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To determine Pb species in soils following the immobilization process, sequential extraction has been used
despite the possibility of overestimating Pb species from unintended reactions during chemical extraction.
Meanwhile, the application of extended X-ray absorption fine structure (EXAFS) has been shown to provide
a more precise result than chemical extraction. In this study, the immobilization of Pb in contaminated soils
treated with liming materials such as oyster shell (OS) or eggshell (ES) was evaluated with thermodynamic
modelling and EXAFS analysis. Thermodynamic modelling by visual MINTEQ predicted the precipitation of
Pb(OH); in OS and ES treated soils. In particular, the values of saturation index (SI) for Pb(OH); in OS
(SI=0.286) and ES (SI=0.453) treated soils were greater than in the control soil (SI=0.281). Linear
combination fitting (LCF) analysis confirmed the presence of C;,H19014Pbs (lead citrate, 44.7%) by citric acid
from plant root, Pb-gibbsite (Pb adsorbed gibbsite, 26.4%), and Pb-kaolinite (Pb adsorbed kaolinite, 20.3%) in
the control soil. On the other hand, Pb(OH): (16.8%y), Pb-gibbsite (39.3%), and Pb-kaolinite (25.6%) were
observed in the OS treated soil and Pb(OH); (55.2%) and Pb-gibbsite (33.8%) were also confirmed in the ES
treated soil. Our results indicate that the treatment with OS and ES immobilizes Pb by adsorption of Pb onto
the soil minerals as a result of the increase in soil negative charge and the formation of stable Pb(OH), under
high pH condition of soils.

Key words: Eggshell, EXAFS, Immobilization, LCF, MINTEQ, Oyster Shell

v Ph-kaolinite

PbSO,

PbS

PbO,

PbO \l‘ \ll CyoH 0, by

Ph-birnessite|

Peibey AN NP AP ENPANEN
J\/W\/"’\/\/\ N o),

PbCl,

Pb(OH) m
\/\/\/M—\,\m

Chi(k) * K2

PbCO. W W

NN AV W P '

W Control soil
Pb,(CO,),(OH), M\»—J\/\\

Ka™ kA

Spectra of kz-weighted EXAFS for the reference standards and incubated soil samples. Some reference standards were
shared with Ahmad et al. (2014a). Anmows with same color indicate spectral similarity between the spectra.
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Introduction

I (Pb, Lead)2 YA 2, YAF 207.2 g mol ', H]HS
11.4 g cm °Ql TjE2o] %’j{,\ heavy metal)©|C} (Adnano,
2001), HOo 2 Qg B e & - gyl ol 5744 (Lim
et al,, 2013b; Ok et al,, 2011a), AFAA (Ahmad et al,,
2012a; 2012¢; 2014a), T=A] (Ajmone—Marsan and Biasioli,
2010) 5 ThgEt A olA sy gtk 53] P& 2%
EoFollA Auligt w2 A5, A &Y 5= sl oAl

2 SZA% o] B9 185 (myalgia), 77185
A ARt A T4 E (coma) B ARG 7HA] o]F

QIt} (Adriano, 2001), 18|\ Ei & EF&52 §r|e Y
=T g AR ow Fali7h HA] ot BOF ol A%
Ao g 25 E} (Kumpiene et al,, 2008; Lim et al,,
2013a), °o|= <l BE¢F Y g2 A3lstr] fIgt dAt50] A
s50% Syl Hrk

2, EY 5ol 2ok 5559 AE-9E % (bicavailability)
E9WE T Ue S5 4T} (stabilization) Wi o] 2
1A AFE AT Qo) (Ok et al,, 2011d), o] & LEESS U
g eHgskels Al Wil ¢l (P RE B
NGAE AHgsHo] B B8l =7t w9 W& o= daxl
=4 (pyromorphite, Pbs(POy)sX; X = Cl, OH, F, Br %)
e 2 HESH= o] It} (Cao et al,, 2011; Hashimoto
et al., 2009; Ryan et al., 2001), o|2} $HA| v]AMA)], 112<&
o, B0 o) AAHBAL Agelo] B pHE A%
A S Sig S 53 2 sk 500 4

S5t SE5452 QFEsElE Whol it (Kostarelos
et al_, 2006; Lee et al,, 2009; Ok et al,, 2011b; Zhao and
Masaihiko, 2007). &|Zo]l+= H}o]| 22} (biochar)S LIE
ol Ao zn Fa&S Hdsteta EFaE 7AsH
= e FES 931 QIt) (Ahmad et al,, 2012b; 2014a;
2014b; Almaroai et al,, 2014; Awad et al,, 2012; 2013;
Mohan et al,, 2014; Moon et al,, 2013),

A7) R QB P E] Ag ol Kok o] 24
sh= SaEol oJmTt 318k (species) FE 2 HBHE =
A5 ok A Pt asAA 2 SoR 8=
(remobilization) 7Fs/d= B7I6H7] fI8f vi-¢- Sa3ith
T RE A8 eyl )4 T e RE S 1Y
3} (fractionation)”7} Jom, ESF U 359 A=
(sequential extraction)S 3 3}elkEo] BxE Hrlst 4
Rt} (Gleyzes et al., 2002). 7} g AMgE= v o g
= Tessier et al, (1979)0] 11QKsH ®HIHo] 9lom o|& E3
5 712 FH2 224 felEe] B s Hylsh 4= 9ok 11
e of e 2EIA F dut o WA ey
Hefe] WS P 4 ol residual Feh| W2 Tl

4= Q)t} (Scheckel et al,, 2005), &

(lethargy)

=
7} (overestimation) S+

2 A g Agdns 2zl A5}
ofet 4Bt spoiFe] ol Brhsslt

fr miu: )
P
iy F
i " 0

y o r*

-?Z.—_—mv‘:_'jéhj (XAS, X—ray absorption spectroscopy)
HPARE 71457] (synchrotron radiation) A Uloja] &
EA Y49 XA 4|l (XAFS, X—ray absorption
fine structure)& EA45to] QM%) 712 Fsies A7t
Z3YE|ar QITh (Scheckel et al., 2005). XAFSE oz <
ool wet XA S e] B ulAlEE (XANES, X-ray
absorption near edge structure)@} FHE XA T4 1A
% (EXAFS, extended X—ray absorption fine structure)
2 FRujo] ofo] g HAS S8 217 2] sk
(oxidation states)?} YAF A3HA=E] (bond distance), Bl
2]4>(coordination number) 5 H7}s 4= QJt} (Sparks,
2002), o] &4 WS FEotH LAEY W Sa5S ¢t
Aot & B Ut S5 8k v A<l (non—
destructive) o2 LHE 4~ It} (Hashimoto et al,,
2010). 53] o] W& EA RS 3fetelEe] Hriglol:
w40 7HsstER AAR EA sk et sskEo]
O] 7}-‘5—’6‘]—]:]—.‘: X]—Z—]O] 0]01 ‘axﬁﬂ}-x] O]é ﬁ]—él‘d]- U]-_Q_ (l‘]
TEo] Z8E vl Itk (Ahmad et al., 2012a; 2014; Hashimoto
et al., 2010; 2011; Ippolito et al., 2012; Moon et al., 2011).

olof & AFolM= Sa< (Pb, Cd) 23} S§EAIE
= &oto] A=A =AY Y AY F 2
B¢ W sa5 st §-J4‘— Xﬂ/\]?’* = 04—_#7\ 9 "*sﬁ“‘
7 (Lim &,
Efl| tfgt &4 9} o=y (thennodynalmc modelling)g Al
3150 EXAFS 24 A1E B2 LCF (linear combination
fitting A AAStol oPget ¥ ok ] Bl 31515 9
Rapdoz e

ftljo

éT:OHTl
P

-

¢

Materials and Methods

B AoflA AR 24
Shee] = TR QI OFX*XWW stelom,
2, Ao A H7 %=
RJste] Agof AMgetact. s @ A3 Sy
AA - Az 8-S AA 1 mm oJst2 A AF8}A
72 Agstg o, £ FAJAZE-2S CaCosoltt (Lim et al.,
2013a; Ok et al,, 2010; 2011b).

.

7
A]
=

REEY 2 ATl AT BEF2 FHHE ALt
off 2AI3E A ATAE Q1e] oA AHBIATH (Lim et al.,
2013a). ©| =2 AAJgatolA] vWAyEE Pu) 9 H48 AE
Al A1g3to] o @qEl Eokolth (MRC, 2007), EoF
L pH7} 6.21¢] UE (loamEX H9 &= TFS 123321
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Table 1. Selected physicochemical properties of the contaminated soil (data obtained from Ok et al. (2011c) and Lim et al.

(2013a)).
EC ) Exchangeable cations
Soil H O.M. Avail. P,Os Total Pb
p
(1:5) Ca K M
texture 1 1 1 1 g 1
(1:5) dS m g kg mg kg© = - cmoly) kg —----mmem - mg kg’
Loam 6.2 0.2 38.7 18.9 7.7 0.3 3.1 1233.2
. 5.5-65" - 25-30 80-120" 5.0-6.0' 0.25-0.30" 1.5-2.0' 200"

+Optimum range (NAAS, 2014); *The Korean warning standard for agricultural land (MOE, 2014).

mg kg 2 UERdET| (Table 1), ol S-2ubet e d
7129 FAEA (A9 A e 5) 7123 (Ph:
200 mg kg )E 6HJolA ABJsH= 940t (MOE,
2014).
Heuer U ABH MIAY ooy U S
AAHA S 2 A A= (Lim et al., 2013a)2 &
3 o olE okl thay} Ptk LEEY 100
g—% HDPE (high density polyethylene) Aj212] vy o] T
I Fas M AP A=A OS2} ESE EY A 7L
21, 5 wiod FUsH B of F =S B
9F7] (Cooled incubator, MIR—554, Sanyo Japan) W4-ol|A]
120907} 25°0% AT} EH HHOWVP L AR
Eofe] BT WL Sla) Eofe] $HE BAE (WHC,
water holding capacity) 2] 70% 4522 F-4] o]— l:]— (Ahmad
ot al., 2012a), SHRHIOF T 22% (Zoa mays L) WE
ST 0UCE AR BRSNS, O] - 5
S ARES WE AAT B ARE FA (air dry)3lo]
=]

ol AL},

lo

Hotst DHY B AToNL ALY SEAAL
Qmopol Aelah F A4 7Rt ke SHolS 9Jsto]
visual MINTEQ ver, 3.0 (Gustafsson, 2012) 2.2 gl W
We Axsiolh R A A £ES R B
e thest gtk 4EA ARAT T 22 Qe 5
wt%7} A-8-H EF 10 gofl $7F 100 ml (Lsoi: 10waier) S 7+
Bl 25°Co)| A 24A]7F =<F wEFSE 5] 0.45 pm membrane
filter2 oja}sto] 77|24 HASHATE (Ahmad et al,,
2012a), WA, oJ7}oB2 pH EC (electrical conductivity)E
243519 o, DOC (dissolved organic carbon)2 & 97|
ek 4=47] (TOC—VCPH, Shimadzu, Japan), %Fo]-& (Pb,
Cd, Si, Al, Fe, Ca, Na, K, Mg, Zn, Cu)2 G=4d3-=a}=
uEESEE A (ICP-OES, Optima 7300 DV, PerkinElmer,
USA), 20]& (Cl, NOs, POy, SO oI ZnlE 18|
(IC, 861 Advanced Compact IC, Metrohm, Switzerland)S
ARgSEo] SA5H3ATE o] 2 ECEEoll 0,013& &5to] Alktet
o] 27 %= (ionic strength)®} 7% Hlo|E|E MINTEQ =

ot oM

2] Ystol Nt Ww

(SI, saturation index)S AR

2 spekge] gt xskA|S
a19ict $HH, MINTEQ Z&
T AL glolE H|o|AZ ulgro g WALl o)
HL2-o x}83}0] ol A} o] SIS AFE3HT} (Ahmad et
al., 2012c),

SI = log TIAP — log Ky

&]7] 4 IAP+= ion activity product®|™, K= S3=5
AY4> (solubility product constant)S UERdTH E3|, =
Ao A= SD02l S IS E) (supersaturation) 2 A4]
slelgol A (precipitation) H 7Fs/do] = Ao= ¥
7}81Ae} (Ahmad et al,, 2012a; 2012¢; Lindsay, 1979).

EXAFS 24| 3 aolis 204 @ 9224 A2l
of wE oEe Ul FE4 SolES EXAFSRAS 59
THSIIRF 27| A4 (PAL, Pohang Accelerator
Laboratory)2] BL7D ®W&}elof4] XAFS (X—ray absorption
Zgolgich, EoF AlRL BAeT 2 2
AA, SR 5wt AT EORS 131 B agate mortar
o8 FA ghafste] 75 um o]stE A|AF sH3ich o &
ANEE YA TR ASAIT pellet= W2kl AH| W A
& AR ol AFAFsEATE Holl thel XAFS Hlo|E o] 57442
Si (1) oA (DM, double crystal monochromator) S
ARE81] Y Ly edge 13035 eVollA 34=AdHI4] (fluorescence
mode) 2.2 XS, 2704 W 907 A2 mokaie)
v s 93t Y 38 F2E2LE PbSOs (anglesite), PbS
(galena), PbO, (plattnerite), PbO (massicot), Pb(NOs); (lead
nitrate), PbCly (cotunnite), PbCOs (cerussite), Pbs(COs)2(OH),
(hydrocerussite), CioHigOuPbs (lead citrate), Pb(CH;COO);
(lead acetate)S ARE3IIL = AJ9FL Sigma Aldrich A
=L 0|83y o9} Al Pb—birnessite, Pb—gibbsite,
Pb—goethite, Pb—kaolinite?} Zro] HEFE| S2t= Y
#F=2 Po(OH) (lead hydroxide)> A Aof| A A|=5}
o ARgshelom A|A Q] B2 Ahmad et al, (2014)°f]
AABHLh o ZEELLS B9 AR}t FUs Hos
XAFS tloBl & S4513ith. 574 XAFS H|o|H= Athena

fine structure)=
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ver. 0.8.061 (Ravel and Newville, 2005)2 Alg3&}o] B4
SISICt. 2712 XAFS tjo|El= pre—edge S 018510 background
= A Asr9.21, k-space 0~10 Ao Tt k*~weighted
EXAFS A ERS FE31QlHh o] & A2 W =244,
A AP B U 9 ek Al BUEE 9
3] K*~weighted EXAFS AZE&o| tfa}o] LCFES AlA|3}
Arh LCFe= vAA = W 3lelgo] AdER Y} oju] ol
= B2E4 AHEHTEY linear combinationsr F3] Al
= U Ik AEske ¢ Sl WiolH ol& Sl AR
7} SRk Sfekgol gk ARt 7hssitt (Kelly et al,
2008: Scheckel et al., 2005). & ALof A= 7} A 2|49}

£ 7He #5EES A8 $ o5 A9} fittingd}
I, T HA, A HA R W& R-factors 7HA= EEELS
Z71X 0= fitting 3FC}H (Ahmad et al,, 2014; Hashimoto
et al,, 2011).

—~

Results and Discussion

Eost A Zut =4, 22dE AP Fo «

d 2l 9l o3t mdw At

Table 29} e}, A2 2744, 2244 Aol s 2}
o) == 3k 5

TEE2E Po(OH)7F FYskslth 531, Pb(OH)of o

gk FAERe] SIgh 0.281011 e 2, 2 A

2ol A= sIgko] Z+H2F 0,286, 0,453 Z7ksto] Faje] 4

of| H|5l Pb(OH), HHF/do] St Ao = Ha=ict ¢
HhA 0 2 B9k pHO| o2 S dole=e] 4lskE 3
2 oF7|8k=4| (Paulose et al,, 2007; Zhao and Masaihiko,
2007), YHE Ok et al, (2010)2 Z}Z} CaCOs2} CaO7} 3=
g2 =8I 24 (calcination)$F 2 S L AT
AHElatglon, o] & ZUHE EQF pHEF S AR
FE Tl 85 99 =7 A4sigle), £33 Ahmad
et al, (2012c) HElg) AtolA ddzgEo] 15 wi% 2]
H AEY EY 5 99 P BEY pH Aol ©E
Pb(OH); & PbCOs, Pb3(COs)9(OH)s HAE A} H3Ich
L sto] 2 ArAnel ARt APATAT} (Lim et
al,, 2013a), FA 2|72 E9F pH 6.74% 00 =244, &
274 5 wtn A 2|l A 242+ 8,03, 8.137H4] S71stit.
ot =2 GZA 5wt A el= B W TCLP 854
o] =2 717} oF 99% I 68%71A] A7tet=d] (Lim et
al,, 2013a), o= & A tollA] st mHgS Fof 21
Pb(OH); 3 3/l 71Q1er A= sk, o2} A =4
2 9 2 Aelteld AEA B o R
chrysotile (Mgs(OH)4Si:05)0] BRIE|Yl oM, SH4S 26t
o] Pg3kel= A o= UefRl sepiolite (SieMgsOun(OH)4(OHy)
- 8H:0)7} ER1=E Qi) (Lazarevic et al,, 2007; Sun et al.,
2013). o] Qo FA et A, GZEA A2t A
oe] kg9 Aol ERI= o iR FAjato
H|glo] SIgho] sk A o= Yt

L

EXAFS 24 Zu} Fig 12 FAPe 244, 2

)

Table 2. Predicted precipitations in the untreated soil (control) and oyster shell (OS), or eggshell (ES) treated soils using visual

MINTEQ thermodynamic model.
. Saturation index (SI)
Mineral Formula
Control (O] ES

Anglesite PbSO, 0.295 -2.264 -2.283
Boehmite v -AlO(OH) 4.692 -1.005 0.637
Chalcedony SiO; 0.973 0.480 0.487
Chrysotile Mg3(OH)4Si,05 -5.296 1.781 1.946
Cristobalite SiO; 0.773 0.280 0.287
Diaspore AlO(OH) 6.397 0.700 2.342
Gibbsite Al(OH); 5.530 -0.167 1.475
Halloysite ALSi>O5(OH)4 11.811 -0.569 2.730
Imogolite ALSiO3(OH)4 10.963 -0.924 2.367
Kaolinite ALLSi;O5(OH)4 13.951 1.571 4.870
Larnakite Pb20O(SO04) 1.371 -1.183 -1.036
Lead hydroxide Pb(OH), 0.281 0.286 0.453
Quartz SiO; 1.423 0.930 0.937
Sepiolite Si12MggO30(OH)4(OHz)4- 8H2O -2.119 1.778 1.899
Tenorite CuO 0.429 -0.092 0.330
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Fig. 1. Spectra of kz-weighted EXAFS for the reference
standards and incubated soil samples. Some reference standards
were shared with Ahmad et al. (2014a). Anrows with same
color indicate spectral similarity between the spectra.

28 AelT B 9 W T ED o] o XAFS 274
% K'-weighted EXAFS A¥|EYS 3253t Aujolry, 247}
9] EXAFS A#IEZHo]| ot S2FHA} (visual inspection) 2

T}, FAe] T UGS CipHiOuPhs (3.1, 5.4 A™), Pb—gibbsite
(5.4 A, Po—kaolinite(5.4 A7)} G-A}SE AHEHS e}
Wik Citric acid, oxalic acidS3 Z+& 8714t (organic
acid)Z AlE9] Be|RHE EuEs E42A B U F
=53 SRS F/J5HA =li=tl| (Chen et al., 2003; Schwab
et al., 2008), F-A|2]TollA] el CoHigOuPbs (lead citrate)
= L4 W2 HE BulH citric acidet E9F U] do] gF
S5to] Yehd AutE dekech =3 248 A7te] 4
©. Pb(OH); (3.5, 5.5, 6.0 A™), Pb—gibbsite (3.5, 5.3, 6.0
A™), Pb—kaolinite (5.6 A™)2} fAlAdo] qlglon, 92
2 Ag)= Po(OH), (3.5, 5.5 A™), PbO (3.5, 5.5 A,
Pb-gibbsite (3.6 A™)o} ~BEH AFo] §AMIo] 9l 210
2 YEpit)

Ahmad et al, (2012a)2 CaCOs7} 35 48291 G Ao]
A EoFe] ezeAd pH 211941 Ph(OH)»7t /g% th
T 3k o] pHO| AFs Al EoFO] 248} (negative
charge)7} S715lH o] W B¢F RO RO T FEo
Z5}4 Ft} (Zhao and Masaihiko, 2007), & 5 ZAx}
of| A= EFe] pH Asoll 2Jall Pb(OH),7t B/ = AaL o]e}
A Bl 54817} SHi=HA] kaolinite ¥ gibbsite= 2]
g S| S71e A0 A=t (Ahmad et al., 2012a;
2014; Puls et al., 1991).

EoF 9 FF2E2of digh EXAFS AFEY o 2 HE
LCFE AlAJste] Rt 244, 924744 A2+t B
U slkS Al A= Table 31} 2t} FA2)te] 4
2 CoHigOuPbs7} 44, 7%% 713 Wo| ZA519111, Pb—gibbsite
9} Pb—kaolinite”} ZFz}F 26.4%, 20.3%% ZA|5t0] L1
ALl A A o Bfekgo] A ' 38kE9] TR (91.4%)
2 A A5H= Aoz yelgth 3, CioHioOuPbse] 729 4]
Eo] My Bu]EA (root exudate)?] citric acido]] 2]} AY
A= Ao g HetECh (Ahmad et al,, 2014; Schwab et al,,
2008), OS #]+L2] L, Pb—gibbsite®} Pb—kaolinite”}
77} 39.3%, 25.6%2 AA|310] FARTL (27} 26.4%, 20.3%)
of vlal F7Ieklct. Egh G Aelte] Z-9- Po—gibbsite
7} 33, 8%= A5 A 02 UER} T3] 2] (Ph—gibbsite:
26.4%)°1 Blsl| S7Fstolnt. o= =24A 9 @2y E A
Al F7HE pHE 18] BoFe] S8k SeiEwA B
E9l gibbsite@} kaoliniteZ2 2] Y G&lro] =715 Zof 7]2l
sl A7t= FhEc (Ahmad et al,, 2012a; 2014; Puls et
al., 1991). 53|, Pb(OH)»2] 7% F-A 2| ol A= EA5HA|
rotovt e 9 G AEltolla ZHt 16.8%,
55.2%7F EMok= ACRE YENTE o= CaCOs7F 48
Q=4 G A L] A7t B pHE A7 HA
o] AR AL o738 Ao &2 TkETT) (Paulose et
al,, 2007; Zhao and Masaihiko, 2007).

LCFS ol A=kslet o 3kskge] A= FAeE =

>

o
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Table 3. Calculated proportions of Pb species in untreated soil (control) and oyster shell (OS) or eggshell (ES) treated soils using

linear combination fitting (LCF) on kz-weighted EXAFS spectra.

Ci2Hi10014Pb
Sample RN Pb-gibbsite Pb-kaolinite Pb(OH), Total R-factor
(lead citrate)
Control 44.7 26.4 - 91.4 0.24
oS - 39.3 16.8 81.7 0.16
ES - 33.8 552 89.0 0.37
A 9 g Aol A 24 91.4%, 81.7%, 89.0%= References

Uel E9F Yol 2Ast= F k] diias A9
2= 9lolr) a8z AR AT} (Lim et al., 20132)Q} &
Are] Fst melgofla] 2xo] &R1E Pb(OH), ¥ EXAFS—
LCFE E3) &¢1% Ph(OH);, Pb—gibbsite, Pb—kaoliniteZ
aeret o, 2AA G Bl At A B
&9 pH o= oFlste] ds 4kE (oll: Po(OH),) 9]
FejE JAAZ 5= glom, EGo R Y F2bo] ST
A He dslshe lem ddEn,

Conclusions

AR ) W] QI F IS ANFERHE A
2 347t B ek 3714 Q) 9hE A 53] residual
Fejel e wejEoke 4 glo] Hek BelE B 1
ol ErHssteks wado] gick. o]eh Ze) EXAFS £4 1

He Eofell SBlREY] A7hglo] BAjo] lssto] AA| £
Aehs  BterEe] Fo] JHsslek el giek. ol
£ ATt ANEBAe 28T 2Pl Heig

QEEF V) o] Qe 712HS 51| 918 visual MINTEQ
2 59 A5t B W EXAFS BAE AT 49
s} muly vt 279, FEE HeiS o) 2o ) POm),
AR G4l olgEsich B4 L BTHY AT B,
o W EREU) EXAFS AHEYES o LoPS
AN AT 244 9 SRAae) Hee B =9

Pb—gibbsite®} Pb—kaolinite?] gFgFo] FAjg|tof H|3)] =
7Fegtt. o= =44 @44 A2E Fol B pHYL
KspA] Sslrh SojEl Bl wrel Fato] 271 4
of 7]Q1gt Autz A=t 53], Pb(OH)»2| -5 74
Tolde A ko 24 9 2 A2t

A ZASRE A0 ek, ol 2740 22
o] o8| S7He = pH 27ollA ESfol EAish=
o stskE gl S7H Aol 71Rlet Aake dTE
q_ j_g-]_i J;ﬂklggxlo] %@X]ﬂ]— GAZL QFESF
o Helske 39 W ekt 4 glol BIA £ )
A= 282 5 e Ao FhE
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