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Effects of Stabilization Treatment on Migration and Transformation of Heavy

Metals in Mineral Waste Residues

ZHAO Shu-hua'?, CHEN Zhi-liang', ZHANG Tai-ping”>, PAN Wei-bin>®, PENG Xiao-chun', CHE Rong’,
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Environment and Energy, South China University of Technology, Guangzhou 510006, China; 3. The Key Laboratory of Pollution
Control and Ecosystem Restoration in Industry Clusters, Ministry of Education, Guangzhou 510006, China)

Abstract: Different forms of heavy metals in soil will produce different environmental effects, and will directly influence the toxicity,
migration and bioavailability of heavy metals. This study used lime, fly ash, dried sludge, peanut shells as stabilizers in the treatment
of heavy metals in mineral waste residues. Morphological analyses of heavy metal, leaching experiments, potted plant experiments were
carried out to analyze the migration and transformation of heavy metals. The results showed that after adding stabilizers, the pH of the
acidic mineral waste residues increased to more than neutral, and the organic matter content increased significantly. The main existing
forms of As, Pb, and Zn in the mineral waste residues were the residual. The contents of exchangeable and organic matter-bound As
decreased by 65. 6% and 87. 7% respectively after adding fly ash, dried sludge and peanut shells. Adding lime, fly ash and peanut
shells promoted the transformation of As from the Fe-Mn oxide-bound to the carbonate-bound, and adding lime and fly ash promoted the
transformation of Pb and Zn from the exchangeable, Fe-Mn oxide-bound, organic matter-bound to the residual. After the early stage of
the stabilization treatment, the contents of As, Pb and Zn in the leachate had varying degrees of decline, and adding peanut shells
could reduce the contents of As, Pb and Zn in the leachate further. Among them, the content of As decreased most significantly after
treatment with fly ash, dried sludge and peanut shells, with a decline of 57.4% . After treatment with lime, fly ash and peanut shells,
the content of Zn decreased most significantly, by 24. 9% . The addition of stabilizers was advantageous to the germination and growth
of plants. The combination of fly ash, dried sludge and peanut shell produced the best effect, and the Vetiveria zizanioides germination
rate reached 76% in the treated wasted mineral residues.

Key words : mineral waste residues; heavy metal; stabilization; migration and transformation; morphological analysis; leachate
FEG W, ORI LR R AT RIS TR R, BT IR A ik

Wr#s HHA: 2013-08-21; f&ITHHA: 2013-10-17
EEWE . WH AR e FE 5 m SR 2 PR (2010KB22) 3 FREARIP A f5 AT AL BHIFL 33T (201109024 ,201309003 ) 5 [F 5 s A
Wh9E & 151 (863) 15 H (SQ2009 AA06 XK 1482462 )
TEE BN, Bk (1987 ~) 55 W05 4E , BB 07 10 AR S TR 5B |, E-mail ; zhaoshuhua822@ 163. com
# IR N, E-mail ; Ickzhang@ scut. edu. cn



4 4] AR o RS AL BN T T i 1A AL RS R 5 1549

BHFEFEE R FEE S RENES , 7S, X
SO 4y R S AR R S R R HE U TE R AR
Ui, FIKIRIESE HAAMER R, AR S AR Wk ko
IFERY R 1 | KRR Y SRS,
£ QNN B N R g R Y 1111 TR 1 WE s s
Ja& 14 TT B oF B Y ) A AR A8 F A
D AR E A H A R O, 5 AE
FEIEA MBI, A [F A A TR R 5 W 5 4 )8
(TR FE AL B E A e ™ [ AT X 4
JRIEBBIRF AR Fhn, sk Uk 45" 43 5]
AP T HEFLT BIAE 10, 20 AT 100 a AUEYEER™
#HE 10, 30, 60 em VREE 4R & AR UG, 45 51
LWL, BT R K kA E R £k, 17 i HE 3R 2 1)
4 ) Wit HE AR A (] A4 T sk 2D, 7E 100 a B9 W HE
FZ0 Ph S BT T2 Ak I Rad B e T v A
() 3 A Jm Vs g B KT T B R, R R E
Hel5 geya B oA 20 ) i LA X 7S g - A
FAAEPLE SRR IRy H AR S T,
55 g+ — e X Y. T E AR A
BESRIT R /UM, B R A SO0 e >
Tia) J& 320 1l DX RS AR, A LA AL R TR TS
ol H RS A A S A B L.

R AR R — M A B R R | 2
ik ) S I AR G I, LR T A ek A E 4 B AE
e e BT, A AR | 28 DUNE L B acH
AR S5 55— R A S, B AR L AE 3 R85 rh iy
ARSI AT R, DT sk 20 2 42 s T R 4 3
PR AR E A5 g L Ok UL, BB
A0 T 4 r T BRI A 3 SOk T ik R e
FIARRAE HR IO X TR e f b BRAICR 32 28]
DLMEE fb (%) 4 B . ¥ e ) 403 1 g M DR
BB S RO | Rk 45y T LAV
W R A B R R T B A RORE L BRI
By S, FTAR R Z AN A A A B T g A AL A
TR R, fEE &R e =2 b
WL, Hun, & HMRoE R B 28A . A K, B,

PRERAS B PR I W £1 . PR IERE K £ . BER
PREEREIREL Wb, A ISR LT,
PRFNE S0 R FAPE; AFREN, B
T A ke L4 Ph, Cd, Cu, Zn FH4E
JE AR SR B ERE N Ak K
SEBE Y T D 2 B e R M Y pH, O LA
4 Jm AR A A W sk R R 45 A S UUTE, FEAIK
Rt 15 h & A B S A LT, ASA R Lk
sk Pt R KR IR BE 0, HLid fig

A A EEE, EV ILEF B E T ER T
BRIz MR A W I B R AR A e H
FIE 5 4 8 K i Ak B i A &2, H B A 38
TERY BRSSO ARk, A R L A
HUAE R S5 70 B — s i i Ak + 48 b 3 4 8 19
FEHLER 2, TSR F LA AR 390 21 & 2L [R) 4 )
FEARXT D AR LR 4 0 X0 S X 42, ok
AR R TARTS T | By iR AE A S A i T
T JSAN [R] (%) BE 7 X6 7 1 47 F e Ak A B 56, 3l
WEERIES T, KM IE K Y R
0 A N 4 I A B e A R AT 2R B A BT, LA
W A A AL B T T kTS Y iR E R 5
TETEERIGEEE, W XS ASBE
BEE SLA , [ B AR DG R R LS

1 HRETE

1.1 5k

WA T AR I T A a0 I i 3 XU R
BAEA AT BT S 5 BRI E ) SR
HL ) AR AR 5 V5 R IR A T M e A 3 5 /K A B
YR J5 5 Ve T4k 7 i, B 4w S 1 (R TS
Terh 5 Qe wIbRE) 5 4E4E 5T MY A 52 117 3% 1
15, Yed | BT FERDBR R R 2 mm 07, 2
SNHLE AR | T ORI E Y AR, M
e S S W e % g S N A T U=
1.2 KN

FH %5 55 8540 mm x 420 mm x 300 mm 17

®1 REFWELER

Table 1  Physical and chemical properties of the stabilizers

oo o 4R/ mg-kg ™! . FEAEER I %
As Ph 7n Sio, Al, O, Fe,0, MgO Ca0
HHREIR 8.52 1.74 28.45 34.35 42. 47 19. 80 16.25 2.74 9.63
Vay/3 12.24 0. 96 15. 68 11.26 1.75 0.23 0.12 0.78 93.85
FEEFRNI/ ¢ kg ™!
FAki5 iR 6.95 2.48 93. 48 109. 36 ML B L S

440.76 36. 84 18. 67 22.05
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Table 2 Physical and chemical properties of the mineral waste residues

A ML As Pb Zn

] pH /mg-g ! /mg-kg ! /mg-kg ! /mg-kg !
CK, 5.78 11.05 28 034. 62 76. 50 579. 34
CK, 5.86 10.33 28 834.76 75.48 587.02
A, 7.80 12. 62 28 329. 66 74. 60 586. 20
A, 7.72 12.38 28 234. 45 76. 54 566. 10
B, 7.43 28. 69 28 083. 86 72.54 561.76
B, 7.41 29.27 28 553. 07 75.22 587.54
C, 7.48 24.10 28 980. 64 74.50 567.38
C, 7.57 25.25 28 255. 04 75.76 571. 62
+ HERR B R AR ME (GB 15618-1995, =4%) >6.5 b 40 500 500

W2 AT, R R LA 053 pH /T
6.5 B MR, i ELAT B & Rt 2 B4R . B4
MGG 73 ) pH P 2 PRELL L LR &
RESLERN, B TR AR T S
B HU AT B RUB B 00V AT 3 40 pH T 75 Bt
8 V5 R 0 4 BT 2 Rt S

MNEE 4 5 i R 45 SR 0T AT, As T Zn () Y
AR+ EPREE R = JbRiE (GB 15618-1995 ) BEiE
(bR e, Horp As M bR d5 ™ 3, i KB AR R N
723.5 f5. R ALAbHE 0 As, Pb, Zn MR
ARG B Ak

2.2 FUEALAL PR A A AR AL B R



4 4] AR o RS AL BN T T i 1A AL RS R 5 1551

T E S E R SR EREY A RS
HAEAB P IAAAEIE S B VI, 48 LS5
Br . 2 RS P R fh A BEACR H B H
Ik —. AEEEIE S FARIMAAEIEA T, 13
W5 TR . BRI, IRIRERSS A
S IEAEE SRR 2 pH RSE IR, 25 5 B ICR)
Berh, BRI, T A4 A R PR h 45 6 285 4 i X A2 A
WL ERK,; YA MDEE S MAIL AR
e BAESN A A A AR AL It W] BRI O s AR
S&EBITEWRRE, EFARFEREFET AR
B R AR E P Ak T A5 A 4 R o 750 % 3 o
As, Pb, Zn A G R mE 1 ~ & 3 fr
N BT TR, BT As (1 B BAFTEIE SN
R YO A 648 | RS 64
A B i/ N A PLAS 6. 525 O BRA
L, At b s | v A A | R AR A B
FIA P BE As B ERRR, RIRELEE A A5k
& As FRTIHE. Hep | B, AbHB Rl s B S A HLLE
AR As TR TEREE, 2T 65.6% .
87.7% Rt As Frim T e i 3, W R 8. 4%
B TR] IS IR IR . Ak PR AR A 72 (s v ]
TS A HLEE G As TEFRIES As ik, A,
LIEBRrP AR B AL ZE B S As S E PR B | IR
H58. 9% BRIRELEE G5 As T i i 3 W iR
] 50. 2% , B[RS A . By B IR RN AR 2B e fili i
WAL E AL A7 As TEMBRIRELZS A48 As
k.

[ JEXC BEZACA EZZFeMnO, SSNHOM E=3RES

25 000
22 500
20 000
17 500
15 000
12 500
10 000

600
500
400
300
200 b
100 f

Wi As g TR A Y fit/mg kg ™!

7

7

7

7

)
%
%
7%
gl
il':-..

o

E1 RELLENTES As EERENETL
Fig. 1 Variations of different forms of As content in the mineral

waste residues after stabilization treatment
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Fig. 2 Variations of different forms of Pb content in the

mineral waste residues after stabilization treatment
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Fig. 3 Variations of different forms of Zn content in the mineral

waste residues after stabilization treatment
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