe-Mn 376.9 0.573 0.999 4
ROM-Mn 662.7 3.226 0.9999
AHA 669.8 3.872 1.000 0
AFA 540.3 2.194 1.000 0
AFe 583.5 1.738 0.999 9
AMn 571.7 0.888 0.999 8
AFe-Mn 574.9 0.824 0.9999
AHA-Fe 663.4 4.380 1.000 0
AHA-Mn 663.9 3.599 1.000 0
AFA-Fe 465.9 1.641 0.999 8
AFA-Mn 539.8 3.076 1.000 0
AHA-Fe-Mn 666.7 3.275 1.000 0
AFA-Fe-Mn 663.8 3.233 1.000 0
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2.2.3 WHHT RS BRI OCR AR E R34 A FE S Cd W4T N T3 AR 2
&R, X3 cd WitEE (R 3) SEEWRSEEMT T BRI (Pearson) HSMESHT (]
GERRW, 13 Cd WIHES pH. o fil SSA EEFIEMK, M5 oov Eo EEH MM, ATk
SyHTiE7R, ROM. RFe fll RMn ¥ E 4w 1 3% Cd W IR AE /1, X FE IR FiX Ee kb3 i 5] 2 ) 1
% pH A1 SSA FHHr, PLI o0 Fl Eo PR, BRI LEREALEMNY (RFe-Mn) HIMERINIGFHIX, &
| Cd R UREE, X E5HFEM pH B E K. SSA Fl CEC B E /Al oo (IR ZHIN—8, A
R FTARIN T & HA B FA (ROALEE, 3w 7 13 Cd W BNEE /1, (BRI SEHr A BR, 3% Cd W
Bt RE I S A MU FEAEA B RAHCNE, XA RER AN 13 pH. CEC. SSA FlHLAL 5V i ¥ 58
FUgzma fr g3, HHURAUA S &6 FE K E R (WRE:. BmRs), nliEid s 4 sk mme s
BT Cd IR P, s hnek bR R AUS S T 3% pH, 3900 o0 & Eo, RIAAHUR AL
HEZS S Cd %A S5, 0T ReIE I o 3R T A2 PR R AR Cd IR AT v . BT
5, 13 oo IR /INEREMIL B 4315 3 T 8] (R AH B 5| J0 AR R 77, AT S R Bt 4 7E
R WA ERE ST, Kk, AU Cd W DTRRIEAR KRR BB pH.
CEC. SSA FIHLESH BN, SFEUER PALS MR BIEE A, Kkutsunmid
ﬁm%AﬁjszE#ﬁ&,E&ﬂﬁﬁiimgmtﬁ SHARRAEHUTR Cd B KB ST TRk .

1.0
Cd-Q,| cd-0, 087 042 0.57 -0.53 0.45 -0.56
0.80
pll pH 5 1 0.48 051
0.60
oM —_— o
OM ‘ e - 0.40
CEC n ’ CEC [
00 ' -4 @0 0.92 -0.97 -0.69 -0.97 0.0
SSA ’ ; / 095 044 096 - -0.20
-0.40
o0 ‘ ‘ \ \ 060 100
-0.60
SCN SCN 0.60
-0.80
g\ 1 NN\ -
-1.0
Cd-g, pH oM CEC 150
#P<0.05

TE: Cd-On, CdERKWIMIE; &g RN, o0 RIMEFHEZ; SCN, REHBHHE; E, RMHEHME. Note: Cd-
Om, Maximum adsorption capacity of Cd; @, , Surface potential; ¢, Surface charge density; SCN, Surface charge quantity; E,, Surface
electric field intensity.
Bl 5 A[EZH 4> b PE 4358 Cd W P B 5 38 1 0T Y B2 Rk (Pearson) AHZGHE (n=9)

Fig. 5 Pearson correlation analysis of soil Cd adsorption capacity treated with different components and soil properties(n=9)
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23 FRITIRAN T CdMEHRS KBS Cd 2 EZLHIF N

2.3.1 A[EHIEA DA CAd A A RGS Cd GBI AMNE CdiEANT3E, HohtiE
JEARFTR RS, BEE B HENITE S A h i, SEURRESEE, fILHAMME. &t 60d M
Rk, S Cd WIS A S A REWE 6 Ffrax. 1A RMn. RFe-Mn 1 ROM-Mn 425
FOE A Cd & &I CK WE N 2.38 5~2.91 £, Ui 23 TR AL W4 7 BT $8 r Cd W Pt &,
{ER PSR AR, S KA RRVE AN N Cd A &ctEs ROM. RFe il HA Ab3KIEEREKR T A
A CAdE &, MRIEIE 39.30%~96.80%. AFEIALHE+3Ed Cd 43t 60 d bR 555, 59R FEE DL EX-
Cd EARAELE, HEAIE CdTA T MAER 2R . LA 4, ROM M RFe 4H Cd FE#LL CA-
Cd. FeMn-Cd JERAE7E; 1l RMn. RFe-Mn 1 ROM-Mn 20 S8UE M Cd [ &iE 1k Cd #i4k, 35
Pl EX-Cd. RE-Cd JERAEAE. fEH AT, AHA 41 OM-Cd 5 FeMn-Cd & &4 CK 20 Kilg i 1%
BN, AFe. AMn 4bPR[] FeMn-Cd & & A B in; 1 AFA LbEEXT Cd A & &) 7is/EH, EX-
Cd &EWINT 17.79%, OM-Cd. RE-Cd 5 FeMn-Cd & BAHN/> . [FIRRINEER 5% . 8k
YinE, 5 CK UM%, WIne HA FIAE AT Cd B RE-Cd [7] FeMn-Cd. OM-Cd ¥4k, #5% Cd
IR EVE T NS FA FIALEEE) S8 OM-Cd Jik/b, Cd Al EX-Cd ¥4k, #2& 7 Cd iftERs,

-C OM-C FeMn-CANN] CA-Cd” ] EX-Cd d] d/ /]
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Cd, %% Cd. Note: EX-Cd, Exchangeable Cd; CA-Cd, Carbonate-bound Cd; FeMn-Cd, Fe-Mn oxide-bound Cd; OM-Cd, Organic
matter-bound Cd; RE-Cd, Residual Cd.
Kl 6 AR AT AN (60 d) CdIEA. AR Cd AR
Fig. 6 Changes of Cd morphology and available Cd at the end of culture (60 days) treated with different components

2.3.2 BHEARES Cd & B 5N R IR LBV FURN CATESHALRMHRNE  aiprg, +
A R B E W LIV BN Cd AR RS, XA R A IREN T 4% Cd A R
o NP I Cd A RO HIRVE A 7, WA s Cd & 25 9% Ik B IR 1 A7
AT 7 2 70BIH M, RIS R FEWER 5 Fs.

R, LIEANES Cd & 2B . AR N CAd AR L A, H3:
SHTFEHE pH. OM. CEC 1 SSA (F8 5), [RIHGFEIMAFEE ARG E/KF (P<0.001), HH
pH Al CEC iR & R EH . Z56 K 1. K 6: 43 pH [RKK, +3Ed OH. CO> AL EL i B 6
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PRI EE R, BER Cd [ ERE 1B, ALt i B 7 ac e . SR T 48 A A1 YTTE OV S5 056
AR Cd BB AR A+, ROM. RFe &2 7 3 pH, Bn7T SSA, K% CEC [%
i, (B Cd RIEEE AR fHR, S R SEE A AA YR R % (RMn. RFe-Mn Al
ROM-Mn) N33 FEAK T 4% pH 1 CEC & &, SEARE Cd FERE A BmnkbeEd, &
Iy BT b e SR AL RN R, 13 od MERBE A NURUEEA S M ES: & HA 4
gy &b A B I pHL BE0 CEC, MIMAEA 2L Cd BOW R 2 R F%; M7 FA #4408, REHR
— AFA f 138 pH TG, {0 SSA W3R, mASFEAN Cd TEMEE M, MUt
JRIGTELA 2R (HA 5 FA) ST HAEANSI S8R AEEEER.

[Fy, LR R R Cd A RE, BETRE (R 5 MIEREEIAR R EKT
(P<0.05). HrH1, SCN. oo Fl o AT, T Eo NIEFR M. 3 Ab 220 i s 358 i b
&8 & T R RIEERL TR, MR Cd 7R 3R R SR T WA R RRIRAS B J5 S Ak FE A B 2
RAETERS o

AT S Cd MERARAFIER e 7T HAYA B, FE M (K5 BR, ARES CdF
B5 CAAEEMZE, Yo 2BRYEF]93% (P<0.001). Hr, EX-CdXtCdA &M N IE H TTER,
Il CA-Cd. FeMn-Cd. OM-Cd [ ook, 1840 4 o agimid i pH. CEC. SSA 254417 Cd
ANFETEAS AR b, 338 T 4 s BRI Cd A 81k

RSBHCd (Avail-Cd) SHBHRM Cd MEFSEINS TEERTS

Table 5 Multiple linear regression analysis between available Cd (Avail-Cd) and and soil properties and Cd occurrence forms

M T A T, - . . 2 IR TR AR 16
Tnfluencing factors 2 JUZ% M [19 7572 Multiple linear regression equations R Durbin-Watson P
1. AR Avail-Cd=2.627-0.122pH-0.0060M-0.050CEC -0.003SSA 0.852 1.906 <0i00
2. FAk R Avail-Cd=0.396-0.017SCN-+4.28E0-58.64560-32.584¢0 0.513 1.527 0.054
3 AR A Avail-Cd=2.833+1.437EX-Cd-1.958 CA-Cd-1.202FeMn-Cd-1.5300M-Cd 0.930 1.520 <0.00

1

(DBasic properties, @Electro-chemical characteristics, @)Cd fractionation.
2.4 ANELIFA S LB/ DNAFEMER Cd ZERF

KAV RRIE AR T R SO RARE SR, i R N S G g 7E BB, T
VEV) 4 )8 AR R VA 3 8 G B AR A AR DB TR bR o A FUB I 43 B AN [F) L 38 20 43V o Ak 2
TNESEMARRDL K Cd RBUFIE, BRI T &A%t -3 cd B R rsem, il 7 iR, i
W& FA UALFE (AFA. AFA-Fe. AFA-Mn fil AFA-Fe-Mn) ¥R ZHH] 7 /NASEHRER, A8
W CK FFET 72.7%- 52.2%. 69.0%F1 77.4%, T B3 Cd AL R & BN T 111%. 48.2%.
27.9%F1 66.30%, HE-—BAESL FA [IREnss 4% Cd iGth, RfF Cd M @GRk, Mg sniE
Pixt Cd MU AL, LT /N SRR N Bk AN FA RGN E—EF2 R
GfRT Cd WIERE, /ANASAEYE TRIREAR TR FA FRAC, BB S mT 54 H
FA XY Cd G FE, FRAC CARA 2tt, IMSEE 7 Y EGEs; m&A HAH 3 F40H (AHA,
AHA-Fe. AHA-Mn Fl AHA-Fe-Mn) {EHINIS FA MR, {8/ A2 B3 Cd AR R & 20l 40.8%
34.6%-+ 30.0%F1 34.4%, Vi HA K 7 38 Cd ZEE 3k
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FBRACEAE N )3 Cd B RES BIEM R A Cd IRAFESA SO (R 5) —8, RHERLA
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FAb i A S Cd SR R HRAE Cd MZEM A Rk 3% Cd MR 2% 5 1 R/ HE DA e
Cd WA B =K i#*&¢ WIRS 2L RIER A T, DA R LI Cd TR ERE, A
IR RME, HA SESEENZH o MRmHIEE T HA R (GR 3D, Fik, WRAR

ISR “YT”,
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E: PCl, BE—Xsr: PC2, XM B, RIS T ZMRARR AT, R T BRSO E A
DIHRFERE; S-Cd, /NEASEHL F#f Cd #&; R-Cd, /MR RES Cd & &; Avail-Cd, f3#& Cd & . Note: PC1, The first principal
component; PC2, The second principal component; Load refers to the correlation coefficient between original variables and principal
components, which reflects the contribution of each original quantity to a specific principal component; S-Cd, Cd content in the shoot of
pakchoi; R-Cd, Cd content in the underground part of pakchoi; Avail-Cd, Available-Cd content.

Bl 8 /NESE Cd RARES HIBME I N Cd IRAF IS E R

Fig. 8 Relationship between Cd accumulation in pakchoi and soil properties and Cd occurrence forms

345

AT LR At B, JE I R B SR SANEA RN, RGENT T LA PR .
BRAR A ISR o X T35 Cd TR TR AR AR WA R R N S L 2 SRR,
O EEYR . RS YE 1% pH. OM. CEC F1 SSA %558 A1, MM i 2 52
Cd W PR RE S TR Cd AR R4 32 Hodp A I AR TR A H1 201 5 38 Cd R PERE R R AN
%, /ME¥ Cd ZEHRESHIEAMN Cd. EX-Cd 5EERE LM, M5 FeMn-Cd fl OM-Cd % &%
ke, HO AR S ANEA I EEE A Cd HIRI AT NI ML AR 2 T, ™
HRNFEA— 2 e, PIRZL 8 g2 s LUE I ANR 4L 3 AN i 7k #h: ROM Al RFe {i2
BT 3 Cd MARVE AL, RMn A (BAEAMNEA I F, A HA BK T B3 2 cd i
NS Cd RN, SARE IR BoR W BB 2N, T FA mivEfk T 3% cd, 3n T/
3 Cd B, 240 RN, HA F FA Ao REXSEM. RGO REES
Cd 75 4y 5t T 1k -
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