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Acid mine drainage sludge (AMDS) has been classified as mine waste and generally deposited in land. For this
reason, studies have been conducted to examine the possibility of recycling AMDS as an amendment for
heavy metal stabilization in soil. The main objective of this study was to evaluate heavy metal stabilization
efficiency of AMDS comparing with the widely used lime stone. Also, optimum mixing ratio was evaluated
for enhancing heavy metal stabilization. AMDS and limestone were mixed at the ratio of 0:100, 25:75, 50:50,
75:25, and 100:0 with five different heavy metal solutions (100 mg L’ of NaAsQ,, CdCl,, CuCl;, Pb(NQOs3),,
and ZnSO47H,0). The amendments were added at a rate of 3% (w/v). In order to determine the stabilization
kinetics, samples were collected at different reaction time of 0, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024
minutes. The heavy metal stabilization by AMDS was faster and higher than those of limestone for all
examined heavy metals. While limestone showed only 20% of arsenic (As) stabilization after 1,024 minutes,
96% of As was stabilized within 1 minute by AMDS. The highest effect on the stabilization of heavy metal
(loid) was observed, when the two amendments were mixed at a ratio of 1:1. These results indicated that
AMDS can be effectively used for heavy metal stabilization in soil, especially for As, and the optimum mixing
ratio of AMDS and lime was 1:1 at a rate of 3% (w/v).
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Rate constants (k) and half-life time (ti,2) of first order kinetics for different mixing ratios of two amendments.

Treatment Elements Rate constants (k) Half-life time (ti», min.)
As 1.7062 0.41
LS:AMDS Cd 0.6407 1.08
Cu 0.9747 0.71
0:100 Pb 2.8407 0.24
Zn 0.5340 1.30
As 1.3892 0.50
LS:AMDS Cd 0.8220 0.84
Cu 2.0930 0.33
25:75 Pb 3.9024 0.18
Zn 0.9875 0.70
As 1.0781 0.64
LS:AMDS Cd 0.8950 0.77
Cu 2.1142 0.33
50:50 Pb 3.6818 0.19
Zn 1.2684 0.55
As 0.6074 1.14
LS:AMDS Cd 0.4861 143
Cu 1.9943 0.35
75:25 Pb 2.5243 0.27
Zn 1.1331 0.61
As 0.0006 1155.00
LS:AMDS cd 0.0004 1732.50
Cu 0.4523 1.53
100:0 Pb 2.5642 0.27
Zn 0.5337 1.30
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Introduction

Z34 (heavy metal) 2 HEJA EXEN 12 3
7j°ﬂ SAE A A=Y S Aslsh, B3 T
o% egH 21 A= dxtol % o]
ITE Aol F2 = o] of Pk izttt 53], 544 &
24 2902 2oL 2% F& Folo] AAEE)
o] Hlol, il Fa4 29 BAAE FA 7
HollA YERFAL QItt (Nan et al,, 2002; Cui et al,, 2004;
Lee et al,, 2012), H|Zoll= Su|Ail Q2 XA A
el s4ihE 5 SuS 7ISXE 236k AlE7E RSt
o FHPARERSE AGAAGA 7} A FibEE
H7|ek= d2kE Ads7|= siqi) o=t Sas ¥
AR EYr|arE /EE (soil addition/covering),
EOFAM|A (soil washing), 27528271 (electrokinetics),
215742k (phytoremediation) 52| A2|7]=2 43|, &
F12, A/ SR 2 AREE olgelo] B8
3} 5He 714] Siek (Aln, 2000, o H3 7145 7
At ISA7F TS S2) (adsorption) Hi= F3 (co-
precipitation) A|A Fa5%9 o548 54 da 9 AE
HolE A7 sh= WHHo|th (Kumpiene et al,, 2008), 4
3} 71 Ao R AHI HE, A7 Y &
o] W 7|7to] WlnA] 7| wiZol Syt FHlEAr 5
Hol %i]ﬂ %‘J—"‘— %‘-75‘ ]% iﬁlﬂom Qe ek 4
3 E} (Lee, 2007) ot

fio

spat e lé:— ok 5 41, Q. B 5 chort
F71EY f71E 5ol 4849 4 Ut (Kumpiene et al,,
2008; Janos et al,, 2010; Jeon et al,, 2010). S}A|qL, o8
gt ogst Bd 5 AA Aot A& Fol AR
2 @] AgEa, e 24 as4 Hs Tl
HEd ek AR AFAt oA 2R QPSS thiet B
7he o] o] FAE, thR2e] HstAlEol skl = 7
A AN A B5E5T 2P E S B A Brh= olF
O X A] ok2- Aot} (Kim, 2010), EZH Hla< it A
= A A, A H A" 5 Ao R ols) ujEE
it H7lEo] ol a2 WA AL FAe= Al =
A e x| oot FAEH TRt FAE LA = AN
7F RIfs] 2histelon X Sof FAkl4=o] Ag]7]sol
sHA H3doh 53] AMdFAR A2e S 3
Fe, Al, Mn 59| 0|25 A|A3E] fl8to] 424]3] (Ca(OH).),
7Hd4tt (NaOH), -84 5= ol-8sto] A2fslA et (Maree
et al., 2004; An et al., 2010), o|2]gt 2]} ofA tiaF
O] Fexr 3t e AI7F A =t ARt G219
2wl o8 AEar glon, SefA]o] Wiy

=459 A e ddS 2450 "t wEbA &7k
P FEE leliAe bl Al dollA WY E=
EX] 9] Agg Weto] WiEA] Fash, o= AMD
&R0 As A|A a&o] FHolub As SHSHA| = A o] A
|7 Holge Ayt g2lE B ok (Ko et al,,
2010). LejER 2 A-tolli= S Estel 71 de
AR g AE| 2R T Aggulel nfdo] AlE3 AMDESY
A& olgsto] =8N Y vla: 9 FaE AA maes 29l
ro=H A&l TuE Il AEskaxt =3

s,

> r°4' olN

Materials and Methods

HHEN Ed B 2 AFolM 8 W Fa5 A
Aol AREE A3]4 (DAESUNG MDI, Jaecheon)¥} AMDE
P X] (Hamtae Coal Mine, Taebaek)?] 3}&H4 EA] HAlL
Tt Bk 9 AlEA EA4 (NAAS, 2000)°]
=sto] Askelct. P9 afsha] 54 5 pH (1:5)%F
A71H =% (EC, Electric Conductivity, 1:5)+= X3t o4
3H 10 goll 74 50 mLS H7lste] 3087F g &
Whatman No, 22 oJ3}X|7] & pH meter (FE 20, Mettler—
Toledo)2} EC meter (FE 30, Mettler—Toledo)S ©]-85}o]
27} 2410t SR (PO FEHE Bray No1 W}
A3lA4 (SnCly) TIHS- ARE5}10] ammonium paramolybdate
2 2RAAA 14} 660 nmof|A] UV/Visible Spectrophotometer
(UV 240 Shimadzu, Japan)E ©|-&3lo] H|M 51910
], oFo]&wsEaF (cation exchange capacity, CEC)-2 1
N Acetic acid (pH 2.3)o2 &A3}9ct (Kim et al.,
2012b), FESHAIO] T AFE EG AT HNRTIE
OB, 20199] % FBS o18T T4 A WYF LA}
S| 7| 58243 (Korea Leaching Test) @ 1]=t EPA
9] TCLP (Toxicity Characteristic Leaching Procedure, EPA
method 1311)¥¥ o] 3190, 771842 S -AskEe)
ZulR S Al (Inductively Coupled Plasma — Optical
Emission Spectrophotometer, Thermo, iCAP 6000 series)
5 olgalol F4S A B,

=& 20 IY|X  Batch experimento]] AME-E =
& £=Q0l0] ARE As (NaAsOy, 96%), Cd (CdCly, 99%),
Cu (CuCly, 97%), Pb (Pb(NOy)s, 99%) L Zn (ZnSOs THO,
99.5%)7} 22} 100 mg/L7} §)%E2 ZAIFIT}H (Kim, 2010).

429 L =32 F|7{ Batch &8 100 mg/LE A
0 33 2tok o] FULIEE 30 (/)2 93
glom QHyaiA|o] o3t vle-2 4314 (LS):AMD
&7 (AMDS)% 0:100, 25:75, 50:50, 75:25, 100:02] &



542 Determining Heavy Metal (loid) Stabilization Materials and Optimum Mixing Ratio: Aqueous Batch test

Folge TSt YshAleh Fa4 28] HhgA
oA 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024

3 Whatman No, 422 o3}
% ICP—OES ('Ihermo iCAP 6000 series)S o]-&
N _

2249 2ygoan 48MTt AMDSEAe] Eat
Hlgof| o2 F54 AAREE vt

HIESEEdT K2F HH7| (hp) M= Aol
£ ool ) £E40] B AT ol Felol ML
T (K& 97 (t2) S AFESHTE (Yang et al,, 1995), BF
SET AL HEZMY| = first order kinetic model o] Z-8-5

HYSHA| EgHlEol wE S5 As, Cd, Cu, Pb X 7Zn
ot 2210 WG Aol W)

re
olo

(8]
an

5=
lll
Jz

o]

AESHT (Ea.

w o ow_ G G
G, = Ge M M = Fo_)ln?():_ kt (€]
0.5C, B 0.693

— Kty 50693 =— kt, jy—t, jp = @)

k

[Clo: Initial concentration
[Cli: Concentration of t hour after
k ! rate constants

t . reaction time

Results and Discussion

[0)

t

2
toi

thle| stetd Ed EMAnt <HysiA|9) st
ZATE Table 10] YERAITE A3]43} AMD
71— 9. 13]. 8.42 oP;Lg]z% EH_‘L w7 %gio
EC+= A 3] 404 0,07 dS/m, AMDE#A|Y|A] 0.76 dS/m
A13) 4 Hef AMDEEA|oA] oF 10814 A LEhstA|
577 Bl HgsiA ABA 2 4RE e
Aoz 3olx|Qitt (Kim et al,, 2012a). S71&
UFE AMDEANA 1552 kg $EOE w2
oFo] AA =21 20~30 g/kg (Yang and Lee, 2001)3}
st W 2 A g A0 R ekt f5
QMAke] 79~ A 5] A0 A] 13,38 mg/kgTt AMDES 4| ol Al=

r

|

ox 0.

S
rlr ﬁ

B ml> iy
1)
B}
o]
s

HnAQrNrEHU

Table 1. Chemical properties of two amendments.

Amendment pH EC oM’ P,Os"

(1:5) dS/m g/kg mg/kg

Limestone 9.1 0.07 9.52 13.38
AMD sludge 8.4 0.76 15.52 ND'

+Organic matter, *Available phosphorous, ™ot detected

2SS B3% WY fsliel 43 ngos
HAF7Z (ME, 2012) 0.8 Fa4 S|
oF Cd> HEEA ed3ke Cu, Pb 1?4 7no| 24 3
2F E3} 7} 0,41, 1,59, 7.45 mg kg 0.2 Bkl H AW o]
7] A X vAle Ao Kol a4 ¢t =
AR ARgsh=tl 2 ofgfFol gl AR IESIT) (ME,
2013), A oFF #A 9 Fh=7)7|=-85A1% (Korean leaching
test, KLT)Z} EPA method 1311 (Toxicity characteristic
leaching procedure, TCLP)E o|-&3F A3]4 9] <4 8=
= IR A T S8 EAIE O R Q‘g b 735 A3
Aof|A= As, Cd, Cu, Pb @ Zn & AE TX] &orom,
EPAS] H7|E8EA M o= 853 49 Pbo} Zno] A=
So A% 7t 0,03 mg/L 202 S vl §EHL 3l
stetet

AMDEH A9 FE455 EYLHAT AR IeeR Aot
T AT Ay Ase Cue HAEHA §%ken, Pbe
6.30 mg/kgO = 7|EA| He}t e A HEE U (Ede
A 7] As—25 mg/kg, Cd—4 mg/kg, Cu—50 mg/kg,
Pb—200 mg/kg, 7Zn—300 mg/kg; ME, 2013). 1.} Cdx}
7n% 749-= 7} 29.84 mg/kg} 996,46 mg/kgO 2 B
ATRNAINE F NWIEe 2ok rom Paw
Ak (BFed 7] As—75 mg/kg, Cd-12 mg/kg, Cu-
150 mg/kg, Pb—600 mg/kg, Zn-900 mg/kg; ME, 2013).
HHH, 7| &8-S AR ol A= 0.01 mg/kg®] Pb ©]€]
o] s HEEHA gen, EPAS] H7|E8EAIEM
Pb 0,04 mg/kg? Zn 4.90 mg/kg 2ol= SH%50] A&
A QESkTh Table 28] A= njFo] & uf 43|49 HL-
T TEEY 8= TS T AL nge R Sy
Renz a5 A= ARgo] A ZAIZE HA] &
= Aor wdEnh AMDEH A A MRk EAE
Cdat Zn®| figo] Wol SRIFUAARE, oF A8
ARERE S| 7| =8-S A EPAS] H7|E-8EA1E 4
01]/\1 S5 &=0] A YehA] gof szl &
4L Ak ool SlSlth H7|E8EAIEHHE 5
=% 7= 7t sde EEol AMd ol =EEAY Mg A
o] oA FE5Y e ARt Al o R A g
AollAl &5 a5 d5E & e ot (Ko,
1994), J2|E2 AMDER|A]|9] Cd, Zn®] Hetgo] =4 U
EFAIRE #7158 EAI S ol =0 FRlEA] o,
a5 st Tl &l HrpH QISR 9] ARgo] 7}
T AoR wekEr) E3F HRA| O] RGO R Q1% &
o5 FYS AR LR sl B B AP E= @el7t
3~6% 0] pEol7] wzol] AAA ] ek #st v

= mlo

o

¢
ih

f
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Table 2. Heavy metal concentration of two amendments.
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Aqua regia KLT' TCLP*
Amendment
As Cd Cu Pb Zn As Cd Cu Pb Zn As Cd Cu Pb Zn
mg/kg mg/L
Limestone ND' ND 041 18 748 ND ND ND ND ND ND ND ND 003 003
AMD sludge ND 298 ND 630 96 ND ND ND 001 ND ND 001 ND 0.04 490

Korean leaching test, 1:Toxicity characteristic leaching procedure, "Not detected

C e
< 9% 4

o

Ao g grteE)

flo

23N W Z3F M7H 4 F55 94 (As, Cd, Cu,
Pb % Zn)of| thsto] A3)41} AMDE#A] 2] E3H ] (0:100,
25:75, 50:50, 75:25, 100:0)& T2 A 3o} ~&0 | =3
& AARES FRlekqlt}, 2717 1024 min, 74| 8
N & AlA 5&2 RIS 2ot 434S T A7
5= 749 Pboll tisto= 1 min, A3} $HE =2 99%
Ao a&o] Uepton, CdZ 1024 min, 7} & o
50%, Cu= 1024 min, A3} 3 F 70%, 7ne 80%2) A7 &
&5 Uehith vhd, AsO] A9 ARk A= kS uf
1024 min, ¥} Foi= OF 20%°] AARE ¢ ACRE
et As9] $HY k= AMDEH R 2] E3H|go] o
5 11 880 7k ACR UETh E3 AMDEY
Al TS Hejtol A A3lA T Hejt Hop BE g4 Y
Aof giste] o H2 582 2tk 434 Tl A2l A
9 A3]A0]| 4] WFEE]= carbonate (COs”), hydroxide (OH)
ol 9%t pH iz =] FAd=e] Cd, Cu, Po
4 7Zno] E-837F YEpd A2 sy (Kim, 20105 Oh
et al., 2011a, 2011b; Eq. 3, 4), As QFA3}e] 7o x|71o]
ZHapeto] whet 43)40] g3t Ca” 3} As7} Ca—As®] 2%}
= @/d5}o] 1024 min, ©]F 20%°] A|A E&S HErdH A
o7 FHetEC) (Ahn et al., 2003; Moon et al., 2010), A13]
A19] As QPE3E =8 714k pHE| Asoll ot MA= 34
Hoh= Ca—As FE|O] E-84 A &A= g &
Zto 2 gl MYyt 2 HialE il QJtk (Moon et al,,
2004, 2008, 2010), Ca—As®] B84 AAF = o} 2
t} (Ahn et al,, 2003; Eq. 5, 6, 7).

M+ OH —M(OH) (4 (3)
M*"+ CO;™—MCOy )
(M: metal)

@

HAs O]+ Ca® +nH,0— CaHAs O, nH,O 6))

2450} +2Ca* " +nH,0—Cay(AsO,),- nH,O (6)

HAs O+ Ca®" +nH,0— CaHAs Oy- nH,0 (7

AMDE R A= AMDE A2J5}7] 9isto] odze] SaA|l=
NaOH, Ca(OH)», CaCOsE 7}skal ofof wpe} e <
21& TSIt} (Oh and Park, 2005). wela] AMDES#HA| U
= Ca base®] =&o| v TFE o] 3lem (15%; Oh et
al., 2011a, 2011b), = Weolls 2 9] Atehd, Abshii
Ul & ABHaEEEe] e A UEhdt) (59%; Oh et
al,, 2011a, 2011b; Song et al., 2012), ¢rol|A] g3t v-Q}
o] Asi= pHell 23k QHY3} Kt} Ca—As A7l oJjt H
sP7b AlskaL, B3 a5ARE A SAlAE 2 As
AA BE&E HolErh o] FolAE 97 (zero valent
iron, ZVI)d} & $A8HE (iron hydroxide)2 ©]-83F H|A
2k wplo] ManlA Fabrh 7Fg Hold oz gz
AePAL7} ek (Fuller et al,, 1993; Wilkie and Hering,
1996; Raven et al,, 1998; Dixit et al,, 2003; Masue et al_,
2007; Jung et al,, 2008). Ferrous hydroxide, ferric hydroxide
= A AslER A Aset Agshe] E-842] FeAsOrnH0
(amorphous scorodite)E @Adste] As?] &S ATl
ot (Lim et al,, 2010). w2t AMDEHA] 9] 2 Ca%}
Fegtgo] =80 W Ase] A|Aof =LA 7]ofgt Zlo= wth
=], 2 A-tol A A3)A Tl A2jet AMDE ] T A
215 7t Aol dutz nRo] & uf Ca—As F/dol 2%t
AsO] A7 BEEY dAlekE Sk o3 Aso AlAR
0| o SAIEE Aoz ket (Fe0s: 56%). “L2]al 23
Hl&o T As B Saol tigt S AlA 27 &3t
HE-2 AMDE A E TR A3l 49 Kot 434
ERRt Ao 4] Cd, Cu, Znofl tiet AlA A&o] H& 5
7Fstglom, A3jHo] EthlEo] AMDESH A ELE o1
Al = A o2 AsO] AlAAEo] askeit A3 Mat
AMDERIAE 50:5020.2 Z35h Ag]tol| A 2 AR =
AA mes sk

=lE M F2



544 Determining Heavy Metal (loid) Stabilization Materials and Optimum Mixing Ratio: Aqueous Batch test

1.2

1.0

0.8 1

0.6 -

0.4

0.2 -

0.0 -

Heavy metal cocentration, C/Cq

Initial 1 2 4 8 16 32 64 128 256 5121024
Reaction time, min
(a) LS:AMDS, 0:100
1.2

As
Cd

1.0 - Cu

0.8 | an
0.6
0.4

0.2

0.0 -

Heavy metal concentration, C/Cq

Initial 1 2 4 8 16 32 64 128 256 5121024
Reaction time, min
(c) LS:AMDS, 50:50
1.2

1.0 -

0.8 -

0.6 -

0.4 1

0.2 -

0_0 4 k— A —A— D A A A A DA A

Heavy metal concentration, C/Cq

T T T T T T T T T T T T

Initial 1 2 4 8 16 32 64 128 256 512 1024
Reaction time, min
(e) LS:AMDS, 100:0

1.2

1.0

0.8 -

0.6 1

0.4

0.2

0.0

Heavy metal concentration, C/Cq

Initial 1 2 4 8 16 32 64 128 256 5121024
Reaction time, min

(b) LS:AMDS, 25:75
1.2

1.0 1

0.8

0.6 -

0.4 1

0.2 -

0.0 ’——u——=u=—s———-&—.=m——-u———=&—ﬂ= AB=~

Heavy metal concentration, C/Cq

Initial 1 2 4 8 16 32 64 128 256 5121024
Reaction time, min
(d) LS:AMDS, 75:25

Fig. 1. Heavy metal concentrations in aqueous solutions after treatment with two different amendments with different mixing ratios

at reaction time of 0 to 1024 min. (a~e).

ok, & dAtollA= WESAIREY QS| S]] whE
Z34 AARES first order kinetic modelo] #]-8-5}o]
HEO &t A}20) Wl 2 AFES ATHE Table 39] LFER)

F

20
ol

AMDZ|A|TE T2 H2jgt 2ol A As (k=1.7062)
9} Pb (k=2,8407)0] gi5te] 2 HMSEEASE ey on,
217 240,41, 0,24 min, & o) B SRIEgitt &

T

3t Cd, Cu, Znof| tsiA®= ¥HF7]17F 0,71-1.30 min, O &
v A g2 BE7)7E ERlEgit vhE, AS|Mnh g s
2 2]gt 2] A= As (k=0,0006)2} Cd (k=0,0004)2] &}
2717} 1155, 1732 min, @& Cu, Pb 183 Zn9] 1.5,
0.27, 1,30 min, 2o} uj$ 27 skol=|c} Cu, Pb L Zn
o W7 |= Eghhlgo] gepdle| whep & ZjolE Ho|A|=

AUANE, AsO] - AMDE ]| &3} H|&o] Fobds:
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Table 3. Rate constants (k) and half-life (t;2) of first order
kinetics for different mixing ratios of two amendments.

Rate constants Half-life time

Treatment Elements

(k) (ti2, min.)
As 1.7062 0.41
cd 0.6407 1.08
LS:AMDS 0.9747 0.71
0:100 . ' :
Pb 2.8407 0.24
Zn 0.5340 130
As 13892 0.50
cd 0.8220 0.84
LSAMDS 2.0930 033
25:75
Pb 3.9024 0.18
Zn 0.9875 0.70
As 1.0781 0.64
cd 0.8950 0.77
LS:AMDS
Cu 21142 033
50:50
Pb 3.6818 0.19
Zn 12684 0.55
As 0.6074 1.14
cd 0.4861 143
LS:AMDS 1.9943 0.35
75:25 u : :
Pb 25043 027
Zn 1.1331 0.61
As 0.0006 1155.00
cd 0.0004 1732.50
LSAMDS 0.4523 153
100:0
Pb 2.5642 027
Zn 0.5337 130

£ 1155.00 min, » 1,14 min. » 0.64 min, » 0.50 min, )
0,41 min, O F23] ZoIS9LT, €] M| A314:AMD
287 (1S:AMDS) 50:509] Z3H]LollA] 0.77 min, ©&
71 BA I AT Teba] As W FaEol iRt S
¢l AlA B&S A34 AMDEHAE 50:509] Hlg&R2 &
Hote Zlo] B faof thstel ¥E7]7F 0.8 min, H|TES.
2 gRlEo] 7P aeAd Aozt wekEh

Conclusions

= Az P 9Pl tig 14 Mgtz
Z8A gl gt o] SHiEaL Qi ol
< 19] SaHo] 2 olsrh HaL glew,
A SHME ol2Rt 7 Ae] s eR sy
UL, A 2 Ao A e A

= WHSAIRA 4343 AMDE
Ao ZlHzghuledt o U Fas Al aede 8

off
o
N

o oA Brlskgct S W S A AMDE
2x]of| A Cdit} Zno] A (aqua—regia) 7|2 2dh=
S HolA|uk, AA|H oz B FIE= Hlgolu &
IFol = Sa40] 8254 e de 1T o 48
7Fs/dol Q& AoR wdEn ESh §EEE gt F
g3t 5ol sttt #go] 7hsd Alolet wdt
. A3AT AMDES A &5t TE S AARE
A= A3lA oL AMDE 1A 9] T A2l H k= of 50:50
e E3eto] Aejske Zlo] As 9S4 53 29T
of digte] &2 AA 5PS HYon, NhSLEARe}l v
7oA a7t F9keh AMDE IR T Ao H]
sto] M3 Easte] ARG A 4349 carbonate
(00™) @ hydroxide (OH )o|| 2J3t pHO| WA o & 27} 9Fo]
2 334 (Cd, Cu ¥ Zn)9] AAGE] F7kE Aow o
et 3 B A oM = T Ae|Hrt E5A]
2|5 vk Bt 2 888 Y Zlow guEAnt &2
AT F8AE o8 TFE AA AFer BEYAES
Asire oA 7 EYEALS a2’ =9 incubation
test T= TR Alde B3 S5 S 5& AP F7b
oz ZlgYejojof Heet Zow AlmETh

N oX.
SIS S
o oXx o

e ol
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