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ABSTRACT

A synchrotron is a state-of-the-art research infrastructure that links micro-scale processes at atomic and molecular levels with
macroscopic phenomena in Earth and environmental systems. Although the application of synchrotron radiation has steadily increased
across various academic fields, there has been a lack of domestic research that comprehensively introduces the latest analytical
techniques and research trends in the field of Earth and environmental sciences. This review was planned to fill this research gap and
prepare for the upcoming era of 4th generation synchrotrons. It introduces the fundamental principles of synchrotron radiation, the
status of facilities in Korea and abroad, and presents key analytical techniques -such as X-ray Absorption Spectroscopy (XAS), X-ray
Imaging (STXM, X-ray CT), X-ray Scattering/Diffraction (XRD/SAXS), and Infrared spectroscopy (IR)- along with published
research. The principles of each technique are elucidated, and studies that utilize them to comprehensively understand complex Earth
systems -such as identifying the chemical speciation of pollutants, investigating mineral phase transitions under extreme environments,
and tracing the alteration processes of fossils-are introduced. Finally, in anticipation of the next-generation synchrotron (K-4GSR) to
be completed in 2029, this paper aims to propose measures to maximize domestic research capabilities in Earth and environmental
sciences, including expanding the user and encouraging active participation from academia in beamline planning.
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Fig. 1. A schematic demonstrating how synchrotron analysis bridges macroscopic to atomic scales in Earth and environmental sciences.
This approach allows researchers to link observations of geological materials at the macroscale (cm) to their underlying structures at
the microscale (nm-pum) and atomic scale (A), revealing fundamental atomic-level mechanisms that govern large-scale natural processes.
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Fig. 2. An overview of representative synchrotron X-ray techniques and their applications in the Earth and environmental sciences.
The techniques are broadly categorized into three groups: Imaging, for analyzing 3D structures and elemental abundances; Scattering
and Diffraction, for identifying crystallographic structures and mineral phases; and Spectroscopy, for determining the oxidation states

and molecular structures of elements.
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Fig. 3. Annual allocation of PLS-II beamtime (in days) for the Earth and Environmental Science research field from 2012 to 2025.
The stacked bars show the distribution of beamtime across four major techniques: X-ray Absorption Fine Structure (XAFS), X-ray

Scattering (XRS), Imaging, and Infrared Spectroscopy (IRS).
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Table 1. List of PLS-II beamlines currently applied to Earth and Environmental Science and their performance

Beamline

Experimental technique
(Representative technique)

Energy range and
monochromator

Beam size

Areas of research

1D

KIST X-ray Scattering/
Absorption Spectroscopy
(XRS_KIST)

4-16 keV at Si(111)

<1l mm (H) x 0.5 mm (V)

- Surface and interface of thin
films

- X-ray scattering experiments of
single crystals

3D X-ray Scattering (XRS) 820 keV 0.5 x 1.0 mm? - X-ray diffraction for single
crystals, thin films, and powder
samples
SA X-ray Science Material 5-16 keV at Si(111) < 0.6 mm (H) x 0.5 mm (V) - Soft matter, amorphous and
Science (MS-XRS) nano-structured materials
6C Biology and Medical 10-55 keV Large FOV imaging - X-ray imaging and radiotherapy
Imaging (BMI) : 80 x 10-30 mm?
High resolution
: 8 x 5 mm’
7C X-ray Nano-Imaging (XNI) 9.3 keV (tomography)  Focusing mirror: 260 um (H) - Nano X-ray tomography
6-12 keV (XANES) at  x 15 um (V) - XANES Imaging
Si(111) CRL: 70 pm (H) x 8 pm (V)
7D X-ray Absorption Fine 5-21 keV (collimated 1(V) x 5 (H) mm’ - Energy resolution: ca. 2x10™ @
Structure (XAFS) & focused) 10 keV
5-27 keV (unfocused) - Identification of short-range
structures in materials
- Transmission and fluorescence
8C Nanoprobe XAFS (Nano 4-22 keV at Si(111) 200 pm x 300 pm - In situ and ex situ catalysis
XAFS) K-B mirror: 1 pm x1 pum chemistry
- Surface and interface
- Amorphous and nanostructure
9A Ultra Small Angle X-ray 11-20 keV 30 (V) x 290 (H) pm’ - Nanostructure of pure
Scattering (U-SAXS) @FWHM polymers, biological
macromolecules (proteins, DNA,
RAN), and amorphous materials
9B High Resolution Power 8-20 keV 1 (V) x 20 (H) mm? - Metals, alloys, and inorganic
Diffraction (HRPD) compounds
- Organic compounds and
biomaterials
10C Wide Energy XAFS (Wide  4-50 keV 0.5-2 (H) x 0.2-1 (V) mm* - Energy storage & advanced
XAFS) 5-30 keV (unfocussed conversion materials
with Si(111)) - Nano chemistry
7-40 keV (unfocussed
with Si(311))
12D Infrared Spectroscopy Globar — - Dispersion analysis of multi-

(IRS)

Beamsplitter: KBr

component organic materials

% This is a representative specifications, focusing on beamlines highly relevant to the analysis of earth and environmental samples.
The actual performance may be different based on how the optical system and the sample environment equipment are set up. For
the most up-to-date information, it is advisable to refer to the information for each beamline on the Pohang Accelerator Laboratory
(PAL) website.
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Fig. 4. A world map illustrating the global distribution of major synchrotron light source facilities. The map differentiates between
3rd generation (red pins) and the more advanced 4th generation (green pins) synchrotrons, providing an overview of this cutting-

edge research infrastructure.
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Facility (Country) Gen. of storage ring

Energy (GeV)

Circumference (m) Emittance (nm-rad)

PLS-II (South Korea) 3 gen. 3 281.8 5.8
ESRF-EBS (France) 4™ gen, 6 844 H: 0.133
APS-U (USA) 4™ gen, 7 1104 H: 0.045
MAX 1V (Sweden) 4™ gen, 3 528 H :0.2-0.3 / V: 0.002-0.008
Diamond (UK) 31 gen. 3 561.6 H: 3.14 / V: 0.008
SPring-8 (Japan) 3 gen. 8 1436 24
PETRA III (Germany) 3 gen 6 2304 H: 1.2/ V: 0.012
ALS (USA) 3" gen 1.9 196.8 H: 2/ V: 0.04
Sirius (Brazil) 4t gen. 3 518.396 0.251

SSRF (China) 3 gen 3.5 432 3

PF (Japan) 2" gen 25 187 ~36

TPS (Taiwan) 3 gen 3 518.4 1.6

SSRL (USA) 3 gen 35 234 ~160
NSLS-1I (USA) 3 gen 3 792 ~0.5
ELETTRA (ltaly) 3 gen 2-2.4 260 7

ALBA (Spain) 3 gen 3 270 46
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structure, respectively.
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broadening) §A} wFo]] AHEY w37} YlojA u|A|sH
?LZE SfAsh= dl A7 AATHBaver, M., 2014). ©]
M2 SRe] 9a) Ha wolux Ralls 3%
AS(High Energy Resolution Fluorescence Detected
-ray Absorption Spectroscopy, HERFD- XAS)7]- 7NEkE]
. HERFD-XAS= AZ|EZ 0| Hajso 3)7|zoz
71&0l HA Hold wass %‘Qfﬁhﬂ e
L AL 7hx1 9l ®3F, AE grs 77
o 24 oF 10 ug/g 1”94 lﬂFJP mﬁi‘iﬂ &
= THAIE Y ngg
(Hu et al. 2020). 0|42 3% OP% %‘_—611%?} e
9 91 240 A2 ol, A4 Al @
S oA RE EX

m-bll 1“01’
>< roi'

Iw:

_\ﬂﬁ_Q_;o&L
kguii_ﬁ
rP

oX
ol
X
[¢]

FUI

,IEOEFII‘HJZLHI'F-{}OS\E;ENUEE

w2
BN
=2
_?L
fr
>*L

[e]

et
=
o=
o
9,
=
=2
i
o{- !

7D, 8C, 10C)0] S F T glon, ) AFLASL 3
Wil SHgalel okt AT BT A7E S
2kck. Park et al. (2020)04]+= 10C (Wide XAFS) ®l=}t
¢le &8sto] Bl o B Qe I AtollA,
XASE 53l Alzte] Aol whef E9F Weoll B4 24
oSl 359 72 Waks Balel el 14 o
AL Hrtel= = 35} ch(Park et al., 2020).
E3t Han et al. (2022)011/\1% 2hel ol A el via A

& AtolA, Bt pH 270f WE Blax(As)ot b

mm

:?%ol;‘

(FeS)Q] AT A28 8C (Nano XAFS) Wglele o]&3}
o] H|40] Ab3} Ael Wslel Ag FEHE Fysts AT
£ 33l ¥tH(Han et al., 2022).

EF T ATAEL o chR 4F BHL 919 5

Q] WARG7IET e AT o8 egstal S{lil-. Ko et al.
(2022)°] 4= 1] APSO] 12-BM-B Hle}el S o] §3}o],
M) AT} i 2AoA Abeh-akele] wzke A
(o3t BUMDS| AN 4o AUS 3431, 2
AR 2 FlE 2NN E o5 Yie] FETH
4 Wzt wojsios AS QOIO}o:] 7T sle] w
24 %31 Ato] 7]odak9lrhKo et al., 2022). T3} 2011
5 HEEE% Yoon & Bleamo|| A= 1]=- NSLS AL
71014 EXAFS 248 S o]d4-20] Halg7|4ke] &

A 287)(81&7], 7t2847] 5)2 pH Hsto] we} of

N

ol
_llrrl i,

¢
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QA AEst=AlE WAF oA AR WS o]
A= pH 7 234 oF 20%9] HE2o] 7]E] &
271 €717} ohyl the Hg7lel Agkaicis AHAE
Hz2 ye, o0 AXEE AES olasi: o)
293 7199& h(Yoon & Bleam, 2011).

A7) 714t A= Lol okt A8 Aol
A XAS 71 ARl ek o] BazlEeR
ZEE qlom, HAp FH 24 7|HeE AR 9]
£ 240l

3.2, X-M oJoj&E: STXM, X-ray CT/Nano-CT

E4 dao S H A5S olslishy] HeliM= Dt
Bt sk S4e "ol A= W 3xHd 2ot sfst
2 ol it mAlA FE7F Aot dad] &5
3, W34, o] 54 o] 23t njA|A EAdof| ol A4
7] wjgol, A=) 8 offet vht FEAAR] wlnh
Hom U 4 ok LHAE B 7N HE A7
At Aol d S oekg o} e, FAL
7} X-Al ¥ v 7 (Scanning Transmission X-ray Microscopy,
STXM)2: X-Al& ©]83to] WienfE =52 33t Z8f
=9 1LEsI= XAl ou)A] 7)¥ o]t} (Nilsson et al., 2005).
o] 7|Me F2 2 20| (Zone plate)o} 2+ X-4 B
SRS ol f3) thenle] 7% A4E XA WS A
2] FAlslo] EajEl X419 F4- ABEY R ofn]A
SIEithFig. 6). STXMO] 7H 2 432 aat 9
23 oju]zS o], 2t B4 XANES 23E
o} ol 4¥st Aot sfekd A A7 2%
Axom djga 4 ek Rolth. £ Bdjol= sue)
STXME Ht 12 nme] F7F Rals SAT u} glo

o B

Pinhole

Zone plate

™ (Chao et al., 2012), =] PLS-119] 10A1(FAA L}
w=#lu] 7, STXM) Wekele XA WE ~30 mm 27|12 %)
% AA Wenlg 7m0 8eha o) A4 AL A ust

XAl HFEH G5EGXray CT)= A2 32k W+
T2 Aol ARgEE &4 7| oR, STXMo| 35H4
oAy B4 Sz A gy AlE WHe S
24 o|ZAS v Ao r wofsh=t| 2 ARGETH
(Claro et al., 2023). 0] 7|"HE A RS ofa] 24 3
AAZIH T} XA G2 d5808 48k, ol&
oH dargjEo® AFAdste] iR 25 334 o]
2|2 AlZbesieh. ARk ]l npo] 32 CT(u-CT)9] &
7F #ole 4 um Eol™, Ui CT(nano-CT)9| 79
A nm7HA] 7Fsste] miAl o, I 132, AR FE
T oRt 24 JEE At

FollAl= PLS-II 6C RIZI(AYE st g4, BMD2)
u-CTE ol-gsto] @3k A= 324 B4 AT vigk
(3D-SPO)E #4351, o] & Fall FAb-&4t ©5-9] 1A
=5 W A4E 54 A7 BaE v ook(Sim
et al., 2020). Won et al. (2025)°]|4]+= PLS-I1&] 7C ¥l&}
(A2 UG, XNDS &-g-ato], 2k A2kt 3
2g[o]x] QoA Tk X-A #u](TXM) AAIZE &4
o 2235} THWon et al,, 2025). 3 Za}e} APS 12-
BM-B 2 PLS-II 7D #l&}QlofA] =43 XANES £4
AHE sEsto] o2 &N oA RrarAlolE
(Rhodochrosite, MnCOs) A&7} @4 = 12 A5
Zsto], Eo] o o Yojub= FE3}F 2Hgol AdA
2 &80 Fa3% 27 94 5 S wEth e
H

TAR715715 Ao 8310 X-ray fluorescence 2

CT image

1019919Q

Fig. 6. A schematic illustration of the experimental setup for X-ray computed tomography (CT). A sample is rotated while being
illuminated by an X-ray beam, and a series of 2D projection images are collected by a detector. These projections are then used to

reconstruct a 3D model of the sample's internal structure.
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CTE £l sh49) WAIRS TP A= AE )
t}. Kim et al. (2018)2 w|= ABHZC HRAEG7IE7]H

S14-(SSRL)©] XRF ®]2}2l(BL 10-2a)7} PLS-11¢] 6C H]
elle THgelol 717t 2219l Ul BE(XRF)S 379
Y3 2 BAECT) B B4 B den 8
sha3 BEol wed 3E SAE et ATE 4
BYSFATHKIm et al., 2018). g+ 3} ZH(Fe)S X3+
8} 332 (Chamosite, (Fe**, Mg)sAl(AlSi;0,0)(OH)g)©] 7|
W RS A2 Mo o FYT v, £ 54
22} TE(Goethite(a-FeO(OH)), Barite(BaSO,))0] 2]
S A= dl RS SRS ol2RE 34
o} o] Apol= Mt E-go] BRI b= o) A
EA o A e g P Aol d B vHA EX]9] A
2 o= AT LS vt st= 23l S HolFit).

o T orlo N

3.3. Xray Ak2E 7[H: (In-situ) SAXS/WAXS/XRD

A8 ARE 244 BN 1Y ezl
ol2ATIA B e TrH AHEES Holo, oleid %
e NRE T4 BUe gUst 79T HaNe
A7)t o5 9ol Z-EE= A 7S XAl Abet
(X-ray scattering)© 2, A|& WHo] Hx} W= E3xof 7|
Eetel AU ARUE AL ANE AT S
o, Be Aol 49 72 W 242 ofsfai o
S 2 EE FE Tt

XA Atk A fojxl= AR Hel T (Bragg)Zt 62}
UAF X-A1 3 Aol ofsfl A of == Abet ¥E (Scattering
vector) ¢2] =7] H il weh A H T (Eg. 1).

o 30

(Eq. 1)

Zk8. g 99 (low g-range, YHFF O Z 20 2° 0|5} =
Ast= A7 XAl Abgh(Small-angle X-ray Scattering,
SAXS)E %= Lpten]Ejo 4] 4o Lten]e] 27]9] 727

= AlEedrh WA ledRte] A7), 2, 22 Y
QA7 AFT AL T} 78 e AA|Y L2 E BASI=T|
2 etsiet. widof|, 2 g 99 (high g-range, 26 2° o)
=A5}= Tzt XA Ak (Wide-angle X-ray Scattering,
WAXS)E $AEEA) #2o] 4 el gt s
T otk o] Y¥hH o & X-4l 3% (X-ray diffraction,
XRD)=Z ¢ & d&A qlom, 44 =, A% 4=, 2
o] wigd, A4Sk T12]al A (Phase) 54 Soll &
=tk SAXSE WAXSE A2 th2 AA|YY] ARE A
55171 wzoll, B AlRE estA olsfslr] ¢l
A AFREE= 97 wrk(Beale et al., 2006). & =
o], BEoF oA A2 WA od U FE HAF)
7] $J84 WAXS(XRD)Z o3 34 7]2.2 HAiste]
o] 3g=o] '"HH 4 (Goethite)o|2h= Z1& §74 3L, SAXS
= o]83) o] AFAo] Hi 20 nm Z7]Q] )] EoFo

2 EAs, AR $A gtk S 7Y 5 gl
oIAY T 7ME WA AHgEHE Tolw £4o](WAXS),
Oifﬂ U LR (SAXS) 2Aet=A"e 3 oa 1t

pohiod) 283 4 9r.

:‘-’6] AaREE 7Hko] 13x X-ALS

ARl AR 81 e e 24Hs AAKHIn-

e N A
A B Electron .
= = A Incidence X-ray
" X-ray Synchrotron radiation Powder
Diffracti
D— —_— sample
e o* Al =Poutlet
: — ) QAT utle
Diamond Anvil Cell (DAC) Gas / SOlUtI_% @lﬂ;/
Inlet L7
High pressure and .
temperature experiment High pressure experiment Glass or SiO,
* capillary
APS 13 BM-D PLS-1I 9A U-SAXS PLS-1I 3D XRS
\_ Beamline Beamline I\ Beamline )

Fig. 7. Experimental setups for synchrotron in-situ X-ray diffraction using sample environment cells. (A) Diamond Anvil Cell (DAC)
used for generating extreme pressures (and temperatures), along with photographs of high-pressure beamlines at the Advanced Photon
Source (APS) and Pohang Light Source II (PLS-II). (B) A schematic of a capillary heating cell that enables real-time high temperature
diffraction studies of samples under controlled temperature and reactive gas or solution flow, with an example beamline setup at 3D

(XRS) at PLS-II
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7hs3i7 gk HEAQl d

AARE ) d"E S4E
1

=49 54 &FoNA 2AYs)
Z

A ) A
%8, 2|7 AR 4] WA Wk AR 44 1
B 4 Uk o]k EAE A 2 Y] A3 A
Yo )2 ewre BAL Tasks AReEEA
& &0l olFolXIth(Fig. 7). A o= A5 7o <
212 aE 4 Q= 212 thololRE a3 4l(Diamond
Anvil Cell, DAC)2 0|83} =4~ GPao] 0|2 %
39 205 A, 7 22 (Capillary) W5 Al=

o
d

2 93 pgste] e 2AS WE 4 ok 53] tholo}
B AL At B dolA shdu gt
e3gh 2AL FA FAT 4 glol, AT e
AR 2elN] dofibs A WskE A WA 5
Qo]
AX

PLS-IIo+= & 471¢] SAXS #lgkel, 9719 WAXS %]
eelo] F5E|o] 9lom, o] F 3D(XRS), SAMS-XRS),
6D(UNIST-PAL C&S), 9A(U-SAXS), 9B(HRPD) ¥ z}el
So| AT §AT AFAE| o5 ASA BEE T
oleh. & S AFES PLSI 6D WIS o] g5
of ukelop} s QI Alsh HAEY ol WE FE

ek M9, 21, =1 B3} g Qolol e
Fo| Hol= AlZTtolE FE(HEIARIE, E8tolE)
SA5F9tH(Heo et al., 2023). =3+ PLS-II 3D {l&}
oA tholoftE AL o]-8-5to] Xl 5.18 GPa
o} 250°C 24A0]A] T ALeOlE Xe| 4ol AE
W AR A TE 2ASE, 54 049 Al
Z}o|E XO] L2 7A ot AS sk thH(Lee et al., 2023).

3.4, MM 2 R o[n|
Ylge] WA Zuk BAo] XAE AMgel Az}
=], o] ¥l Z o)A B3 (Fourier-transform infrared
spectroscopy, FTIR)S: H9|41S o] 4] A= 1 Haje]
Z+-8 7| (Functional group)E £ 43tc}H(Berthomieu and
Hienerwadel, 2009). -4 ARt} =7} H53] &
& AREE Yo 2 AR A SRS H](SNR)7F -
3 HolHE ¢ 4 glon, o) AnlA Agsi
VXS oJuAE 45 4= 9t} FT-
IR duj7d2 & 3 =7](Mercury-Cadmium-Telluride,
o FAphe ulETh 24 HH

He

"< (Focal Plane Array, FPA)Z 42 F9L& FAlo] =
Ash ola)4o] glek. MCT 7] vjge & SNRS
o 2 52 JoolA A sk #2400 2gsh, FPA
Z15E oalAe ol W dele) o}
Azoll S= 4 Stz o] ArHBhargava et al,
2000). ©]9} B0, WA ESL Eufn EE oty 9l
s A Ro] e} HAsele] AgHHo] e gho
ZX 7|29 A7 SAboA 245 d= Bt o
et Aol BeE 4 = FES AT ek

7 PLS-TIO = 1719] IR ®2fel(12D, 2l
[IRS)o] ZAJTTE. 12D Wkl Held Hnl 2
A& FESkL o, AR 54, 74 27] W 9P
wfe} of Segedl um 520] BT Bolso HoA A
n7 23 4 ojuly E4& 3T 4= Sl Choi et al.
(2023)0] A]= 12D ¥]E}elo] FPA BE FTIRS o] 83|
DACE o]ga 13h-1e g & sibE AlRE RAa
AF7F QITH(Choi et al., 2023). o] A3t O-H ¥ C-O
28719 AE FiE on|Asto] i {49 W3- ¥
Mol wAlsle sekd WslE 4Edon Fusls
o e A ATE Foto] 22 AT Ad 5= 9
Al TEAIY At Al A E(H0)0] W35t Al
g e Il g i) FAEE e A
FHoE QAR Mol A 2 9o spaick. E3t
Hwang et al. (2017)0]|A+= u]=+ NSLS-II ¥ ALS?] #
QA 33 HEkloA MCT H&717F A2 FT-IR &
v o3 DAC f 71gelolEe] 72 WsiE A
AlZto &2 =25t th(Hwang et al., 2017). o] AG-=
Y3t 2wt Zokel gt B Bt AR eele
Aol 4klEo] Esst A& ol E} By
& O-H A7) & WM=o] Hale}l oA Ade = &
Aol olgt 2L O-H 2% WE(9F 3,543 em™ Lpeht
= A Baslel, 2o 72 490 B4 R 24 7]
HS olgatol AHAeR sl st S A 2
= A7Ee AU S olA fhdEQl TheEuUelE
7F 712 ezl AR FA 2 MEIA] & &5
a5 Qe MES HIAYESS AASH, A AR &
Saah A9t S 3 9 A4 A 912 olsfshs

gl A 715k

0 ojo &

N oo 12

3. 42 4 S5 HpRE Q5 Mo

< o
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ofof| A o]BA FLE XS theFst AT A S E
AT HEIT o5 Foll WARY 715717F A ] 1]

A HAYST R A Ao A AR g@o}_ﬂ,
AAdA Y] Be SAReR olsfsk= H Be=rt4E
T At =de Eelsknh

A A AA AR AT 712 3AYE do 44
DLSR Altj22o] Hgtoleh= wjajcte] wists dholstal
At AuEAE Fr|H oz By gt 20 e
S XAIE 7180l 240l o#RE SulE AR H|
A Yoz dol 25 sk, AA AT S F
APSE 2 A0 A Aol & H-e-S Al zLo 2 Z=25)
= 2 A1 AFE 1 9t} o]y3 32 &0
A 20209 Z2FE 2% A PARE7HE 7| (K-4GSR)
© Il AR A9 IR HloFA ez WA

2 4 Feo] B 4 92 Zlolth. K4GSRE i A
A4 BE, 092a A%, AA A3 § 27443
A7 gA] Sdel Wast SRAQl BA QlLets 4
a3}k 7]—\10]1:}-

olelgt A12lel Z18le] 4 Heher BE] A
£ 7)1%d WA geel A7 ARUEe AAHA =

H]o} o] WtEA] stk FA U AR Al
A WErd F A2 et o] vl obA] AR
Aol 2 ARolnt. Wb thrkes 4Md) "ARE: Al
& grolste], 92 A4 AFUE = v Al A
SofoF gt

3, ol g4t AW sfelok A A7 ol AF
Stk g71AQl A g TRIUS S AR
RS 7]1@4 e HIFog iﬁ’é}ﬂ t}okst B
of9] ALzl o0] HI LS &85t §583 AL E A=
2= Q)= AHIAIES xA 8o} 3t}

=4, K-4GSR W2kl 712 5l 550 oigt o1A|9] 2
=3l o7 dasiot. AT et Zopel HA
Al s ZHAske el Ad A7 52 =
L5, o] A e THoR s Axlstal o]
Aof| Rtgsh= =go] Fa3itt.

TR Qe vjaste] o= oFA7bA]l A RIEr
A % AP RR A7} AAete vlgo] He
o ek A4 Weke) AA AH AA L A, ol
42 Aw shje} @k 7447 Wekel 7|8 tat A2
X Fol, 12l ol §AWINE FHOR T HAHES)
o o] BB FF AP BEES
sishe w el o ek olei o] A
9 ), A PR A sk @A)
= Agsty ngE oEste X Tagueke] $4 ol
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