55 44 5 9 W] W R o o W Vol.44,No.9
2024 4F 9 A Acta Scientiae Circumstantiae Sept., 2024

DOI: 10.13671/j.hjkxxb.2024.0116
PR , 225 2838, 45 2024 BUURERT T 38 b S0P gk UG B8 A B ON T 52 [ ], BREERL 222541, 44(9) : 347-355
RAN Yiyuan, LI Xuexian, LI Ling, et al.2024. Antimony retention characteristics of jarosite in soil under simulated rainfall [J]. Acta Scientiae

Circumstantiae ,44(9) :347-355

90 MR T TS 4 o S SRR LT 5 B SR B 5

43'3‘%5;’!1}3‘:1’2,§?£1’2’§;é3’%;$1,2,*

1. St K F ¥R 5 30 T/ %, 5t fE 550025
2. IR AR ERFEHEBERLLH F(HMNAFE), HH 550025
3. FEAFEHMEAFET R AR FERE L LD F, % 550081

FE B RIA W S BUE A ROK AR ES (Sh) I T5 %, 2035 Y Sb 117K PR iR B X Y b i A S FR B A4 2 6 T . S gkl e —Fh
BRI ) AR T & SRR R AR AL R o X TR (2 & A et i B VPR L LSS ShA i) S8l 52 Sh s Y i) 3%
SIWFFE R4, 8 A AP TR S50 09 AR S RS TS Yt A HER T b Sh 7E TR ] b (010 RS SE AL A LA K Ak LGS e A Sh % B ROR
S5 B L PR T HT (0~50 h) , A8 w40k ALk v Sh A Y VR 1B 2 20 pg- L7, A T8 S0H el AT (70 pg- L), BEAR AT Sh A [ 352k %
TREN T1.4%. AL IS , 1 ShAF A F i A& A T 0 iE A (HJC T - HEAE 5 em A Sh & i3k 71.4 me-kg', A4S Sh(T 2 HULES Sh
18 Wenzel 48 BULAS S IE LMW S (F 1)+ & MW (F2)+ J0 2 BURRAS BRI 25 A 785 (F3) +45 iR AL 45 445 (F4) ) 5 H g i, Sh A 1)
R T TR a3 T AT BRI AL 4 om &b Sb & R BIGAR) 75.3 mg- kg, T 6 em A AR 17.2 mg-kg!, AT H IS S B 25 - 008 B 1y 34
[71) B R P AT 45 (BRI 25 (F5) ) 544K, 6 cm AbTTHR IS Sh B AL HE R 5 55.3% , 1 A 8 B0 2B 1) B A0 % S 19X A% e 3 [ 15 021
XPSZ5 5 WoR A AL LA Fe (IDAR 3T Fe—O-Sh 8 BT I, 0 Fe 2p3/2 1 [6] B 325 B0 45 45 REAE s I A% , B30T Fe-Sh FLVTIEAY LS A BELL
S, AR I Fe-Sh 45 & [RIH, [T SO hJS , /K AE AR 2 BB, Sh i th vie B2 18 1 , ¢ I 398 4% 11 0 B3 72 W 5 i) 6 B AL 1 T 5200 2R
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Antimony retention characteristics of jarosite in soil under simulated rainfall
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Abstract: Antimony (Sb) pollution in the surrounding soil and water is often caused by the mining and smelting area. It is very important to control the
migration of Sh to soil and water environment for local ecological environment protection. Antimony mining often leads to antimony (Sh) pollution in the
surrounding soil and water. It is crucial to control the migration of Sb into soil and water environment for local ecological environment protection.
Jarosite is a kind of hydroxyl sulfate iron mineral, which exists widely in acidic oxidation environment rich in sulfate, and has good fixation effect on
heavy metals. Taking the soil contaminated by antimony around the Sh mine smelter in Guizhou Province as the object. The vertical migration and
transformation characteristics of Sb in contaminated soil profile and the retention effect of jarosite on Sb in polluted soil are investigated by soil column
experiments under simulated rainfall conditions. The results show that, in the early period of rainfall (0~50 h), the dissolution concentration of Sb in
the column was 20 pg- L™, much lower than that in the column without jarosite (70 pg+ L"), and the holding efficiency of Sb by jarosite reaches 71.4%.
After simulated rainfall, the vertical migration of Sh occurred, however the content of Sbh reached 71.4 mg+kg™ at Sem in the column without jarosite.
The extractable Sb (refers to the non-specifically sorbed (F1) + specifically-sorbed (F2) + amorphous and poorly-crystalline hydrous oxides of Fe and
Al (F3) + well-crystallized hydrous oxides of Fe and Al (F4) by Wenzel extraction method) accounted for a relatively high proportion, and Sh had a
tendency to migrate to deep soil. In the jarosite column, Sb content reached 75.3 mg-kg" at 4cm, and decreased to 17.2 mg kg at 6 cm. The
extractable Sb transformed to a more stable occurrence form (residual state (F5) ) with the increase of soil depth, and the conversion ratio of
extractable Sb at 6 ¢cm reached 55.3%, indicating that the addition of jarosite minerals had a stabilizing effect on the migration of Sh. XPS results show

that Fe (IT) promoted the formation of Fe—O—Sh bond in jarosite columns, and the Fe 2p3/2 peak shifted to a higher binding energy, closer to the
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binding energy of Fe-Sb co-precipitation, and Fe-Sb binding appeared in the soil. At the same time, 50 h after rainfall, rainwater accumulated on the
surface of column, and the dissolved concentration of Sb increased, indicated that the change of soil conditions can affect the retention effect of jarosite.

Keywords: antimony (Sh) ; jarosite; simulated rainfall; migration and transformation

1 3|5 (Introduction)

B (Sh) e AR faE MR LR IO R, BRCE I A £ 2 AR5 15 Y (Radkova et al.,2023). #5564
(Sh,S,) /& ShTER ) () FEZAFAEIL 2, ShAE RS IKARFN T3P U] =2 2L +3 4 Sb(OH), 5+5 1 Sh(OH) /1Y
T AEFE (Wilson et al., 2010). PG H1 (4 Sh A E 438 F AR AR IR AR IR, o, B SRk IR 6 5 A KAk
B AEE Sh AL R A R SR IR AL TE S A ISR K L Sb ™ b 8 RZ #9988 5g (Mansson et al.
2009; Li et al., 2023). Tolk (= 25k 5 il 55l %t Sh Y R/ KA HE T Sh ™ 1y RiG , B 1 S & i 25
H411(Robinson, 2009).

o [ 2 Sh A AE PR R, PR RE 2 (5 A BRI 84% (He et al., 2012) , K I8 Sh A= = Fifli Y , S 8O & Sh 45
Yyt A SIS b X PRI R N ARl 5 it B %) A8 128 I HE K (Bai et al., 20225 Bolan et al.,2022).
VU Fg M X2 Sh AT 19 E 2 A HL (Chen et al., 1991) 45 AR 2 RN RIS SE (7 Sh ™ H-RAIG T, Sh ™
FERFN G R R ™ AR A = i AR AR, 30T X 34 18 Sb & RN, JE A Sb i5 4 £ 1 (Sheng et
al., 2022;Gong et al., 2023) , H 5 dumst a5 48 XU 5 (Drahota et al., 2023). 89T 87~ , W R 50 1L BT
A FH M+ 38 b Sh A5 7 38 400 mg kg (Jia er al., 2022) , 5t N Ll Sh v 45 T8 1204 1+ 32 Sb & 535 51 98
mg kg (BEAESE, 2020), ] POl Shif k) JEl 04 FH b+ 39 Sb % 03k 31 300 mg - kg (%5, 2012) , AT UL Sh
R SR v o B8 % S il 3 s A AS TR R2 B ) S Y5 4% . A , A BF 9 th G TE T Sh A X & R X 4 498 v Sh B 4% %
TBRYEEI , Long 25 (2022) R IR B3 111 0~20 em 4 I Hb 132 (Sb & 145 mg-kg ) HEATHEIRR TR AR,
SE L R AR pH R 2.5 BRI 210, B IR Sh AY ML IA ) 2.18 mg- L', A Sh7E + 3 P 77 e — %E 1)
TERE AU . EAh , A KR 5T R 3% Sh A A TG Y i SN2 36 1 7K 7 A VA Ja i, ) A ot A 4 A 4
N B BT W E 15 % (W et al., 2019;Guo et al., 2021; Vidya et al., 2022). Fi, JevE 32759 + 3 S
PR X T X kA SR e e A R X

+ b i Sh7ERE M R IEVE A T R4 TR B N AERS AR R v B ALY i e A P
SERIFZIA BT Gy [ A - gy ik R R A O S A 2 S E— 2 ) JE] L R B8 S B (Zhang et al., 20145
Cai et al.,2016). Sb 7E T3 iR 7= A B2 I B 2 25 24 & 1 )12 &1 (Sundar et al.,2010; Liu et al.,
2011), AT -3 v Sh 4 [ 22, BRER B ALY K 80 A WU A9 5 A R Sh 5 g - 3l i iy
(Long et al.,2020; Shi et al.,2021). Jiang 55 (2023 ) BF 5 A 8k 2oV 52 i A7 6815 e 138 Sh As  Pb 1982 e 245
SEG R DL oA R A EE R 10 1A A, R R IR S AR, 15 2 Ab BRAH X Sh AR AR IA H 86%
Okkenhaug 55 (2013 ) 5% A9 135 I = HE RS F 6 Sh By e RO 5256 b, 4% 381 51 2% 19 L4915 i 751 il
2 7 A B AA R A X Sh AR E BUR A F] 89%~98% 145 H: . BRI ER IR BE T X W FH K BT TR
HOE B U AR FE SRR R SR, 2 4 Tl i R i JE BT 2 as e o7 a5 i Ak 2= R & AR 2 R B B 7
FNBHES 1B S B, J2 T 22 %) Sh W F [ 22 47 %) (Bigham et al.,2000; Welch et al., 2007; Johnston et al., 2011).
T & B, 76 pH Ry 3 R Z rp S RN T Sh B4 W B4 Sb 5 HS 8D T K 24 50% (Karimian et al., 2023).
BEFPER BT Sh A W B AL 322 h Sb AE LR 1HTE BN YT M AL 2 B0 G A DUBE , DA GE o BRI Z5 4 T
i) Fe, 3L -5 S 4P 2045 G (Hudson-Edwards , 2019 ; Karimian et al. ,2023) , K, #AP 285 Sh A K 410 % [
ROR X LB ERE R R SR S A W B R L, B BRI — ol LA S8 U B Sh 1 28 B
48} (Pappu et al., 2006).

SRMT , BB GT Sh 14 W52 5Pk 1 5 A 92 22 56 1 T oK AR , AR A7 5% = 38 vl Sh 9 [ 5 A5, A7 DG B A LGS
3 ShIE RS AL RE M N 2 LD L R AR SCAERARIREE W 2 A4 T, XoF LU 8 IR A 45 in 28 A AL X 438 v S
TE LAY ), PR T Sh A7E - S5 T v (9 2 LT AR AR LA S o Rk AL F 28 S 1Y IR BT 361 5 S8R, A
BTG Y X A HE b Sh A RS AR PEAS H2 14t S 1
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2 ##l5 7% (Materials and methods)

2.1 #HR T EEAERERAET

PR HEORAE [ 50N A B e AR O T I A M Ll BN = SR TR RS ) R R
(0~20 cm) , % F)2 11 (20~40 cm) , e RS 1 RZME T2 3 pH 5 7.9 F17.5, S /K R 5
19.5% F115.8% , A BT & 1535018 3.25% F10.90%. 32 )2 FITR 2 45 Sh & i 431 65.5 mg-kg ' F117.2 mg-kg™,
FR A 214 3, 1 438 Sb 75 58 (20.6 mg-kg™) Fll 5t M 45 13 Sb 15 511 (2.24 mg-kg") , Ui W BT R AE 4 RE 5 77 7E Sb
GG,

TN (KFe, (SO,),(OH) ) i K . Fe .S H O JCE AL AL . S50 = F A& A AL (KOH) FIBLER £k (Fe(SO,) -
SH,0) Wil 2 i il £ (Karimian et al., 2023) : ¥ 112 g KOH F1344.2 g Fe(S0,) - SH,0 (/14 ) i fi 8] 2 L
HEAiK o QIR I RERRAE 95 CAUF FHEFE4 h; B4 b5 #5 E UITE , Bl E3Em, in A A KB FEvE % @
TS RIRFEVR A I VIR S UG B UTTE WAL P T 40 “CHET . HET 5 09 A3 200 H i, B it
X FHEATH (XRD) RAEA B P8 W) 2F I 25 . A 0 S AR W0 AE XRD rh 2 80 9 A (855 3 B0 R AL b o
XoF I, JoH B A0 e
22 AR
221 TAEEE  SCSRABIEAR L, B AR 6 em, 5 20 em. BE M ZH AP R 25 1F R B0k g S (&1 1),
— I AT 60 H i 1922 5% )2 T3 (RFIEL) , 5 —416 200 H #8062 3820 1: 10 A & 3 4]
TRATEEAREF P (ILFRLL). 23 I 34X BRAL 5 3 AN BRA 44V RS2 i A TR e F R Atk v
G FEAR A A DD IR CE — 2R, B 1E SR SR R T O BE U R — 2 P MG S T
TR AL ARE TN, B2 2 180 o, AR E LY 5 em. RIH SR T 78 RIETRARAH 1% — 2 A 05, LAl
BRI K B8 A% A PGS A Rl 2218 % A 0.1 mmol - L' NaCl /K WEAR AN+ 4T, HE L FLBR N 25 5, 15
RS AR S I K T 1) RS K A A TR A

Bl TEERERRR
Fig.1  Soil column simulated rainfall experiment

222 THFELE AHGELIR(Br) G RN A 505 S0 A 12 R B0 T R A 2B S0 i 3h
ZEL1L0.2 mLemin™ A3 K 180 mL 0.1 mmol - L' KBri& ik 2512 52 A 4w, Bl Jm DAAH [R) 3 2 38 AR & KBr Y
BRART 7K, 5 30 min YCAR +AE I HRES BV . (T FH F JR & 55 B8 T4 (TCP-MS) K8 U Bk B
223 HEPETISRIE  ABLILLAY R K 4B IR Y Y I K 32 B A O A, 15 A A GGt 6 1 CaCL % TR 4l
7Kl %% 0.03 mmol - L CaCL i (Hou et al.,2013) , pH Ay 6.54. B0 [ N 5L 46 5 25 355 52 56 W] 25 1A 7 TR AR kK
I 3 d, KBri& W RIS AEL R /K AT 22 A, 223400 0.2 mL e min™, BE 7K 8 60 mL-d, 4 KAEK 5 b, ] B
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RN 33 d i, B R AEA 0.03 mmol * L' CaCLAALIR /K . AT 6 d 45 30 min YSCHE — WRJEE T2 I8 W, K6 Bk )3 1) 7%
k.6 d 5 , B RCEE — R B H /K TS UV, A Sh s Hh ik B2 19728 Ak . A IR RR 7K B o4 1200 mL, $530T
5T X 6—9 H Z2 R A 40 () - 24 8 R o . 8 A AE At /K IR 8 i 0.45 o BIERRS JIN A 1% RS ERIT LA 4 °C
B ARAT . C T SE 6, K AP A H SRR 1 em BUL , AR R TIEAL T 24 h, 2200 H 5 i 2
e T 0 Tk 2.3 T TR O vk 3K
23 HFRAESNEK

+ 38 pH fi F pH 3% 58 A AR 2 . 0 ) 2 2 Bl X 26437 55 (XRD, BRUKER D8 ADVANCE, £#[5 ) 494
WAE . KT - Ji 261 (GB/T 22105.2-2008) M 7 48 1 (1% Sh Y EViE . 2R I X S 200 L F gk (XPS,
Thermo Scientific Nexca) # /i 1 3¢ [ 47T 1] Fe FYAL22 2% R FH Wenzel #2242 B0 (52 1) X4 3P Sh 45 &
A AR P S PRI RS TJo e BUER SR A AL 45 578 LA BT ER AR B 45 6 38 RIE ) BT 2 PR I
(Wenzel et al.,2001) , fifi F 72 OB EETHI E Sh 45 A8 & & o, a4 50GE Sh 4L 8 F1+F2+F3+F4,
R L P 0 B2 (F 1) + % MBS (F2) + T BV AR AR AR 45 6 28 (F3) + 45 MR R Ak I 45 6 8 (F4) 1Y

£ 1 Wenzel i FF $2BUE Xt Sb BYIRENS B (Wenzel et al., 2001)
Table 1 ~ Wenzel sequential extraction method for Sb extraction steps
Shah &4 PEBEAT KA
LM (FL) 0.05 mol-L™'(NH,),S0,,25 ‘C, 4% 4 h 25:1
AU (F14F2+F3+F4) VMBS (F2) 0.05 mol-L™'(NH,),P0,,25 C,#E#% 4 h 25:1
(X345, 2018) T TR R B s B 25 (F3) 0.2 mol* L™ W2 8% (pH=3) ,25 “C. k% 4 h 25:1
45 R AL 25 B A5 (F4) 0.2 mol - L™ HEERE+0.1 mol - L™ HTIRIMER , 96 °C, %% 30 min 25:1
Bt (F5) FIRIK T i 12 \

3 R 5438 (Results and discussion)

3.1 RPN IE f A E S S IR M Sb iR E
A B % i i 2 LA 2a. Xk R HH 7K 1 Bre ik B 3K B0 4 e 2K SF- A BRLEEL H 7K T B O DA {9 32 3K )
P 1K) 92% , P A 2 5 1 2 3 W - SRR W JECSE AR X 42 2] (Javaid , 2020).

B2 HIEREETAL (a. Br SEiBMILE b, BRI A2 Sh ik 5k

Fig.2 Leaching concentration change (a.Br breakthrough curve; b.the change of Sh concentration during simulated rainfall)
W] 2b Fr7R |, Sh AP HH v B A2 1] B RER TRT 199 52 1 1777 082 20y . X 2L S ()9 1 e B AH X 288 55, #E 40~100
pg e LAY DX ) 3 50, S H R B o 70 ng L5 A 32 Sh B3 H e B AR, 78 10~40 pg - LAY X 6] 9% 50, SF- 1
Vs MR A 20 g L7, 10 B B AR RE S A R i ¥ G 1 Sh A L HZERE TS I (50 hs ), AbEELAE Sh
(RS VR B 3, PTG 60 pg - L, Ji PRI AT RS2 12 i 38 b F E /KR, S0 Sh 97 MR BEE RS (Pan et al.
2016;Johnston et al., 2020). S5 FH 3R BEBHA ) s558F b, i 3Rl + 25 5 K 5N i £ /N B
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IRRAE (RUARAE ,2023) , Bk 1+ ER 25 B I BUK A G B AR  3E FASIF ST A S 45 8, DA B i 4 4 i
X} Sh 5 4 4 HEEA — 2 09 e VR, A SCPR R A [
32 EHEWIETEpHETK

FEALL R T S, 98 pH Bt V% B A Ak A il £ AN ] 3 s . X BB 2 3 12 18 pH A 7.84 FRAIR 3 7.13 1K TR
il pHAE 7.9, 3 & i TR K AR 1R 2 H 18, 3R 2 LAY pH ERFR (Ma et al., 2021). A0 FRZH K )2 1- 45 pHH M
6.69 FEAILE] 6.58 (1K T X HRZH . R 2 3 rp, X BEAH pH =5 T R R AT Y pH {EL 7.5, T AR FRZH pH A HE RS RR AT SEAIG
il 2% 00 B BRER LT W pA et pH (B A 3.23 , 150 B R o 4 B0 K AL BB A A0 - 308350 1T 9 pHL . BT B9 S, 76 pH o
4 FREE Y, S 5 B AR ERINLZE & AR A, 24 pH ol S B, B AR AR 45 44 1 19 Sb il A 21 /K A (Karimian et al.
2018) , 4 pH iy 7 B, % W v H8 B 0T 22 4% W] %5 AH Sb
(Karimian et al., 2017) , d B B2 14 24 35 vp 25 #7026
Sh 1[4 S158 Sowers 28 (2022 ) WF5T & B0, ZE K IR IR A
AR TS (pH=2.5)F , B AR AL AR T 5 42 s 5 Y
YT R R 1%, HIA ZAD YA AE Karimian
S5 (2017) 45401, BOPRER BN AE Bk SEUK I WA B, pH=T7 I,
K B 4 fift B BRI AR BT, 2o R P R
Sh, #4417 Sh (L A 4: . 1Mi pH=8 i} & Sh 2 #1421l
Sh 1 AR AE W RETAR AT R, R R Ok AE B BT
LR SRS 4 BT 18 R B A9 Sb (Hudson-
Edwards, 2019). 40 & 3 fir7~ , w5 8 2k 0FL 7 A $ 20 1 45
pH B P L 22 % A A A L R B P B3 R R LA P

. Fig.3 pH distribution in soil profile after simulated rainfall

(R AT BE 147 3 1) Sb.
33 HUERMEETIEITmShEETK

BADL R T S 50 45 o, 4T 4F 1 em S AYEV R UN ] 4 7R 0 BRZ126)28 H 48 Sh A9 B 7E 5 em ALK TN
£ 71.4 mg-kg", = FREFR AT Sh 196 i 65.5 mg-ke', ULBHRE R Sb (n] T8, I 78 B 0] b BETREE 193 in
EIEERHE (Yang et al., 2021) , IR F A B LR Z 5V 0 AR ZE -, Sh7E 6 em 4b & i
iK% 56.8 mg-kg', VL= TREFRRT S B9 &1 17.2 me-kg, 72 B AEAS AR Ad Sb i 2 P .

Ab PR 3 22 4 458 Sh ) S AR S X AL ANTE], Sh7E 4 em A& 4, B A E 75.3 me- ke A TREEIE N,
Sh Y & SEFEEE FEAK, 7E S em A T 5 58.6 mg kg BAHARE TN 2144 T, Sb 76 I I B AR R LAY 6 )2 3 R4 4
KA ETR ,H Sh A E S BN HIR AR 2 FINERZ R K2 6 em 4k Sh Y R TN TR
ML, H 5 BN ATA ELICRH BAR ML . 2545 3.2 19 &S ST i, 18 vh I8 Jn o5 #4040 AL BB U /D Sb 7 3 ) L 93T %
TR, A 2 [ 1575 444 Sh( Courtin-Nomade et al., 2012).
34 #EMEWNEGTHELESRSOBERSTH

BRI I S2 50 5, Sb 19 5 & A28 & i 5 EL AN 8] S i . PRI 228 1 Sh7E R [RIRE - 3 &5 5 25 10 5 L
(Pan et al.,2021). % FRZH 22 2 H 30 AT 4R A (F1+F24F34F4) (5 HAE 0~2 em 2N, 76 2~4 em + 2P
PREFRRE LS em AW 8/ (P Sh) 5 BRI B (F 1) o EL U BE 25 1= 598 0% 52 338 Jin 320 #3856 BH Sb 7 X6} i
2 PRI RE AR A P RS A L A (FD 8 AL Sh 7E S em &b s A ke IR Z £
b6 em b Sh&EA AN L 5 RZ LTI W25 U540 22.2% B AE L MR A (F1) 5 529% AT $2HUGS
(F1+F2+F3+F4) FEIZIRE i Sh E WK Z HiE B3R ZE

AL EEZH 2 A T RIS (F1+F2+F3+F4) FEHE LM B (F1) /N F X R AL (] 5a.5¢) . F1 [ 3R )2
(TR , S0 IAR 2R | 3 W i A A T s BN (Du et al. ,2020). SERG 45 SR 20, 76 3 rp s a4
BRI BE S IR /0 T $R HUAS Sb AR % MW B2 Sh, BEAR Sb 7E T3 b (3B R 6 7, X6 158 A= 1y 114 fide e Jgk Jh T /)
TR )2 - T HR I S A9 o BU B R BE A 3 IR AR, H 23.2% BEARE] 4.19% (8] 5¢) , /T R R 52% &A%
#6.1% 1Y ZE R (B 5d) , L] 1 58 th s i B # 2k AL RE A% BH 11 Sb (932 #% (Palansooriya et al., 2020).
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4 EHEWAESh ZEN T

Fig.4 Total amount of Sb distribution before and after simulated rainfall

Bs5 MR LTERE(0~5com) 5RE(6~10 cm)SOEET S (a SMBARIZ, b XMIRAIRIR, o MBARZ, d X IRAHR)
Fig.5 Distribution of S in surface s0il(0~5 em) and deep s0il(6~10 cm) before and after simulated rainfall (a. Surface layer in treatment group, b.

Surface layer in control group, c. Deep layer in treatment group, d. Deep layer in control group)

3.5 HIRERHLE Pr3t £ 58 ch SbiT 8 R A REHLIE

BT BT S , 113 A 2 1M Fe T0 2 0910225 XPS VG L4 45 5 UL IR 6. 702~738 eV 1Y 75 11 3 il e 7
Fe 2p. Fe 2p1/2 Fl Fe 2p3/2 B 45 & i s A7 B T Fe I S AL A 14 513 (Grosvenor et al.,2004). Y45 &g T
710 eV i, Fe LA Fe(MIDIERAFAE , 454 HE/NT 710 eV I, Fe L Fe(IDERXAFAE (Jin et al.,2020).
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FE MR, Fe (1T 45 A A0 B2 T 710.1,711.7 (713.6.725.5 eV Ab , 45 A fE 718 eV Ab A Fe 2p TR & (Fan
etal., 2019; Fan et al., 2016). &R f5 , % FRAE R )2 - 58 M A5 5580 709.7 eV (1500 ([ 6b) | 1 A0 FEZH 3% )2
+ e 25 A BE R 709.8 eV 43, HLIGE TR A X BEZH A4 3.6 4% (1 6¢) , i B 38 Y Fe (TTD $E38 )5 A
Fe(II) (Gan et al., 2015) , Fe (11) E {2 #f Fe—O—Sh AL 1l . 8 B Bk 01 1 4 W) A 2 722 O 181 4 - € v 9 Sb
(Karimian et al., 2018). AbFRZH Fe (11) i 0 1 B 25 (18] 6¢) , B BH Fe (1) FA 48 AL R B 5, Ab PR AH 4 38 v Sh
Al 55 B L2 A M7 5 25 . UK, Sh B W A RE A2 BCE Fe 1 J5 T B ALBR TR , (i Fe 2p3/2 U6 [in) B 25 A 45 4 RE AV 5
i # (Fan et al., 2016) , HHZIT Fe-Sh LT IE 945 A BEAL 5 (Fan et al., 2016). &l 6c &2 FIR)Z L5635 H 3
Fe (T11) A4 87 068 ] /2 45 45 RE AL A m RS , 22 B 18 v Y B Fe-Sb 145 &, BB ARG Sh BT A58 3] K 4 1[4 45

Bl6 13 XPSSELIE R (a BUFERTRT, b LIRS X IRLL, o BLDRERT S A BEAL)
Fig.6 Fitting results of soil XPS spectra (a.Before simulated rainfall, b. After simulated rainfall in control group, c. After simulated rainfall in

treatment group)

4 4Z5i2(Conclusions)

1) AL ADL R T el oy, X L2 5 b B2 A A S D v A DU 3 Sb A L {HLTE 0~50 h D[], Ak 3 ZH
Sh B IR EE R 20 pg - L' AR TR IR 70 pg- L', SRR RN AE A5 A XM TS5 G 1438 vh Sb A 1, X Sb 1% [ 47
BORIRF] 71.4%. 50 h 5, IESA AR (H 7K 28 58 25 7K) (il Ab BRZH S A5 Hh vk B35 K31 60 pg - L. S
FH 358 Gt R RS -, 25 A 24 bR N H 22 R /N B HR A ARRAE , AR R S th B I BUK s B 4 2 T
ARHEFE B SEFG A5 S A B N B B AR ARLGT Sb 15 Y 38 HA — 5 19 [ VR L A SEPr i A 1A

2) AR T I % BRZH 6 em Ab Sb & K 2 56.8 mg-kg!, B T AR 17.2 mg-kg'; AT 4R A Sh & el
52% , AL BRA P 5 HACN 23.2% , B3 N8 B0 BT 6 om Ab m] $2BUZS Sb [7) 5% 185 25 Sb AUk Rk 5] 55.3%.
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