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Migration characteristics and potential hazards of heavy metals from bauxite residue to soil under simulated

acid rain

LIU Ji-dong*?, REN Jie*?, CHEN Juan?, LIU Xiao-lian*? XU Gang? WU Ming-hong? DU Ping"

(1.State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing
100012, China; 2.College of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China; 3.Beijing Normal Uni-
versity, College of Water Science, Beijing 100875, China)

Abstract . To understand the influence of heavy metals from combined bauxite residue on soil and groundwater, the migration characteristics
of which were investigated using soil column experiments. Results showed that dissolved As, Cr, Cd, V, Mo accumulated mainly in the
surface layer (0~20 cm) soil with the average concentration 17.71, 42.31, 0.79, 57.77, 29.76 mg - kg™, respectively after leaching with
acid rain (compared with the original concentration, increased by 5.83, 1.36, 2.21, 2.34, 1.89 times, respectively ). Pb and Zn accumulated
significantly in the 0~60 cm depth soil with the average concentration 18.67 mg-kg™ and 58.52 mg-kg™ (8.76 times and 3.86 times, re-
spectively ). And Cu, Ni accumulated insignificantly in soil. Considering the heavy metal chemical speciation, As, Ni indicated greater mi-
gration risk for the highly acidic soluble fraction in soil. Cu, Cr, Mo in soil were mainly associated with oxidizable fraction and reducible
fraction, and Pb, Zn, V were mainly reducible fraction, indicating higher potential mobility. Mo, V, Pb, Cu only detected in lower concentra—
tions in the leachate, which ellucidating that the dissolved heavy metals mainly retained in soil.
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s B #H . 2016-07-25

YEZ RN XARA(1991—) , 53, W Rg {5 FHON WL 9048, NS R T 4 J 15 Jedzs il 5T . E-mail ; huankejidong@163.com

* {E{S1EH . #t % E-mail:duping@craes.org.cn

EEWE ML AT AL 151201509048 )

Project supported: The Special Scientific Research Fund of Environmental Protection Public Welfare Profession of China(201509048 )



IR 55« BRI A% P ARV 7R i e R O T O (e i 77

AU R A AR A 7 2 A T A A s e AR
FE, BA LR A 1~15 taRIgY. B,
FE O AR R R R A AR A ™ B R e ™ A
[P, 2013 4 AR e 77 A 1 K2 7300 7 t, 25 R %
12 4% , BIFHEAF AR el it 3.5 12 t, R BT HEAF AR
Vet 30 12 9, i E Bk HEAE R B I EE T, AR T X
Pl A= AR IR B 1 -t B ke B K, 2010 41 & A 7E & 2F
FI Ajka 1) 25 e 15t W1 O E8 K 24 100 7 t AR e
W, 7w AR T 1017 hm?, 15 1%, 286 AT, 9k
PR ARG b fe ™ E A, Ajka AR gt IR
[B QUK G 3 A E AR Gl /Wi e d o o

AR A TR, RIEMT YA R E 4R
TUER GRS R ] o ARPEAS A B A
T2 T R FEE AR TR Be gl vk R Ve S Bk A T R
Ve, E4h 90% LA bRy AR A FEH R e, B RIS 3
B FE LRI R AR LR A R A S E R
SO A XA L AR TR B AR S TR A o IR TR
Ve R FFE Bk A 2 v e A = S AR AR 7 AR 1 1]
IE ), 28R 0 S, B gl e L LLvE &g
& Z M AL R A A KRG e HEE ., 3K
LAV A As.Pb.Zn .Cu.Ni.Cr L fE LS,
DL A g o BT 3 R i B R 1 V Mo, X Ji] B B 5%
BV AE TS Y RS v50 3 A, LI PR A R 3R P AR A
RETR LS FEAMEEM R, R AL T Al i il 124
MR WA B R, MR I PE4E 2006—2012 4F4%- 27
FETF-24 pH (ESE T, 5 BRI R 9 78 U A~ 27 H B
243 R 13.72% .42.99% . 39.33% 1 K 3.96%9pH
P AR 2% B BH -5 4 A LS i A % 4 e it
TRy E B, DR, X 11 P 4 X A X R
(BRI AR RRIR 1) AR e HE S A rh X3, A5 R TR DT
X} s e B 4 R AR RS IR B X A 3 A 52 ) 3
HR.

ARV EAT ER MR R AR/ NGRS RS T
2R X HE S S A RARER 28 A AR R A Al S, L
WEMZME)E, SE—E AT A
WEfEE . HATSC TR & 2R 5T 5w i iff 5% £
FE0 2 ) 25 U HE St 00 X JE 34 A 3 R OK AR s
Yul-s13 - Robinos M 5E 3R, IR rh AL SR i R e
Hi Cr.Cu LR E4JRIZ . Anton 2 37E + FE#E4
S ke BLAR U TR K A A Na A Mo 23 Bl &1 3R 5%
o R Mo ZE R IR T HA R IEB R, 1
MK 5T, JRleH As.Cd.V .Cr.Cu fyif 51k
Hahn, H AR R SRR e S0 As 18 As( T 5

As( V) zalFAk,Cr £E Cr( 1) #n Cr( VI) Z [l 4L M,
Burke ZEM7EF FHERER (HCL) (WK Fh AR 85 g W 1)
Wrosh B, MARJRIE 4 HClL R filE, JRigh
As .V 1 B34 HIIAF] 94% . 71% , Ui HIFE pH A%
FIEOLTE, HAag AsflV St . YL AR R,
PH. AL J5 45 45 1 el A8 st 23 5 i AR U8 P B 42 B 11
FEAETEAS , AR R M L AL Rk, s il - 1 4 )
154

AR 5 DR P e S A 4D RN I 45 T K
AR ES R IR EBEE, EEEW
A s (L) 5 BR T MR X AR U8 A0 - 33 % pH K8 4 41
BLAS I 5 (2) WP AR VLR S5 R R E 4R
[ - ST B B RRAE S L A e

1 MREFEE

11 HmRE

R R AR AR S LG 43 W B 3R
Vet , HHERE SR B HE IR, S LTAE + 3R
VR R 80 cm, 4>k 0~20,20~40,40~60 .60~80 cm
45, RAEM A BN 2 25 5 S KR B
1.2 g-cm™ Fl 12%. K5 AR LA - 3Re Sl 7R SR 00 2 Y
FARKT, FEREIR AT, WFEE I 10 H i, TR 4,

S54RI TE ] LR - M R TR & UG A8 i IR
LB 111 PG48 R R 4 R 7™ B (e fIK pH 23T 4.2) 1 X3,
SRR S 00 T F R T 20 B R -5 Y R T EE R
60:40(m/m) i BRI TR 5 25 25 F/KIR A TR 15 5 pH
B R 4.2 il
1.2 Wit

IWRVE 8 BT R IR R S A LB 38 M4 5, 5 100 cm,
A% 8 om, I 45 (] g 10 cm 5 B - S BURE AL , SIS BB
TEA I oK AL, kA B B 1 B, AR
SCEAE TR (L)BR I M Rk 25 E 1.2 g-om™ 203K
43 BFi BECR A4 2 I R DR 3 0K 1 R S
AtHE, B 5 om RS, A2 KERR
12% , F3EIH 70 em(f T R4 10 om A mb ), + 18
- THIREIE 5 om JEE A AR e (RSEHRL R 8 2 ot 0 ik 2 )
ARV 55 SRR ) o ) BRI 2
B REARYE . (2) WL FE AR 1L PS4 JEF- T L 10
AESE AR T 4 (24 500 mm), 4R N4E Kk 8 em, B 5E
SRR 2.5 L, BIAS T 1 AR AR IR . AR
SIS RS HI R A 0.12 mL-min (VNI L),
FEZ T T (25 °C) DA SLibk s 1) )y XA 7 ks S0 56
TR RS 2.5 L BHER 1k (3)IBURE « kv 30 1) 2



78

YRIEINIRsY F36EFE 1H

20

R1.5 5cm
e I

o O

100
(o)

Q@

(@}

10| 10| 10| 10_|_10_| 10,

Q

2
=
o
o
3

25 A _4

e

30

Bl tHEEREE
Figure 1 Schematic diagram of soil column
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Table 1 Physico-chemical properties of bauxite residue and soil (mg-kg™)

Wi H Indices 757E Bauxite residue - Soll FRUE(E Standard value
0~20 cm 20~40 cm 40~60 cm
pH 10.60 8.68 8.67 8.52 —
As 37.81+0.15 3.92+0.09 11.01+0.23 2.78+0.11 15
Pb 280.83+1.12 <dl 0.53+0.01 0.39+0.01 35
Zn 366.79+1.73 8.81+0.06 10.42+0.04 8.81+0.01 100
Cu 35.04+0.62 6.92+0.09 6.81+0.01 4.42+0.01 35
Ni 37.28+0.94 4.34+0.01 4.78+0.01 4.82+0.01 40
Cr 186.49+1.01 <dI <dl <dl 90
Cd 0.91+0.07 0.21+0.01 <dl 0.10+0.01 0.2
\% 47.89+2.36 19.01+0.92 20.32+0.61 21.11+0.96 —
Mo 76.84+2.83 11.42+0.91 15.28+0.99 15.41+0.83 —

TE FRiE(E Dy LI RAEE Brin i ( 1 Zipnik,GB 15618—1995) s <dl KA. Tl
Note: Standard value for soil environmental quality standard(Level 1 ,GB 15618—1995);<dl not detected. The same below.
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Figure 2 Changes of soil pH in different depths
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Table 2 Changes of soil organic matter(SOM ) and cation exchange capacity( CEC)

%F B4 Control group

S2I64H Experimental group

F54% Indices

0~20 cm 20~40 cm 40~60 cm 0~20 cm 20~40 cm 40~60 cm
SOM/g-kg™ 22.24+0.21a 17.95+0.13b 8.29+0.12¢ 21.57+0.22a 16.19+0.18b 7.98+0.14c
CEC/cmol -kg™ 66.02+2.13b 66.06+2.60b 67.17+1.96a 66.12+1.64c 71.66+1.69b 73.56+1.73a

T R B P I AR UE 2 5 FAT A NG 5 B8R [RIZE 2 [A17E 0.05 /K FAFTE 3 22 5 (n=3).

Note: Data in table are means value +standard deviation. The different normal letters in the same rows indicate significant difference among groups at 0.05

level(n=3).

RITERELTEFITEZEUYNEE
Table 3 Contents of major oxide in different soil depths

%t HEZH Control group/%

S2G4H Experimental group/%

F545 Indices

0~20 cm 20~40 cm 40~60 cm 0~20 cm 20~40 cm 40~60 cm
SiO, 68.51+0.23 68.02+0.23 67.75+0.23 68.37+0.24 68.45+0.23 67.45+0.23
Al,O; 17.11+0.19 17.58+0.19 18.11+0.19 17.14+0.19 17.56+0.19 18.17+0.19
Fe,0; 3.32+0.06 3.58+0.09 3.71+0.09 3.35£0.13 3.52+0.12 3.76+0.11
K0 3.12+0.09 3.01+0.09 2.94+0.08 3.11+0.09 2.91+0.08 2.89+0.07
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Figure 3 Changes of mineral composition in bauxite residue and soil
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Figure 4 Changes of major element concentrations in soil
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Figure 5 Changes of heavy metal concentrations in soil
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Figure 6 Chemical speciation distributions of heavy metal in soil
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