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B E DIRMHE R ECR (humin, HM), §4 B 2R 80 (hematite, o-Fe,0,) FIWAHUR IR EkE 254
(HM-a-Fe,0,) fE B, XT & Al - e b 4% (Cd) TR IF9E . S5 R R, ARGES Cd Wk E 5 pH 2 18 3 7 AH
K (r=-0.729)(0.01<P<0.05), 575 X FRZH (CK) A FRXSF L, %50 3 Fh AR K- HI & 1) HM(H1~H3), o-Fe,04(F1~F3)
1 HM-0-Fe,0; [(F-H)1~(F-H)3] 2b B Hf- 55 3% 60 d J5 , L3 20 Cd ¥k B 70 i B AIK 14.219%~22.96% . 21.25%~37.55%
1 13.45%~27.75%; AT 2325 Cd B BE 70 B AR 17.77%~23.34% . 33.93%~45.39% F1 18.56%~22.07% . LA [F) 4k
A3 10 Sl T Ak R, R R B el A ) o e A A BRAH Ol F2(20 d), A RS Cd Mk B I R ARG I i K (37.55%), 1B fin
mlEK, 5L HM ELRIAE 5 d 3k B4R (H2); HM-0-Fe,O; 1 i A AL B4 2 (F-H)3(60 d),
RS Cd e BE B AR B 5 B0 A 00 P o . Bl A BsF i) 208 S22 A% B 3 IE A 56 (0=0.631, 0.428)(P<0.01), i W H Al bR
i LA BT R 2B MRS OCR, AR ESCRA R . Fik, HMEH TEEE, i HM-o-
Fe,0, i FH TRIEE . HM 5 o-Fe,0, & & N F A 7845 F) A - 358 8 58 o AN 42 o 26 4 I8 TR sl k4 T Bl 72 .
KHEIR WA s SIME SRR EAY; itk BT

A, ME TR EIE K, ASETF RS SR I RO, s R R EY . RK A
1A AR BT PR 1 B T AR R IR, Rl AE R E R AR, AR L R 2R B AN B
i PR L EAE H A, THEEGBLRTIEMNRLHEE, XERIFZ AL
T PSR [ 8 AF y A  4 J8 V5 Qe ) 2 — W94 (cadmium, Cd), w1 T H B A 584 ) 55 1 A0
WAE, JFAES Y R G E AR, NI B W BT A S (R B B . D38k, Cd AR
S Ja M T 38 o G W R A ECE A T D e, AR S KA AR T 32 T e i g ]
I, Cd 5 g+ HEE M NS RIER B (R4 2 i RBRUR o 7 7 4 A 119 5 filh 12328 (Se & =04 mgkg ")
P74 SV AR 28% LA b, U HAE I R e A 2 O e ARG e AR 7 o O TR LA Y I 1Y) X
eF . HEMTFEA A CdFRES BRI, FI, R ER & s i, e
P Cd 25 45 R 75 Y TR KUK, 30 B 2 e G 3 T 9 ) Rk 2 ) TR A o i B S S
WS BEA: 2019-04-08; sRAAHEHA: 2019-06-28
EEWB: FZRARBFIEEFITE (21767008); AT & U5 B I8 55 bR HH B 5 5250 = IFiCEE £ 5 H (AM2017-11)
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ErxtEEBIG R HIENLFEE SR, BB EEA . LEBEER . AYWBEH AR
WIEEHEARESY, etk B EMAH. Bar, BRI AR K HAT IR Atk | S AL
PEFIR A YE S50 05, BBV A 9 35 MR I B AR5 Y+ 8 rp 15 4 08 19 AR 0 A RCHE AR, % 8
KB E 4R TS Y B8 & I o A B A0 B T A R s g £ aEh, R EEIR R S
BB LAWK, %6, BT MELif 55— RGN, W ol AR 5 4 e 7 4 3
FI AL, ARG, RALHX ELE SR HIEOBEERH . ERZmiifksZmd,
BERR AL . B . B A B AR S AT R e s g 4 R R S Ak
i, FIEA ML R e A o R, o, R IR A HLTT Y A R A
JE8 B MK LA TR L B YR U A EE AN TR AT 43 R & BLER (fulvic acids, FA). {2 (humic acids,
HA) M# L (humin, HM)!. 3¢ T8 58 5 6 20 58 o 5 4 J@ 5% i 19 AFF 58 K 22 46 vh T 36 5 HA/FA Al
AR Z MMM EAER T, A5 HM X 48 09 58 2 A 8 M AU St o i A o 4
KEB4HIHM, &AH KE-—COOH., —OH ARG MEIEA, 4r F I K HE b E R e, nfS5 5
4R &R W45 A VR U, DT 4 498 rh J 4 J@ i A7 o e AR B I . JRERET (hematite, a-Fe,05)
HA— 7 W W B ARG PR, STAHL 2507 358, o-Fe, O, i et 32 1 Ak 28 B i B 2 R Ay, it
Bt Hed cd*. co™. Ccut. P, Zn S E 4R, HANIEESRASEBY HUNEN . PALLOM
P, HM TS B8R ke & B M EAE R, A i A HM S IREHE T IE i A Y R -, M
T T B 4 % -k k0 2 5 4K (HM-0-Fe,0,), H. HM Fl a-Fe,0, 4% & il B AR K30 4 e T2 AT 19 43
TR TS A N EREA .

TERT B ZE 01200 (3 htl [, A ST M Al + R 4R B HM, IR HM Rl o-Fe,0, #1TIR A,
Fe# T 2 AR (HM-a-Fe,0,). H{K (HM), ik (a-Fe,05) 3 Fd i /E b & i £ 3 b AN Cd 15 Y (1) Bl
FEF B R AR, ST+ 3 pH(EE J1). A8 CAWE . CdIE B0 1 iR & F b 17 T 4047,
A E R RS RGN B ERE S
1 #MR5R%

1.1 LI

B 1 58T 2018-06-24 5K [ 15 e 44 U 1 T S TRAE L R B — A b DX B SR b (R AT AT G
5, 1"; N19°50'18”E110°16'28"; 2". N19°50’17"E110°16'30"; 3": N19°49'58"E110°16'40" ;
4%. N19°49'48"E110°16'36"; 5%: N19°49'42"E110°16'33"; 6: N19°49'5"E110°16'57"), 4% S #I
BEMLAG S RS HEORR HOR AT . HIERES & AARIT . USRS o . BRI AR B S o 20 H R, 3%
B AR

R A 2E T ) 0 2 Oy ik P R LA ME T, L pHL A ML .
CEC(PHE e 45 i), A M4k, k& il + #E4 HF-HCIO,-HNO, & & BR 7E 1= 5 2% £ it )
el T P, R A 45 B R BT v (ICP-MS)(NexIOTM300X, 25 [8) Il & 4 AE v 54 Cd 15 Se MY MR B
FEARPER LA 1, AL EFEAY R Se & 0.466 mg-kg™', A& il HIRAPRE(E (& Se=0.4 mg-kg )™,

PH (R, ENE T -+ 50k B 08 X M 1. % ®1 EMLROEALR

B b B 2 Cd & B T b S ERE ae Table 1 Basic properties of selenium-enriched soil

E'EI NN H A N )\E‘.

B kR UE (GB 15618-1995)(Cd<0.4 mg-kg™), pH(H,0)  AHLFiAgke") “Wi/(mgkg") L& /(mgkg")

5.77 17.75 1 000 1 400

1)a-Fe,0, Hfil#. #I MULVANEY 452§

KA, BEE T mol- L Y FeCl, A 50 mL,  CEC/(cmolkg') HAH/(mg'kg") HSe/(mgke ") HCd/(mgke™)

25 7% 15 18 P A B S T A8 B 9 450 mL 2k 348 179 0-466 0.05
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W, TETE N AR R, AR B AR, MW A& AR IR AR, ARG k. fF
VWO S min J5, IR, BHFHERNEZTEZIFRABENAS T, 7E HCIO, B (pH=3.5)
HEHTZ 48 h, EWE LA 8 000 rrmin' Y E B0 15 min, FEE LW, DU B A KERZ K,
WURTHE, SRS F RIS 60 H i, B4R IRFEE .

2) HM (1 £ o LA s Al 4 S RE B B UK £ HM,  FRER— % B (0 5 il - 358 T 100 mL A9 5.0 4%
Hr, RIS 0.1 mol'L™ NaOH ¥ (L it teoh 1:10), #&%% 6 h )5, LA 4000 rmin™" A9 38 B 25 .0
20 min, FFEZE R E BRI LS. U LR REEBREZ K, 50BN Ll RE6 A
IR BEERITT 3G R 2K S WG VERMAR 2 pH o 7.0 A4, SR il ¥ vk TR RIS BB

3) HM-o-Fe,0; 1 il & o FI AR E , K HM 4% — & 1Y L ) % B 76 a-Fe,0, I, k1% HM-a-
Fe,0, BTN, FriE | g HM & THEM S, I AGE & 1Y 20 mmol L™ NaCLIF WK , A5 i FH it &
53808 5% HCL 3% NaOH ¥ VIR 19 pH . BB R BN 2.0 g o-Fe, O, Flil 2 L 5 7K,
il S B LR 1:20, SRJE FHRE SRR 3 3E 24 he SIS HHE-S WL 7 800 r-min™' (7 5.0 10 min,
WY Rk 2 WG, TR T, R34S HM-a-Fe,0,.

1.2 XBWHE

HEBR AR IS Al -4 50 g, B F/NEZ D, RN E K 10 mgkg ™ B CE R, IS+
BORS), RRRRE M 30 do SRJE, ISR R A A HMGHE FH 23843 90 o8 + 38 5 B 19 0.5% . 1% il
2%, 45 H1, H2 Fl H3)., o-Fe,O4(ifi %53 5 R - d &8 1% 6% . 12% Fl 18%, H.4% 5~ F1.
F2 fl F3) it HM-0-Fe,0, & &%) (R IN/KF43 50 1. 1.5 f12.0 gkg, %5~ (F-H)1, (F-H)2 Fl (F-
H)3), #EATEEALSEGS, [ B O AT T U8 0 9 -+ S 5 50 g 1 X IRZ (Fe7n o CK). B Al Ak A
PR 3 3 FATRE . K5 30 /NIRRT AL B+ HEE T (25+1) C WEIRE R, B3R 60d, it A HARE
Ferb e B oK, L E K AR B H B RK A 70%. 3 B AEREFREFE R 0, 5. 10, 20 160 d
R B, BORTE 48 h, R)E, FARTRT G0 LR SUTE, i 80 HJE Jebii, #1754k
(53 HT o

{6 FH 4 4% L 7 2 7B SEM(S-3000N AU ol 7 S BE, H A H S7), SR T il £ B 1k 5] 4 3
TESVRRAE 5 (H H 4 B 3l b 3 1w A5 FLBR B2 43 HT A (ASAP2020M+c, 38 [ 22 5 AL #4524 w1 ) I B 4 741
B R AL KN, FE LK 1:5 B9IE LT, {1 pH 2 B it (PHS-3E &Y, [ R 224X
R By A B 7 2 386 pH. fdFH HH 0.005 mol-L™" — 2 — 1 H. £ PR W (diethylenetriaminepen-
taacetic acid, DTPA), 0.1 mol-L™" = Z ¥ % % ¥ (triethanolamine, TEA) Fl 0.01 mol-L™'CaCl, & ¥ il 15 1Y
DTPA $2 UK, $2 B[R] 5 37 B [a] (4 40 Ak 4 2 4 498 b 95 2408 Cd & 1P, 42 I8 TESSIER 450 2 1
() SRR B, A0 B ORI 2 5 MRS R A TE S 00 Cdo B8R TR R Cd e B2 249 08 FH O D1 W i
JEHBETE (TAS-990 AFG %Y, b 5 38 by i FH AR A PR AR Al I .

fifi i Excel 2010 3 #7 Fl 2 il 54, IF 3R A F- 4 E 45 1A 25 (SD; n=3). i ] Origin 8.0 /£ &l
JFHEAT B BRI G o {1 ] SPSS 22.0 AT HR I Z 7 25408, DAEAT ST 00 b, 24 &k IRAL B HE
Z (A i 3 25 S A (P<0.05), i@t Duncan MK T 2R L .

2 #BR518

2.1 FELFAY SEM B o

K15 HM. a-Fe,0, &2 HM-0-Fe,0, ) SEM [&l . A LLF Y, HM 3K [ 77 7 220K 21 4 51 341 2 73
SRR, R BA R A IR KL o-Fe,0, 2RR, RiHAVFEZPA, JEH
, REEAEWR ST ; HM-o-Fe,0, £3KE, RIMAE LM RETHALGSENE, A
T B T R K

2
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& i =
(a) HM (b) a-Fe,0, (¢) HM-0-Fe O,
El1 HM. a-Fe,0, 1 HM-0-Fe,0, BUiAHE F R B E %

Fig. 1 Scanning electron microscope (SEM) images of HM, a-Fe,0, and HM-a-Fe,O,

2.2 FEALFIAG N, IR -t BT 43 4

512 5 HM. o-Fe,0, Al HM-0-Fe,05 i N, W [ff-Jd By 45 i e M LA A G 0 . anl&l 2 i, HML,
o-Fe,0, 1 HM-0-Fe,0; ) N, W [ -t B 25 8 26 vl 09 28 Sy 1v &Y, H 5L 42 4 #i 4B 4E b 7€ 2~50 nm
(& 2(b)), WEB T A FLESHIIAEAE . IE4h, 2T Brunauere-Emmette-Teller £ 84 #E 47T 43 Hr 43 2] T 40 R
45 : HM. o-Fe,0, fl HM-0-Fe,0, (1 LR TH L3 51| 58.84, 68.08 F183.35 m™ g™, HXJ 1 iF- 24 4L
2430 12,74, 10.24 F112.04 nm, 5 HM . a-Fe,0, flifbFIAH L, & & itk HM-a-Fe,0, i 2% i
FUAT e n, 35 ) F HEx) 4 398 b 55 42 @ V5 Y 4 R

160 0.018
140 b 0.016
. 0014
~ 1201 —a— HM é
o —eo— 0-Fe, 0O, T 0.012F
M'E 100 1 ——HM-a-Fe,0, 2 oorok
ﬂi\; 80 1 i\% 0.008 |
§ 60 {éﬁ 0.006 -
40 0.004
sl 0.002 |
g . . . . . of . . . . .
O0 0.2 0.4 0.6 0.8 1.0 0 20 40 60 80 100
PIP, fLi#/mm
(a) HM ,a-Fe, O, FIHM-a-Fe,O, 1N, 1 Bf- it B 55 2k (b) HM  0-Fe,O, fIHM-a-Fe,O, i FL 12531

& 2 HM. o-Fe,0, 1 HM-0-Fe,0, B IE M- M & B & B FFLE S
Fig.2 Nitrogen adsorption-desorption isotherms and pore-size distributions of HM, a-Fe,0, and HM-a-Fe,O,

2.3 SHALFIFT I8 pH A2

5 CRAX L, #m3AKFHREAELF (HM, o-Fe,0, 8 HM-0-Fe,0;), -+ 3 pH 748 {k I
%2, "JUFEL, HM 5 a-Fe,0, b B A9 + 35 pH Y i 55 F CK 4, HH, a-Fe,O, 4b B Y + 15
pH FHE# B 3%, HAE 10d sk A48 K. il HM-o-Fe,0, b R4 5 CK M A K, HA . 5
CK AL, Higf 60dHf, FI~F3 4bPRALAY + 3 pH EFF T 1.09~2.00; HI~H3 ZbBRZH () 13 pH [ T}
T 0.09~0.43; (F-H)I~(F-H)3 2L 320 1Y + 3% pH b F+ T 0.05~0.09. %/l T o-Fe,O, B 1k 5] #Y + 3
pH EFHECH IR, HBEE SRR s m, Hrh F2, F3 AbPRAL 09 I SO s otk . X2
H F o-Fe,0, IR IERHE, a-Fe,0, %A MPEEL I (=Fe—OH) FIEk R 745k m AL A, HAp S
HAE pH=7~9"% A, Jiti H o-Fe,0, 150 158 5 4 Jm A9 4 Ak 50 AT o8 A S ma 1 A 7 IS o
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*2 TEAIEEX E L% pH HIF2 T

Table 2 Effects of different treatments on selenium-enriched soil pH

+¥pH
FEE S
0d 5d 10d 20d 60d
CK 5.84+0.00fg 5.93+0.02¢ 5.87+0.03f 5.93+0.01fg 5.884+0.01f
H1 5.94+0.00¢ 5.95+0.00¢ 5.83+0.01f 5.93+0.01fg 5.97+0.00f
H2 5.98+0.05¢ 5.96+0.01¢e 5.96+0.00e 6.07+0.02¢ 6.11+£0.01e
H3 6.11+0.00d 6.09+0.02d 6.21+0.01d 6.24+0.02d 6.31+0.00d
F1 6.60+0.01c 6.70+0.05¢ 6.77+0.04c 6.86+0.03¢ 6.97+0.08¢c
F2 7.36+0.10b 7.31+0.04b 7.56+0.11b 7.5840.07b 7.60+£0.10b
F3 7.61+0.02a 7.60£+0.00a 7.84+0.02a 7.88+0.09a 7.884+0.04a
(F-H)1 5.85+0.01fg 5.98+0.06¢ 5.81+£0.01f 5.97+0.03f 5.934+0.00f
(F-H)2 5.90+0.01ef 5.81£0.03f 5.83+0.00f 5.86+0.01g 5.97+0.00f
(F-H)3 5.81£0.01g 5.77+0.00f 5.82+0.00f 5.89+0.01fg 5.96+0.02f
e ARYEDuncantfi s, A K FEE RN FIAL BEZH 7E P=0.05(n=3)I L A I & 257 .
24 HIEREWE CdRENT KRS o oK mp
25 [ 4145 A [A) it Ak b B4 + 2 DTPA 42 1 _ .l = =
(9 304 Cd & R AR (L4 SR LI 3. AT LB 2 TOFL o (F-H)3
i, CK 41+ 38 (45 8 Cd fr B 7 8 e it g
] 5 o B4 RG22 I A 24 5 R 1 -
EORZS ((6.92+0.21) me-kg ™), A [7] 4l {4 &b 3 £ %
- 198 It 2 it P RS IR R A, R A ®
ROAS Cd e BE 3 1B TS ) R B 0 R AT e

AL FERY 60 d JEFI N, LA HM, o-Fe,O, Fll HM- 0 5 10 , 20 60
a-Fe,0, 43 BIAE MBI, 48 SIF I 3 A K 1 FfehTE

e E 3 F[E4&IELA DTPA 2B BEML Cd
EL 7 BN P —=ile 3% 0
A&, [ +HA NS Cd & 8 W RBRAILR T BT

CK 4 7 ) 6} )DJIJ }J\ 7.85%~11.79% . 1.64%~4.69% Fig. 3 Dynamic changes in the DTPA-extraction available Cd
F14.30%~20.85% FEINZE 14.21%~22.96% . 21.25%~ from different treatment groups
37.55% F1 13.45%~27.75%

2 P EE AL AR ISR A . HM A A + 3 P A 30 Cd & kD R AE 5 d ik
Bk, ZJEA A Cd & BA T I JH I 2 AR E MR s R, 2 AT b DL H2 S BOR
o HMRYEIALIEN ,, SHAEA - EN LRI MR E &A% 5 Cd kL% & 1EH i—COOH .
—OH i VR AT K o a-Fe,05 AbBRZH T3 v A7 880 Cd &t , 1R 8855 7 31 D3 38 i e A1 L Wl 2 e
K, AE60d I, JinA A 12%(F2) 2+ Bon h e 0B AL ROCR o oy o 2 g5 i p, HR M i
R AT AT T N, O PR BE A SR R RN SRS I, 77 Cd [CA(OH)] AR A, X Aok 2S5 - HE I B
SAGERIIW, &RE T A mSEEE, A a-Fe,0, 7 A 5258 ) AL AR . HM-a-Fe,0, 4b B
H AP ARG Cd & BB FRIN, 2B B R 545, HLEL(F-H)3 Bk 8CR
BRI A S AT A R T A, AR Cd R Y FR AR B 5 B AR L Bl AR ] AR A W OE
HIE (7=0.631, 0.428)(P<0.01). # WK A R flifk 7] HM-a-Fe,05 11 i A1 1 1 A9 V8 FI T B 43 11 3 45
A, HAEM R, Il AR 5 . ) 2 B A R R M KOG AR, H R O
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FHRACAR, Bk 0 B e i WS, nl i o B R FORORAZ RV O, R IE E B A R A
KT,

THEpH XA A Cd i &t A EE . PR R, Y+ 8 pH FHEBE, AT DR 3E K 4
EEBEMATREESEN, FHFE . pH 5H M Cd ¥ 2 B 3% 1A ¢ (=-0.729)(0.01<P<0.05).
X — &I 5 JAFARNEJADI % (i iff 58 45 2 — 2.

25 EERCAMESTHERLNE

TP ESENSMIESE AR R AR AR L, 1 X R AR A A A A T B A P iR
Ao B4R H3FMEAFE, LS CdmSFIEE S R E LS. hE 4TI, 5
CK A1, WInEifbR e, nl 24 Cd & 334 FrBet, Hoh7E 10d WA R (EZE %
fiX), M/ TRE, Hi o-Fe,0, b B2 + 5 nl 38 2% Cd 1Y B 2 K e A% (4 48 il FH et 4
B)e BRERERGS A8 CA& &, U CK Ak, H3 dfm, Hifb/ata irte, HPbfEsdmrhe
AR, BEJEAH T T (10~20 d), BRE AL GE CAM T a, UL CKAHRAML, DL FI~F3 41
B, dliA)E, HARRERE A, B 20 dBHE FJF, 20 d R POERRAK, HP L 60 d i RAR, HERE
CK 41 /KF-o Xl REH T &4 T84 ALY iR A, FF Fe A Mn [ M BRALW L S0P
BLSsE 47 cd i frit, DL CK A&k, DLFI~F3 A&, HifbE Ry asi i, MiEsTF
Fa., BREASCAEE, MCKARM, LLF3. (F-H)2 Al (F-H)3 45w, fiikm &0 3 mes h i
=, MU RETRE . MIEAAHCH TR, B EM iR S, B S oy 2 e s
Cd. BRIRERSE A Cd FIEE R Cd % &t 2Z W] 1% 5¢ 3 43 il &2 T AH 5¢ (=—0.136)(P>0.05) . #k i 2 1F AH
X (r=0.753)(P<0.01) 1 5 2 1F A € (7=0.558)(0.01<P<0.05); Ml 0-Fe,0, Hifkil )5, #mie 5 +igEmh

\

_ 9 e W 257 26
oo i) v\v—\v\ M
P j o £ 50 ~— g 5t
£ = 2 2 =
= 6 === X —— > £ 4l
ES 3 Z
ﬁ e iﬁ‘ D/u\o_
K3t 10 ] 2t
Fo,l :\r;:a::;_/—t & =
0 5 10 20 60 0 5 1020 60 ¥ 0 5 10 20 60
Ak fa)/d ik ) /d ik fa)/d
(a) A %445 CA(EXE-Cd) (b) BRI ZE A A Cd(CAB-Cd) (c) PR ALY 455 A5 Cd(FeMnOz-Cd)
087 Tr
2 =
07t W 6T ——
S S L) -
= 06f o
W04t =
S 0 — & 2r -
=
E 02 ¢ N N N / L ; 0 L L L i " )
0 5 10 20 60 0 5 10 20 60
fli Ak B ) fd BEALAT RN/
(d) HHLZE A A CA(OM-Cd) (e) 5% FAACA(RES-Cd)
< CK % H2 < F1 —F3 - (F-H)2

- Hl —H3 = F2 - (FH)l —(F-H)3
B4 TEEFHEAE CAESHEELLK @0=3)

Fig. 4 Changes of Cd species contents during the soil incubation period (n=3)
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A A2 e A Cd B B B AR U G (=—0.870), 155k B A Cd 2 A A 6 R R IR A O
(r=0.654)(P<0.01); &l HM-a-Fe,0, B G4 F 5, B 5 L el g Cd. YA A4t &
A Cd FREMMK =-0.099, —0.485)(P>0.05), M S5KREEL A Cd, AN C FEZEIN LR
53 ) W SR 2 TE A G (7=0.654)(P<0.01) Fl i 2 1E AH 3¢ (7=0.632)(0.01<P<0.05), X LLZERFH, Y
AR CA(] 22 3 45 ) BB AW F A R AR CAd@R B A), MIMBEAL Cd st X —%&
M5 CHEN SEPY S8 45 R — 80, Moh, AR AR LI, &5 R i iE A o nl LU in vl 28 e 24
Cd R EPY, X rI B AN Cd MR [RTG YooK PR E T - 38 b i S 03 s %
LItk 60 d I Cd I JE & 40 A6 (F 5) K e
EXXIRES I OM EBE8 OX E2CAB ZZEXE

R Ak b B4 5 %5 1 4 (CK)Cd 1 T] 25 7% 1007 83 2 B R %
TRHHT . CK 41+ rh Cd HOTE 25 LT S8 425 -
F, HHR6229%, FREA . BREAMYLE S
BRI IREE 45 A AN Cd b il 14.44%
11.82% F1 8.8%, iAW L&A Cd i AL N
2.66%. 5 CKZHXTH, itk A 38 20 76 A [m] 1) 7%
BE R/ T R g A cd my L. Bk
FIIE HM, a-Fe,0, fl HM-a-Fe,0, Ab 4 i

%
XKL
9a%.0.

&
RIX,
G000 0.0

XX

80

KX

60 7

40

T+ R IE AR CAY /%

20

HLBI SR T 17.77%~23.34% . 33.93%~45.39% RN ®\ x\‘” &
Il 18.56%~22.07%. M Ah, A [ B4k 5 ab 3 ) i & ¢

7e 2 7 = S b5 FTARRES \
o M CA B A 5 11925 A B R B5 LA 60d RIFFRE Cd M5

Fig. 5 Different Cd species distribution at 60 d incubation
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Passivation effect of humin-hematite complexes on exogenous cadmium-
contaminated selenium-enriched soil

WANG Yanshi, LI Xiaofeng, WANG Zheng, TONG Zhuang, FAN Chunlei, LUO Shengxu’

Key Laboratory of Ministry of Education of Advanced Materials of Tropical Island Resources, School of Science, Hainan
University, Haikou 570228, China
*Corresponding author, E-mail: shxluo525@126.com

Abstract The cadmium (Cd) in selenium-enriched soil was passivated by using the following passivating
agents: humin (HM) extracted from local selenium-enriched soil, prepared hematite (a-Fe,O;) and humin-
hematite complex (HM-a-Fe,0,). The results showed that pH was negatively correlated (r=—0.729) with the
concentration of available Cd (0.01<P<0.05). In comparison with control (CK) group, the concentrations of
available Cd in the soils subjected to 60 d incubation after additions of HM (H1~H3), a-Fe,O, (F1~F3) and HM-
a-Fe,0; [(F-H)I~(F-H)3] at three dosages decreased by 14.21%~22.96%, 21.25%~37.55% and
13.45%~27.75%, respectively. And the concentrations of exchangeable Cd decreased by 17.77%~23.34%,
33.93%~45.39% and 18.56%~22.07%, respectively. Through the passivation effect comparison among different
repair agents, F2 (20 d) group was the best treatment one in individual repair agents with the maximum
reduction ratio of 37.55% for available Cd, but the dosage was also the largest which easily led to soil
alkalization. HM achieved the best passivating effect in 5 days (H2). The best treatment group in HM-a-Fe,O,
was (F-H)3 (60 d), and the decrease of available Cd concentration of was significantly positively correlated
(r=0.631, 0.428) with the dosage of passivation agent and passivation time (P<0.01), which indicated that the
passivation effect presented a good linear growth relationship with the dosage and time, and low application and
marked effect. Therefore, HM was suitable for a short-term repair, while HM-a-Fe,O, were the best choice for a
long-term repair. The application of HM combined with a-Fe,O, as repair agents provided a new way for both
making full use of humus and controlling metal mobility.

Keywords selenium-enriched soils; cadmium; humin-hematite complexes; passivation; species distributions
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