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Abstract: The application of red mud in the remediation of heavy metals-polluted environment

has raised great concerns. This application does make a breakthrough in the remediation of heavy

metals-polluted environment, but brings about environmental risks at the same time. In the pres-

ent studies on the application of red mud in the remediation of heavy metals-polluted environ-

ment, more attentions focus on the remediation effectiveness or remediation process,

but few

focuses on the deactivation mechanisms of heavy metals by red mud. The environmental risk

assessment of red mud remediation is still at the beginning. This paper reviewed the research pro-

gress in the application of red mud in the remediation of heavy metals-polluted environment, and

gave comments to the future studies on the application of red mud in the management of heavy

metals pollution: 1) to further study the deactivation mechanisms of heavy metals by red mud,

2) to approach the effective safety assessment means of red mud application, and 3) to integrate

the red mud remediation and bio-remediation ( plants or microorganisms) to remediate the heavy

metals and organic compound pollution.

Key words: red mud; water; soil; heavy metals pollution; remediation.
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K e e R A B sl U0 W JE B ( Brunori et al.
2005a) o HIZHs o e HERR BRI (1 Ab B 5 AN UAT
TEA 5 PR R Y 4t FESR AL 44 9%, 3 R T i
R B T LR R R AR S PR B A R T G
(Wang et al. ,2008a) , TEA A TH + 1 H 4 5
gk ORI AR A R H B 4K E A
ARSI C B AN G iz —, (HE]
H AN 1k, anfar 22 45 BA B R Je T 2 BT TAE &
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2255 F109 H b5 ( Amritphale et al. ,2007)

TR, B N SNRHIT T AR # R Je RE A A5
M 675 2 K A D 4 P 0 4 R R T (R BRSE,
2005 ; Santona et al. ,2006; 7K 45 X %, 2007 ; Liu et
al. ,2011) ¥ Z b T 7K A4 RN - 498 1 4 T 15 e 1
STAE, ARSCHER T I AER A e AR /K AR 1 3 4
J 15 i B AL 5 T RS, Ik R iR
PEH T RE,

1 FRiER MBI FHE

VR B AL B RN B 2 A B T4
(AT, A SR A A 1 T s N AR 7 3k R R s R0 1)
VIR 53 LA B A e 4 ok A v i AR i i ik & W 4
(Poulin et al. ,2008) , #r e E AL A= kA
A, AT M FE L Beah i B ATk 3 Fhakile, FEH:
BB EA AR SR FH IR B8 NaOH ¥ i R e . —oK
RV =K B A AR 0, 2 05 R o
B A R TR S B E ARG B TR R B e
WAAE SRR+ TP B & — % IR IR B, R 5 &
o TR AB ) B LA R R B Sk B T ) ) R TR 7 o R
VAR A ih e A T USRS s TR IR 2 FE
H e S 1 e 6 (0 TRIDE 3 T FH 1 S b2 7
FLHE R 0 3R U6, 88 05 SR F be 445 3k 11 ISR AR 4R
( FEAHFIAE,2009) o

FEHE SR i i, 0 Al A 7= 1
95% , ELARKUE, FANEE R AR T2 Ak
Ve, 13 E B 2R R as Ak RES
AEAETRIY 1500 J7 ¢ AR HAT 10% 2Rk E TR E
A7 (Liu et al. ,2007) , FE R L8 LL—K B4
AR E RABESE R A A T2, Rle b A4
BE EARES B, A AR AR B AME A
KR M—KE A R EEA =T,
AR EAAR AR B, A S AR (L
R ,2010)

W AT K B, AR IR B A R A KT
E N —efg e K, W Si Al Ca Fe Ti Na K Cr,
V Ni.Ba.Cu Mn.Pb fl Zn(Liu et al. ,2007) . 7R1E
(AT A B ) 32 B2 — 7K KA A (AIOOH) | =5 08 A1
(ALSi,0,(OH)) AHE(Si0,) BLEH™ (Ti0,) K
£1(AlO (OH) ) , AR B ((a-Fe, O5) . J7 fi# 41 ( Ca-
CO,) k" (FeO(OH) ) . F1 (KAL (AISi,0,,) (F,
OH),) . =45 (Ca; AL, O4) 55, AL, AR B & A F
= P L TR ARG O TR, W Re (Ga Y, Sc,

Ta Nb .U Tu FI# ZICE S (Liu et al. ,2011),

AR LS — R 1Y PR AL B AR VAT PR R A i
(AR FIEE e, FE pH — A 10 ~ 13 547 (Liu et
al. ,2007) . FRUeHEA BRS04 RF L, — M
BAFRAE 10 pm 72 45 (90% 7% U8 F AR FRAR T 75
pm) o F3Ak, R EA W FLALIR 254 i B AT K
TR AL (7.3 ~34.5 m* g7') (Snars & Gilkes,
2009) , HEARIE , A% e WUk 2 A AT A K R far
B2 B e (Zhang et al. ,2008) .

B ) 8 1 T A NN 7 W = g T
REEFAFHE TRt , WA 245 U8 () A RFAE AT 2R 8
RS i ACE eI

2 FiRFEKRGESRTEAERINA

W B E R EE R BRK A EEn 4 JE 4
AR Z T BV 1) O B R T8 T 1 808 5 W 5] 1Y
PEFERIHI 25 ( Altundogan et al. ,2002), 5T EKH,
ARV g W B 22 R K A o 4 S 8 T 8OR AR B2
(Lopez et al. ,1998 ; Altundogan et al. ,2002 ; Brunori
et al. ,2005b) ,

B HABARG 5% R B R0 AR 1, 205 DR AR Ry R o 5
HE4EBE T (Pb.Zn . Cd,Cu) MIZRE R E F (As) H
ER W (R 1) . APTFIAR, AR e )
(28) 4 Jm B 1 B AT 8 i W P AE 0 B D DR o A oA ol
e HLA SR BRPE R Y L 2 TR B A B EL , DA T AT
A3 3F 2R TH T UE RN A 34 27 W B R FH R 0 B R
(22) &8 B+ ( Altundogan et al. ,2002; Lin et al. ,
2004 ; Brunori et al. ,2005b)

0B P G AR A A W < S WA RS 0 i
I 71) A% T T e ) MRS R B2 [ IR W LA S )
TE W B S R 2SR i — A B (Arai et al. ,2005) , F
SEAE(2009) WFFE A B, 2 158 BE BRI, 2R 98X Cd
IR B & TR AT, Lo 55 (2011 ) 388 3ok W B S 2 |
Cd S AR XANES 35X Cd 76 77 Jé W Bt 5
AWTFE R, BIR Cd 1EAR T bYW B2 DL AR 2
W (29 65% Cd) A3, HREAFTELL XCAOH (X &R
AR T 1 A ALY B BE ) I 2 I R (2
35% XCdOH) . HMLA] UL, 75 U8 %t o 45 Ja 25+ i i
R AT i 3 i ik A b AN [ B o R e B, B e 1
S (ANZ MR, L PR ) Ffbae 25 RO (&
PEIZRN , XMOH , X 7 o5 ¢ 22 T 9 AL, M 3R
HERE ) HEXTHEMAENESR, ki
H Bl A AL 4 ( Fe, O, , AL O, BRTIO, %5 ) i 31 5 4 1Y
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F1 FEMEMEHMAINESENHRMELE (mg - g')
Table 1 Adsorption capacities of heavy metals on red mud
and other adsorbents

ER R 31 W S5 30k
BT (mg-g™)
Cd(11) iR/ 105 Apak et al. ,1998
IR 0.089  Mohan & Gandhimathi,2009
L 39.5 Boonamnuayvitaya et al. ,2004
faksE 20.24 Kumar & Bandyopadhyay 2006
o] 73.62 Memon et al. ,2007
FORFEFT 30.56  EArHE,2009
HerETe 36.96  FIMZERITHF,2006
Cr (VI) pinA 21.6 Gupta et al. ,2001
K 0.001  Rao et al. ,2002
it 58.5 Potgieter et al. ,2006
s 1.76 Srivastava et al. ,1997
e 294 Aksu et al. ,2002
I 3.6 Baral et al. ,2006
K 30.2 Arica et al. ,2005
As (1II) PN 0.884  Altundogan et al. ,2002
As (V) i 0.941  Altundogan & Tiimen 2003
it 13.3 Zhang & Tioh,2005
Cu (1) pinA 63 Apak et al. ;1998
KK 7 Wang et al. ,2008h
At 31.2 Boonamnuayvitaya et al. ,2004
FKaT 31.85 Wong et al. ,2003
)8 13.95 Acar & Eren,2006
HerEse 24.32  HHIERTRIT 2006
Zn (1) e 160. 55 Santona et al. ,2006
YA 0.031  Mohan & Gandhimathi,2009
it 13.4 Boonamnuayvitaya et al. ,2004
kT 2.21  EWERITIHPE,2006
i 17.09  Shukla & Pai, 2005
FEAETE 156 EWZEMITHF-,2006
Ph (1I) pin4 389.16  Santona et al. ,2006
K 18 Wang et al. ,2008b
it 19.5 Boonamnuayvitaya et al. ,2004
iEp 7 120. 48 Wong et al. ,2003
I8 9.78 Taty-Costodes et al. ,2003
% 93.15  EWIZEFAIJIFIT,2006

F2A % BRHAE F A8 % 22 18 (Lopez et al. , 1998 ; San-
tona et al. ,2006; Luo et al. ,2011) . It4}, Santona
45 (2006 ) INH, R8O AS ES A4 R R E A
BRI R AR, O S R A S A
SERSEALL, BEAS W B I 3] 5 #2224 TR B 1
ARURA A HE A T ARURN AR T A A R SR LY
L, T HRA — o A AT S | AT AR R S s 2
X ARV HEA TR B, A IS A BR 3 ak RE A  E
AT RO b BT B AR H— S P AR S AR 2 T 5
ARUEXS —SEH 4 Jm B - A R R (R 2) |, A i gk
RO PEAb PR AR G As 19 25 BRBE T (iR Bt AR,

2007) , BEsi AL AL BE B w5 HOX Hg /Y £ BRAET) (B
R2%,2011) , BCi i 35K % Ak 3 290 2K A of% e (75 A e
A 0 e R AR, S 5RO Cd R I R fE
(Luo et al. ,2011)

H1 TR PR AR A el 45 i 8 A B R RCR:
FSAARFEA E RS AR 2 E T e 1 — 2t
FIH PRI B K AR BLTS e a5, A IR FE R
I8, AR U AT LA 3 e B 275 2Tl Gkt R B A BILTS
e NI 2r BRYE S P EE P P B R [ 4
(Namasivayam & Arasi, 1997 ; Gupta et al. ,2004a;
Wang et al. ,2005; Tor & Cengeloglu,2006) , %54,
AWFFE R, PRUe AT LUAT R BRI K i 28 1 F1 A
246591 (Gupta et al. ,2004b; Tor et al. ,2006) .
Gupta %5 (2004a) & B, ARV ROW BFHE K 04
3 FhEm G, ZBRACR R By 2,454
R > 4-F AR > 28 AR Wy > R By, W R 4 R 2
Langmuir Fl Freundlich %1, 22 BRALE] 3 HALH]
Tor 25 (2006 ) 8 12 4tk Y W 156 2 B, v 4 i 9wl
AR B A T R gy I R TE pH L 1 ~ 9
NI R Ea e, W HEF IR 2R 4 Freundlich B, 1 Ab, 22
T 45 (2007 ) 18 528 215 U8 W i o7 908 U8Bt 06 & I, ok
JEXTE R COD P47 — 7 BB T, He e I
AN 32 187 mg - kg™, N AR Y WE B 2 A
PR BIL 2 12— A 4 AR WA B B ] T g 5 2R, i
W R COD AL 3= B2 SRR FH ) 25

3 FRELTRESRSEAERHINA

+ b SR A A SRR R A s PR i
& JE A AR R RS S DT T AR R . R4
X} B 4 JR AN [R) Ak 27 TR 285 10 WSO HE &) i B, T p H o3
3 2 ATAHAS WEER R ST FEE, -
WrhE AR AE YA B, — R R P 4
J& i AR AR PR AN 5 T B AR
TR A B A WA S (Midller & Pluquet,1998)

IR, AR VAR A AL AT LA A5 B AR TS
Jo I E (25) SRR S A AE YA A (Lom-
bi et al. ,2002a,2002b; Garau et al. ,2007) , A
S5O AR ) % T 4 R I I AL ( Lombi er al. ,2002a
Friesl et al. ,2003,2006) , {HJ&, 75 T 3E-JR e 1k &
ARk EE 4 SR RS sl s i PRl T R R ST 5
3.1 ®H4JE(Cd.Pb.Zn Cu Ml Ni)

ARUVE AT A SR AR 13 h FE 42 R (Cd Pb  Zn  Cu
FUNi ) 8% 2 PR A0 AE ] IV s/ hE ) % o 46



1940

®2 KEMHUERRNESEHBRME(mg - g™)

Table 2 Adsorption capacities of heavy metals on red mud and modified red mud

HRR W i 350 pH T % B R E DTN
BT (C) (mg - g™")
Cd () Red mud (RM) 6.5 25 11. 08 Freundlich model Luo et al. ,2011
Acid-RM 6.5 25 13.552 Langmuir Santona et al. ,2006
Nano-RM 6.5 25 16. 8
RM 6.5 25 151.2
Acid-RM 6.5 25 101. 92
Granular RM 6 20 38.2 Freundlich model Zhu et al. ,2007
Granular RM 6 30 43.4
Granular RM 6 40 52.1
Acid-RM 5.0-5.5 105 Modified Langmuir Apak et al. ,1998
As( 1) Acid-RM 5.3-7.5 25 0.4377 Langmuir Altundogan et al. ,2002
RM 7.25 25 0. 884
As(V) Acid-RM 1.8-3.5 25 0. 4826 Langmuir Altundogan & Tiimen,2003
RM 3.5 25 0.941
Fe-RM 7 25 50. 6 Langmuir kAR EE 2007
Fe-RM 9 25 23.2
Pb (1) Acid 5.0-5.5 123 Modified Langmuir Apak et al. ;1998
RM 6.5 25 389. 16 Langmuir Santona et al. ,2006
Acid-RM 6.5 25 159. 39
Cu( I Acid-RM 5.0-5.5 63 Modified Langmuir Apak et al. ,1998
RM 5.5 30 5.3493 Freundlich and Langmuir Nadaroglu et al. ,2010
Zn( 1) RM 6.5 25 160. 55 Langmuir Santona et al. ,2006
Acid-RM 6.5 25 103. 35
Hg( 1) RM 3 25 5.025 Freundlich model 24,2011
HS-RM 3 25 16. 683
Cr( V) Fe-RM 2 25 8.5 Freundlich and Langmuir BRI 2005

J& BT, Lombi %5 (2002a,2002b ) 18 52k 7% Je % 4§
Fg X35 G = 498 S A Al Ab B 98 & B, Bk Cu 4F,
AR AT 8BRS AL BRK | n] S A AR VE Y b
Cd Pb Zn 1 Ni B¥JE I & B Cd \Pb Zn Cu HI Ni
-4 AT B2 48 3 1) kAR A A e Ak, AL
il A 2R YR F LR IR 11 4 B B, $2 5 4% pH 1] 3
T - S8 s A X6} E 4 e 118 VR B R 2 P kA AL A ke
B, b T P R e sl AL 4
J& B EZALH, Lombi 45 (2003 ) 38 i #5744 AR Je b
PRI 5 Y - IR AL IR 52 T AR U kAR S AL Xt
Cd \Zn F1 Cu FyAb22 M B R = ZEA AR ML

R IRV REA BB AR 3% P 8L 4 )& (Cd Pb
Zn Cu 1 Ni) % shk (B R e Xt 5 4 J8 5% sh it 1)
MR TR MM 5, Gray 45 (2006 ) i o 2 4%
S0 FH )N U0 & B, B8 i 2R e nT DA i 2 R AIK 4
HEN] A S L ESE Cd P Zn  Cu FI1 Ni HYHRJE
{AAEA MRV AT, HEFLBK % Cu AT Ph ¥
JE T, X T B8 R AR e T B A A U R A BLBR
(DOC) MEETH & A K. Lee 55 (2009) A5 A, 5
AT AR LY, A5 U 5 RE A AR AN -3 Ph Zn

FlCd A 8M: RN A= 2 8 4 i Wk B {HL [R] st 48 Hh A=
Serp 4 B R A Cd>Zn>Ph, HJF AT R
(3 M/ Bl 1t Az W AT A M AR O, R e A A
(2010a) i i =5 N L 35550, BF 5% 08 0 s U8 0 4 1
Pb fil Zn WL T AT PR AR, 45
FERH U0 AR U8 AT BRAK - 3 p S8 A Zn P W HL
B, $Em ke AL 25 575 Pb Zn L, K5FR 3
MHJE, RA 1% 7706 & A8 8 AL T 3
AT Ph & i AN [A] R AR e A B I 2
T B3 ARy 5 Zn i,

VEYIAR BRI 16 sht R e el Ak B 4 R s R &
FEH— B BRI, Castaldi %5 (2009 ) 18 i 7 Ak i
55 WFSE AR R X R P 4 R V5 Y /N G R K
N 4 SR W 2, AR, S IR A AR T+
eI AT SCH A FYEY) Pb Zn AT Cd BB
H 5 KPP VEY ) 2R Ve A0 BEAR L, iR R 9 B AR e Ak
AP AR SRR AS A Zn Fl Cd W 3
AN, KRS AT A 75 Ph M i P4, X Al fig
FEAE Y AR B 23 W W) % AN [F) 2 42 J® 1% 5% ) AN (]
S5,
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AR, AT R, ARV TE A B 4 B T YA
A 5 3 B 30 (R AR 46,2010, 20115 FH AR 5§,
2012) . XUMIEE A5 (2010 ) 25 3@ i ]/ X35, F
FEARVEXT IR Cd V5 YL FH KRG A= K i ed 1
SO 2L R AR A B i A pH BRI T L
AL Cd D KR Cd W, HIFERBRT £
58 pH 2 = A AR U P i R A AL X Cd i fk2
WZBFAh i R U8 H A R Y Ca B A 1A
Cd 7 7K 5 AR 3% 3% 18 58 4 W B 07 A O, HE R 5%
(2012) 38 33 FARSLH  WFFE T AR e X5 Yo KRG £ v
Cd . Pb 1 Zn JEASFUKFEAE A H Cd Pb Al Zn & &
DL KRG K B RE ), 45 F R B0, 24 Ak e it R
1.25% (w/w) L0, L 22435 Cd . Pb Fl Zn )
P oy B 2SO BB AR T 40. 81% ,25. 68% Fl
38. 48% ; /KFEREK T Cd Pb Al Zn B9 84351 H 28
% BRFEAR T 70. 45% 42. 46% F129. 19%

AR R, RUess & A PUE - e A28
FEFF RS E— 2B RN 3 b S 4R i B sh M A
Y E 4 R & & (Friesl et al. , 2009 ; X1 3 1% 25
2011 ;452 24,2011) . Friesl 25 (2009) 3@ 3t 5 4E 1Yy
FH (] 7 5, He A K L o U8 R e+ HLHENE 3
Fl 7 2%F 433 Ph Zn F1 Cd #% 3h P FOVE 0 W I 1 5%
i), AT L, 75 U0 + A AL I Ak B BE Sy 28 9% | R
HiR#AK L1 Pb Zn 1 Cd B s AYES X Ph Zn
Cd BRI, R 2445 (2011 ) 38 5f FH R /X R E | &
AR VIR A TH SRS FF 0T LA AT S8 B IR 8 52 % Cd
AW, XA EE45 (2011 ) 3 5o 7 Ak 136 ok B, AR
-+ TR A Ah 3 AT LA 4 b BRI K R X Cd i I i
LI R ] R R R R A U I T (EAR AR N Zn TH
MIMTE A Zn 5 Cd F5H/EFREAL Cd Wik, 75 sk
It SO, FEMKIR R IR S 5 Cd™ 43t
TER I A Cd fETE, IAh IR R KAk
FRVET] LA E— 25 B AR - HE Cd B 36 4 F0AE 9 10 I
W, FESLBE(2009) 3 5 Ak i K B, Ak e i Bk
JE K A B S AT DA S PR AR 1 48 Cd A S
YEY) Cd I,
3.2 B4R (As)

As P R m” MR E Y BAT = R A
PE B ALY X As™ R As™ B A B0 i W RE 7
KT ARUext +4 As B ah PR m A A —B s
450, Lombi 55 (2004) WF5E T 2 FhafRdextis 4 + 1
T As BRI Rg ], 45 SRR, AR B E R T
8 pH, Wi IR U8 3 BE B 35 PR AR 1AL UK T As Al

A AEHAS As BYMRBE, HREIGE A1 25 (2010b ) 2145
TS R, Ead 3 S H RN LR,
WIN 5% (AR m 1 HaErh As MBSt FIEY)
AR, R AT BB AE T AR e S i B pH {E
FEE T As D3 TP RS B2 T YRR

I A RIS A I E AR AT As SR L
FORIESE T AR U8 AT A SRR AR - As (94 R il
VEWI X As WIS ( Lee et al. ,2011; Garau et al.
2011) . Lee 55 (2011) i1t 40 d = A 15605,
KBTS INAR VS5 BEAR 775 % 13 b As A 20 A
AESEXS As BN, I3 i 14 S B U SR K HAE L 1
B As MBRERKALSEALYI Z565 78 As 7tk HopifE
PLHIER T AR V8 AR AL T As AL R o, 2R
P& A Ca ITRES As 4545 1 Ca-As JITELL
YT TE— & BB FFRRAR T As BB Bl
Garau 48 (2011) i1 2 4F 1 e AR B AR 5E T AR e Xt
TG I As AR BRSPS | 45 2R R
TRUE BB FRAR T KA As, JoE TE S5 25 Fh ek 4h K
A G As TS SRR K AL A 45 6 75
As FVREE | B BE I T A ACH A As FIBRIEAS As 1Y
WEE, BIRTS IR fe 40y pH B 2& 18I, {3 7%
VeI As IR PR o AT 5 5% Ak Ry i PRI 1Y
PRI S RKBEANT As B4 Wy ml F A B R AT B
FEARUE T I ERER AL B IRT As B Ak 2 I B AR 21 T 0%
VRN, 5 D LR EE R R TE As 15 1T
AT HAT B ) A I A

AN AR %t 4 JE 15 s e i S AR T
DL3E R 3 U W 4 8 ( Lombi et al. ,2002a; Ga-
rau et al. ,2007 ) FI$E & 0 5 5 ( Garau et al. |
2007) , B2 Y s 23 i - S 1) B 2 W VR i 2k 3
7S (Castaldi et al. ,2009; Lee et al. ,2011)

4 B ¥

UEAFA, AR P AE P05 <5 i T G H b Y 1 ]
TR RIS B A BT 5T AR P OF HLEOR T — 4k
HE R, BN, AR JERT KR 4 R B TR S Ay
BTG G (1 ) BRI IS RS IO T 5 2% 8 368 e el i Ak %6
157K 4 S AR S 0 5 5 ol Tl x4 J 7 e AR FH Y
MBS NIAE . PRUEAEIREE TR 2 U Yt B 2 1
FHAY RIS, HAS B 2 0 BREE A Ok — E R I fE 3
W PeA B & A H A R A TR LR . ARJext 1%
Py~ 1 o iy S o — AN AR AR, 40 pHL,
EC.CEC W HIE5H) B IR LR AW RESSF . B
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AR, ARl &R 5% P i e b i
AR 25% AR e I Na R & B2 2
JE PR 308 5 90 6 AN BB A B AR AR B Y Na 25 55
17 (Ruyters et al. ,2011) . BARHETKZBE 5
ZVRBIRIRIRIE N 1% ~5% BRI, X Lo bif 5%
PR 5 R - SR R ) o 4 S O T R R R
W4 ( Lombi et al. ,2002a;Garau et al. ,2007 ; Ruyters
et al. ,2011) ABJEARVEIF 1A B 4 JE R 4
PRI AR R I B Bl o < T i R AV R e B B R
I SR OCHER K |, B H FCN IR A R K
B AR IE ) I X el FH AR DR 08 52 1 PR T 2 4 1 il
AEBRGNE L B = B2 PR, A, N H BTSEOR
KA, ARV YRR EA Y S50 E (2 < e 1 T R
AR FE A EEAL AL ( Lombi et al. ,2003; Luo et
al. ,2011) B H Fi 520058 T BeBR ], JF 5o 15 3 &
(28) & mAARVE LW - Py AoRs an by, B (28) 4
JRTEDRYE 8 W B B I BIL B FEATS AN B e, PRt
TE5 T BT, 5 E gt — 2D s i) FE N AT 3
AT — R AR Ye XA R 8 (2 4 @ i Bl
AR, AT A B — S8 GO0 73 B R T ) 20 it X
SR WS S R T 43 ot AR P B AL HLIR R4 2
BTN, TR IREA B AL AN T
2 AL G R IR RN FHEOR S bR e, i o
RBEEHEEEEARR MR, —RIRE AR IE R
HEPME R HR LY FUE Y ) X 4 )8 R Il
EAT % LT B IR BB ER A E B A,
SEB G Y B S I R RBCR .
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