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A Study on Adsorption and Desorption of As(II) and As(V) on Soil
using a Column

Myoung-Jin Kim* * Taesuk Kim

Division of Civil and Environmental Engineering, Korea Maritime University

ABSTRACT

Adsorption is a major process causing the accumulation of arsenic onto soil. Therefore, further understanding of the
adsorption/desorption characteristics of arsenic species on soil is essential for predicting their fate and preparing
appropriate remediation strategy to remove arsenic from soil. In this study, the column adsorption/desorption experiment
has been performed with As(IIl) and As(V) on soil. Experiment with As(IIT) was conducted under reducing condition,
whereas that with As(V) was under oxidizing condition. Most of As(IIT) was remained on the oxidation state during the
experiment. The results showed that the adsorption/desorption rate of As(IIl) was higher than that of As(V). Adsorption
and desorption of arsenic species were not completely reversible in the column experiment. It was also found that As(V)
in the column experiment was adsorbed more rapidly on soil than in the batch experiment.
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a%e) AES dlSeha EYORNE HAE A AU BHPRS FYs) sl Dol B Aol
£ 09 olg8lo] Bl AIS) AVIS] B3 2 aAGE #vgo}aaa} AP B 7L B840
A, 23 AsVel Tieh AR Sl AT Ade] WaEks B o] AsInE T AseE

FABIAT. As(e] F3F 51 G2 As(V)ETH W5ttt} 2ol Hl ?«l 2 g 2 3] 7t
AL ol B As(VyE SRR ZEARA o mEA B FHE

FHo ;B F, 5F 23 BEY, 49

i

Tl A BlAaFA7T AZskck(Stollenwerk, 2003). ©] <
FEAR Q3| AIAl H3telA FFHRA FATE EAESH

HlAE ARIEAIF o2 82 Q7] &35S Tl & A B A7AREo] HlZe #AFE AFE Al Sk
I Bl EAsk=d], AIAAQ1 aRle] tiS A} ”]3‘01]7\1‘— WEgeh 9 Vel oF i) ARE HlAe] F
g}, WA, 1%, iRk, B, WEY, ol23EY, A well 5-8579] BlA 7IEe] 2006 19FE] 50 pg/L
A, WA=, 7R, vlar 5 A AAR SR Asret A A 10 pg/LZ FHF M, WHOS] 7IEE 10 pg/Lolth.
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AFFHROE Aol Bl ¢o] T 4AZ8iEg A
slroll A BlAo] Asol] FEks PR AsE ]
S A7eke A2 HIAEA Eds S8l vl T8kt
AfrellA vl Asleke wlg- B, Blavt 23
Ef #ujEe As sk Ao Es vlRe A
e, 2, Akshgkd, AESZ HE 5ol 9l
o} o] oA FR/ERR Aslre] HIAEEE Aol
71 23k 3o tk(Stollenwerk, 2003).

Hlae AN ket dsPlelE EAskETl, &
S5 I3 BollA Wise T8 ¥ 7 HA
[As(IIDeF 571 B2 [As(V)e]t). ARAAlelA BlAke] A%
< H|Z&9] s, 89 pH, o274, EYEA, Ak
BAZRE Foll o8l FFS et 2BRPdME T4
g}sl5o] As(V)el™, arsenic acid®] 4FS-0]2(oxyanion)
o7 ZA%}. pH7L 2.2-7.00] H,AsO4, pH7} 7 ©]
’Fold HAsO,79] FElE Wr}. $dggolr= As(ll)
7} F8 38Eel™ pH 9.2 ofslollA HzAsO:= =A%
ok As(IE As(V)EDH 60 FE HAo] o s,
Lot A iR vulE e As(V)ETE oFst
Al A7) whitoll AR ol sAde] T Avtal U
] cHManning and Goldberg, 1997; Goldberg, 2002).
TS F49] pHollA As(lilE B371221 Qlgo] ofsiA
2ol 33 (coprecipitation)el] 2J3] A|AsE717F ot
dukzo R HIAZ QHHE Y] AslrollA As(y}
T8 slerFolBnE F8ollA As(V) Y ofue}
As(IIDE AAslE A T8k dolH, o]AS Al B
< B BR71H] T2 BAAbel

FE2 vAe} EQo] oA gd wf dubyoz o
e Hhgolnt. HlATE Bl F38ke gL vl A
TS 2EE Wt o)l AYA|o)8-E(bioavailabilityy 2t &
del FFE vRIT S B4 HlAEEE SMshe 5
23 Aot} As(le} As(Vy Bl §2 2 2%
3l Arw b2t vHiAge] EY F8ks due E
& Al xEE FikslE, dFvulE AHE, phyllo-
silicate, carbonate, JEAE 3 TS #FHo] Qlct
(Livesey and Huang, 1981; Goldberg, 2002). %3+ H]
252 T 339 vt 22 EEisleE <l ¢
3 93-S W=t} pHManning and Goldberg, 1997;
Goldberg, 2002), 48]kl 9], REEAIZHO'Reilly et al.,
2001), 74Aol22] SAHTF 5.

AF7HA] BlavE Bl F8 RS w5gt 25418}
EEEE el £ 52 @38k vkl ois A+
= o] EEERcH(Pierce and Moore, 1982; Fuller

et al, 1993; Raven et al, 1998; Chiu and Hering,
2000; Langner and Inskeep, 2000; Grafe et al., 2001;
Manning et al.,, 2002). 22y Bl H|ATV} S38=
As A 712y AEdE BA @THLivesey and
Huang, 1981; Elkhatib et al., 1984; Manning and
Goldberg, 1997). EQF o= gt F&48123) 4
E vpdj&o] ¥gEo] e, vl FHHEE o] A
=Y ¢ FHIATE Aol B Xt Livesey and
Huang, 1981; Elkhatib et al., 1984). B3} ¥-7]2 354
o] E¢l F3 B 23sle A 8] 713 of
ymr, F2zIe] doAH v7ee] A= AZoal &
HA ScHAllen et al., 1995).

L@EH] EYel F3 ¢ gk dye dvkEe
2 ZElaggollX 352 (batch) & 3= 7497 Bt
o1}, o] AAxe AA eFYo] fle EYe 213
A g2}, sERAERe U skl AdAe] v
ol F2EEHR 7Y wol AR glot A
ARe =l o 7PEA BYARE U= ol
At 2 Bl o3t fr1EAY 5] R
ZARolA 3T ZHAPL F AolE HolA] B
o= B} UtHAllen et al., 1995).

AF7HA B ATe Bl 3R w9l vl
HA7F Fsk=tl floA WhgAIRE, pH, A S0l
Y s Akl FEEh st viRE
AE EY AAE tPFoz HAFES A7 B9e
A vk EwE EYelA HIAo] S35 #-EE AT
S st shejeke Tkt Aslehdggella 7 H

255 FR v 2FATIE Ade AWE 9=
3

il

Aol gIgiek. WIAFA o) Gsd BPL dokn
7] St AAISRe BRAAGT Bl A ol
e RSt 2UARL Mg s 7
o Q. e ALV Blze AFS clSa)
7] Sl A Bl WA FHAZ Fol Bt
Aol o) SHEE g molAgsie Zo] B4
Holck.

B AToE QA dolke ) F 2 g
2g Wl uys] Slol B Bl RN AL
31, Wlz] spge|s} el AsBABo] FHL
o WAl G Johagich. AV AsV)E E
ol FHA The BL AT BHATIE P A
3, BABAN AUIDE 73 SLT AL A
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vl F2 9 g3 AES QJsiA AE Ssle] W
FAROZRE oF | km "ozl AHA 7135 EkS A
Falaok. AFAS Alse] AFsH EAJo] e A W
of e HIAE HH BFr|e] B4 v, B|=
FE F33] "okl AelA AFst L H@=A] F3uh
31 7P} oF 50em ZO|EHE 35kg AEe] ESF
AEE AF st HIGEF Eirh AERE 3-4Y B
TJsAal FFe] FEe oA A AXSI] 2 mm Al
2 AE T & oA adslsisit

2.1. Eo| E2|EEE Y

EFe] pHe} A7 E% (conductivity)E 43171 130
AEE Y5 2ol FHIAH. B 2] Bl
1: 10085  Ap] Hes Ejbsi] 1MRFERt J"siA
AR (10,000 rpm)3ITE. 5 H-E 0.45 pm membrane
filter? A& thy 1 %55 ST Yol uds
2(cation exchange capacity, CEC)< unbuffered salt
extraction WHOZ =73} tHSumner and Miller,
1996). 3 pH(Orion,250A)S SA3}Ath S-0]&(F,
Cl, NO;, PO/, SO )& IC(Dionex DX-120) ©]&
st BTt Fule] HEAS Xeray diffraction
(XRD, Mac Science Co. MO3XHF22)¥} scanning elec-
tron microscopy(SEM, JEOL Co. JSM-5310LV)S ©]&
skt

F-8F8kx(dissolved total carbon, TC)} F-8EF7]eh
Z>(dissolved  total TIC) &
SIEVERS 800 portable total organic carbon analyzers
olgsix =43} Frxgd FHE F A=
< Ao 2793t

EYAFS] pHpy = potentiometric titration YO Z
4, 49 HEe v BHZelamy et al,
1996). EXAIF 25¢S pH E o] =S 2H3 89
25mLo} 34 50 mL AalEe]del Hol 4rzF F1t 2
gelar, falitelele] 45e] pHE S8 8ol
pH= 0.005M HCIe|Y} 0.005 M NaOHZ 24350,
ol 27 == 0.005M, 0.01 M, 0.05M NaCl €98 TH5
oA -Gt EYARE H7IeHA &2 HiAls
(blank solutionyell THSIM= 9] 4L kL), o)1k}
o] JEFS wiAlelr] flste] gelloll AAE Al F
(bubbling)3}S3T}.

EoF 2] & ZF<%(Fe, Mn, Al) &k EA0= EPA

inorganic  carbon,
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6010 WS o833t o] WHLS HNOy/H,O0./HCH:
o[- &3t ik Eafroltt. AlESt FUS WHo=E niEkE:
2J(blank analysisy?} 352 (Standard Reference Material,
2711, Montana Soil Moderately Elevated Traces) 2]
< Aol AN SE4C] F5E Atomic Absorption
Spectrophotometer(AAS, PerkinElmer AAnalyst 200)=
=gsint.

2.2. ZHE 0|88 As(ID2t As(V)2| &5 W EHE

Ed<2mm) ¢F 73 g& FEZH@EA :2.5em, Zo]
10ecm)dll T&sHA AS w 2P T3R5 (bed
volume)= 40 mLo|th. ESAIEY} 453t AL A
sl7] flate] Ze AFRel fElsH #E95(Glas-
terchnique MFg, number 3} 2 cm =°]|Z i}

Zrdo]l FU=E As(V) £9S Na,HAsO, - 7TH,0
(AldrichyS- 7FA|aL RHER10™, H|2x0] $5s= 31.23 mg/L
(0.42 mmol/L as As)Z 3ITH FUF= 89 25+
20.0 + 1.4°CoItk. &7] FolA Fig 13 2o AAS
53l As(V) &do] Zgo] ofFjellA 9= I&HHoE F
FYIEE =], o= FAET 8do] EY HEsh=
AIZEE Flglsl] SIsIAATE As(V)e] S=EEEE)
A FYEE HA B H 257 {2 ke =2l
(1.00-1.87 mL/min) A=At ZHES T34 o=
g 30 mLAS GFAIRE HH o2 AFHEIATHO, 0.5, 1,
1.5, 2, 2.5, 3, 35, 4, 45,5, 6, 7, 8, 9, 10, 13, 16,
22, 28, 34, 482t ). 7+ 849 pH, H7|IHEE, &
A (DOYE 4% $, 0.45 um membrane filter2 &
Hale] 02% HNOsZ H7Islict. 89 F Hliges
AASE ARgEt] ST

Peristaltic
pump

Solution
Fig. 1. Schematic diagram of As(V) adsorption-desorption
experiment.
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—‘ Glove box

{0
Peristaltic
pump

As(I)
Solution

Fig. 2. Schematic diagram of As(Ill) adsorption-desorption
experiment.

HIZ F3o] Ha gl o]25S u] As(V) &9s %
TR aHrolA HIA 23 ARS AAEIAT el
25EE 202+ 1.7°Co1tk. S S Ue= 89
30 mLAS ARARE 7HE o7 AFHEITHO, 0.5, 1, 1.5,
2, 25, 3, 35, 4, 45,5, 6, 7, 8, 9, 10, 13, 16, 22,
28, 34, 48, 51AZF F). AHT &4 A F AL
As(V) 52 A@elxet sLstAl st

As(lll) &) F2 2 23 A3 Fig. 204 He
Hle} 2o] glove box U2 FPeAFA S8,
As(Vyell tist A3exe} U3t 4] EdS T ¥
oA ARSI A9 Yio] 3715 AASH] A8l B
S A0 A T AA7AE AR B¢ SHAHG
As(ITT) 888 NaAsO,(Aldrich)S 7FAaL vHEglom | H)
A FET 2934 mg/L(0.39 mmol/L as As)°]RJc}. 8
Az A Asy} 2kl A FEE 517] ffai =
T dA7AE 6ARF B bubblingA7] ¥ As(Ill)
|9 whEQIth As(Ill) E3 AolA FUH= £99
LEF 18,6 +2.3°CoIUTE. FYUEE As(IN &N =
9] FE2 1.00-2.88 mL/ming FA|HACE ZHS &
o] o= 89 40 mLAS LAHARE 7HE0E H
3k 30, 0.38, 0.75, 1.33, 1.77, 2.18, 2.67, 3.5, 4,
45, 5,6, 7, 8,9, 10, 13, 16, 22, 28, 34, 48A7F &),
pH, A7HEE, 82 (D0YE A3 AFg &
A 4omL F 10mLE F HlA FEE SAs] 9
T, UHA] 30 mLE 7HA|AL H]A4e] £ 58] (speciation)
£ ot 899 pHE-7)E ZHslal, Sole A
(AGI-X8, 100 to 200 mesh chloride form)Z ©]&3}
As(Dgt As(V)E 228iiltt. & Hla w9t & E23h
As(Il), As(V)e] T ZF 89S 02% HNOZE AHA

Table 1. Physical and chemical properties of soil sample

Property Unit Value

Soil size distribution

Clay (<2 pm) % 0.16

Silt (<53 pum) % 1.7

Sand (<2 mm) % 52.1

Gravel (>2 mm) % 46.04
Water content % 4.9
Major minerals® Qz, Mo, Ka,

Ah, Th, Ca

pH® 5.04
Conductivity® uS/em 43.1
CEC cmol/kg 8.93
pHp.c 4.4-4.7
TC® mg/L 9.47
TOC® mg/L 5.84
LOI° % 2.84
Major anions®

F~ mg/L 0.17

CI- mg/L 0.81

NO;5~ mg/L 5.07

PO~ mg/L 1.69

S0 mg/L 8.18
Major cations®

Ca** mg/L 0.79

Mg** mg/L 0.85

Na* mg/L 0.47

K* mg/L 6.15
Metal content®

Fe wt.% 3.05

Mn mg/kg 295

Al wt.% 3.46

a: Qz: quartz, Mo: montmorillonite, Ka: kaolinite, Ah: aluminum
hydroxide, Th: iron hydroxide Ca: calcite,

b: measured in supernatant of soil suspension (soil:solution =1 :
10 by mass)

c: Loss On Ignition

d: by total digestion

23k & AASE =H3c}

As(Il) F2Ho] HFdelol o291 w FUFHA
As(lll) B8NS 252 vpte] vlA 23 AFS Arlst
Act S S8 Yoe 89 40 mLAS AR
7¥A0 2 AAFHSITHo, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4,
45,5 6,7, 8,9, 10, 13, 16, 22, 28, 34, 48*A]%h).
As(Ill) &2 AFox FAHE {89 &5 200+
2.6°Co)utt. AT GA] Al H AL As(lll) F2
AgolAe} FUsHAl G35t
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3. 283 % nE
3.1, EQko| EC|E}EIM EM
EFAE Foll FREeIE 1A F=(0.08 mmola,
Kgsoil” 1)—— A9Hoz 7K v|Ae] T} Hlwe uf F

A A= wle- vigith Ede] EEsistE 54
Table 1] VERASICE tiF-2e] YA=71= 53 pm o)
olglom, 2% Awe] Bk A7} o|HT} At HE}

,9_
o=

AR HIE-E 0.16%2 w$- 2SItk XRD Aol u}
2W FQ FE AEL quartz, montmorillonite,

kaolinite, aluminum hydroxide, iron hydroxide, calcite
o]t} EY el (soil solution)®] pHE 5.04% 2R
S Wt} pHpye= 4.4-4.70105H], ©] 3 kaolinite?]
2Ha.6-4801 7L S0l dbow ulxe] F2}
D3 Ao] e Ae=E IRl H(3.05 wt.%)H &F
U3 (3.46 wt.%) $o] 333 =T

Aol FREE B2 As(Iet As(VyE Bl F3F
2 gAEE Agrd] 4% 2 5 e AASL A%
S83eH, 1 A% kS Fig. 300 1+E‘r1H‘iilﬂr. A=

T As(IDS As(V) BFOA T3 23 A)E 3 Y
|9 2u7t 600 mL(6AZH7F 2 wi7kA F43) 74s

th} o3 AAe|ATHFig. 3a). o)A WhSZ7)o] EoF
o] A AgEo] HlAxgdo] o] AAYL: Hoz o
AAH, As(INe} As(VIA] Bls:gh Aes Bl o=
AREE Ego] #3812 ulshH, As(IDRF As(V)
o] F2 9 g3 A3 tE o]9] o] 2L wHl
g}, 71& Ao oJaha oy 71A|
571 o] H|A9] FE | P3RS vHInt. o]

e FAARS T ulke} A4 B )Est, 1

Xﬂ?___. T )\
ER i

E!E

(a)
‘ Adsorption ‘

600 -
*  As(lll)

‘ Desorption‘
0 As(V)

500 -
450 -
400 .
350 - o
300
250 -

EC(nS/cm)

200 -
150 .

o
100 - 5

o 0° 3

52' ‘w?"" R o ogap |

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 100001100012000

volume(ml)

el A
A3 U:L/] 37471291 #31= vlHLoiA] 7]—1];]@_& oJafe
v % ok T 3 EF pH, 849 & ]
Aol s Y%= ‘?:‘*C‘Q’(Daws and Kent, 1990)
B AFdME UM A ff} A3 T 1A B AZo)A

pH

A7NATET} vkez7)o]| F23] 7248l tlyie] 28
oA AT A wo golug naFe] F3)
FES mx|A] Bt As(ID} As(V)e] F2Ad% Bl
FEe PIRA| eFerial AkEddt
pHe| 7% F3 B 23 Ay Z7]ol 8.41-9.17°01h

} F43] 7AasA AL 67 =S FAIFTHFig. 3b).
T 7HA BIAEY] $3 9 gREeA pH WP} HIsz
A JEREE As(lD9t As(V)e] A8 ZAxte] xjol=
SgAIHL] ZF pHollA As(IDek As(V)e] FAEAY] 2}
olg Qg ZYS & F Utk VIS AATel oehd
HAe] FA2E Jme pHoll ofsl] Be Jas we,
As(lDSk As(Vy= pH ®3lell me F3de] t=d
(Stollenwerk, 2003). As(V)= w2 pHollA &3lo] ¢
AHaL, pH7E 7 opde] HH IAIRET As(V) Bk
s Tkt F&ol @ doldtth As(llhE H
pHolA F3o] S71s1e] pH 8-9914 ZHarol] o]Ech,
DOE As(V) AFeIA 7.00-8.20 mg/L, As(Ill) A3l
A 1.72-2.99 mg/Lo|Sl=H] o= Aglo] Zz} 2kslslgs)
2 S ofmlgith

[e)
==

O
=

3.2. ZEE 0|83 As(2t As(V)-I B3 9 o

Fig. 4= As(IIDS} As(V)e] &3 &zbo] x|
U AHE TS &Y o Hlé xS} 27) HaE
o] H|(C/Coys ] Fool wet vEhd Zlojot
As(IIDS} As(V)e] AFZE= ZJo7) dde=dl, 7A1F9)

(b)

13 1 ‘Adsorption‘ ’Desorption‘ ® As(lll)
12 O As(V)
14
10 4
94 . [3
o %

8 4 . h o R

] o] o} o
7 . 5 © &KH@@ s . Ge o
K.
5 |
4 -
3
2
14
0

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 100001100012000

volume(ml)

Fig. 3. Conductivity and pH in pass-through solution during the adsorption-desorption of As(Ill) and As(V).

Journal of KoSSGE Vol. 13, No. 1, pp. 52~59, 2008



e

(a) As(V)

1.0 4

0.9

0.8 -

0.7
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Adsorption‘ |Desorption

0.4 -

C/Co (mmol/mmol)

0.3
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0 1000 2000 3000 4000 5000 6000 7000 8000 9000 100001100012000
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o83k Eokol|x] As(IID)2} As(V)e] 3 & exlo]] 73}

C/Co (mmol/mmol)

AT 57

(b) As(lll)

1.0 A
0.9 ?

0.8

Adsorption| |Desorption

0.7 4

0.6

0.5 4

0.4 4

0.3 4

0.2 4

0.1 4

0.0

T T T T T T T T T T T T
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 100001100012000
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Fig. 4. Ratio of arsenic concentration in pass-through solution to its initial concentration during the adsorption-desorption of As(IIT) and

As(V).
A vt 2t

Fig. 4a9] As(V) 2 28 23h= o] =2 w7}
2 2 AR Yot} Blagdo] Lo Soirir] Al
ZSPHARE FUg -S4 a7} 370 mL@AIRHF 2
u 714 FERI7F F43) F7F8Ie). ol wkEEel Hl
2532 7Fs Aol Bol e ZEEE EG] thige] H
27F FEEE Qv oF 900 mL(OAIZ) o1FHE F
18 deloll =2ElAaL, o F 5600 mL(48AIZEZHA] A4
| BE el ol25tt. FUFE 2R vkt g3
48 2 e HojFE A WA GAlMe 355
o Folle vlA 7 AU wiiEel] HIAe]
St 7EA A F WA gl EU
2HE A7 @FEE Ao7] witel] HIAS fEsE
7} =8A 243k} Fig. 4a0lA] B Hle} o] 5630
mLGOE) o|FRE FErl7l 343 748t 6100
mL(6A17}) ©]F AA3] Hadeldl Eeslsitt. o] A3
= 53l As(VyEF Bl F3 2 @Fek= g0 6-94
F Yol AET, tE FENEE vlE] =9 wheels
=

Foll T2t At g2fels AL FEAOE M
71970} 7|E=RolME F-7| e gEdo] B &
2 gl galsle g 93] helde oheial deiA
AH(Allen et al., 1995). F&AIZIo] oA H]7}ee]
Aee= AXE, B dFoxE T F2RIRT] 48713
AeZ HlwF gow 2 & gjapgo] Zula 3]
oJA vlwA 719l weol 77k Aus Aok

As(I®] 75, F3 2 23 A3 2 gellM dii
(85%-88%)2] H|AFo] As(IINE EA513eH, o= A
Ho] oA H 0T FYEAUS orlet. F

g

|

o
oft

N

A= As(ill) S90] FHE F 240 mL(2.2417h
7R FER7E F243] Z7189.0H, oF 390 mL(3.58%h)
o|$HE FHIFE ] =LETh(Fig. 4b). ©F 5800
mLA8AZHVA] FE el =289t FU5E 25
2 HRE As() B2 As(VellAeh 22e] 22
A& TIRTE 5800 mL(30E) o] FHE FERIZE A3
A3 6200 mL(2.5A17F) o] A|x3] 3 defell

o

B &) vhg ik o) A7l e,
FARgo] A1 Qo] SfsiH Yok B9 W

SRS |

H Tl
S5 g wEthE 2 B 9¥)(Pierce and

Moore, 1982). & AFolA] vlAo] F2 vkeEE= ARE

B9, o) AL Hlao} EEW Alole] FEugo]
271491 1ol SsRrke Mel specific) H 5&

sarHel Agel o AYS Pl AThHPierce and
Moore, 1982). EF&Me] pH7} EUS] pHp,cHUH O

ETh= ARdo] o] Aate STt o] XM B
FEE FHEE Wi ooz EAjsks niagte] AL

ololl WhrElo] AZIT} ol Ml FEhLS-S
= w3 2 32 Pyow Joldrt.
AsIEh As(V)e] F3 8 gl AT s 1

W, As(VYE Bl F25o] 3ol meeks) 2
2= Azl As(inel Hls) o

F= 2t

2. =, whgo] o =
2] Qolwey B2 eE e Aake vehisn,

ol pHE ¥ EEjsisizQl x4do wet rl2Fe
e} DEkAa, As(e} As(Vyh Bl Ztehs )
AUET Al 2lel7t g17] whiEold

B AFAdME o]ddd EYeIA As(V) ¥ 3
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