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The pollution status and research progress of remediation for
arsenic factory sites in China

MA Bao-jun LI Xiao-tong YANG Ming-xue LIU Xu-sheng NONG Na TANG Mian YANG Jia-ying
(Nandan Nanfang Nonferrous Metals Co. Ltd. , Nandan 547204, Guangxi, China)

Abstract: Arsenic factory is a typical heavy metal combined contamination site in China. In this paper, the
formation background and pollution status of the sites left behind by the arsenic factory in China was
introduced, the basic principles and characteristics of the three main treatment technologies of physical
barrier, solidification/stabilization and ecological restoration were reviewed, and the types of
solidification/stabilization materials and their applications were emphasized. Besides, some typical
engineering cases were also expounded and the development direction of treatment technology was further
analyzed and prospected to provide reference for the remediation and management of arsenic factory
contaminated sites.

Key words: arsenic factory sites; heavy metals combined contamination; physical barrier; solidification/
stabilization; ecological remediation

P B A 2 R SR 7000, B EBY. 20 4l S0 AEARLIE . BEAE it A Ak AR

AR . WM. R TP A AR R 2
AE AR 2/30 T H, B E A Rk
(B AR B K. L. WM O T HER A A
L S00RAEMY TR Fr st A L AR . B IR 01

W 7% B #1:2023-02-13

EE T - [H K EH AN IR H (2022YFC3900805)

F—EF DEE, Fh, MRLRIW, OF5E W ARER
4r . E-mail: makelujian@163. com

BEMEE WY, %4, W TEN, EZH5R 05 Rk
4. E-mail: 819054568@ qq. com

J7HRGAE . R O SR v R AR AR Tl A I
U Hhmmcifitss) =/ FReEE 0. 20
fHhad 80 AF-AXHT . Bl [ B i 3 % itk 1 A 4 i A
SRARIYSE I, ARG AR PR AR 2 U A g T R, R
FEL e 0 7l PR OGR E R T  RAE R R T . R
SR Hroad B 22 R RLI B i 3k MR T2,
PIEVITERD . M SE O OB, I A R B
B BIRIEL As, O UARIE I K. R As, 0%
PR HE— A0 Ve BEAS S 15 BB AR B R BLA . R
fif” LA RCRAR HBk Z BCE SRR, A2 i



- 126 -+ W

e

B A REmR =R, SRR XA ER
() P B A s %o ) 300 A 2 A B N I (e B A ™
M. 20 Th 90 AR, B S HAL G W i i
A A A PR B E B T
o B B IS . AL AR BRI B L T, TB
MR R RGeS,

HEAE BRI DR AP AR O TP i b A b 37 b FF T
KAV E AR E ) GFR % (20120 140 5) Al
CORTF s Tl Ais b 5455 . i I J ik 3 b P F &
AU R 5 Je B G TAERY I Fn ) (3R & (2014
66 5) AT SCHLAE Ay il B 37 b PN TG G W) R S TS g
JEl i XK Ao B PR 2 A S IR B A S 2 T 1
B S, XPALAR T it BT e G G B2 R A 5
Ao Hr 7 E N E SR YR . IR v g
G L HRBATIAG, B NMLFR) 15 R
16 52 R4 P4 (AR N AR B F S %

1 HREBRF HFEIARK

KEMFR) Gl Y EE kAT “HEK
fift” T B A R S A RS e
# As, Cu, Pb, Cd. Zn HEZME LR, HP U
As 15 Y ™, pH H—M N 1. 60~6. 50,

AR A IR 5T R I TR X T AN
Z8 t As BaEar il &k 1 020~389 300 mg/kg
Fl 3 800~27 300 mg/kg., BRI vl & o As ¥ BF 4y
Wk 16.50 ~84. 00 mg/L il 0.10~ 0. 60 mg/L,
Xt R v B TR As 5 5. XD XA
FTHEE R XK FE AT A i R B, TR0 X KR
HY As Wk B I 2 E T XK FE Y As VB
SRR SO X A T B M B R T e E )RR Y
BT . SRR )R A R As YR EOF
B XF) 63. 90 mg/kg, & A 43 As W
BIME M 2~25 f5. W58 X B mia ) s s
et Wt AT T AR AR PEAY . 25 R R i+
BEENESBITY, Hrh As, Cd 5 J &
K As gL 38 700 mg/kg, Cd fxm E N
585 mg/kg. JREfTs YR EEIL 15 m, 25 Tk
40 F m®, wERE @SSR B i
MESEGRRIE R, b2 3 T As. Cu,
Pb, Cd M Zn EEE&RE G159, Hb, Asi5j
R, m I AR 7 199 f5 . BEENRE
JVE TR 5t BRI AR AT T s e A, 4

KUz L EEZ TESRBE G, SEYHA
As. Zn. Pb, Cd. Cu, H&HE45) 2 482. 53~
21 273.28, 383.86~4 577.58, 8.38~5 091.92,
0.13~16.71, 23.24~604.16 mg/kg, %t i
A F IR BT 3 1A R YRR XU . ZHANG
IRV B R SRR AR TR R A Wk AT
Torbr. BREH G HEEETG YN As. Zn,
Cu, Cd uF & 48, HE& &5 5 &k 17 407,
2043, 1376, 570 mg/kg, Hifk - RN, #k
SR TV BRI R st ik R AT T 3 b A A RN KL
B EAl . R e b i) S Y As, HAthls
Yed g Cu. Pb, Cd. Zn, 754405 DL 4 38 F0 %
HE, RN MRS T T
SRR I HAE RS S T el kY, 0 b
IK B X H oK As 5 YL, X SRBEE
BT

BT P s SR 3 Ml R S 4 R R HE TR
RRBAZ 2P B, EHRBMEIGI R p, E4
JE AT AR . sl . RS TR, AU
NGB K V5 G, G HE SEY A ARAE R, B
Gy 3t 0 SALVE TR AE W Z AR O o) B 30 DX AR
JRRa R o o Wl 9 S 1 R =D I8 AR S i
MEEREGTH, RALEE. Bk, An
PE L R AR B

2 MBI ERGMLEEER

2.1 4pEMERHEA

LI >R FH 114 47 B REL Bl 52 AR = 22 455 3% 1 8 i
e T PHL B L K- BEL B A BEL B R . G EOR 1 S B R
KB A7 SR T B DI s e R de .
1 R A V5 e T R, FRAR TS R XU, PR Y32
R q, BAGHWEN LR, RAM, TR
WgE L KBS P ROR B it TR A RE L R, A
RHER T 3 H 5 e KU P2 o b A5 2 )z i . (3
o ) BREH R AR A BE AR TS B A B TS B A B
i 8E Pk AR B HoX 3 b )5 2207 R S A R
BRI
2.1.1 FRmHEG

% T AT i AR 5 A T G Xk b Ty s G
JZ o BTG e S A B A L R R 20
MR . DA SRR AR . 98 K
T B A Y IR Y . T Y ST A R



g A5 FRIEALAR ) 3035 Y R S R ST 5 kR 127 -

SEmERIZ. RYP)E. HoK)Z, HEZ . ERIlE
JERERLZ, WA EEM RS L B
1 N ol YL
2.1.2 EHHE

e T PH PR B A 38 3 7 T G DXk Y )t s R
B h I Hb T BH B 85 A BT e sk AR R K
T ST G R RS Y AR A R
At 07 2, 3 BB B e i G 45 e IR 0k . WE R
MrAk s . BibEpiss . £ TR, b s B PH 1k G g
YIBE T KRS R H Y, K 1 i B R 8% A K
B E e, R mE. PH IR 5 2A 2098 0 5 B R RE
AME,

AN, 1982 47, FEFRINIEE T B E KR
MR R AR s AR TE S TE T S PR M R B AR
A4 3t ¥ Ye W4 O A 5 VR SE TS A T o ek
2 UTTE . B ASEERSE TG e LBk, B3
S5 7 358 2 T L BE PR AR 1 — b (HIZ R R SR
BB R T OKZMEE R B DUREARRT R K
bR 7 AN B I 1 D W i o P = SR SR O
PEL BUR P LR AR TE PR . R B R RS R A
AR EM . WER . LT Y s A, BEK
. ARAD . it ERESY . i, ERY
i R AR I A R
2.1.3 JKFHFE

K- BEL B 5 AR 38 3 78 175 % 7 4 i 3 7K 7 0 B
B2, BHWTS Yy By B, FEAFEIREE K
R AN I i o 5 TN o Y Y T N
E 5 B R R B LS B A AL
.

2.1.4  BHPE

L P L2010 5 R S 48 K 15 e W) BT 3 e E M
gy, WS YR Y BN R, BT S
Joi) B PR B2 B 125, AT oAy e L o S KL R D91 1 BEL o 4
., PRI R R AR AR CIN SRR R 1) . AL
B R RE Cln e 5 B R ) AR BB R T
RE KR E AR TS Y I, Pk Ay [
/R L 5 2 4 b B Jy k- . I S 37 )
K B 177 TR B+ 25 A A SRR AL 5 405, 3] T iR
KU 75 e A
2.2 E/BEMAER

[E] 1 / e A A AR s 3 s 1 11 Ak /B2 At A
WEBRE . DOUE . %A AR TR TS L W 5% Ak o T e

& TR BE RN, S BTG F A
I BRI A SRR G EFNE . BRI RAE . 5
SEVEFIAIAT PR Y . AL I8 B 7 AR )
A R HAY — T R B R ] kRS E R R Y
A RN 2 1 AR BOR RS B i . HAT . il
TG O M iR B R R A AR R AR KU L A K
. REMM BRI 250 . KRR A
(] B M5 BB RE CHAOK B RE L ROK TS 155, Hop
As BREE LA BE LS HE F R BE AT R O 2, 2l
A Ca-As fll Fe-As UTHESCHL As R E 1L«

3Ca?" +2As0; = Ca; (AsO;y), ¥ (@D
3Cﬂz++2AS()27‘>C33(AS()4)2 ‘L (2)
Fe'" +AsOi —>FeAsO, v (3)

Fe(OH), +AsO) —>FeAsO, y +30H"  (4)

Fe(OH), +AsO}” —>FeAsO, y +30H™  (5)

e 2R AL R B R B . WA RN, A
ARG RS, e TR E ARG 3 b R
YR e R R I A B AR AR F B 5K
FFEDSSE N A 20% FeSO, %t 2 7 /g 1 B b v I
X B E I TR E L, MRS R
W As R RO B AR 2 2.50 mg/L PLF,
WANG %0 — 253 13 75 i FeSO, X 1 8% 7 i
PEAT T PR AR FR 45 SRR FeSO, 1y i AfR
T Ca-As fil S-As [0 B2 & 1Y Fe-As b & W 5%
fb. & FeSO, M5, HEWRET S As 1R
FE AT AR 5] GB 18598—2001 3 A #E FRAE LA
o BRI A ) ) ) gt BE A AR )G e
VR N B A LR 5 00 1 A Bk Ca(OHD, (3 ¢ 1) Y
BAEBACaO@ s DL T As iaE. el
Wb PR G - HE KRR As W S AIBEAR T 96.68%0
96.64% , G Ma-fid B2 B HE As Wk BE o B FEAR T
96.67% . 96.27%, + 4 pH {8 Al + /K B 42
pH (E#R4EFE7E 7~8, EHE i A AN
BRIZY R TY-Z XPRLRE ) 16 I i S HL ] i + 1
TR/ Rtk s 5P As. Cd. Pb
B i AIKT S B K Y 3 Y 8 AR fE (GB
18598-—2001) FRAE . #H ¥ 45 2k I 21. 87 %6 /K Y
3 Yo B R R X TV SR AR VS Y kA AL /R
feab ¥, P As, Cu, Pb, Cd. Zn & ¥ ¥
BT B R VFHEBOR BE . 2 5% #05 LIK U A A7
XTSRS A R AT A A B R B,
Fofo oA Ak ol e s R AT — o 1 AR AR . DA 1R K
i 12 0 A o s R AT R T A B, 4 AR R



- 128 - W

e

T R IV Ak B R 40 0 A BRSO B I, SRR B R R
P GUF SRR E . UK IR FNE IR W2 i s 1 T
AL/ faefb, el bl As lEMKT (fa
xR ) 1 i S AR HE ) (GB 5084. 3-—2007) 1y
FRAE .

A, ZHANG VY B s A . a0+, A
AT RS T 53 6T ) D4 B M RS At R TR M e
FIAS e AL A SR & B, DU b R B2 AL RIOR R
B R >0 R A > A B >4 . Hop A kA Al
HL TR AT A CHE s e pH . 2 HE e P Zn,
Cu, Cd Difie /[ F W iiiE e Lt e, Wt
RHEARFLE As il Ca-As b Y TTIEFL 2, 4
FoE ALsta] Ry 60 K. HLT KA KA =N 3%
Bf, As. Zn, Cu. Cd & & & & & 9l & 3
62.03%, 97.86%, 99.81%, 90.39% Fil 38.49%.,
99.96%, 99.99%, 99.62% ., 4L AT T
— IR T A v 2 B0 R 4 R AR E A R B
FAT7 s %A AR v 1L T U8 BRI B Ak B8 S T
7o T A 5 v - G B S . T 3 Ak 2 U R B TR
e FH S BLR MR A i b As. Zn, Cu. Cd W [E 4
FasEfb, FAN P pE 50 F .l 6 R R 18
J TR 9 20 B IR W A T e R R DU R As
(VIR AsCID) s B85 8 2 4 HL g 39 409 K
Fe Bifb¥) (a0 FeS, FeS,) Fak 5 S dL¥ivEE i
YKL (As; SO AR E . T3 4h, BhE R E M
k- S AL I R AT T 16 A L e S S o A R
As R o Bt T A0 K 2t ke U 1) e
WX R As V5 HaEE T IR AR e LB . SR
TG KM =N 0. 2200, +HE As 7Ep
PEIRBE A B B AR T 44. 2%, RN R
IRl P B R 2 K A X T VS A AR T35t BR S U b
TR E L, TR AR L pH L, YA R}
N 5% i, Zn, Cu. Cd FsE bR ¥ a8 i
99% ., As BaEMRTE 0% A4 . TR FiRM B
[ Ak /A2 AR B A 7E A T 3 72 v A TE MR
MER, WAELE . U250, Hikz bR
AR N 24
2.3 EFBE

EBBEHEARZUAEWERE I, 25655
YIHEE . LB DL R TR 4 4 it 2 S RS
RIRAAE IR . T3 st B 3 b 9 A A8 2T AR
3B EAEGE A TG Y IE A TR JERE . b

A ARG R — R AN Ik AT A
EON = DRI BEIE (o) R O Tp Ve B ST IR -
REBG KLWAPE. LR BRE S, MR
A [ o 2 A T 45 2 JRe JsUU) o S B2 A
DAV R RGBT . 0. W
BT XA BB S R R BT s ek B R TR K
TiC S il O R SR e e - 3 A 7R R 18 52 LA I
05 s e AR 18] /48 52 v B 2 vp B2 S e R FHTIXC 1000
ZH . RAKR CE KO -S40 B FR & S B =
JEVG P H A 2RI IX 1 000 2. MARA - fif i
T AT e R A, TR AR R T A S R B RY
K

UTAER . O TR B AR A B A AR Y R
. REM G T ARZEORMR . d SR A
W R FE i Lok b i RS, J
B BRI S BE LI 0 E . 2021 45, “Hk
FHEASREWE T4 1Tahit k58, gD
g T ARRA BRI . AR R B A
TEAFAE A 22 REPE ARG L R T ARURE W30 % 11 Ok 55 1)
W RSB ROT E AR . DT RALAR ) TS R e
RSB S AT R 7 ST N 03 A 25 S W A 8 L o R
[ER2I

3 ILAEZEA

FUAT . AERR) 15 9 2 R 1 23 03 X 3R PR
W FERf A S S YRR AE R AL B DUXUR A 4R
T ZRE B BEORE N R B A L e A
MEG FEE R IF Kot oK. T “I-1R-0T KR
SHERM B R ARG, R A i
FRAE S 75 Qe o0 . S2Pr TRERWIEA R NGB R
FoAR 0 AR SFE X b T AL R AT
R R DA L AR A L SR S S e
SR 5 Y W e L AR BT, R AR B XE R AP R 3 2K
SERIEY) A L2 — i Tl [ 44 5 A0 o 11 2 —
Je T PR R . S I R W 3 42 ) AT e a8 IR
PRARE . BT 2R Bl [ AR W 2 e B IR
FIO BT, 5 I 2R — i Tl [ A B W o
KA/ R R R, BEH T 2K~ Tl
[ A B 0 1) 5K 5 E AT UM . WIS Y LR R
AR s FME TR . 0 T PSS B AR T BT SR
L A / e A 5 BHL B ORI A Y L B 2 5 T
2o WIS R R 5 B b TS YV



g A5 FRIEALAR ) 3035 Y R S R ST 5 kR 129 -

oL TR — L T5 R R I RAE . R
‘LR R R e AR R e B R
AXHG R IAT IR A B L, FEfb)e R i
Hh R 4 Je vk L Ok B BB K2 H AR . B B AR
. EMEHE. BEEGWAENESARE M. B
SRS LA ) P B A By sk s AL AR ) TS e K
15 9 LSRR 5 Y R 4. SR BB 52 R XU, A8 48 AT
5 7 A0 LA IA B, b, R XU TS e R
JHAE P RS AL B R R . rp XURS: ¥ e A iR
IS 75 B - 59 R FH A R A48 52 - I ik L o 3 34 4
AR ARRUBE 5 e W AR IR XU 775 2 3R T it
g1k 55 37 BEL B Al B R o ) e A e X S AR s
B 1 M RIS TR 7 E AT 70 800 G At s X v KU
15 e W) I st 2 B WV O 7 AT AR B XU 95 2
Py e 5 AU 15 e - M St [T 1k /48 e A Ak Bl
Ji Ao BEL B SR AR XU 75 e Wy RO 3R s XU 75 e
SR R ALBEL R . TR 45 1 it )5 1 7 R R AT
ARSI, TR) I 3 T 3 b A 06 A AV S i
PE— 2P AR TS S AU > I 8 7 A S M A R A 2
JRVES: T T 56 . DA B S 4 T G XU

4 5 RER

REMA SRR RE SR, LT
B T EAFEIF R A MG . HAT.
o R0} ISR B2 L 5 N SR DR R /B RIS RS S
(REAL . T EMEME. KCFBR. B,
AL/ TR E AT A BB R AR, GEHEHLA
A IE RLYE A BESCAS UM X by R e g st T
KiK. R RR TG Y 3 3t AR VA HOE ER ST ) LR
B+ a1 Al /5 1+ A S B S A HoR AT 0 Sy
DXV BE . AR AT & B I AR S SO i B
Ko oAb 2 25500 R AL BOR B A fg B, 3 A R
N RERICRR IR B 7t v AR W A e S B
Ry IERITE 3 N (N S : R DO IR - p =R g S i DK U
PRI B —, PG, B kAl
R A 25700 (9 I 2 A5 e AR A 5 1 B4

27 SCHK

1] )™ Je. & mhg B s IR 40 T 5 6 F b4 & 3
RO HEP L TR, 2012, 41(6): 50-54.
LIU G L. Arsenic waste recycling and harmless

treatment [ ] .

41(6): 50-54.

China Mine Engineering, 2012,

(2]

(3]

(4]

(5]

[6]

7]

(8]

Moo, PRIED®, Bhes, & PEEZE MY
BEUR R DX AR Sy AT s e ) [T 0. b B 5
2008, 27(1): 201-212.

XIAO X Y, CHEN T B, LIAO X Y., et al
Regional distribution of arsenic contained minerals
and arsenic pollution in China [ J ]. Geographical
Research, 2008, 27(1). 201-212.

AR, JEE . K, F. ATTHERE X As V5 QL4
F 1 —As ZE T AFTEE SRR H R LT
Aol BB 2F 4k, 2015, 34(8): 1515-1521.

HU H Y, ZHOU L, LI X, et al. Arsenic
contamination in Shimen Realgar mine [ . As spatial
distribution, chemical fractionations and leaching[ ] .
Journal of Agro-Environment Science, 2015, 34(8):
1515-1521.

FEE, DUk, REig =5 TR R E MG
H KAL) BT TR, 2009, 27(2): 88-90.
JIANG H G, LUO L, ZHU L F. The hazard and
treatment of the waste slag from smelting arsenic
trioxide[ J]. 2009,
27(2) . 88-90.

WA, WMk, BORMK. % O BAME SR
T A B T P AR S A B R PR [T ], SRR AR B R
%, 2016, 42(6). 110-114.

HUANG K X, QIN L M, LI C B, et al. Pollution

Environmental ~ Engineering,

characteristics and environmental risk assessment of
heavy metals in a typical contaminated site of one
arsenic plant[ J]. Environmental Protection Science,
2016, 42(6). 110-114.

RAN H Z, DENG X G, GUO Z H, et al. Pollution
characteristics and environmental availability of toxic
elements in soil from an abandoned arsenic-containing
mine[ J]. Chemosphere, 2022, 303: 135189. DOI:
10. 1016/j. chemosphere. 2022. 135189.

RAN H Z, GUO Z H, YI L W, et al. Pollution
identification of soil

characteristics and source

metal(loid)s at an abandoned arsenic-containing
mine, China[J]. Journal of Hazardous Materials,
2021, 413. 125382. DOI. 10. 1016/j. jhazmat. 2021.
125382.

KB, N4k, R, & T iR E B
Hy BTG g Mo TR SR LT ] K RIK
A, 2019, 50(HEF) 1) 54-59.

LIUDF, LIUJ L, WEN H J, et al. The typical
pollutants and geotechnical engineering manage-
control measures in relocation legacy site of arsenic
factory[J]. Water

Resources and Hydropower



- 130 - v

[9]

(10]

[11]

[12]

[13]

[14]

[15]

Engineering, 2019, 50(Sup. 1). 54-59.

Xk, R, BEE A AT M X RS g K7
FAREAFAR L], W o B B8 R 2 2 4l CHAR B2 WO
2020, 35(4): 96-102.

LIU W, HU J D, LU G H. Assessment of arsenic
contamination and risk in Shimen realgar mine[ ] ].
Journal of Hunan University of Science &
Technology(Natural Science Edition), 2020, 35(4):
96-102.

BRORHS . BREE, BT . 4. L HERR T g X g e
i R A ekl ] ETER,. 2004,
24(4) . 711-717.

CAIBS, CHEN T B, LIAO X Y, et al. Arsenic
concentrations in soils and vegetables and their risk
assessments in highly contaminated area in Hu'nan
Province[ J]. Acta Ecologica Sinica, 2004, 24(4):
711-717.

B oEsh. GBS BORTE Tolk 38t B 15 44 3 ih 3
M I CT]. A AR GREFS 45D, 2019 (12):
92-95.

ZENG X K. Application of

joint restoration

technology in treatment of industrial remaining

polluted sites [ J ]. Nonferrous Metals ( Extractive
Metallurgy) . 2019(12); 92-95.

ROEEL TVE I st B A AR T TS Y g A S R
RBEETFRID]. BT PR, 2018,

QIN X. Soil quality status and repair study of
contamination site in a legacy arsenic plant in Hechi,
Nanning[ D]. Nanning: Guangxi University, 2018.
ZHANG G, YANG H F, JIANG M L, et al
Effects of four cost-effective amendments on the
synchronous stabilization of As, Zn, Cu and Cd in
contaminated mixture of residue and soil from an
arsenic smelting site[ J]. Journal of Environmental
Chemical Engineering, 2022, 10 (3). 107845.
DOI. 10. 1016/j. jece. 2022. 107845,

BB, BRORE . W, 5. R FALET S h
MM T Z M50 LT]. WIR 2455 %,
2016(6): 289-290.

HU B, YINCQ, CAOY L, etal. Application and
analysis of typical technology of arsenic pollution
control in abandoned arsenic plant [ J]. Resources
Economization & Environment Protection, 2016(6);
289-290.

Fwt. mm e g A s gia Mt [D .
B BWHIKE, 2014,

LIJ Y. The survey and scheme research of arsenic

[16]

(17]

(18]

[19]

[20]

[21]

[22]

pollution control in Nanhua arsenic mining in
Yunnan[ D]. Kunming: Kunming University of Science
and Technology, 2014.

WawE, WaF, kR, % BRI IRE XK
By LR AR RN )] 5 TR RS H,
2012, 2(1). 51-59.

XIE Y F, CAO Y Z, ZHANG D D, et al
Engineering control technologies and its application in
the risk management for contaminated sites [ ] ].
Journal of Environmental Engineering Technology,
2012, 2(1): 51-59.

BmEH. FME, RE, % TBBERMEERS R
NEAY TR BE T dE R LT B OBR BE BE A%, 2021,
41(10): 4579-4587.
YANG R R, ZHOU J, WU L, et al. Research
progress of reaction mediums in permeable reaction
barrier technology[J]. China Environmental Science,
2021, 41(10). 4579-4587.

W, IREER, TE, . MEE RV R E A
BARRKT]. HE A, 2019, 37(8). 168-172.
ZHANG H, XU S Q, WANG X, et al. Bench and
plot scale test on slag stabilization process of realgar
mine tailings[J]. Environmental Engineering, 2019,
37(8): 168-172.

WANG X, ZHANG H, WANG L L. et al
Transformation of arsenic during realgar tailings
stabilization using ferrous sulfate in a pilot-scale
treatment [ J |. Science of the Total Environment,
2019, 668 32-39.

Fg, RICT. FBEH. FOFBE /R LR
TY-Z %4 B ks LR R[]]. FET
£, 2020, 38(HET] 1):. 558-561.
WANG T, WUW W, BIYT, etal. Experimental
study on safe disposal of arsenic slag and arsenic
contaminated soil by new solidification/ stabilization(S/S)
agent TY-Z[J]. Environmental Engineering, 2020,
38(Sup. 1): 558-561.

BEIY. KA, INEMH. &S M E®REsE D2
Z L N T N VAR W S S - N A S B 7
ZL 20221 0298557, 2 [P]. 2022-12-06.

YANG H F, ZHANG G, SUN Q W, et al. An
in-situ stabilization material for multiple heavy metals
in acidic arsenic slag and its application method:
7Z1. 202210298557. 2 [P]. 2022-12-06.

FAN L J. ZHAO F H, LIU ], et al. The As

behavior of natural arsenical-containing colloidal ferric

oxyhydroxide reacted with sulfate reducing bacterial ] ].



g A5 FRIEALAR ) 3035 Y R S R ST 5 kR

- 131 -

(23]

[24]

[25]

[26]

Chemical Engineering Journal, 2018, 332. 183-191.
FANL]J, ZHAOF H, LIU]J, etal. Dissolution of
realgar by Acidithiobacillus ferrooxidans in the
presence and absence of zerovalent iron: implications
for remediation of iron-deficient realgar tailings[]J].
Chemosphere, 2018, 209. 381-391.

Bt NZVIX A TTHER R X 8T As 15 5% 1 e A0 4l
BEERCRRID]. Kb R RE, 2020.
LI L. Effect of nanoscale zero-valent iron on
immobilization of arsenic in severely contaminated soil
from Shimen realgar mine [ D]. Changsha: Hunan
Normal University, 2020.

AR, AR g k7 e g s I ZHORWF 5 [D].
BT )R, 2019,

REN S W. Study on remediation technology of
contaminated site of arsenic plant site[ D]. Nanning:
Guangxi University, 2019.

L. AallmsRREEEMBE RN F0T]. b
EH A=, 2020(6); 18-21.

[27]

[28]

contaminated

MA Z Q. Experience of arsenic
farmland remediation project in shimen[J]. China
Environmental Protection Industry, 2020 (6 ):

18-21.

AR, . T, % iR s+
B/ AR E B TRESIT]. e TR, 2018,
36(3): 176-179.

XIAO Y C, XU C, WANG Y, et al. Project case of
solidification/ stabilization of heavy metal contaminated
city [ J .
Environmental Engineering, 2018, 36(3); 176-179.
BNE. SRR, HEUUA T s AL AR B 2 h MOl
TEHIFLT]. TS RBiRH AR . 2021(2) . 20-24.
HUANG X, GUO B M. Discussion and analysis on

soils in an arsenic factory of Hechi

the implementation of a typical historical arsenic plant
site remediation[J]. Pollution Control Technology.,

2021(2): 20-24.

(REE:. %P





