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Mine wastes such as acid mine drainage (AMD) can cause the detrimental effects on surrounding
environment, thereby eventually threatening human health. Main objective of this study was to evaluate the
neutralizing effect of fly ash (FA) as a stabilizing material AMD. Field plot was constructed in a coal waste
depot which has caused aluminium-whitening adjacent to the stream. Different mixing ratios of FA were
applied on a top of the soil, and then the physicochemical properties of runoff and soil were monitored.
Constructed plots were as following: control (mine waste only (W)), mine waste + 20% (w w'l)of FA
(WC20M), mine waste + 40% (w w'l)of FA (WC40M), and WC40M dressed with a fresh soil at the top
(WC40MD). Result showed that initial pH of runoff in control was 5.09 while that in WC40M (7.81) was
significantly increased. For a plot treated with WC40M, the concentration of Al in runoff was decreased to
0.22 mg L™ compared to the W as the control (4.85 mg L'). Moreover, the concentration of Fe was also
decreased to less than half at the WC40M compared to the control. Application of FA can be useful for
neutralizing AMD and possibly minimizing adverse effect of AMD in mining area.
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Average values of Pb, Al, Fe, Ca, SOs concentration in water samples (n = 3)

Pb Al Fe Ca SO,
mg L'

4 NDa 4.85+0.22¢ 0.29+0.04¢ 10.9+0.75b 15.7+0.53a

WC20M 0.01+0.01b 0.37+0.07b 0.21£0.05b 13.4+1.82b 42.2+2.23¢

Runoff WC40M 0.01+0.01ab 0.22+0.03ab 0.12+0.03a 51.2+1.84c 86.5£5.19d

WC40MD NDa 0.06+0.03b 0.12+0.02a 7.01£0.37a 28.3+2.98b

W 0.09+0.03a 26.65+3.39¢ 0.24+0.05b 450£19.5b 2074+220b

WC20M 0.06+0.01a 0.35+0.09a 0.35+0.05¢ 300+14.1a 866+50.6a

Leachate WC40M 0.08+0.03a 12.47+1.32b 0.16+0.03a 571+27.4c 2603+232¢
WC40MD 0.09+0.01a 3.58+0.41a 0.3+0.05bc 595+17.7¢ 2220+283bc
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Introduction

eyt 1960 THEE 1980d ) FHIZEA] Aehibe]
< FHoR FAT AALEE o] F 3tk LU 1980
HE o]%, o x| o] Agtoll A ALl TR T A
SPAFIL M2} AJFEIQ T (Jo et al,, 2007b; Kim et al., 2009;
Lee et al., 2009; Oh et al,, 2011a; Yang et al,, 2006),
1989 7E] Aebibelgte|shatedtto] ofs) thR-2o] Mekg
Ao] F-glgElo] 2013W AR oF 37hagto] 7heY Fofl 9L
o, FuldEs P STl wef of 29 E ol
9] gAlo] ApHo] B E o] Qli= o' HaEl Qlrt (Yang
et al,, 2006).

o] Feulgatells A= W ATEI oA A
gF g Mol Itz WA E o] glom, 718 kel Ffole
AALS THEo] HAS T AAAA 1L e AF
t}, o3t HAo] tf7|e} ol = S A
(Acid Mine Drainage; AMD)E BHIA|Z7|A] Ha2, 2+
2 F=o] gt doly waldyt 5o s ds
71A] et (Yoo et al,, 2005), EZH HA ol {855
G gl mlatolu 7490l os =¥ 2o w
Eo] SHAAEAIE S A7I ALY T FBAE
A 59 AARY TY AARt ZAE FEAE 5
it} (Jeon et al,, 2001),

ANDE HB1a1] i AT T 59k Yol olol Ak
o, ko S8R (e, AL B)E ol
sof AHES o] 7184 F R4S B4 W2 W)
A S2A 71 WS o] 83ttt (Kim et al,, 2004; Kim
et al,, 2011).

a7l Aebalele] Alpslol Bska ARkale. 4]
o olstol X4H o AgElo] gron, olo] uel
of sjelerasol A o e ko] Aeks)sl whael 3)
o} (Jo et al., 2007a), WY LAYSl= Aghs]= o] uf
YAl M= oy, 2 migEFe] 75, HihiA|
59 BAIE dov]ar Y= AAolrt (Kim et al., 2008).
O HEEl S8HE 0 & Si0,, AlOs S50] 70% o]
H, Cas TFF TR0k Qlo] &5 B IUHEAS
AY L Qo] 4 &30 pH 53}, 1337t 7hssitt ®
g e o® oA YAk, Y= 1~100 pm, H]E
|2 2,000~4,000 em’ g '] EAE AU glo] FAAR
g-go] 71=3}c} (Oh et al,, 2011a),
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Materials and Methods
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T H43t 3ol <s AAE HE 2 S
slo] A1), H|4lQ] 9oll= pH, EC, S5 o (Cd,
As, Pb, Zn, Ni, Cu, Mn), 7529} H&4522] 7-9-of= pH,
EC, 584 o4 e, 84 Fe, Al, Yol (Ca, Mg, K),
Lol (Cl, PO, SO, NOs) &g BAslqich 42
Al&9] pH, ECE @AoA vl S48t o0, EAgtEo
whe} AF (HNOw& A 2Jste] pH 20]35He] Aej2 AJm ol
Yol Wik Biket & B4 (Kim et al,, 1995),

SAMEL] BM 49 3t 24 £A42 XA 3
HEA (Rigaku, D/Max—2200, Japan), XAl &334 (Rigaku,
7SX—-100e, Japan)< ©]-83to] =33}, pH 2 EC= &
& 9 AEAEAR (NAIST, 2000)0] &3] 1g=3 &
o] H-&-& 1:68 &3+ $ XIESlal Mettler toredoAe] pH,
EC meter (S—20K, S—-30K)Z =43}ttt 5<% ke
B A R (ME, 2002, 2010)] &ste] 0.1 M
HC1T} &= (aqua regia) 2 £E3F 3 ICP-OES (Inductively
Coupled Plasma—Optical Emission Spectrometry, Thermo,
0AP 6000 series) S 0185101 HAjalAc), 4718 74
Q240) F4 TS 1CP-OFS, o128 AAS (PerkinFlmer,
pinAAcle 900F), 20122 IC (Ion Chromatography, DIONEX,

Table 1. Description for treatment of field experiment by
slope type.

Plot Treatment
W Mine wastes only
WC20M [Mine wastes and Fly ash 20% (w w™)] Mixed

[
WC40M [Mine wastes and Fly ash 40% (w wh] Mixed
[

Mine wastes and Fly ash 40% (w wh)] Mixed

WC40MD .
+ Fresh soil
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Table 2. Chemical properties of mine waste and fly ash (n = 3).
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pH EC CEC’ oM’
1:5 dS m’ cmol(c) kg'] %
Mine waste 4.35+0.36 0.19+0.02 15.840.75 15.3+0.15
Fly ash 9.84+0.68 2.46+0.17 34.8+2.64 17.7+£0.59
'CEC: Cation exchangeable capacity, foM: Organic matter
Table 3. Average of heavy metal concentration in mine waste and fly ash (n = 3).
Cd Ni Cu Zn Pb Al Fe
mg kg'1
Mine Available' ND* 0.98+0.06 6.54+0.84 6.84+0.13 3.84+0.52 4834+21.3 251+39.5
waste Total’ ND 32.9+2.36 74.5+5.13 87.2+1.49 46.0+£3.76 11,098+162 27,978+312
Fly ash Available ND 0.03+0.02 ND ND ND ND ND
Total ND 15.9+0.95 24.94+3.26 27.244.61 12.8+0.87 25,4594+419 10,566+79.2

0.1 M HCI extraction, iAqua regia extraction, *Not detected

DX-320)% o1 8310] AT, 715 9 BB U
& (AD) 3}8k52 Visual MINTEQ Program2 ©]-8-5}¢
FA #2jo] wE 3lelg Hsks SelskRint,

Results and Discussion

SAEL Ed 2 Aol ARgE FARES] olst
573> Table 29} Zth, #|42] Hot pHE 4,352 AF
= 9o, Wi ECE 0,188 dS m o2 W ek
TS H]A Q] Hot pHE 9.84% LE]AS To] b
St = 9lS Ao & Aoy, i ECe
=7 YeRTE ol ARtezt okl o]

EAo] Autg gekEr)
P2 200949 H3-0] B AV|EAE
2 UERF O} (Table 3), Fe} A1) 0.1

251 mg kg ', 483 mg kg ', Y=

of o5t %3 Z}7} 27,978 mg kg, 11,098 mg kg =
A UEbgTh Fext Al9] 7184 St S3RFe] Afo|=
u|5o] & uff, Feof H|3l| Alo] HA] YjolA] 488 E=
SR 25k Hl&o] B2 oz FuEc) ojzgh
AL AFAY ¥ A Alof| ofgh WEtEAtS &
off ot whehA] & =EellAe HAT A 9 A&
o] A19] g Wislo] 23& wWeo] 7|&slt

Aets]o] S deF EoF 5 2009 i A-Fol B
FOA7EAE BF WSk 20 R UERTh 18U Fe
T} A19] E3heke 747} 95 459 mg kg |, 10,566 mg kg O
2 =A JEbge™, 0.1 M HA g2 AE3H olstz o
Epyiet,
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Table 4. Result for XRF for mine waste and fly ash.

Mine waste Fly ash
%

Si0o, 49.8 39.4
ALO; 27.7 242
Fe,0; 9.15 6.89
SO; 1.12 431
K0 6.28 3.94
CaO 2.13 17.8
TiO, 2.50 1.59
MgO 0.486 0.908
Na,0 0.270 0.149
P,0s 0.125 0.451
MnO 0.102 0.0953
CuO 0.0235 0.0168
NiO 0.0212 0.0121
ZnO 0.0237 0.0178
Lol 0.4019 0.317
Total 100.1333 100.097

"Loss of ignition

KAly(AlSisOr0) (OH)2) = 4 B dFulsEo] oh o
o=

(e}
F R

B 2R FHEOINSS ¢ 5 glom, ol XR
AW AATS & - AU, AR XRD £ 2

= .
A% (Quartz: SiOy), ET}C)E (Mullite:
AlgSisO1) @1 A2 UEP o, XRF #4141} A wF48}
ATl ARSlEo] A Ut ol= 2 theatglo] 21.0,
26,79 wj A% 727} gRIEH, 26.6, 33.0¢ o] EefolE
=27} gRlEths A AT} dX|sk= Aolrt (Roo et
al,, 2003),

=
= = [e)
T8 FERYE
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ATESAE XE|F HMe EY Hal I A
T5 AARE & e AR AIS VIR F 339
AA BUE It A A2l w42 pHel ECO] &
UEE ZYE Table 59 YRRy, 2UER 7|7t &<
oz |4 &) pH= 4.47-5,562] W] (Bt pH 5,105 =
Fom, Aol AetalE 283t A2 pHe Ao
A2l e Heks] 20% &9k A2l pH 7.89-8.24

o

B pH 8.12), M&E] 40% &3 AHztolA pH 8.07-
.399] 9] (pH 8,32)= UEpsith Aeks|e] Hefsfol w}
pHO| Z}o]7} mju]gt o= AMJu|AS F3lslr] $3
A Q3 Aeks] 9] ool 20% (w w )m|Fto]7] mHiEel AoE
vhetEh E3F Aes]o] -9 9= 100 um o|5ke] nlgzt
o]7] Wj&o] Hz|rt A" T ujito|ut 7ol o3t &
A wjAe 4 glod, Jesrt S3kEe AT ¢ e
717+ ZARY| fJste] A7|RUEHo] dadt Aes o
ot 49 pHrE S8R A2 ARk o
= Ca, Mg o] 2J3F o2 FdEn, o] 4
D gaolu BEFS T3 = e &
-5 Q== Ayt HkE T} (Oh et al,, 2011b; Yoo et
al,, 2001; Ziemkiewicz and Skousen, 2000), ¥|419] EC=
th2To A 0.12-0.65 dS m ' (- 0.32 dS m )& WS
Hylon Aets|o] x|kl uhel 20% A2|st H--of B
o 0.60 dS m ', AESE 40%2 A3t Ao HF
0,65 dS m '& UEPth BCY| -9 Aeksle] xje]wko| H]
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Table S. Results for pH and EC of mine waste in plot (n = 3).

3l Wl Lhehd ol g whepe] Aets
4 ole] gal=rt Wotay] whi
3, SUH A7k 397k B Aol
2 FharE|] 5k 79} ulate] ofst 4
15k Ao Pk 2t ey
2 Table 6] Uihfgick, 2 2o s E Ha A
salo] Sl Qi faFETE)
59 EFOA/IENE BE BEs
AE alTollM wast 974 o
SR 717 Feke] A2l TolA A
42| < pHO} BCS Table 7] Lehjoict,
ANze] 47 ofi7h T Lehs R
EAAL AABAZANN o]oix7] ol
Fuisks W 20 e Aot AFsh R Avm B
St} ool A WA §AAGE Wit pH 5,098 B9
on), 3240] 9ol Wit pH 38302 Lehge}, ol
A

Ao o] Y FelEo] 7ol ofs Atk o] it
o] &S A5 7] w22l Ao F TtkE|w (Lee and Song,

Feol AR wmd e AVRihiieE
s & 5 Sl AR sk, a2y A
TS 20% Ae]F Aele] f19= Bt pH 7.10, A
315 40% A2t A2l 7] A= Bt pH 7.81% A

ojof) ofsff wgH pHE EArt o= Aeelef FiEe] 3l

YA S

2012. 4. 19 2012. 7. 19 2012. 9. 13
W 4.47+0.09a 5.27+0.11a 5.56+0.13b
pH WC20M 7.89+0.07c 8.22+0.04c 8.24+0.07c
(1:5) WC40M 8.07+0.11d 8.50+0.11d 8.39+0.05¢
WC40MD 5.54+0.09b 5.91+0.09b 5.36x0.11a
w 0.65+0.07b 0.12+0.03b 0.18+0.03b
EC WC20M 1.1740.08¢ 0.37+0.03d 0.26+0.05¢
(s m") WC40M 1.48+0.14d 0.26:0.05¢ 0.2120.03bc
WC40MD 0.03+0.02a 0.02+0.01a 0.02+0.01a
Table 6. Average for heavy metal concentration of mine wastes in plot (n = 3).
Cd Cu Pb Ni Zn As Cd Cu Pb Ni Zn As
Available’ Total”
mg kg'1
\\% 0.04£0.02b 3.7040.06c 3.15£0.14c 1.03£0.13b 3.93+0.22b ND* 231+0.11c 49.8+1.96bc 452+0.95c 20.1+1.32b 67.9£2.71c  9.93+0.99d
WC20M  0.02£0.01b 3.42+0.22c 2.78+0.19b 1.0240.06b 4.30+0.30bc ND 2.16:0.09bc 54.5+6.15¢c 42.6+2.71bc 20.8+£1.41b 65.5+1.54c 8.30+0.68c
WC40M NDa  239+0.19b 1.8340.19a 0.97+0.13b 4.56+02lc  ND 2.0440.14b 43.1£3.50b 41.7+1.74b 22.1+2.62b 59.6+2.23b 6.27+0.20b
WC40MD  NDa  036+0.06a 2.03+0.12a 0.14£0.04a 1.3440.10a ND 0.84+0.11a 6.68+0.18a 254+1.13a 5.04+0.59a 32.2+1.47a NDa
Standard® 1.5 50 100 - - 6 4 150 200 100 300 25

0.1 M HCI extraction, iAqua regia extraction, *Korea soil pollution standard
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Table 7. Average on pH and EC of runoff and leachate (n = 3).

Runoff Leachate
pH pH EC
---------------------- dS m! s S | L —
w 5.09+0.10a 0.05+0.01a 3.83+0.07a 2.18+0.05b
WC20M 7.10£0.15¢ 0.08+0.03a 7.34+0.15d 1.26+0.06a
WC40M 7.81£0.13d 0.26+0.03b 4.18+0.06b 2.58+0.14c
WC40MD 6.61£0.10b 0.04+0.01a 4.74+0.10c 2.55+0.06¢c
Table 8. Average of Pb, Al, Fe, Ca, SO4 concentration in water samples.
Pb Fe Ca SO4
mg L'
w ND*a 4.85+0.22¢ 0.29+0.04c 10.940.75b 15.7+0.53a
Runoff WC20M 0.01+0.01b 0.37+0.07b 0.21£0.05b 13.4+1.82b 42.242.23¢
WC40M 0.014+0.01ab 0.2240.03ab 0.12+0.03a 51.2+1.84c 86.5+5.19d
WC40MD NDa 0.06+0.03b 0.12+0.02a 7.01£0.37a 28.3+2.98b
w 0.09+0.03a 26.65+3.39¢ 0.24+0.05b 450+19.5b 2074+220b
WC20M 0.06£0.01a 0.35+0.09a 0.35+0.05¢ 300+14.1a 866+50.6a
Leachate WC40M 0.08+0.03a 12.47+1.32b 0.16+0.03a 571£27.4c 2603+232¢
WC40MD 0.09+0.01a 3.58+0.41a 0.3+0.05bc 595+17.7¢ 22204+283bc
*Not detected
| 2eH ol (Ca, Mg 5)°] A5l &Jall -8=5 o] pH gk Ay}, A} Cd2 HETH olste] =l Ao s YEky
2 AR5A7) AR WL Ohetal, 201a; Yangetal, T S ALY R thRTOA 4.85 mg L0 Ut
2006). HE52] A9 TN B pHBS3OR S Ehgron), Ajetsle] Helof o3 0.22-0.37 mg L0

UelyQl o AEks]|E 409% 23t 22Tl s Bt pH
4185 WAH Ao & Yepytch o] Y Agks] Az|tefAl
pH WA5o| YA vehd 712 F31E A&7} 515 9
A 9] RS whol ThA] AMEE Ao g wgETh ®3k A
23S 20% A2et Aele] JESolA =2 pHE Hel
AL AU E214Q 82 (=5 St Aet3] ¢
2] olF ol st Aoz wWHETt fA49 EC= of
Zpo A Wit 0,05 dS m ' HgoL}, AE3E 20% A
23t & TtoA] 0,08 dS m ', AEI]E 40% A5t A
FollA] 0.26 dS m ' OE A5EH Ao g eyttt Aetsls
Aagt Ao A EC7t ARsdt AL Hetslof g o
UE Ca, Mg 59| o]20] 7% sl &&= o] 2 At
2 T (Kim et al,, 1995; Yoo et al,, 2005), &4
ECE 7ol vlal] oF 108 olAF &7 Uepstsd], ol
Fo7) SHER o 5dhe B¢t thake) o] 250 §EE o]
= g 2YER 71ZE 58 AFHE /A
Z22 (As, Cd, Cu, Pb, Ni, Zn, Fe)T} Al
0] (Ca, Mg, K), 20| (Cl, SOs, NOs, PO,)2]
fgon, B =RoMs F5<4 As, Cd, Pb,
O] Ca, 0|2 S049] T7FE o3t T4 ¢
715t 3ict (Table 8). FATW S5 T 4
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o) gepol FA8] 24k AL Al°] pH 6,0-9.02] 9]
A ARG FAatol AOH)2| Fe|= ZAjetr] el
Ao 2 AT} (Jo et al,, 2007a). Fel] TRFE 210
A 0.29 mg L2 ASEQ 0L} A8te)Z 40% A3 Az
Tl 0.12 mg L' o8 7HAstirt Fel] 79 pH 5.0 ©]
3 7490l Fe(OH)oW Fe(OH)s9t 22 E84HHES &

e

it

A} (Jo et al,, 2007)= AT Ajo} v]met f of
279 §714= Yol oln] WAL FABIAS AR B

oHETh Pb §ee] 49 A A2l Lol A Bt 0.01 mg Lo]
ste) W92 HYon, o) sHdg £A7E 0.l mg L
oJshE TS Adaoltt, Ak W Cal] o=F2 di=2Tt
(10.9 mg Lol Bls) Hetal2 Aejgt Aaltola )
51.2 mg L'¢l Ao yepton] o] Aets|o] g5 o]
UG Caol §&F o] Y2 ATZ At T3k A3
=] ™ Caol FEHEHA] ZHFE|o] IR =4sto]
(OH) 5°] 27} &Fol9] Ta&3 Aitsto] B84 IAE
< YATOEHN, fAG Ul Fu5e T F B3 AT Ao
THEIT) (Oh et al., 2011a). 5714 U] Bkl (80,7) <]
Aet3) o] He|gFo] F7igtel uhet Skt A ()
5.7 mg L, A€ks] 20% 2]t 42.2 mg L', gt

'.tjl o
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3] 40% )7 86,5 mg L )& HYOH, o= XRF 4]
Aito| A B Aetslof ghg-Eo] I 3 (SOs: 4.31%)°]
ot Ao R e MEs W o] 23w FA v
o AAHOR =2 S How, ol= 7 A+
SR FEE= IYolA vEgAIZTe] §-A S vl |
=0l 8&5= ol&Fo] Ukl i AR wdd
ot Aol WAk e U S35 SHELET
As®} Cd2 BASEHAY A& olste] =202 Yehdt
FAFe} vl23t A3RE BYon, ek Y Poe T
S A5l =2

ZoA Bt 2665 mg Lo AEEgon AetslE
40% #2]3t A2l A 12,46 mg L' o8 fAasiich &
Ago) vgl] 2 FEE B3 olf= FAFAA =S
| Ale] At sl HEo] AHJEA os) oA £
HH &S Y A9 F2rt S AR dddn A
= Y Cag] o] E3JF FAo] Hlg| dFd] =2 =
HEE =, o= 47 At shiR &= el
Al gl Aot Aets]of] A5l Caol 7490 23 8&% o]
Uehd Avtg gEch (Oh et al., 2011a). &4 W SO,
9 FLE FAG vgl w2 FEE YEHeH, ol 7
$7} SRR o] gslE WG §EH o3k At sk
o] HHofA §&H SO & P A s AdH} 3}
FEo] A A AN A AbsEESof oJF) SO 2 WA
Z1tt (Moon et al., 2010),
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Aoz AE olEr] 91df| Visual MINTEQ program-er
o]-gsto] oS3l Bttt Visual MINTEQS vl SRS
% (USEPA)O] Bgdh= A|1518H B o]F= Al 3t
SHE2 oS8k program©EH A FoflA Poji= o]
& 7HA] S 7t olRojx= BEE Ak 4= ot
(Allison et al,, 1991), &%7} 25°CY wj Z} = g]te] 87
4= 9 A& pHe o] 24w, 18l Fa&it ol
S0l FEE Yt EAstglen, o]27 k= EC
(unit: dS m™)o] 001295 F3lo] AME3IGTt Aeks]o] A
glof] wE 8& Al Fel] 3}8HE WIS vl B 7] 9
gl HA Tl (Wek AekslE A]gh 2]t (WC40M)
oA g fAR] BAATE o83ttt o] /dE
Al (A1*) 9] B (mole L) T 23104 1,20<10 mole
L' o= Uepgor), Aeksls efet AjelTolld 9,010 mole
L'2 FZ3 £oiE Aoz yepgon, E3t AlOH)swe}
Aly(OH)10804 2] 3RS (Saturation Index, SI)7} tf=
ol vlal Aets]E A2lgt Aol 7kt Ao R et
et o= AErslo] Aol oJs) o]& IjHEY AEItET}

F7kstel WA YA THsAe] ok 2 WA

4 Qi AT gerE

e

Conclusions

Atell ARSE HAQ] 79 pH 4,352 AMdS HiL 9le
w, AE3)= pH 9,848 ¢S Hal Q= A= YEhy
AEt3l S o]83l HH9] F3P} e AoE TREIch
A At #149] pHe ti2tollA] Bt pH 51002
Al et o, Aeta]7h Aa|gol whal 2|t pH 8,322
Jaloley, Ea ZF A U wlle] S Bk 2009

WY 5o BFed7|EAE wE WEsls o
ERtt, ZF Aol A EAske FAE B4 At
pHO| 7~ =0l A B4t pH 5,098 |43} v]segth 425
o2 yepgront Aet]7t AgE Ao A= pH 7.81%
2 unit ol WAEGL &9 pHe AHIE A
A2 - (pH 4.18)9% =7 (pH 3.83)¢t H|:gh
FEOR UEEon, o= At skt A9 3RS
Ho} Metdlof 93] F3HE pH7L ThA] Rolxl Ao g wd
ot A g U 555 ¢ ol g2 BF 5
A Aol A7 ES TSt AR el fA
o] Al Fake th2Tol A 4.85 mg L 02 UEptoL) Aet
3]o] Aajof| 2Jaf 0.29 mg L' 082 F23] syt ®
3t Feo] 2ol tizTolA 0.29 mg L o8 YeRgort
Aeks] o] Ao ofsf 2|t 50%0]4 HAastict, o=t 2
I Etf& Visual MINTEQS ©]-8-% 3lehg of| & A3
Ag W AP B} tizTto] vls| Aets] Aja] oA
43| fadhs AR YET o™ Al(OH)s, Aly(OH)10S0,
5-9] 3#3}%|4> (S, Saturated Index) &= Z7|510] AS &
#35i0] Qs B TRsAdo] oAl Ao vk,

2 AgolA et Az vjRo] B o) 417k 87
BAS fskT ol A ogsle gigh BARN
Aers)] Bg71sAd L SRl T, olF A4
© 2 37 Belo] o83ty galAt wHlajzt AEtsle] 27
off w2 54 9 g who] fst chakt A7} o ool
Aok 3 Ao Az,

v
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