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KRR FRED ZB B REVLME], TR
L RER A AR A 5 R e, KR 6710035 2. 7 A B BUE AL S IS S R TS B0 5, KRB 671003
3R TR A SRR TR, R 650093

W OE VBRI AR T 6O I R [ A AR A R AR e, AR 2 B R B A R T X 3 ORI AR RS TR Y [ A
VEATSh A RVE SE 5, IFi8 FH ol E 22 9% 3% 2 $2 BiUE: (Sequential Extraction Procedure, SEP) Al 76 KUK P-4 48 £50x) [iE]
AT K AR E M TR . S5 SRR, REE R AT R A3, AR R b 0 ARE I S5 P ) OH J B AR
B AIOH), B A, HE# H &b 9 4k 2k B H,S0, . Fey(SO,), & E AL, #E—2F mml & fb W i S AL 5 i,
BEEEpH 2 FREBH; mHE, T KRB AR R K/ANRRE, RN A S A, MR TR
S s . PSR R ORI 8 B R 3 A B B R AR, Em R I TR E N 242 mg LT, RITRE A
133.78 mg'kg ', BITBHUCRN 2.32%, SEP G LB, TR A0 I8 TR A B0 K 0E B A, R vT SR EGS i RAR T S A
B, AR REAR A R XU . R AR U IR R T, A T 2R 1T 28 i T MO e (8 0 5 e i, WREAESR
foERE H e F N RMAEE . AR R OB AEARRRIMER T RHE 48RS %
KHEIR WK [EAR; BIERET; R KU TR

AR, AR A Tl ™= A A 5 3 52 F0 7 3088 b 5 7 26 1 S AR 48 RO AR R 1 A I AR I
FYH fR I 2, U fE A AR T R I 0 A S IR N S R R B KA s Y, B K
WY AR E; WAL Ry F R, Sk bl AKEL, BORM 5SS AT K, 5
BREIAKS, DK SNBSS A, BT, XSk e 3k FEA 28 D Efk
MAREA, RIS B 0 B e Al i A 2 1 B RS 18 i R 3k T A7 Bl ok IV P i R A T 2 5 2) B
AR, LSRR P s v il e At AT A0 4 0, D S 30 e 2 i e 7 Ak RN TR Ak R Y XL H
(9, E O AR RN £ B B R S, BN LR a8, ARAATSEC Lo . N . AR R
R VR i Ay DA BRI B 1 A SRR BE AR, DR RS X B AR B R v i 4 e A [ AR RE, 4R R
BT, $ B85 O A A B Bt H 5 J32 R0 o 3 T 5 L VAR B A I g A BB R BOKR . HET, AR
T by I B8 e TR 1) e A Ak T AT R T AR R Iy R e RO [ Ak AR Al R i A
58, SRIRFESED B X0 i b i A A g A R RAE B AR AT RO, R LR i b i A R DL 6 R R
e AETE, MR HE L, A Em R . 581, LIAEP R FeSO, #il H,SO, Bk & 4b 3 fif
i, #8357 Fe 1] LLIE iR %€ Y Fe-O-As 4445 %) (FeAsO, xFe(OH),) i /T Al e i . LI 4510 ) J] b7
I o8 €N AR e K 5 Al R T AT R Ak R A A R, R AR T IR RO R, [ R
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35 99.9%. AHR, AR 01RO T RV 7 16 35 PR IR AR B N AT A SR, 1 A 7 SR80 s of
HeCat FE AR T A R KU, A0 SR LR AR e

A AR R AR E PRI A A R SR N S A LIt R AR SR &
TN S B RS M R T RO B A T R A A U S L el A AT HYKS i
AR R R OO R A K R R R T TRESY . A5 RARI I T BE AR A
FoE A AL B AE SRR I G B 4 R R R XU o (HAA S U e R IO N BE v A A R
TR E AR 3 A S2BR B 5 B 3l 2508 AT N . TANG 25U G BREE KK Y T 4 Jm ok v i K 30 55 1
FHEAT THESE, R 2 R A R ORI T IR 4, R R ThE A8 R RN 5%, LI AR
KL pH IR T 15, SIARRIRRMEREE T HESBIREIES . L FIEE KR fEE T T 4
Br, SRR SRR KIEMEE G F AT B AL, 6865 A 20 B AR R 4 5 4 Jm i ik
7, i R EARR T R E AR W S i T A E R TR, DOIHEIN T R B R AL

AW 5% L RO L e B [ A A O K B AR M B IR X B, DL R R MR AN TR 2 B K=
4:1:40) WA TR H 22 pH=3.2 F1 5.0 il 2 WA W&, BEIUAS [ 2 B2 1 I W9 6 A7 Bl AR W S i . S5 R
FER L EATIRG , Zr BT ASR] pH I WO OB 1 e 4 e e s o o A S I, R T A A o i 7 A5 4
FR W AE T By bk s BB ICRRE 5 38 i ek it 2 9% S92 BTk (Sequential Extraction Procedure, & #%
SEP) 3 CUK [ AR Al i 25 G2 IF R I 78 A 28 AR 18 B AT R RS e KUB PE A, DA A
R R FE AR TEAR Rl 4= AR TR (e Ak B R I 2 2%
1 MB5RF*®
1.1 SRR ST E

S R KO W R B B AR IR SR BB, R SR A R R b HE R, R A RS be ik
Titi ) R S A 2R 8 L BCHR T R 1 G B O RR A R o KR Sy s SR G R R A e
WAL PR GE AL BRAS B MK . SRR IA 2 B R AE R, R g kb B B TS R IS R
AR A EAF BN 0 E S o BRI R R AR B IR AR 38 AR R S KT AR A
(DHG-9123A B, [ Jp BRAN AR BE 2 A BRA F1)60 °C FHET EfE 8, FMFEHLIRES 5 1T 200 H b vfE
i, FEARBRSH. S K RN #E1T XRF K2l (PANalytical Axios !, MAZNFHG B
oNw]y, HAbSAA R L 1.

Tl LEMHEXERTREDTH

Table 1 Chemical composition of raw materials (mass fraction) %
PRk Ca0 Sio, ALO, As,0, SO, ZnO Fe,0,
/3 43.00 3.17 0.63 — 6.02 0.31 0.50
P SLSTL 38.52 33.19 12.93 — 1.13 0.83 0.60
X 36.31 1.81 0.95 31.61 12.31 6.69 3.07
el 0.36 98.18 0.20 — 0.25 — 0.05

[E: AR

Fi2 CIK (80%) . K VR (8%). REMY (2%). &R (10%) B4 AL B & L EBORE, nA
10% 119 2.00 M 7K 3 38 (3.30M, LR E R TR AR R, In A S S A 8818 55 850 1F R 08 &
L LL0.47 MW i 25 8 KRR S), BEAE] 20 mmx20 mm>20 mm (AR | BRAESRAE T
(20 CiE C . WFE 95%+1%) F24 7d, FoKIEEPHTrHi LI AL (TYE-300F &, Jo8) AR HL
WA BR 2 7)) I 58 P o e Mt = AE E . P % B R S 58 R R AL (LC-GIK100-2DT %, |



59 TRIISEAE : TROR LI BE I (A SRR 2 M XU PP 3011

T ) JRAES B BR A | By s 120 H . 60 H #1100 H i W47 0% 43, 75 Bk 250~850 pm
150~250 pm F1<150 pm AL, B TR EEHE
1.2 HEHAELE

g A A0 VY e DX OGS A AR R IR S, Geut T AR JLAR R B RN A IOT- 2, AR R R A R
ISR 1% T 5 32 0 A S 30 vl (9% Db kR PR I A ) O SER RY AR SEER AL 1 AR R B R A, AR B[]
Hy12d, BP1dAERTAH, AT RS EARA 1 mL-min' . BRI & WK 2,

A3 5 B U [A] KL A% f B i (250~850 pm
150~250 pm H1 <150 um)20 g & T A i ik 7% A
W, K 1000 mm, b E TR KIE 5S4 S RD

R2 HSRUBRFXBERSH

Table 2 Distribution of dynamic simulated rainfall

" Afy BEWEmm  EEmL | A6 BEWE/mm A R/mL
(50 mm) ‘/ Kﬁ( ITEF (G FEOO I:m) ‘j% 1€ (50 mm), 1 75.9 104 7 229.8 315
zii’fﬁi?%ﬁﬁﬂﬁ%Y%%Yﬁ ° %%\HU 300 mL 3 2 80.3 110 8 236.4 324
KR, I T pHil (PHS-3C AL, | 5 603 o5 . 437 107
R BRI AT IR A /) WSE pH 8, JRE w o s iss
T %% A % 5t % { ace-oEs ‘Op/tima 8000 5 1182 162 11 722 99
B, EWRACERRHEARA R MAERR | L ae ”

B B A
1.3 SEP BU# % RiE SR BUSL IR
XoF I S BT S 0RO T AR A E AT 2 gk 22 9% 8 $2 B (Sequential Extraction Procedure, SEP) 5L,
MR (F), TR RE (Fy)., TAMAS F,) MBS F)MA4MBAESTNESRES
i, AR BRSO [25].
14 EEREUERE
R E 4R BRECE TR AL (D~ Q) Fis.

Z?: oV
g = ZatV (1)
m
K=< x100% @)
w

Kb g BEALR R Ao 25 ff [ e 44 rp o 3 J 1 RARRS i &, mgrkg s o o BRI 4 R Y T R MR
mg L VRMERIAR, Ly m AEOKHES TR, kg K AESBERBUE; oW ESBEYIG RS
., mgkg'.
15 REFEMN

TE o pH LA RO TS AR IE A A, PAL O A AR RS . BRET, HTESE
WU P 09 5 A B PR s Qe R B0 . b RBIEBOE L A XS AL FE BOE PN, i T AR S
BEAMEFIE T ESREN S G, DG E T ZMuTRIMEAEN . BEHEKE . 75 Q4 E DL LR 5
OB R W AE RURS: Al 75 %X (Potential Ecological Risk Index, PERI) P-4t 5 4 J& B9 % i T A1 ¥ 7E
RS o Ha P =t 3)~2L (5) Fin .

Ci= G 3)
f— C;

E =CixT! 4)

PERI = XE! (%)

Ao CRER AR 4 i B I e AR A KU TR 15 G a3 i AR 3 4 i 4 Ja ) 0 A
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PRSI ARG (PR R %3 P-BRRHEESARES
Hb - 38 3E Yy XU 45 B R (= T )>> (GB36600- Table 3 Potential ecological risk level of single heavy metal
2018)%, HUAi Y 1 & e HI L0 Ve 1B 20 mg kg™ E'fif B A K A

FID 2 2 3% FH #b 0 6 60 mgkg ' 1E N S % El <40 i

{H s B2 BAAS T GJm BT 0 RS, TR R B 40<F'<80 g

A EL )RR N R, #EUE 10; PERI R 80<E'.<160 Gy

hZ R 4 JE BT fE R BUS AP, Hakanson 160<E' <320 i

FE T 5 2KEMEA 4 X PERIH (% 3. % 4), E,>320 e

2 HZR5i1e

R T4 MEVESCEBEEESAKRER
2.1 R pH TL4FE

Table 4 Potential ecological risk rating of

TERI ARG R g, AT & sediment heavy metals
PRICHP I RRESMAR, SEAAKD, FHHh, K PERIfH LA 25 KU
KA 4B E ALY (CaO. MgO %), 5 /K 4% fir PERI<150 o
I 25 % HE K AR B OR =iy OH, S B o 150<PERI<300 g
B, pH A 12.40, Wi DL RO AE by 3L M 1Y 300< PERL<600 =
[ e S R M, 3R R pHL 7E 11.90~12.70, PERI=600 e
AL /N . RIS IS (R R Bl 35 I () 1Y) 34
hn, pH 2218 TR B pH AR fk 5k 1261
BR/MAXFR, HEHERY G pHEKRA }
w4 (8 1), o 1245

R B ERE, WSINER MR W, ) %u%wwmmmﬂwmm‘

K5 W W R A O, RO 'jﬁﬁﬂﬁ@ﬁﬁm
pH 2 T REEH ., TERT, Tk W 4= ik —=—pH=3.2, Hif 250~850 um
12.0 b —e—pH=3.2, kif% 150~250 um
Pl TR FE BT IR, R TR A RR IR AN 2 —a—pH=3.2, BifE <I150um . :
DL r R [ AR R R B T, X IR N Y 2% v R 0 2 4 6 8 10 12

SERIGI
1 EHEZSHIE S pH T
Fig. 1 Variation of pH in simulated dynamic leaching test

FrEeuE, P AR R B B L TR
Bl 5 I 5 B[] 119 2 G, 32 R V1R pHL Ik /) i
B, WO E R S E R E AP, Kt
[F1] 94K 35 B ik 1 S5 T TP B OH B i A i AL(OH), it , B W th & & L ey, S84
H,SO,. Fe,(SO,), &AL, #E—hneiibyy i) B L, BRI pH R @0, hr
BR/NSIE W pH LL 6 d 3T S T WOR AR K . pH g, JRWPRIAR K. pHARM %, Hid,
K42 250~850 pm (AL SR W pH F RS R . XORE D, KARK, ZSWRA¥S, F
BN, 5 CRKE AR, iR, MFEREGER, pH FRBEHRAEZP, B
pH JE = AT (11.90~12.70) i R EJFHNFE T . SRRMEWIR RS CWKEER At . FBdRS, H'S
fR0R, B ORI BREYI . S4h, RORH A K CU, AT AR i R i A Ak A
Cay(AsO,);OH Fll Cas(AsO,),Cl [ TE 5 Fl A 4, 17 3% 26 5 19 85 i 4k & 90 B AR 19 5 4 pH IE 4 7
12~1329,
22 BRHERESERSETHIFE

KR [E R LEAS R R B (pH=3.2. pH=5.0). AN[AIKifE (250~850 pm. 150~250 pm. <150 pm) [k
B TR SHESRMRERSAEMEESE. b, MEsiREwE 242 mgl!, KF
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1 W6 5 ) % S bR 7 (GB 5085.3—2007)5 1
Smg L™ Bt Y BE T IbK I TR IR B R T
KR M WK, Bk E (E
2). X H XIS A S, HR R
B, AR A s I A I e ) 38 T e/ o X
Al RESE TR 3G, AR B AT AR R .

3 o B DR RNV T 6O 1 e AR 1) s 2
W SR, 198 T RIS i 5 0 TR v
ZIHMKEFR: B EBEK, BIEWwERS,
5~8 d LA . X5 4 JE P R B B A
WG o AR A& R RO R T RR S K, AU
12 i L ) R B 0 BTV, ORI [ AR RSOR R
U BEE W BRI, [ A SR T A AR 4 R

RAHSE AR TORBE B A AR AR e M KU PR 3013
3.0 ra pH=3.2, K% 250~850 um g
—e—pH=32, if% 150~250 um
2.5 {4 pH=32, Kif% <150 m [
= 20¢
on
£
BST
X
H 10}
X 2
05 L g =0~ pH=5.0, fifz 250~850 pm
: ~+pH=5.0, $ifE 150~250 pm
> pH=5.0, 7% < 150 um
0 1 1 1 1 1 1
2 4 6 8 10 12
R A)/d

2 EUESSHEIEMRHRETN
Fig. 2 Variation of As leaching concentration in simulated
dynamic leaching test

BT RO R AL, BRI, RBUOMR e BE R BTk RS, AR R I 6 R R ALY RE
PR IRALIE IR IR EL , A B 8 i, XS8R MR SR iAW) 5 0% A RPRLAS A 67 e 2w A

GG e NI TR £ 1 N
bSO TR A N Y R R R S A Sl N e ]
R, S eI ESE, MER
38 XU T 7
23 E&RERITBHENBHERE

R4 1498 (), X ETm, «
IR P AR A 12 d 19 Sh A s S b BT R
T B BT > B0k 13378 mgkg !, BEIE N
2.32%(l 128 4= 7 2 43 M A5 A )0 46 5 4 4
%5 771.25 mgrkg)e X — i B HORRCRE () 5
T LK 3): [ —FR B (pH=3.2) Ik
VR, RARRUN, B AR, R —Rife
Fil (<150 pm) P, IRV pHOBRAIG, Al R ik i
s VAR BRI INE, B
BrE: (5~8d) JlaTREmnEad., X5HELREZ
RO AR R AR AT, S E A IR AR
HHA

B LI LSRR, TR E A b
BB AT A E R b, Bk E b RUR
U, R =97.68%, X H M 48 i B 1k 3k
AR, RYEIE 4, v E S8 ARG R R
] 3 A B, RIRIAR B B . bR kB Bt
MR B . FERITIRPY B, AR Stk
WA, AT ABRE, MESEAR—
SE MW BHE PSS 5346, ROk H A Y NaCl,
KCl A5 n[iEtEEh S S ., 5 E 4R IE

il A WA R 0 M5 5 R AR ABOR IR e T R o G 2 RN AT RE

140 _ 2.5
—=—pH=3.2 i/ 250~850 pm

120 L—*~ PH=3.2 K% 150~250 pm
~ —A-pH=3.2, $i4% <150 um 20
o0 | ——pH=5.0, %1% 250~850 ym /g
< 100 —~+~pH=5.0, k4% 150~250 prg % <
2 ~
E 80f L5 ﬁ
I =
= 60F o £
ﬂ,__x 40 ~ W
B 105

20

0 Nt 0

RIS a)/d
3 BEUBAERAT ASHRITBHESRITERE
Fig. 3 Cumulative release and cumulative release rate of As
under simulated acid rain effect

F Bn] #2108 F, LA 5
BRr At =raes

100 | e

80 [

60 -

AR B4/ %

40 +

20 F

JEj  pH=3.2 pH=3.2 pH=3.2 pH=5.0 pH=5.0 pH=5.0
250~850 150~250 <150 250~850 150~250 <150um
pum um pm pm pm

4 TEHBNEMHOLERTSSH

Fig. 4 Chemical speciation distribution of arsenic before and

after dynamic leaching
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JCTE RN, PR T A R R BEAE A I TS, T R AR e A DR R B B, [
Fif A TET W RS 19 1 A B AN T R S PR RV AR AL AL L RV R O E R B RGA Y, B
BT TR RS E SRR EE W, B ERY, EE TSRS BB, &
G J B CHE NG ORI B, fEIX — B B, BECE RO IR R SE R R S RV R . A5 AR A AR
M, FERENESRIEEE S MAIESSY P ESBBICG R . b TRESHE SRR
MRS, B R AR AR, TR S R A0V AR R L e
AW pH T . AR BIT R MBI MEMTIRE L S B RERD PR SAAEEX
Fo BR T WA pH, &R BRI I R i A AR [ AR B 2E ORI S5 A PR R A O
24 ¥REEBEESRNEITGE

i SEP MUt 2 9 i S 4 UL HEAT S5 4 RS BSHBREREERNKRITEER (PERD
M, AR RS B IRIAE TG KK [ A Table 5 Potential ecological risk index (PERI) of arsenic
S RIOALZE T 2540 (7 4y, I 2 R 3F before and after dynamic leaching

fiti 16 %0 (PERT) 24 30 (X 3~3X 5) #EATIH5, #35) b B 4 ;ﬁﬁm&ﬂﬂ.ﬁiﬁ
% 5P TE R 5 8 (R 5). L, TR T2RPERI  [TRPERI
% IR 555 X IR 25 1 8 1 rh LA e A Tk A 1 SRt 86.19 2873
EILE DR A VR XU 45 5 B o A PH=32, 250~850 ym 169.86 56.62
By 22 O W E XU FE % pH=3.2, 150~250 pum 169.82 56.61
AT 2SR S Fh A A 4 PH=32, <150 ym 163.72 54.57
DLAT R SR AS A7 AR, FE VR R AT 4 Ak S AT I S PH=5.0, 250~850 um 154.36 5145
A, BRI AL EIE A G AN 2.1%, X pH=5.0, 150~250 ym 164.2 5473
W], [ AR 97.9% B 5 % AT AL, 1E PH=5.0, <150 um 170.53 56.84

IREE AR 5 KRR o e B A0 R BN Bl S Tk I

R, ERWAERT, nRJFEAMA LG RIE TR, M 73.7% FREE] 16.5%; Wik 5 A5 R W
(R %2 HE VR e Ak o IR Pl BB, (R AT R BCS A f 10.0% | TH3 60.0%, R 48 Ak 25 T A 2 5 D 4%
AR, AR A TR . UL, RO E AR R S T T I B R N R, S
i 2 K, W RS B ECY W o R B L R S R A AR, SRR ) K
TR [ T A4 rb g e 2SS R A 7E pH=3.2 551 F L pH=5.0 518 F . K42 <150 pm (KK & A A 78
pH=3.2 BRI T A0 5 I A AR O % ey, KUBS SRR . AN [RRE A% 1 45 et s 76 A (W) pHL 9 152 W 42 1ot
T, AMUMALFIE SRR T —EREREA, RIS AR E A SCSHHR H, BABER R
BE AR o X5 B BT 4 R —F.

A3 B TROBK [ A A A AR UL R T 30 A TR A AR B9 PERIAE (38 5) nl 1, 4P AR LL T 2895 i
e (H (20 mg-kg ") fE R S 2 B HIE, JF#E) PERIE/NT 150, X R, %M N 4355
F A AR S e FE R SBTHLER WA J5 19 B 644 19 PERI{E 4L F 150<PERI <300, J& F 55 4
5, R AESER g LA AN A, ENSRMIAEET, DL 28 a5 Hb 0% % (AR
K ZSHEN, BRI A A RS FERRM, DT 2@ EE N T RS % E
B, A AR X A5 A T E A 21 3 v A RS
3 g

) B R TR S AR 26 F T, RO AR R A, XTPRR T R AT btk AR A F L M IRDRLAR
I, PR pH M/N, 32 H W pH AR fR /)N, [T AR AACRRE PR s R T pHOAH )i, [ il (AR A2 BR
] e A 1 R X 22
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Abstract This paper presents a dynamic leaching test of arsenic fixation in three particle sizes based on an
innovative simulation of two acid rainfall conditions in southwest China to investigate the long-term stability of
fly ash-based cementitious materials that contain arsenic under acid rain conditions. Furthermore, the long-term
stability risk of arsenic fixation is evaluated using a Sequential Extraction Procedure (SEP) and the potential risk

I*" in the solid arsenic bodies dissolved and reacted with the OH™ in

assessment index. Results showed that the A
solution to form Al(OH), colloids as the leaching time increased. Moreover, the oxidation of sulfide minerals in
the slag produced oxidants, such as H,SO, and Fe,(SO,);, which further aggravated the oxidative dissolution of
sulfides, thereby resulting in an overall decreasing pH value of the leachate. In addition, due to the varying
particle sizes of the fly ash solid arsenic bodies, surface area size, and adsorption site changes, the arsenic
leaching process showed three stages of leaching characteristics, namely, initial, rapid, and slow release, with a
maximum leaching concentration of 2.42 mg-L ™", the cumulative release of 133.78 mg-kg ', and the cumulative
release rate of 2.32%. The SEP test revealed that the reduced state of arsenic in the raw slag was lowered
substantially, and the acid extractable state and residual state of arsenic were increased, which was conducive to
lessening the risk of arsenic fixation bodies. The evaluation of the potential ecological risk showed that the
potential ecological hazard when the screening value of Class I and Class II construction sites was the
background changed from moderate hazard to slight hazard.

Keywords fly ash; arsenic slag solidification; simulated acid rain; leaching; risk assessment
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