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LR, H T Ao IR TR P RN = ) B R A RN 4K
T T TE R SRRV IR 3 R R SRk A ) ()
SIFE, 2008; Paikaray & Peiffer, 2010). 4. pH
Hy 2.8~4.5 I 5y JE AL [ )it BG4 (schwertmannite)
) AMD B A E— W H pH 4 1.5~3 I,
BRAKARIE 5 A SRS E 08T AMD £ )2 DT
Wb Foeh TR B 4RI ORI B SR TR, i AT
Y75 Wks AMD TR E (%) BT, A
SN (R GBS FIDOE R, . BAb K5 e
X AMD £ ZUIBIH Pb. As Fl Cr & ik 3100,
1896 Al 170 mg/kg (Chenetal., 2015). {Hji 7 4
45 B UG, 5 5 R A AR AR T 5 BUTT RN A e
PR K IR B R, Rk AMD Hiti B 10 1 5 i
R G A R A T R IR RS i LR AR

ASCULNE R I 5, IRITHE D 10
fiFt 4 M5 (Dissolved organic matter, DOM) FlI S(-IT)
Iyl R, Sl E AR B 2 R R A T il £
P03 S AR LR < S AR (R A5 AT O, DASAE TR
SR RAERBE S, R YRS E . 5245 R
s ARMREEY DOM 1 ik 4% & FTad i 1 75 205 RS it £
L7/ AR A B P vl S Wil o8 o /R T S/ ¢ // B 1]
TEDEESAT T, SCID2 5 i Iy i IE I v, H
VAP REAT SCIDWR I NS e [, AHEE T4l
T BSR40, AN T Cr (4 8 & 40 mIAEAN IR b
BRAR Tt FRAr v it sl s (R v, JF B3 T Cr
PR B i e p b, B8 Cr RS < b ™
YIRIIE it 52 2], (H AR s Cr 2k E
B e S . DRTE AMD BREg b i 4 s 1 1&
SN 2 U WUV AR 5 | )5 3 AT
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B S T A L (R TR IS DR A e e R e
AR AR . WSl AR 1t AR,
M 2x 724 0.8~1.0t FAILA (Guo, etal., 2020). HFET
e B HEB B Cak T 5 W B AR 100 J7
Wl (K3 R (Chen et al., 2021). KBRS
T EUR g RHMEAE, A b, 3877 AR R IR R
BifadE, Pl S 35%~40%0 (PL BaO i), H
T AR IR IR . BRIREN . RERRN . (A Il
wrhEE RER A EEIEF (Guetal., 2019; Guo
et al.,, 2020), FFHLEE Tk KLY, BVE KGR
R4 (2021 FERD FELAE Y O FERIR
B0 Az Tl R o P AR R o A TR R A T
i v S 5 A B 11 32 S D DAL, [ SR FE B0 1)
BUGER, AT DRSS, BRI A v, (R
WEG T IR IR B . DA TR AL DR, R R A
FHER L ST Hh il (2845, 2014). 4R1M,
i PRI 5 00 T V0 AR P VA PS8 I, A 905 ) [ i
AN 5, BRI RERR R AR T A L. T
WEERZR T 77 v [P SOR) s w05, ) B9 ) %
TEACR A A B

DTPA & — P W& &7, BEUE1E A B In 7w fig
LR E PRI (Dunn and Yen, 1999).

FEF 1, A SR H ST M b DX AT R A b HE L
W4, Xt DTPA (R UF (s AT R ilbAT T #F
o LIRS HEET DTPA WRIE. WAL, W
pH {H . SIS i) LA B 2 ot ot T4 8 95 Hh 3
MISEMT . [N 541 ES T UL Ba-DTPA %% & & MIER1E
TE TR, BEI R 48 & LU iE I 7510, i il
HO IR R R AN A pH {H, % 54A R pH {EX =) 1)
W, Jfilid XRD. SEM. TEM K DLS %5047 T
BOW BT SRR B SRR AR HEAT T R AL
SR, DTPA ] LLAT R S 5 40 4
IHs R . Z RS T3, DTPA 4545
{49 0 DL R 700 ) pH BB R B e K.
EE WS AAE T, B R R s
81.84% . Xt ik —DWFFCURIN, i 1R RE 15 i 4%
Ba-DTPA 2454906 b IR AN DT o I b 5 s A4
AIG pH S, AR SEERFUCE, A8
KB GRERAL, FiA3 MR RIESUL BRI, T35k
124 300~500 nm. A5 iEFIH DTPA 45454 20
SRS Hp ) A, T8 2% A DT AT T ]
W, DA T WRCKBR RN AH EL T Js R, ¥
fift )5 TR AR LS BAK, EEM T EAE N
Fils WIF9 R SR Ay B 1 2 A5 R TR AR 1 J K

BEEH: HE ARBEIESTH (U1812402): o [EAF 5 4E0UH L84y (2021400)
BRI FE K (1994-), WELRFTCAE, BESUTT M AR SRS R HTESE. E-mail: 1902771605@qq.com.
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Efficiently removal of As(III) by green synthesis of
Calcined-Fe/Pd nanoparticles: adsorption and oxidation

JIN Xiao-ying, LIN Yuan-giong, CHEN Zu-liang

Fujian Key Laboratory of Pollution Control & Resource Reuse, School of Environmental Science and Engineering,

Fujian Normal University, Fuzhou 350007, Fujian Province, China

Inorganic arsenic contamination is a great threaten
to human being’s health, which has attracted the research
interest of many scholars in domestic and overseas.
According to statistics, arsenic pollution in water bodies
in China has been severe since 2006. There are nearly ten
areas where arsenic levels exceed the standard (10 pug-L™).
It is very necessary to strictly limit the maximum
concentration of arsenic in water. And an ideal arsenic
removal technology is imperatively to develop. Here,
calcined green bimetallic Fe/Pd  nanoparticles
(Calcined-Fe/Pd NPs) were synthesized using a
eucalyptus leaf extract and successfully applied for As
(II) removal from waters, achieving 99.96% removal
efficiency under optimal experiment conditions.

And an overall mechanism for As (III) removal
based on adsorption and oxidation was proposed. The
results were consistent with a single layer chemical
adsorption of As (III) via complexation, where As (II)
adsorption onto the material was followed by partial
oxidation of As (III). In the presence of PdO and Pd

HE&UH: BRARREHES (52174158)

catalysts, Fe’" was further reduced to Fe’* while
H3AsO; was simultaneously oxidized to H,AsO, .

Alternatively, Pd/Pd*" may also facilitate electron
transfer to catalyze the efficient oxidation of As (III) by
O, under alkaline conditions.

The recovery and reutilization of materials after
As (IIT) removal was evaluated. This was conducted to
ensure that the material was stable through a number of
treatment cycles and did not inadvertently release As
back into the water supply. Following such repeated
procedures, As (III) removal efficiency dropped from
99.96 to 86.92% after 2 cycles, and to 64.13% after 4
cycles. The utility of practically using calcined green
synthesized bimetallic Fe/Pd nanoparticles was also
validated by the removal of > 90.22% As (III) (initial
spiked concentration: 20 or 100 pg-L™") from drinking
water. For both initial concentrations, the residual As
(IIT) concentrations were less than the 10 pgL™
guideline value corresponding to the USEPA criterion
for arsenic safe drinking water.

FAEFET A ST (1977-), BUZ, W SEHRMEMEKIRE B Z 7 M#TFT. E-mail: xyjin@fjnu.edu.cn.
*EFEF TN PR (1959, #03%, WIRIr I DhRETEGURAM RHEN™ L E 48 2 2 7 T AL, E-mail: zIchen@fjnu.edu.cn.
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Antimony of emerging concern in mine wastewater: functional
nanomaterials used as remediation technologies

LI Wen-peng, LIN ZE, CHEN Wei, WENG Xiu-lan, CHEN Zu-liang*

Fujian Key Laboratory of Pollution Control & Resource Reuse, School of Environmental Science and Engineering,

Fujian Normal University, Fuzhou 350007, Fujian Province, China

In this presentation, various functional
nanomaterials and their hybrids such as graphene and
Metal-organic frameworks (MOFs) have been used to
remove Sb(IIl) and Sb(V) from acid mine drainage
(AMD). Here, we summarized our recent works on
nanomaterials and their hybrids used for the removal of
Sb(III) and Sb(V) from mine wastewaters.

(1) The use of nanomaterial to remove the metal
species has attracted much attention due to antimony
(Sb) species in mine areas impacting on the natural
environment. In this study, bimetallic iron/nickel
nanoparticles on reduced graphene oxide (rGO-Fe/Ni)
was initially prepared in a one-step green synthesis
using a green tea extract. Subsequently, when applied
for Sb(Ill) removal, the removal efficiency of
rGO-Fe/Ni reached 69.7 % within 3 hours at an initial
Sb concentration of 1.0 mg-L™'. Advanced materials
characterization via scanning electron microscopy-
energy dispersive X-ray spectroscopy (SEM-EDS) and
X-ray photoelectron spectroscopy (XPS) revealed that
Sb(IIl) was initially adsorbed onto the surface of rGO
and then oxidized to Sb(V). This result was also
supported by adsorption isotherm, kinetics, and
thermodynamic analysis. These studies revealed that the
adsorption was spontaneous and endothermic,
following a Langmuir adsorption model with
pseudo-second-order kinetics and allowed a Sb(III)
removal mechanism based on adsorption and catalytic
oxidation to be proposed. Furthermore,
rGO-Fe/Ni was practically used to remove Sb(IIl) in
groundwater a 95.7% removal efficiency was obtained
at 1 mg-L™" Sb(Ill), thus successfully demonstrating
that rGO-Fe/Ni has significant potential for the
practical remediation of Sb contaminated groundwater.

(2) As a subsequent study, simultaneous removal
Sb(III) and Sb(V) using rGO-Fe/Ni was investigated.
Results showed that 100% Sb (III) and 72.4% Sb(V)

when

HE&UH: BRARREHES (52174158)

were removed by rGO-Fe/Ni, while 96.7% Sb(IIl) and
21.0 % Sb(V) were removed using rGO, respectively,
indicating that Fe/Ni enhanced simultaneous removal of
Sb(III) and Sb(V). SEM and XPS presented that Sb(III)
and Sb(V) were adsorbed successfully on the surface of
rGO-Fe/Ni, followed by the oxidation of Sb(III).
Adsorption and oxidation kinetics conformed to the
pseudo-second model. A mechanism of simultaneous
Sb(IIT) and Sb(V) by rGO-Fe/Ni was based on both
adsorption and oxidation. Moreover, rGO-Fe/Ni not
only removed Sb(V) (81.0%), but also removed arsenic
(71.3%), lead (88.7%), and cadmium (94.3%) in mine
wastewaters. Finally, the recyclability of rGO-Fe/Ni
showed that the efficiency in removing Sb(IIl) was still
as high as 72.7% after 4 recycles. Overall, rGO-Fe/Ni
has a potential for removal of Sb species and other
heavy metals in mine wastewaters.

(3) As another new potential materials such as
MOFs was also explored to use removal Sb speciation
due to its crystalline porous material with a periodic
network structure. we hypothesized that ZIF-8 could
also be used for the removal of Sb(V) from mine
wastewaters. The results showed that ZIF-8 was
successfully used to remove trace levels (1 mg L") of
Sb(V) with a high removal efficiency. SEM-EDS
indicated that Sb(V) was adsorbed onto the
ZIF-8surface. The powder X-ray diffraction (XRD)
pattern of ZIF-8 before and after adsorption of Sb(V)
indicated that ZIF-8 was successfully synthesized, and
remained structurally stable after Sb(V) was adsorbed.
Fourier transform infrared (FTIR) and XPS both
suggested complexation of zinc on ZIF-8 with Sb(V),
where removal of Sb(V) by ZIF-8 followed the
Langmuir adsorption isotherm with pseudo-second-
order kinetics. Thus, a possible removal mechanism
was proposed which involved Sb(V) complexing with
the zinc hydroxyl groups on ZIF-8 (Zn-OH-Sb).

W—VEE WA 20y (1995-), [LWFoeAs, WFU5 . ZIF-8 M kbR LR K PR IE ST, E-mail: leolee7751@163.com
*EFEF TN PR (1959-), #03%, WU DhRETEGUKRARHED 1L E 48 2 2 )7 T AL, E-mail: zIchen@fjnu.edu.cn
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Practically, ZIF-8, could remove 78.6% of Sb(V) from a

mine wastewater containing 20 pg L' Sb(V).

Furthermore, ZIF-8 could be remained active after

repeated uses and could still remove and 42.3% of Sb(V)
from wastewaters containing 1 mg L™ Sb(V) even

when the ZIF-8 was reused 5 times. This indicated that

ZIF-8 had potential for practical removal of Sb(V) from

mine wastewaters.

(4) However, a new hybrid ZIF-8-FeNPs served
to remove small concentrations of Sb(III) was further
investigate. Results showed that 73.3% of Sb(IIl) was
removed within 3 hours when the initial concentration
was 1 mg L™". The results obtained from SEM- EDS,
FTIR, and XPS confirmed that the removal of Sb(III)
divided into two pathways: (i) Sb(III) directly adsorbed
to ZIF-8-FeNPs; and (ii) part of Sb(IlIl) oxidized to
Sb(V) and then they are both adsorbed to ZIF-8-FeNPs.
The formation of a covalent bond (Zn-OH-Sb and
Fe-O-Sb) was the key factor to remove Sb(III) and

Sb(V) from aqueous solution. The adsorption process
was consistent with the Langmuir adsorption isotherm
and pseudo-second-order kinetics and the correlation
coefficients (R*) were 0.959 and 0.999, respectively. A
potential mechanism considered that the conformations
of covalent bonds like Zn-OH-Sb and Fe-O-Sb were the
main ways to remove Sb(IIl). Finally, the removal
efficiencies reached 91.5% and 94.8% when the
concentrations of Sb(IIT) were 100 ug L™ and 20 ug L™
in mine wastewaters. This shows that ZIF-8-FeNPs as
an effective nanomaterial has a potential to remove
Sb(IIT) in wastewaters.

These results allow new knowledge to be
developed to elucidate the mechanisms for functional
hybrid nanomaterials removal of Sb(III) and Sb(V) in
mine wastewaters. Thus, this presentation focuses on
basic research on the removal of Sb(III) and Sb(V) in
mine wastewaters, as an effective method to remediate
wastewaters in mine areas.
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BN PEAE R R R AT B0 M EEAK . RO
KICERI P, v Bl ¥ B 75 L I 5 0. i
9 A R 2 ) ) 3 A R T 4 i, il i A )
YE B B A — A SRk I 55 vh (1) T 4 8 v 1 [l
E, MMENEST S ELS BT EMILERRE
Yl HAMNBEAE A 2 S 1T R B A AT 0 S5 Al Ja ]
ME G E TS B e PR AL RS . WAL R,
KM Z BRI W ABFF 51T 2018 4E 11
H. 2021 4 5 ARE T T RELH XA R
JiE = AN G 1a) 0 TR i RS YTRAT E (CDK ) THD
BRI R4 ZECSO A ST ITHD o A IR B 1 2020
FEVE, RIZRN BREEAASS, MR K
TR AT WA T4k T 7K 1 45 A1 o R FH S0t IR A
VRS-V, IFE S Th 23 B A5 2 R 0O . IR T K
AR BT8R ASHR o[]S I ok 5 VR B VA s ] A A
fin P B FR AR 20 A 7K S 75 L Al AT e S FIR S 28 = L
ANTR) 7 SEAE IR R AR o by S 4 Mo i )R A 28 Hh IR it
PEIATERE, XHEEAS B /S FOB A AT R = 41
A A A EILLT L4 iR

(1) CDK. SO. S1 #4941 S ¥ %L SOT

HETWH: BRARREILETH (41720104004, 41931288)

FERAEAE, 23 95 SR 58I 99%. 52%- 87%. SO4*
FEANFIRE o5 18] PR A7 7 B AFE I 2 25 5%, CDK
Mih 56%01) 805 LKA AAFAE, 1 SO, S1HE
FHONRRIEA, 00 SOT M 51%F1 73%. pH
H T RE 50 SO WAF R M BN, % pH
HIZAE R, 5 TG IR R S0 W) . sk, ANFJE
AS0; f S L B R AFAE 225, b2 AE CDK
H1 SO FF AT A% Ay A i o

(2) AMS G Al JR AR /K SRR 75 CDK.
SO+ S1 AHIFHAME 53 L4 0.8%0~ —0.5%0~ 1.2%o0, %
AR JEU AL ) TRV 28 2H -5 7K A B AR At 14D ) 7
FU N IR, R KA AR AR = ZRIR T k™
KRB D% s 75 S0. ST RES AL, A™MS (1]
RS- KESHBRARD 1735 54k
~17.7%o0~ ~7.8%0, FATHEMX 5T AEY IAE A %,
T E BT R (10 A 434 SR AL P B A A

(3) SO &b ¥ CRS TEPHASRALI i) 55 B A 2
I8 52 488 o 2 T e 1 B AR R A A, &5 S TRV 35 4k
IYNT, RIS RN ZAEAE VR 2RI 239 5w, AR
B 1AL B IR 1A K

WEE WA i (1993-), LRS54, BRI m: T X B EFEIR, E-mail: yehansulfor@163.com.
SEEEAT A &, 20%, WLARI, KEMNFR XIS TIE, E-mail: chzdang@scut.edu.cn.
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2. RPN FHE W E AL E, AU HARERE S TR, Bt 210023;

A LI Rty SR B AR ) i — B4 52 000, b4
BEKR RN A R AR E L ETT Y. B RIZ KM
WIFEAA A AEAER T AR 1LHEK (AMDD,
AMD fEfEE IR K R T 48 I N B R AR T K 5
FORVERIM BTG G o AWFCRG AT T 220 B2 i
Tl — BT LR R oy JA 458, R ICP-ASE.
XRD. SEM %5777, WFHCT BRPEA tiHEK . ¥RZE0E

HE&UH: BRARREHES (41730316)

K MR HEADTRYII & Ja 5 SR IH R
RIS T IRYER WK S A PR 2B D8 KR & 7
ERIRES I RUKA AR, B DA T E R
TIRAAE IR, KRB 90% LA_E i 4 g 25 - Bk
WIS, PR TR E SR A R, MR
RS PEHEK I B AL R . RS RIX R B it
FEMIHLA R AT % Js A7 96 BB AR 1 J5 7 o

WEE R RIS (1984, BHIW, WFFJ5 M. FREEHLERAL . E-mail: meirognzong@163.com.
SEAEEE RN WU, #2, WF5TU5m: HiER{E2%. E-mail: xclujun@nju.edu.cn.
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FANES, ERY S, B/w, WO, ETEE, FEE
L. PR RHE KA S8 A 3L gt M B0 L, 4ifH 621010;

2. VYR RM R AL R S IR 2 A [ B T 0 2 b0 &, 4RBH 6210105
3. VHR R S R R A B R AL A S T S =, ik 621010

BlAE AR IR A SR AR R A I R

WA AT IRIT 5 A B s AE St BROG B s v Al T B AR AT
FEI R 47 0 Bl A AT BRSSO 4
AT AR B AR T AE B I IE RS IR Rl . IR
ISR S o3 T A AL AN A& o AT 208 i S 2 A
VAEFELEY S BEA I (B R AL,
SY SRS i) (EPS) . AR 4N, JF R
FEUHRE S5, ) F B RO RAE, 45 & B 5T,
TEE G T IE R ACAE SR )5 B L)
EPS KATICHEE M4 ML BEE (BGs) XAl ) A= ) ™
FHBAE IR Al o« W E R I : S E A

A& B HLIR 45 18 T Bl 55 A HILIE 4t S e A7 JF 2
FANB DR BT s ARG AR AE P Al
WA WU Eh 3 11 52 ELAPDRE R 1« 55 IR 2% 1F
s Al LU 2 BRI SRR A AR AT 3
{1 el = 0 0 R T B A B SR T SR AR P A ANCAE 25 B
EPS B 103 P 1) 2 Jf0 M S v b DL, ik 488 4 440
JOR R0 P B JE I 5 S B ) A 04 SIS LB T
PE AN A AR G5 R RO R A ™), R W EPS R4
R i ] B A 3 A2 ) R 7 i 1 A A TR ORI
FEPEWEND A gs MR A PR A A A K 2 5%
P AWFTOR RN BTG G 10 22 1 S A HI AL
RS RIS I S A B BRI S %

BERIUH « B IX B A A I St AN v W O T U-P AEW A HLIIT 9T (41877323)
FAEFT A DB (1985-), FIFFFLG, WM. AR A ek 2 d 7. E-mail: xiaoqin_nie@163.com
*EFEFH TN FERE) (1963-), HIZ, WA WEH W% 09 50040 FEAE FIPLHITEA.
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£ T PropS-SH #1 pH NIFZ1E HNT-BTA oKk FIE &4t
{339 E SR RS AL R B 18 B 145 S HLIBH 5T

ZiElE, ZEM, Az

WK 2 A0 5 R 2B, W 411105

BRI NS F R EE NS B 2
—, TRAE TR OAE AT SEAREANT, 4
R TR SR, WSR2 5 KA AT ™
ERRTERT 1K (AMD) . %% /K fo 32 ™ 5 Ho 7 A 4
N5 PR AR RS 1) 2 — o )R T B A R
A PERRALA )R TH B K — A 25 OR3P B, DLy b L
Ab F AR AR IL A TR IR R Ak, DT A IR Sk 5
AMD ({7242, 5 T AT 2 I B RAF
I FHRIT S5t o AR 14 AT 4R Bl A e $ FR ) 35 ik
AALBIBES RS, B LAE BB N TG HATIE &, T
A KA R i 5, IX 2 T R B AR T
RREFINF o At 5o 3K — ) R, A TR0 2 71 iy 93 i A
H T y-F N = B A FE R BE (PropS-SH) .
PropS-SH/SiO,+ F A7 S gl Kok 1 & A Al Ak 771 1) 2
fili b, Edls M RA B R YRS S 138
BEALH, FE0 LB PR AR B8 E LB T T VRN T
TR

AHFFTLLL PropS-SH & “ EARBEALF”, FHHIH
Big AT (HNT) [ B8 i ahi, 08 IR EE Mg oR
I =M (BTA) S0t HNT 45 s N i 918 FH Cu-BTA
2B WVE R i e FL B, ) B HNT-BTA,
T LM A e o B A TR 1 R BB Ak TR, %
PropS-SH/HNT-BTA % & F s BB . 1EAWIA
t, kAl (1) J@ik SEM. TEM. EDS Al FTIR Jji%
WEFTT HNT K758 8% 3500 )5 148 11 B A N4 e

RETH: BRARBEILETH (42177231, 41573118)

th, RALLGHRAESE T HNT-BTA KRR (2) @
i TGA A T BTA & HNT-BTA i 4k &
(5.2 wt%), [R IS5 T BTA £ pH 448 N
FBEIBAT A, A8 Ritger-Peppas B EGHIE T BTA M
HNT-BTA & Jl= b OB L, B 50 45 SR B e R 1
44N HNT-BTA 7] LASZEL BTA (15 il 54 1 B 75
I BB OGRS B LY WL . (3) I Fe At
WAk b2 R VR BL & R s 5 5 E T
PropS-SH/HNT-BTA X B8k I BiAL 5 BIE R PERE,
S 45 R BH VS IS %) HNT-BTA AJ DLk — 5 15
PropS-SH #li4L I )4 A AL Be  FIK I e, k4
A BB AL X LR S R BT, Tt
AARE T HUBCTE BEFN 45 & o 35 KR 3 T, sl 1
BRI KM SR (4) B 45 4 St ] A% G LR
XPS F1 FTIR K[43 Al il F B, #2450
BEALFC SRR A B A BB R HLEE: 7E SEE/K )
RAWWT, PropS—SH Kl /K i iy AF e ik B v v, ik
T 2 DR BB 7K 46 45 Tt AR W 2B B Si—O—Si 8, P A
HNT RIS R A RN, A HNT 45 & fERERE
WA . %, PropS-SH/HNT-BTA i1k 51 I ik
Fe-O-Si B 5B RN &, BN —E8E itk
JIE o T HNT HhEF2E1 BTA WIAE 52 & 5 5 B Bl Ak i
IR G R K, 5K AR [ N AR ) Fe-BTA 4%
HY), SRR B IR EIMEEAEM . XIUTAER
&SRB P BB A R PR AL T B ) S

BAEE T AR (1996-), BLBIFA, BT PRI AEM KL E-mail: 290179392@qq.com.
SEEEHERIN: Xm (1982-), WLHIFUESIN, W55 BB 9%, HEEDfe k) E-mail: liuyunscut@163.com
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Ru Mt EEEA RN =R URE

1 AR TR R 222 B, R#E, 610059;
2. JRHREL TR 23 K E G L ot B R H X E R S %, AR 610059

HEYME 5 g W 2 5O T 8 b (1) TR B VR, R 118
ERRGH (O ME (N fEH LR,
1IR3 H A7 A ik, 76 b BT b 2 R R T AR
LA 260 Z )7 AL, A=A & N iE sl g5 3,
TERE™, EEFUS, ERENE, 7am T, R4,
G JE VR MY T A AL B M R 3 i T R RASE
AT . B RGE, WK Y. R .
R AR 2 R 5 M0 5 45 R I {3 35
FE I ST AR DX BT AR AR IR B K
V5 9% o FERCK IR I TR) 3 1) b 3 B VR S R B R
Z I R ARG 2 Hoob o FRATTHIESY T 50 4FKk 2
A 2 LA B R o 8 ) T S A A o 4 R
T TUAERE T 22 R PR IS [R) PP 51 00 38 o i 384
bR IR LA R RKE ER 2 (20.86%).
BE TR (18.09%) FTIE (1.69%), AHXS 1%
+ (13.9%. 2.65%F1 0.20%). ) /R 2 KOEELT]
AT R ED X RS SR DG . 14 EL
WA 455 pH. TP, SOC. NO,-N fll NO;-N %
P 5% WG HYE LT, BRI 4t 2 3
SEM o AR PR b it BT 8] R HERS 5 1R 00 1R 4 A DG K
Fo WP LIAIEIR (TN, AN, NO;-N, NO,-N LI
JNO,-N ) S Iifahriz i T8 2 13, HAE 47 £

WP RS S IR R A . Y (Pb)
SR — Pl 5 NER RN B 2 1 1A 6 R O
FHOC o R 96 D AR AR 32 B, AR s g8 b R B A
PR AR T AE VR R ARG R AR B A B SR B M 2
TR BRI ) 2 FE I A T R BT ORI
g AR | R T SN S b A A= D
SRR BRI TR IR R VR I X AR R AT
Re A JE 50 R0 RO E Z 1 AR V)6 B e
SCRFe BATMIWERERAE T 5 1 C Ny P AT S PR
DA™ X S A - U R - 3 R G AR SRV Dh R

BT H B K B RER R SR E SOK L5 R s S A S SR IT R4 H (41977289, GHBK-2020-017)
HAEERIA: % (19932, BRR: WLAFsE, #F507m: EYHERL 2. B-mail: 1015383759@qq.com
SWARVERF A W2, #%, WLE. W5 B8P i T R IR %47 4. E-mail:  huangyi@cdut.cn.
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sitaEkCELSEFELZ SR ML

KXE, T4, Fiia, FEMR, FHE, JEHE

P E R B AL A S AT RIS, 220 730000

755 YL 1) A A0 B A EAER 75 40 B DA A 2 AR R 3 A B
v 81 e A RO e FL N T Se ) iz — o A T 33K
B AR A T e, TR T AT R R B I 1 A AL 25
1 HUCKIF AR A S (GO) RIIA
A HE A B A ROR T B BE B Ry 454, R EUR 4P (1)
AR RE, BRI B2 R VSRS R
GO 2 [f] P 40T 5 A R s SR 8 et A L Bl oA A R
AT AT, RATRE T GO 1E R efith
FFNE 22 A AR AL 5 As(TID) W R 5 As(V) W
W, HFREVIT R N RS L

1556 BATTE I A SR ) A3 B R B
WRFER) GO HTH GO 7 A RN A7
Ao EBAGEE X (100~650°C), bz AR I
T, GO il 2 A ML K OB B s> (LB
RIS Ay kR > FROE > RIS, AR, RF4eEAL
s —OH FI—COOH AR & S g s n,  [F] i
W RSB RE E B L TL, e B3 BT, A BRAR A,
PSRG3O B PR 8 T B

B S ECE AT As) LA AL BE 1 3% W7 4 58
BRISEE R W], GO MR IERIA R F S e fh
MR BT T A, FLR N 3 4% 32 B R R b = A R i A
A1« OH SEHL As(IID) A4 o 7258 s FA S IR FE I (650
~1000°C), ALK BB K E K F 2 GO 1Bl fkRE
T3S0 PRA, T Tl AR 5 G P ST o R 100 5 45 A
Z, RN T AR R NAT S OCIE R ST
HBEMAL I Zigzig %), HEMSEHL T IR & 4FF
As(II) [ As(V)HI =i &4k . LT iR AL 4% (EPR)
FVE LR S 2 FR W], BER R P K < OHL,
H,0, 784 T As(ID% AL EZY . GO (1000°C)
TEZ T 13 ANEEAAE I G LA AP E BRI IH AR FE, GIESE
B BRI ZRAT 5 1R I GO A AL FLA BT [ Fa
TEME

O, AT FU S T A5 G BRI 45 1 T Ja 5
As(ID SRR EAL, R T GO EAFIE J5 f B (1)
AL HLED, A ERFT R e e B4 R A% 295 B AL
FIB TR TR R

HEUH: ERARBEEEN EIH (21876172); H EFRl 4 B ke SR S ALAT 7 U8 4 A B &Il (YSBR-017)
FAEF WA KOCE (1989-), LIS, BRI BRAKAEH M ALTEST. E-mail: gslzwtao@sina.com.
«EAEMEETAN: Rd%E, BTG, E-mail: liangjj@lzb.ac.cn; JubfF#¥ WF5T 5, E-mail: fangh@lzb.ac.cn.
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3 S A R L F 3 B T i B L RS SRR R

ZAg2, Faal’,

BAY, HEFE

1. P R B b ERAL 22 5T BT A bR Ak 2% [ 3R i =, 5B 5500815
2. EEREERERS:, JERT 100049;
3. BT AR A BR A E], il 528000

P[5 B4 7 B R R 1 T ORI TG Bl 1)
SO, X A R T T () - S Y G KU (Xiao et
al., 2004; FAIERE, 2011), AT k& w2k i) 1
BB E AN S] AR OERE 3 R TR
B TR T B4 VY g e L SR AT S SRR L
WF5T, LAIATH 2 2% X 4+ 308 B ORI i R A8k
FEBEALTR, by B4 74 B v e 2 1R 18 B RNBURF AL 45 1)
WL S

LS 74 B A DR R o i 98 Ok B R Sk
ITIKFBEEFR S, /AT T 3 Bl 45 52 & Bk 3 B0 )
(BEMBEEYR (A, BEAEMR (B) Mk
FEJE T R R B CCOEAN A H &2 (0.67g/kg 1.34 g/kg.
2.68 g/kg. 5.36 g/kg) T L IEA RN, 13 A
()& B 2 G 25 DL A OK RE X RE A 2 5L A8 4k, 45 3
R

1) =P8 A B0 A 700 1 it n e A ()R T

i 3% pH FIAtAL g, JLrp ik i) C 7E 5.36 g/kg
it FH R R B

2) =PSBk AR A A T I BT B
AR PR B2 S PR B A8 S TG 58 TE RN 55 &5 d Bk
A5 A 43 Ll SO T3 Bl A, I
T3 A R B T30 1) 45 i R A 45 B A T
(O B2 S A T e o N THEZ 0 8

3) SR A BRI 3 R R KRG R b
PR SRR, KRR F R B PG 19.2% ~ 48.6%,
HAEMGE DR (A BRI, RGOS SEE
JEFEIRER (O BRIk (B), Hof A 75 1.34 g/kg
it FH T etk o

4) T ARAEE AL N AR S8 A RAE KRG ) 4R
ey, HANEAE R T IEaME S 0 ME— 2 5d bR, Ik
T AL VAN I B 25 2 I Bl R KRR RL
PRSI e s - AT

FELTIH: FEESHA ORI R ARRREIE SR D 2- 5N N RBUG W T RHEI 50 LI (2018YFD0800602, U1612442)
BEER N 2 (1996-), WLWFFA, WF5 im: LS 4. E-mail: wumei@mail.gyig.ac.cn.
*WAEVEFTRA: 2ker (19735, i, WFIFH, WF55 . FREEHBRIE . Email: lishehong@vip.gyig.ac.cn.
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ETEEZREBRITEN AR R ESRT
RHEIIH B R

M RH, G, Az

W2 R 5 2B, WHIE 411105

TERHT (FeSy) i HAR S b g i WL I 4 S8 i Ak
Wz —, WAL T WA R X 1458y
W, R R AR I B AR T . AR T FeS,
M) 2 AEAE, MH BB BUKAE I, W5
Jei) A5 v ) AR A7) T A T e 28 T IR MR AT 1L IR
K CAMD), 36 & 3 7K A J - 358 3¢ il ™ =5 HLFF A
MG 9. NS, FeSy S5 @i Y7e 3R
H 2 T AN TR () AR TET S AN [ D ot TR R IE AN 2 27
O, 7 F T A (1) B B P R B A A X, i 2 5
ST Ak HEL AT PR 5 1 BIR Bl AT s . B 0 2, DT AN B R A
MM FeS, MK . iifitil, FeS, 7 HARA
W AEAE (2100, (1000 AT C111) LA WK &
M. A (100) FHIHIMRHGESAR, Bofase,
(210) FHIAMER M R =, SE 2R 5 5 R I R BE h 4 4k
PR AR N (] 5%, 2019).  [RIEA SCIE ik
B RIS (DFT) M, TR O, fTEA R B EE 1
T FeSy R 1H1 1 BB 1t R B e A7 Ak X, 4G
B ARSI 5 RN 1T 23 BT R R T BURFT O, 1E FeS,
F T AL o AT BB ) 2 7 12
FeS A=W (1) T ML B AR H R, PR R MU Sk

HEEnH: BRARREIES (42177231 )

P IR YER 1L R KV G TV LA S 8 FeS, 1E 3
RERPRL) R M SR LR 2 A i

A EGERE (2100 F1 (1000 P Ff i 134T 40
B, S8R B, RBHE FeS, MR AE A SE mfig i, 24
O, fEFLRIH R AL B, #URAR e 5 R Fe JoT
RAAMBAER; EAFRPE, BT FeS, (210) K
R TN BCEARN Fe IR T, O, B 52 RAETR
SEZLPAH AR, S LEEREAHLE T FeS, (100D
KULH A PGE, H O, W45 23X FeS, (210) KA
o> gl A H I A I 50 7=/ Fe—O—O—Fe i, [F]
B S JET 2 - H RS A2 SO i = A B o

2R HU 45 R o, FeS, (210) L FeS, (100)
MR R T iR T2 1.7 fis 6t vp B =4 (A DU
s e AN R 2 5 RS S AR R AR 7= A D IR AT 2
St pH ZRLE R WIS I Rl fi i, 2R A5k
SN, P HI PP RS R R A . R AAL
RV FE AL FT-IR . XPS 2534 [ 20 HrEA N gk
W REREAT T 3RAE S 7007, 85938 FeS, (2100 HT
AEAE S BRFEAT, AT FeS, (100) £ HATHE L W%
PERE 510 4 LA 20 Fe, 38U OV AR,

B AEE R KRE (1994-), W LWF5A, WF5 5. MDAk, E-mail: chenruiliulqg@163.com.
HAGEE T Xz (1982-), #F%, WA : B LRSI, KB ThEEA R, E-mail: liuyunscut@163.com.
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RERIZTRIGHBEETSEE KRR
M@, AR, FRY

1 KK HERRGRI#ER FAMBRRGRIEWTTBE, K 300072;
2. REEMKFIRIEAF TR, RHEE 300061
3. BRVGE Ttth TREER W ARG IR STAT A |, 1§22 710075

Sh R WH R A TN R R S M X 0 A
BE R NARAERE s, R SRR i Qe de doidk . v
2R 256 4R H02: DA 5 B VPAN 5 R 0 %95 e b th
TR TS YRR . AR H AR RS AT TV
flio SERERW, L2 LG G ™ E, KK
JE It A 398 R S 8 i 7y B AR o AN [ - A ] 2 AR
HEv5 YRR R R Ly T M > A > okl A
Mo TV ML 0~6 m ¥ FE L3538 52 N s T TS
ge, WAEAESGEMM, 1 m ®E e,

2~4 m P S 3R N R R R A R
HU R Ao e % BEBUE R, 2SR ESR
FeAB TS e -3 rh S Ik i R BUR KT 1
o B i 2 e e o Tl B T K
0 A 10 75 I ek s o M, g e A s et it
R HHEN M 018 5 B ARG 4.15E-01 mgkg ' B
TR N V% X8 T e v RS ST SRR A
B, [T ¥ e 3 H B 2 25 1 5 B KU T A 4
Al %

x1 =Z#MERFEZREANANBORERRE RITH/E

R ﬂﬁf#ﬁ%?ﬁ%% ﬁ?%%% AR SMEmEUE ETIESURGER AT BRI S
(kg L4k fRE-d") (kg ke fREd') WEEN P A 7S M 4 o £ & 4 il 1

LA 1.06E-06 3.71E-07 1.29E+00 1.36E-04

Bz Ik A 6.00E-08 2.30E-08 2.93E+00 3.37E-04 2.42E+02 4.15E-01

Mz A+ 1 1.02E-08 3.53E-09 1.65E+00 9.59E-05

HEEWH: R ARREESTH (41807386); KEN K REH I H (KY2014-03)
*H—VEH BB EEE TR XHT (1986, VI, BFFIT7 . 15 YMRER Fedb Rk LIRS Y B 2. E-mail: liuyu2017@tju.edu.cn.
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918 JRFEARFE S SR E A

c B2 TLIMRSREEE -

AT RES RIS R AN BB RANR
R, EHE, RiE

1. RIS KRB % E, ) 5100065
2. EREERL T MHBER AT, T 510640

BlOV) REEREESEZ —, TN
G T BEEEF RIS, FRIE Vo 7
J7 A, HER VPR 57%. AR TR B
BV R, EY 618.8 /20, V BEA[IA 1.18 12
W, 290 R E V05 Bt 1K 87%, =AW
WA, PSR, B S OV SR TESREMEK, A
e v R IRE V BRI R M EER JE T, AR
P VRS RS, VSRR 1.0%1 47 AR
1 2.8%, V EEILT 0.5%MA A & 60%LL |, &
A BRI TR SR RN . SRR, V5T,

TR E AT VO S AR R A A S
g, R VOB Y aE E R AR SR,
JERE, JBL, E RN Al TS R Sh REMER AR, V Cpk
AN Hgy Pb. As &R —KAIM GRS 344, +
BV SO AN AR . A
TR SR S8 V. Cd S 48 15 YW B i,
R RS RAE T A 00 DX R A B e a0 3R & 2y
TR 2 r(MLAYF 39 V. Cd. Cu. Zn. Ni

SEEE S E SRS ST, VIR Ta SR
b AR G JE I RS AL SR FH R R T
TRETRE WD 2 575 R Aa S iR TH X
G JBVE YRR PRI A B AU s B A A s TR A
FI PMF 22 RAEAY, P X ¥5 G+ 38 b 4 J 1) ok Y5 gk
AT T HONA AL, DU A T X 3 4 v e I v
il R B P A A5 B R, R TH XL+
e VIR GREAE S I B A WD () 52 R 5 AH T
YER, WISERVET V a3 b 2 U6 V+5)
I S B 2% T

BRSSP AR R VSRR SFEIOH K R, 7E
RGN A WAL S V IRAFIRAS IR 1, JF
KT AP VRN MnO, AR T2,
e T AR VR TS 4 31% HySO4.
3% MnO,. & HIEEE 90 C. B iHfE 7.9 h, V&
HETIE 89.3%, WA FMAEGRER, R
S B A TR A 2 N A I R A E
55.62 kJ/mol.

1 RAERT I REERESRHERBENRFEEN

HEamH: FHEARRAEE 4N UI901218, 42230717)

HAEERIA: 2 (1980, Bd%, WA : [ERMIRGIRE, V5088 5 R IREEA RS KBRS, E-mail: bo.yan@m.scnu.edu.cn
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AMD EEMEFFEEABE B LIT AR

AR, A8, W, BN IR, BB, T4

1 R BN T 5 A TRE2ERE, Kb, 4100835

2. PEIREE EYRA BT MEAERE, Kb,

HI T RA 85 TG B B AN B, G v
i) 8 52 1) AOK B 2 (1 AL, R R R BT R K
(AMD) IAEEP B (Sb) 5 Gt 5 BOR B £ 1)
Kito. Sb7EARIAE R LAl (As) IA7, Lt
ML BRI AT S As FeAbl. H2 H T ¢
Sb B ED AL FIRAZ , WZEMIE T Sb
(3 AR SR MBAT T2 A5 I DA S0 2 W e A A L6 <5 2%
JT T BB ST E AN As BRI SCHIE ST 41, IR+ o0 A
W ETTREXT Sb (MR A e LA GBI 5T o AEAHT ST T
fErf, FRATLL AMD 5 8200 0 O AR A4 S 3 Dt
PRAR, AR E AR TR i A R B 0 e 3R
EEg AR i P U i 2 DKL AL S R WP

(FT-IR). #1HiHBE-RE1 40 A1 (SEM-EDS). X Hf 2k

RenmH: BRARBEREIH (HHAES: No. 51774342, 41802038)

410083

Fi% (XRD) Raman Y% . X 5 2656 H1 T AE 1% (XPS)
G 2 R0 A 03 AT T BRI AR A R U E R ik
JERE A SO AT By o L ZE R I T : (1)Sb(II)
X AMD B S RETE S5 B R, N A R
AR A B R, B AR I DR R AR 7 B
B A0 (2) Sh(II) T BA R 5256 4k R v AMD &
LWL I LR AR A, AHZE ) R Rk IR Sb,
UL AMD & 4E ] e I B s s R 1 TR P 4
R Sb 1A, 1T 5 3 A=W 3 (AR L JE 2 (3D Sb(IID)
TEAEZAE T AMD & SEMn] # et A 3 A LS, >
HE, FFHFEA D SbyS; K SbySs ULTE . X4
SE IR R TP AR R Sh(ITD ¥ & Ak A7 1E
ME KR

B—EETA: AWAT (19932, &, I, BRI HER A4 %, E-mail: yuhangzhou@csu.edu.cn
SEEEFE T RALE, BIEER, B EYNAG. MM, Email: hehliu2050@csu.edu.cn; B2, R, WM B, BRI

B AP1Ee K. Email: jlxia@csu.edu.cn
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FEER I E Y S rEsR A R BRI AR P8R/

d

3

Y34

K5 FHLE AR

EA, KB, AAA, AR, BSE?, Be21

1 PEERY: WM T S4TSR, Kb, 410083;

2. THERSE YNGR SHAEMERERE, K,

% (antimony, Sb) J&—FPEE IR IR IR 48 T
=, O RERTE. S QeY) . REDE S Eei
TR R A E W E K BT R AR SR IBOE e X+
HERKPE™ E BTG g MEBRET (SbaSy)
P ELAE R, 2 5B (FeSy) . M gk
(FeAsS) AF3L/E. HH Wl — Ry ok
WA SN A R AT R PR R AL S ) R TR BA 45 v
FEOYERETG R, BRI Y- AL A EAE
FH N 5 B0 ) O3 A AN A AL TR B L DR 3R R e
PR I 2 ) - W A P O A v 0 T 3 e AR L A XS
TR A B D R TEOI A DA AR R B vt B
e S HAR A B B4 3 o

AT S S NI R T Ll g TR R SR JE K
FERURE, 200 18 LB XA ) 2 A6, RIRR
ATCWR TR A B AL, IR A2 F R —: W
LW > AT S IR R A SR TR
pH. ORP ZEHUFE s #AL PRI LA & Cy Sy Fe. As. Sb
LINREE G HERSAMFYIMK . KRB AMD 3

410083

S5 B AR I g R R AR A D RE A AR A T T
EAEESR, AT T ASAIVEREAD AR R AR R . 3k
— R R RS R R A I L RER A E ) DA S SR
W& IR TR E IR AR AL Bk A ( Acidithiobacillus
Serrooxidans) 53 n| 5 MEERT AT AHEAE ], R ILE
PRI 0 R )V i B W R T, it g
BRI A= ) A HI R B i AN P Sh(LID) R T 31 i
R IF AN AR Sh(V), JFiE— T 24l
ARG BT T AR RIS R R PR TR A5 R AR A DL K
A. ferrooxidans - Ty RE N A HFAE . AE A
Serrooxidans-FEEEHAE AR R, IOAREER M AL
AT ) SR R SRR A, AR PR I Y. S ) ek
B Fe’ ma et B B BUS B K 81k, Sb (K481
R A my s AT IR I E AR R, AR A
AIREAERE T BB AT G IE R W Rk o BRI ) 0 4
TN T REERETAE R TR AR H R IS R IE AN B AR TR S
FEA TR SRR3R, S B Geia B S 18 S 4t
TAASREIR SR

HETH: BxRARREIEEIH GEHES: No. 41830318, 51861135305, 41802038)
BRI A A (1997, 5, WUEEFSCA, WSO BRI A EAE R, BREE A )41 % . E-mail: can_wang@csu.edu.cn
EAEVEF A AL, BB, BT R ARG 4. HURHZEY . Email: hehliu2050@csu.edu.en; H4:2%, HfZ, WS R B AR

B AP1Ee K. Email: jlxia@csu.edu.cn



) A HUER A 2 25 18 T RAR I SU B4R 759

- EE 2 FLFRESREEE -

oA ISR Xt B T ESREREEERR
Tl 4 %o 50 B S 7S i

Fas, T4, SRR, TFE 7, 2R AN ARE

1P R (BP0 A4 s S PR 5 [ X s %, i 430078;
2. PESFURS: GRBO FRIF2ERE, B 430078

B AR B RRIEYT, BT IRR K,
A DX SR L 38 VTl DU DA SR AR S B2 ) T
VGG, B X - R K- N KA R T AR AR
R4E, HiZRK. HU K LR A AR EAE 3 S0
PIEA s B TS R A SR, i
BRI A B R 24T, DRI B X b b -3 R 2R
ARG EAE F DL Al A o0 B 1 A= 25 ) 1 6 48
INBRLE IR SE P LR S AR B BR 2%, 1B Dk B
FIy5 Ria B S % . Bl X 3, R KR
GERKE WEM Y BRI . A SR R
PIMI AR . Sl e Bt ST, R
1) 3 Sb R FERT pH /21 A= VI BETR 45 K 1) T 2R
R CNTR AN LT D, 1 C/N F5 /K %) F A7 AE
BRI o A7 X TN B 1 S0 08 2 L5 B I ot A A
WA AT DG, T B A B ) 3 2 5 B R 1 AR A
Ko 2) WFESAET S ANTR LA A AN B R V& mT LLIE ik e

FEETH: ARBIAIEETNH (41877320; 42007306 and 42077220)

I pH, FEW X S B YR BRT  AR
U BB IR, 38 T RERE TR = A B S AL S T AN 86
M SRAR S R R, BRI, S aiw Y
T3 B G RN 1 2 3 O, ot DY 2R 70k R
gl AL BRI HTIE LU B S A e AT LRI X0
B A -5 AT LA K50 HLBI SR A TR AL A
3) BRI RS AR I PR D2 2 58 B b R
IR I, BB E AR EA R s, M
2% LA o 3K O AR AR R 7K R A EL A T
S FEN TR T K Sl A= i vk e D RE K 8 2 22 AL 3R 11t
TORHIAR: 4) B DM R 7K P A B RE v b R 2
AR ATURR A7 ISR X B L AT 22 57 W I o B X 0l 7= D R 9
EREEN S AP B 2 E =82 AT
A BN 52 HCOS 1I5E I o FAT ST 70 45 LA M 2%
TSGR, H A BB pH 47K, kg
Bl B DA A JEREXT AR . M BRI A1 T

SEWAEE T B4 (19700, #d%. S, #9007 m: HRBMAY%. E-mail: wanghmei04@163.com
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[TAFREETXYImLEESER TR ESK
—H R B R

FHHA, KH, BE, HX

W, A, FA, Euig

MR WAES BRI DL E R E S s =, Mot 210023

KA BRSNS RN geh E AEEKE
LRSI, KSR RN S
BEL OB BT PR ESEMRIENT LK (AMDD,
IERFSE A A HEA . AR I b )G 5k 57
FER LA ST AR5 1T, 950 A ] 4 SR B I FE,
FEAECIE A R — PRI & B A AL oL R 1)
IK—H P AL . X HHERATSS (XRD) I3 s
(SEM) 212 Wd, I L EER AT A9, )y
il PRI, A BT, NERT. D,
BT NG BRI AP A B R LA
AR, AR D R BT R WLk
WS AR LA, DA DU ZK BRI K SR 25 R AR R R
#he HAERE, AT YL & i o
W AARE ICP-MS MR T ES B IS i, B
rRR L BE T RS R0 ) 11952.7.8989.6.5707.7
295.722 mg/kg, AEIZHLIX P FE LG RICE. F, X
VYR 4 8 1 & 42 R (EC) ¥IRT 10 Higdda%
(PD ¥JRT 3. HREIRHMLE, Cd FTFHEEN
70.9 mg/kg, AR S, AHE L REOLT] 788, 157
fRECh 236, MRS RMNEETE. FRESE
PR AE T b R0 E R R BT A
CaCl,» EDTA Filfii HNO; RIS RoKE, Cd. Zn
Al Cu FHEHCRELLEOR, WA MR AT, RHH
PR A E SR . SRR REISU(EDS)I1
FH A B AL TR (EMPAYEE T B0 Ak 2 o0 b, &5
RR B 5 PG P S T AR T A ek
W\ B INEED™ . 7R S5 BRI . eAh,
P TE A MEERIL 22 e 5L (CIA) TR,
TEFA T b DR P37 i DA 352 350 1) R S B A1, DA S B k™
Fd o N R R TR T T o -ae o = L

e AU T R HE SR KR, B0
TEEERSOLR K- RN UBE, 7y R G
i IR R TP R .

Ph(mg/kg)

Zn(mg/kg)

Cu(mg/kg)
10 20 %0 w0 s

Depth(cm)

Cd(mg/kg) As(mg/kg) Hg(mg/kg) Cr(mg/kg) Ni(mg/kg)
01020 30 40 50 @ 000 logo 150 op ol o o s w0 w0 w0 % 45 @

Depth(cm)

~—&— Taillings

E1 NAEEEAELIRECRSAENRITAE.

© - CaCl2-extraction -4 EDTA-extraction HNO3-extraction

B2 K—uYRAEIRE (a~fBFERAATF N-01.

D-03. M-07. M-10. M-10 ¥1 N-01 &; Py, ®E%¥#": Qz,

A%E; Gn, HIBH; Sp, NEEH; Apy, &=; Cep, &
$AA; Brt, E&A; Gp, AB).

HEWH: b L &Es R KGR E BRI RS —— R —: i+ 2 SR TR O S R HLEE (2020YFC1808001)
HVEERA: 288 (1996-), WiLBIFE, W7 . P 4% . E-mail: mg20290006@smail.nju.edu.cn
EAEEE T ol (1971-), #o%, LA, W5 WA SEI ) A SR )%, E-mail: caiyf@nju.edu.cn
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MEMFFES

A
IR

i

=

X

/‘\

)

+

=

=

il

fih CAs) FEALLE TH YR N AT, IF
VE 5 R RGBS AL A AE . 5 R Fl
BHA R . K2 HOT 5 As th& 4] LA
B Rm AR K, FBAR K. S,
As(IID) (K 85 PEfe i, IR As(TID) 75 4% 428 ) 35 A
() FF R DX Bl K PR B A S . HOAv,
T AE Y AL As(ID) AR = Z B S Wi 1k DL &
YAl TR S, H R A R A A ) A )
LY SLAEN B = P RN o T R A R e
AP B, EEEAE N — R LR M AN AL, ©
B 1T LB AR KAWL B, ST
g i S5 N2 AT R kg Ak BEHT g G W) BRI T — PR AE
IR T V. (HEREE AL AsQID RG>, 1

HE&UH: ERARREHES (52004067)
WEE WA BN (1999-), WiLHFTAE, W M. XY

Bg-FEFT S LR R ERR AsID)

NE, BT, AR

YE K2 FRBE 5 PEIRAERe, AR 350117

H# A As(I G & ki, ARAFRSEME. W
b, TF R AT RS WA I AL As(TID 1 4b B & 4t
SPETFOLSE T ok, bk Rk, AT AT
YU N B R, AR E T M
AR EAL R Y, Z RGP AT EE AT
VE RIS 3, B nT VR by v A D 6 0 W B 751
MITEBL T As(U) I A 20 584k 5 B o BT 70 45 R
KW AsAIDBFT AR As(V), #73 As(IID)
WE B E RS P T . As(IID) 2 By it B vh 243 56 0k |
e BEFNBE e 5 2 55 . RE T Bl 4 I8 B A )5 WO A 12
BERR, MHAREHERLSE TS5 AsUID)AH
T AR X 5 45 A S 0% R 4 I B ko 2ok
N T R A A 3 e AR A TR A A

EMES.

N ETEE TR B (1986, EIHEZ, WA BTXIGEMEEEIARIT K. E-mail: xuechaol986@163.com
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TP A R 2 s

918 JRFEARFE SIS E A
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FEESMAKEERY WEKS SbAIL/V):

ST R TR

FlE', erk™"?, Kar"

1. MR AITE R AE IR 5 P4 e, 45 3501175
2. ARERA G Yl VUG AR TSR =, AR M 350117

B (Sb) Mo EuEy, b Sb (11D
(R 2 Sb (V) 10 i, i H.5E 2 5y iR NS 40am
M IE P EOEE . K T B IR BEAE A ik 3.58
£ 29.4mg L', i i Hh 3 K PR S B AR 11E (20 pg
Lo PRk v ) ol d /K A HE o v] LU RS B RE A
SIYIFINAR N, S DX A2 A RS 22 A7 A P T s 5
Rk, 38 D) 55 R R 18 B AR & B K
(8. UTAER, RIEYN KA R IR K Ak 3 v 1 3
PYRE N SINAc N T TR S = DN PSS 8
HERSEEGOR MR OB 2 T 2 BR 8 B R bl
Bty FIHAED P IOR SR (S AR iR T 4 3
2 O I B B, 8 G 1A A AR
B A 7 pAs, BRAERT R, AT w SNk ARE M

i N’
\ja (inner-sphere complex)

Eucalyptus leaf extrax

|0H

H OH

(L%<

o | on
OH

. (outer-sphere complex) 1.‘)

. adl
¥

Hw. . |Adsorption F q Oxidation _

IRIE 28 B RCUT- T 100 45 52 D o AT 98 ) FH A 1 4
I i) £ TAE ) G R 9 K JURE (Fe NPs), T8 i i
B RS AL BLA ] B 22 B Sb (I A1 Sb (V), % Sb
(IID F1 Sb (V) EBRZE 734 100 F1 97.7%.
A x B TR (XPS). & F k- 9%
HEHE (IC-AFS) FIHLL2E /0 HTIESE, Sb (11D #
Fe (IID SAALBIE KM, AR B 28 (SEMD
MEER A HOLEE (EDS) &W, Sb (IID M Sb (V)
YW M 7E Fe NPs [, Sb (111D 1 Sb (V)W B )
B 3% £ Langmuir WA, 43 51 24 0.999 Fi10.989,
BREAE Dy — R Eh )12, 51 0.999 1 0.981. It
A, HTERABCEWIMIER, Sb (1D [0 b 44
LT Sb (V)HI I3 %, tHEL Fe-O (/)W B 8 FE B

® sb Qo0 @WH @®OH @ Fe-OH O Organic matter
1 % fE R Fe NPs [E 08 X% Sb(IIDF0 Sb(V) R M & 1L HLHI

HEEIH: ERARBFES (S 52174158)

B—AEHE A H (1997-), BLHFFA, W . By ihlEA
SBARVEF A BB (1977-), &, #IZ, WA SEAKRMEHS  &oK TG P45 H]. E-mail: xyjin@fjnu.edu.cn
MrtHse (1959-), 53, Bz, W5 m: X755 88K, E-mail: zlchen@finu.edu.cn
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AEISKEE SN AMD R E&E IR M a5

N | pi 1 W 1,2%
Bas, ZmW, KE¥E, KunF
1. SMREE RS IR TRE2ERE, DeFH 5500255
2. W YR S PR S I =, SR FH 550025

WA 2 TP RAE G A P)7e 53 KFndl
WIS RN, SR O A A R G R A L
HiK (AMD), X A58 K 2 25 R G0 it il ™ 5 ¥ YL R
Wo AMD A T 4 5 G iR AT T R A
PRI — RHE R, VI BRI 11 T 4 e L A R AP 1Y
FZeBRAAL, HLWLBR TSR R IE 2 BRI PR . DAL,
TF I 203 € 1 250 P 3T 20 O o 00T 8 1P B K v o 4 i v
LW Bt 25 B AR T B S S AR ST S AR
AR R VR &R B A RL, BRITILXT AMD
4 I B PR

[AP R % 1 O ULAED) T ERFEFT A J5UR} i 4622
Yok, TR SLYUTE I BB v A R B A A
ks I LA 5 TR B A1 DA RS 70K AR L AORE A, 12
ITIEL I B AW AR 5L @LL AMD ¥5ig (3232
BT BRI A, T SR A AR A )
1% AMD 75 (MnOx@AMDs); ®LL AMD 757
N RE, TOKFERF A RE B, 2 oA B, SR
PR P % AMD V5T AR R

[OFFE Y (1D By AREN B St A 526
PHRHE RN R 1g/L, pH=5(x0.1) 14 1F T 5+ Cu(1l)

HemEH: HEESUIRTER (2019YFC1805300)

BRI B 2 R dpe A, W B A 70.67 mg/gs M URE A4
BIAE pH=5(x0.1) i 27~ X Cu( 11 A 55 KW B 75 5
N 7419 mg/g. M ARRE A M B, FRCIRE A
PR Ca( D)W B AT B PR dhah, 7E kL
PRI B Cu( 11) R 8) A& L2 AT 52 %6 b, H Thomas
P 1A H B KB 0 117.68mg/g. (2) 4% fb
Y98 AMD 58 B A MORE AT AT 8k & R R K R
Sb(V), EFME N 0.5g/L, pH=3 (£0.1) K&t
TR SOV IR W B R B A, 3 e R R AT Ak
155.12mg/g. A I AL BE T 8 Rk G e Y
BRAEI B, AR SV EER. (3) 4
M AMD 1HlRE S MEERINE N 0.5g/L,
pH=3 (£0.1) MM T X As(V)I1 W B 2 3 fe e
B KW 2548 164.5mg/g, L5 IG AMD V5832
T 4.4 1%,

[ ] AN BRI 2 A MR K E 4
JEIA R R B 22 R AR, B pH BB A TR 5
KBS AMD H As(V)FI Sb( V)T, s pH &
FF%F Cu( 11 W o LA RIS 45 5 n] kK AN [
4 IR B 22 B AR LR 2%

B—VEE R AR (1998, WLWFFA, WFF 5. A ihKi5 44A B E-mail: fuyuran0923@163.com
SEEEHETA: KNS (19792, #d%, W7 M. K5 3EHEe 5 HAR. E-mail: zhangxuer7908@126.com
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TEIREE B A X RE UL - VST AR LA B IR

Epg'?, 2B, duag', ke, KE', ez

1 R BN T 5 A TRE2ERE, Kb, 4100835

2. PEIREE EYRA BT MEAERE, Kb,

KRS IR TR 35 20 6 Tt AR v R 2 1 A 4
BEPERE, TN AN A BRI PR ) . R
(SbySs) /& e EEL B 2 —, ZEH(Sh)I L ZRIRK
o TCEAT (FeSy) il H Hein JLAE, Aer=EimtEA
(ROS) %Ak Sb(II) o & @il S5 M A4
AHEAE W B G0 -0 ) - 23 /< - Vs W R) 1 22 AH St T
VERL, FEBAE 0 50 RV B D A i ki 45
TG E TG AL TR BRI 4540 5 Dy R DL R i
LSRG E Al B AZ BN, %o B (A IR A7 25 A
SIATNG = AR T LR o AT TR N SR BT A
ST AT W T - TR A A TEL A P e R gk
T S A 30 JEURD B AT T 25 (R R IR, F AN [ 9k 2
BRAT N REBR AT -8 TR AR A TAE I (5, 6L AT
BRI DX B0 AT B B AL RN R85 ) LA T X

1 2 ML IR AR X G R B0 L 5% M 2 3
B SRERIEF KK (AMD) FyiieY, it
RAEY) I N 2% B HEWE R B A Th REAH DS, 18
ISR R R N T RCE Y 0 S 7R 2D 4
IOARTFRRIE (0. 2. 5. 10, 20g/L) M, LEN
SEAE AR R BRAG PR TR B 8 1 TR R () et L, T

HEUH: BRARREREIH (HHE'S: No. 41830318, 51861135305)

410083

LA . X S ZATH (XRD). Raman J4il .
X S T RENE (XPS) 452 Fhitk 22 F0 il F B LA
J 16S rRNA Wl 75387 1 [ A5 IR TE 30 W) AH 4
FTCETERS UL A WU 45 0 S5 R AR AR, 322
RIS - COAETCERT A Ny 10g/L #1 20g/L I,
WE IR Pl A= AR KBk R, HRE IR A=) WA S A gk
TR IR . (2) FESERTSINE 10g/L AT
PR F T, REEEA TV R I R A T A B AR AR FE
THABAR R, FRERMFE Ll SbOs ML
TEo (3D TAMIREE 1 1KV F R S 1 R AR TE W],
AW A Gamma-48 JE # 49 ( Gamma-
Proteobacteria), & &kfm 2 A0 B (1) B8R —,
X AR E A v 4 e ) A T R . (4) T
A W) BE VR D8 K T BE I v R Ok VB IR M I
(Acidithiobacillus), LHAAFFEIRANIIRE, 2
FRMEA I A EE vf i FE AR ML 5 7E k™
I 10g/L BIK AT, Ferrimicrobium J& B3 %
THEER ERWER 7B TG IR A ) A
FERAAE R I AR A R B T S A A, X T8
W DX IR A AL R 358 U a4 1t T A DG BRI SO 4

HEETN: BT (19635, L, #RHEE T, Wrm: WED- V- YWHE/ERH. E-mail: zynie@csu.edu.cn
SEEEFE T RALE, BIEER, B EYNAG. MM, Email: hehliu2050@csu.edu.cn; B2, R, WM B, BRI

B AP1Ee K. Email: jlxia@csu.edu.cn
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MEMT LEREY LEKEERNA

B2, AR, R#EV, BEP, FiggY

1. W WRE L TPt U S B R A, RS A TR, SUMR S, BB 550025;
2. BUMWE WA SR A A R G HE M AMREE M FTs,  SEBH 5500255
30 PEHUFCR S (b0 KBS RS R, Jbn 10083;
4. PR ETRLE S TREERE, ) 510275;
5. TR I8 Yl S E HORE s Ie s iR, M 510275

FER T R, 288 TR IS0y Wi E &
FEARRTER LK (AMD). AMD ) pH il K4 4
IR, BamERER (D &REE TS T,
FrEAE, SIS RGO BN, HEG
F=NKMMERE. AMD AR, g, RES
HEPPAE ) AMD ik 12-15 12 m®, Vs Ra R £,
AMD 5 55 A M T R 1 I ) e 7 R R B )
—o B 2020 F (EEKEOH L @RI (IR
DL ) ] S A 1) S it 6P L T A 4 B s P K
IRl -3k — P28 5% L 2801 AMD 36 BI& 42 18 E JE RE

AMD AbFEH T A TR RO E . Ak D vAE A
WEED o ThANGTEEVERT ) AMD Hh I KA
IR~ A IRAT -0 IR T R $E = R K pHLE, (RIS
G TR AR R SR A ) B R R U s AR
EVERI I AMD R EIAR AT (Al NapS. H,S) A
AMD FE S8 B T LAAEE A bR . AR,
IR R T VERCR =, ARER S H KK R T, (H 2
TR, HREZ. S kg% £ 1k, A
o H S 1 A, o R AR ks A T
AR [ R ) R A H 2 2 B E bk AL
¥E, 2017),

WA E T AMD 2T LURHLE: (D
A AW B R 2P B AMD )R
() &8 & T . 0 7ewg M 4 26 AT

(A.ferrooxidans) WI{RHEER T, AMD s fii vk
Fe' "l SO R A KM N, Ay A= fi il FC ™ 1 5
PRERTNAG R BRI AR . L Pt BT R As(ID A
AR )RR B R ), B R B 2 FE W]k 165.73 mg/g
CRBEE, 20200, (2) F4 M & -l ik AT 2t
it FCA I T 22 Bk e G0 CrO, ™25 ] A8 it FCH 1 4%
PP 2 Ll () SO, M Cr(VD A4, (A
FeE e EAE R LFRAES) (Wang, etal. 2021).
(3) U Bimfe e a2, BIFE REIMELT,
R HIE S5 E (SRB) # AMD ) SO, J5i
S*, ARJE HKH I E 4R B T RN A R D .
Ul Le Pape %5 (2017) WFFCKI, R SRB y:n]k
AMD ") Zn E MR P E LR, H SRB
HEEAE pH AMIKT 4.2 4 NIRAER .
A AL EE AMD B9 TR K, (A i
V2 —Bh 52 2900 T 32 (1) [ AR 2 18] ) A2 T L)
PR, IR s 2 B pHL WEE . BT
FESE LT o W) 44 25 PR BCRL BRI 9 S B v 280 D T P
F| AMD WHhrr, Bk InGE R T 2R S A
AR URIB . AEAR AT LAA A7 F 7<%, DNA f&
YR, XAFS, XPS Fll i A S5 e ik F BOR IR TT
AHRH™ W TE BB BE, 7EAO0 2 R 48 7~ W) i 7
SR AMD H 4 J& B LR A SCHT T T
AR B A T 2 AR Y ER AL AE O R IR A

BT H . FEEKEAHULRIBTH (2019YFC1805300 ). [HZK AARRPHEREEINH (4173073) ST ARRFALIT R KD RATREIH (5t

KEFRAT(2022) 22 5). SN RFELRFEIFBONHE (SYSKF2023-055)

FAEF T BRWISC (20000, %, WLHERA, BER5 M RS WL EKE IS, E-mail: czwezw1d6@163.com
CHAEAEE TR BOKOR (19820 I WAEY-U U EAER . TR AR SE S E-mail: yqyuan@gzu.edu.cn



