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National Institutes of Natural Sciences

(Received February 25, 2025)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2023.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2021, this report summarizes the research results of the “Development
of the continuous monitoring of tritium water by mid-infrared laser spectroscopy” conducted from FY2021
to FY2023.

The present study aims to demonstrate the principle for rapid measurement of tritiated water at a
concentration level of 60 Bg/cc using a cavity ring-down spectroscopy system with a mid-infrared laser. In
fiscal year 2023, research focused on (1) developing the cavity ring-down apparatus and (2) evaluating
hydrogen isotope composition and preparing standard samples under environmental conditions
(subcontracted to Hirosaki University). For (1), an optical bench was set up at the NIFS to perform laser
absorption spectroscopy of various hydrogen isotope concentrations, enabling the evaluation of measurement
sensitivity and establishment of guidelines. The light amplification of a quantum cascade laser, was further
developed, achieving light amplification of a 4.3 um quantum cascade laser with an iron ion-doped medium,
yielding a maximum output of 390 mW with a linewidth of less than 30 MHz. For (2), standard samples were
prepared by diluting commercially available heavy water with BG water (tritium-free water) to create
samples with approximately 100 Bq/L. Isotope ratio measurements were conducted indoors and outdoors
using a high-time-resolution atmospheric water vapor collection system for tritium measurement, and daily
measurements of the hydrogen isotope ratio (D) were conducted. The relationship between 6D and tritium
concentration in atmospheric water vapor in Hirosaki City was evaluated. Thus, the principle for the rapid
measurement of tritiated water using a mid-infrared laser was successfully demonstrated.

Keywords: Mid-infrared Laser, Water [sotope, Laser Spectroscopy

This work was performed by National Institutes of Natural Sciences under contract with Japan Atomic Energy
Agency.
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— FICERTIRERBINE—7 BH D, TNEIIRR SRR E— 7 2R 5, 0Er7e Tk
ICE > THRIFRETH B, Fox DWFFEZ V—7TlE, BEEThOEK, EAKOBENTLEELS O A
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1 LOKOEIIZ1 kg THY, M) TFULAORENYAKFORERED 1 kg H7) A=
60,000 Bq D&, B U F 7 LD Ty=12. 3 4F X 365X 24 X60X60=3.88X10° sec TH
HDT, Q)HXEFIHT S E 60,000 Ba/L OEE, U F T LAOEIL 1T kg DKFITH 3. 4X 10"
sz Licks,

1 L7720 OKROSFHEITHBLE 3.3XI0PHTHY . 1.0 ppt (1X107") OFHN T AR,
P 60 Ba/cc (60,000 Bg/L) L~ /VORIENAIRE E 72 D,

PERDBIFETIL, CO, BT ppa(I1X10 ) MIFEFESNTE Y, SRIOEKY v FOBHEE -V
F U LKA W2 FEZER T, FHRIRERIAS 1 0L R TAY FAAGHAIAARETdH V) HDO TR L%
100 ppm (1 X100 2327 U ZIZEHl S dviz, ARFEBRTIL, 0.1 VORIEMRE TH o 7223, Btz
PERER N ) A A& i) EESEAZ L1250 0.01 oV £ THIEFRES 720 . R L3RI 2T
LEZOEEMED &, 10 ppb I X 10 BREDKENIBE SND, ZOMENDIMETH L, F
¥ ET 4 OEEREEAEMSEL 2 LICE D, BEEE 1,000 5127252 & TY =TI
M L. 10 ppt (1X1072) LULOREIXFIEETH D, I HIZ, LV EWHF T 71— o
T—HIWERE NS Z LT, [AEORIERFHT 1.0 ppt (1 X101 LV ORIE L Ris@d 2 &
NTET, HDO KZFIH LizT —Z4MEIZ L > T, HTO IZBWTHRIZEOMERESIIFFS . |k
U F 7 LKIZEW T BRI FHIAFERIZARETH D 2 EMAMFEIC L > Thho Tz,

LA b, HAKREDOIKFEFRNAR D FFRISETORI G TR R B, B Y F 7 LKOHEKH
BERELLT oML, MEFE EARETH D LWy ZALICHT COfME MahsEE) 25
v,

Ltk R O 72 2RO 2R O ) | K O TR L7z @PERE L — W — iR % A
BhEDHZ LT, NEE 60 Ba/cc Lyl b U F o A/KERERFHUNFEH T 2 B2 7 fei
JFREG B AL, BHID BIEA ER LT,

X 6 BRI SERH SR OB T
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3.1.2  FNUF U LAKBRHAXROBRE [5F 3 FE~5F 5 FE]
[5Fn 4 4 £ TOFEfEEE]

BRSEET, v T 4 V7 H 0 U FHANCE O CEIRMERE X FHE IS KB THh 5 7
W, XX ET 4 VT Xy URHNROMERE N F U LK EO - O E R L AT
okoE%%%%%wtﬂﬁﬁﬁ FUE T A — R —F =235 L, R 4. 34 um 2>
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P - - o o o I o e - -

! Er:YAP
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______________________________________________________________________
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1
1
1
|
|
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1
1
1
1
|
n

Laseroutput Ay pjifier

--[1 - low-doped, 20-mW seed, =4%
--O- - high-doped, 20-mW seed, 7=9%
—i— low-doped, 200-m¥¥ seed, n=19%
| —@— high-doped, 200-mW seed, n=27%

Output power (mW)
g

2

o '- vl . T ’ T ¥ T
0.0 05 1.0 15 20 25
Incident pump power (W)
B9 ®&EFHATr— RRb—F— [JERL—F— ATV NEEESR R (B0 4 F)
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— =D A IFHEE K 11 O ERIR L, 77 7 ) —_a— R CHIE L 72 fRE 2 X 11
TN T, AMAREN S AT E WD Z LT, KR 390 mW FTREANE KL
ZEWbD, Fio. ZORRORIEIL 30 MHz & WL G EHRN S AT RE 2R BERE 2 #EE LT
WD Z ENbhoTz, WREORZZEFGIAA 10 nm PLE T, L—W—3iE TEMy DZERET— K TH
. EFCRHFTHLZ Enbrote, ZH XY, BEM EZXOBCAECDIHME, 747
7 B TCONRENEE RIS D FIENFRESN DR L oTc, EHITIE, FeiZnSe HlE#R%
BN, g2 ZEA LT 2 2 &0, R ST —Z KL, MiEEEzm ESshd Loz b
— W —DORE I EA~DRLIE LA R ORERERINAG D Z LN TE T, REBK THRICHE
REM LY flA &k 5 TECTH D, T, REEEIRO IR, KEEEEOHHFFIRE
MEFORE LRI Z RN LIRS 7 AE D@m= L —F— L~ & @S RETh D,
B IME~DOENFER L2 LT, 2o OISR ~LEEZ LT FETH D,

PlbE, BSR4 FEICIRELEEF N AT — FL—F—ONHiE 28R S, RO &1
A — R b= & R TR 21T - 7o, B RIS S B D dtkRE L & o B
~OREBICONTE EDEIToT,

QCL seed
(DFB-QCL or EC-QCL)

v

Fe:ZnSe amplifier

X 10 |1 HAr— Rl —%— BERL—F— g7V v R RGO
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Laser performance of DFB-QCL/Fe:ZnSe amplifier ‘

@ Single-pass amplification .
E 300 = Double-pass amplification » Max. power: 390 mW

15 20
Incident pump power (W)

" » Linewidth: 30 MHz

" » Single-frequency

1.5GHz

Intensity (a.u.)

'~ » >10nm tuning range

0 2 4 6 8 10 12
Scan time (ms)

11 BFHRAT— =% — JRL—F— o 7V > PR TR

3.1.3 Fi&o

W2 R A N — U LT R EBRIEE 25 L. T AR VIS T L7 f 2 O KFBFRNAK - R
KRN THRERL S 5 KRR D FIARIMBI 3 HFHANC ) LTz, & BT, RS b —H — I
SHTOBRETH D RO EmH Iz >N T, MAOE I A — Kb—H%— EfL—H—
ZBAFE L, w390 mV £ CTONRHIEREZILGE L=, F/o, ZOREOMIEIL, 30 MHz &
W 43 S BRI G AT RE 2R BRI YEIRMERE T - 72, HE OB KICE L CRRE L 2o &
HEIRD BARR) 72 F2 8 5 152 FZRE LT,

INHORY AL VYBPIOEHBTH S, N F T LKD L—HF =I5 ST DU THf
M7 Rl L a7,
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3.2 BRBESM PITH T DAKRFNLIFERGEAN & AR vESUEMERL (FB&REE « SLATRSS)

(50 3 FBE~BFn b ]
3.2.1 FEVERURIO/ER [SF0 3 fFREE~T 0 b L]

[5Fn 4 45 £ ToEMEEE]

SRS X, EEORESH L0 kS TV D BT 2 R L CKE R A
MR IERL A HE D | ZERNAR CTh 2 BKEBIO R 21T > 72, RO BEAKRIEZHEA L, K
100 Ba/LOFFEHEREHERIE(H 217 - 72,

STAEE L, SMMEEICH & HHEORESAH LV RSN TV D B KERERTG &
FIFH U COKERNARERERRER A D D & & b, REKZBRIGEL LR Y F 7 LjEE A
P Uiz, TR BRI Z FHVT, 9100 Ba/LOFEHEZ R 2 1EHRL U 7=,

(50 5 FEE TN A M OVl R ]

HREEERR 2RI U CORBRM AR ER R 2 (E R U 7z, (R U 72 R O & e KB RINLIR
KON FULRELRE LT, 7o, fHMlifEREHIEL, N F U LKONFHA~OIEE %
7=,

SLETRZICEB W T, irA T2 eHRBEERE (K 12) ZHAWCEEORESE LD HkEShTwn
2 EARKEERR 2RI LT, AKRBRNMAERERERIER A DT, TilRORIEE LT, FA—
=0y MR —DRR L O M LRIEZIT o 7o, £ ORGSR, BEAMEE (99.9%LL F)
FRICTIE® L, P FULREIIRES ERLEMIZH T, ZOMRIL, f@XRETD
WER L FRRETH-T2[2],

INHDORFWEE NV F LT —KTHRTDHZEIZLY, EEEALEO N FULakELT
1, 400 Bq/L. 760 Bq/L. 7,200 Bq/L }2 X570 Ba/L @ 4 FEEEOY > F IV OUERICARE LTZ GE 1)
AREEIT THEE L 4% 60 Ba/ce (60,000 Bq/L) L~ULEHHI] DK 104550 1 7, ZHLATFD G
DTHDH, AHEL 725 60 Ba/ce ZatllT 57201213, M TIRIEZ T FICRET D SLE
NHY, 105D 1IIRHBTHDHEEZ, 2OV T AERNCHEZh L2 2 L2 X 0 i~
B I FBe 23 G H Tz,

Ak, B AREEAES I 2 FIVH U KRR RNV RS 2 AR U7, VR U 7k O 22 e 7K 3R 1)
PAREE R NN U F U MREZRE LT, £o, 2oV Iz s 1fiicidszsicky, 4
%o M) F U LKONFHUOFEE (R ELRE & ORI LR O ZARIZ KX D8 T IR~
R o) ORENEEL I o Tz,
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12 L2 HE g

F 1 FHE L= EmAKHUER

3K No

U F U LR

1,400 Bq/L

760 Bq/L

7,200 Bag/L

®| Q0| @

570 Bq/L

BAUTZEKHZEDH
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3.2.2 BWAORENARLEHR [SFn 3 4FE~5Fn b5 ]

(40 4 45 & CoFERMAEE]

TM3EEIL., BN DO RGO REEFZITo, BNy 7 7T 00 N
B Fr—a VEHECEE OMEREREM ATV, BUBFE 10 mLT2,40043 M3 % &
Fit FRREILAV0.6 Ba/LTHDHZ L xR LI, ZNICKY —EREF M) F UL
TR 2 B3 2 Mg N 8 5 72,

BMAFEIT, SN ETICHEZED TE 2 MY F v L HE M & R 5 i 5E KKK
ARRAMEEEBZHNT, FRENLZT TRIBIORKKAKME LTV, KFEF
fLARAFER (H/D) Z 5RO 7o, ShalH O REK K RAEFHH 21T RE L ~b
DR & A BB O LR Z 1T o 7,

(50 5 FBE FEHEN A B OV ]

N U F 7 NE R @R R RE R KUK ZR RIS ZEE 2 TV T 7 o —/0 R TO RRUKZR S
ATV, KEBFENEFERE RO, £/, K15 06 ITITRT X212, FEHATO
Ry 7 7T v NENEEHESCRE 2HllEE 5225 2 Ebhotz, 2 b ORIER 2
T2 L. MUFULKDOEMBE T OTZDIZIE, Ny 7 7T FEOT — X =234
HTHD, ZOXITHEMIEIC L T, U F T LKOKFRITII Ny 7 7T REOHEE L |
TNEIEIZLIE N FULKOFHINEDT — 2 fRITNEETH 5 &\ ) Rt 21572,

AARIZE T 2IEFEOREAKS b U F U LREORIEMIZ X 13 12T, AMFIE CTHRE L 72
AT OX RS,

K H D BA O FNAREFHI ORE 21T > 72, X 14 1 A MBEKOBGOR 7273, X 156~
B4 17 1Z50RTH, WhE T, BRETORREZREFH & LTrd, X 15 ([Z5LRTTTTO KKK
KOBHFER A, X 16 ([Z5LFTTH & Wb ETORBKOREREREZ, K17 I2Wb & & ERMET o
Bk B U F U AREORMR L BRBTOREAKT U F U ARE EBREKP Y F U LARED
FLHERT, K15 L0, S 4ELS 5 FEORRKERT N F U LAREL EhEh
0.30~0. 96 Bq/L & Tr0.31~0.89 Bq/L LIFIEFR L~V TH Y  EZF=ICEL RHMEITH - T,
— 7. KBLERNARIIEL, BB X F-100%070>H-150% D THERS L TR Y . S5 FEEZEIC
FHEOEMBREL 2D DD, HABRRFEHZEERITFE O Ty, X 16 Kb, 54
AT O A RBEANBESND U F U LBEXERICSEVEAA D 505, AKFBROMAKELIZOWD
TIEFEMEB OB NN LB DND, £, WOETO N FUARESRRICERICE
VMBI 23 8 2 D3, IRFBFNAR I DWW TIEFEEIZB OB 232V, SR U F U AREZ
g4 5 & BLETTT CORER RO TN LV @mVMEIICH Y | ZHITEESRICL S EEX DL
Nb, —H., SFAEILAIY, WhEHO/ 50 kn LIEd 2 ERENZBWL T A R
KEHRL, N FULAREZNELLER WEITBBEE 111 071427 ey FEh
(R%= 0.822) | [AARZ2IRE L~V R OVEEEN THDH Z ERRA LN E o7 (K 1T) , Fz,
BEFH IR HREFR (K 13 OOH]) IZIWE R OREKCEREKIZIL, BEFH R %
WAL D Y F U LOEEBIIRD SN oTn, T2 THREDNETH DN, L HiER DR
G398\ R Z 3B W CF AR DS TR C & MR U7 ORI TR, B EICER
X v v 7% E L THERRO HHRERA~OMEFRENEZ 5 Z &, KiEN D ORI LV
TR 7S IR, B ARSI ICHE SN DFEOMA RBIRR I VEZ2BLTHDH, £ 2T,
AARIZEBIT DATFEORAKT b U T 7 AJREORIBRHE 2 5223 572, RAIREZHiPH © H
Bk 28 L CHIEEIT 72, L AARTH 2 ALiEFLiRn & oLaim Cix, SFf 5 Ficixzh e
#10.28~1. 17 Bq/L,0. 28~0. 76 Bq/L O TH 0 BEH & [FIFREDORRE L~ L Th -7 [3][4],
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WHARTHZ NIRRT, R RERT, BIRERER ST T s FICERIR S 7 A FKE
KOBIEREFIL, 0. 19~1. 11 Bq/L. 0.12~0.37 Bg/L. 0.12~0. 67 Bq/L O TH
0. ALBARIVIRWERNCH o7, —J7, Fa T TivE TSk L TR B IRIRITATIZ3B\W T A
MK Z BRI L, ZOREL~LEH LML TWS[5], A1 5 AEDIRITATIZE T 5 HIER
RIE, 0.06~0.84 Ba/L OHIFATH Y . EITCWbE M LRIRE CTH o7, 2O, SCHF
FE TITBREMSET — 4 RX—RA L L CEEOFHR RO, W REET, TERTER,
AN R T3 2 AMBEAKR M) FULARET —Z 2R/ L TS (K13 *H) , £/,
s R PR BIR S < 1ETH, BREATH 2 E COBMAFER LR E LTRSS TS

(413 ) o INHHMESNTNDLET —FDORERIT, Fox OB RIS T DS &
—HLTEY, EFICE ERIURL 22 FHETE W, SiEE gl SIRE D & < 72 280
FHARETRAONLBR Th oo, BEKEZXMGE LI ZNETOREEIZ, NV TFULL
L IZZERNKRH OB DORPEFRERTHY , MBFBLRR T —F 2y MIBEERLDTH D,
IOz ENL, REBREREHIB W TOERHIZ L72BICh, D OFELE Lo BEifig L7-
ECT ST T OMNER DD EF 2D,

Pbo X iz, MY F U LHEH GRS HERXUKESHEEELHNT, 74— /L RT
DRZKRETIHE LTV, KBRNRAGEREZ RO, ZOORERRENORETO R
F v LKRENFHINCEA T 2B121E, Ny 7 7T 0 RERD M) FULEZORMKIZED
WEZBETHLERDHY, HRIZBT DNy 7 7700 NRE, ZORMRGIEESE, 5L
T—HERD F O, BETOKEE Y F U LKONFHAOTZDOFEEH (BES) 2457,

50° -

D BLRTRFS THRER L 7= LR

D ARE T = H R= AL T
INBH S LTV D HiL

D SCHRE T — 2 AVABE STV 2 i

© : ks — T ) e T

*

40°4

300

13 BARIZBT 2EEOREAKT MU F 0 LA O E
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3.2.3 &

T AEEHEYRR % R U COK BRI AT HERRIR 2 A F L L | IR O ZE KB RN OV R U 5
U APREARE LTz, PHEER A DO NY F o AKE LT, 1,400 Bg/L, 760 Bq/L, 7,200 Ba/L X%
V570 Bq/L @ 4 FEEOY > TNV OUEFIZERTh Lz, £7-. BAO RN G ORIE 24T -
7oo BARTTH O AMBEARNGE LD b U F U MREITRFITEVMEA N H 2 23, KFEFAKL
IZOWNWTIE, ZEEIEBOMEM NN ERbnd, £, WOEHO MU F U7 ARE S FEERC
BERITEWEBED S D08, KBFRNRICOW IR EB OMAA 220, FHUEO U F
LEEE T D L ALETTT COBERBEO TN LV mWEEICH D . ZHITEESRIC L D
EBZDOND AERIL N F T LKOHNFHPEITOBE, Ny 7 7T R & U CEHEEREH (B
) L,
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3.3 WFsTHELE
[4Fn 4 F )% <)

BRSFHEIL, MFEAERE O N CTEMEIEE M7 5 ONICLADSEE & #2212 L Tilf9E %
DT, F o, WFEEMEFT R 2 HEE T D 720 DT 5o 2 BifE L=, 58/ Lv— 7T,
Web&ik v A7 AExHWITAEE, A=V TORERAZIELITV, BEZEHICH L ED T, 1H
28 H1Z/NUPO (Project Officer) %5 & ] 7 4 1 —A1T\ N, HFZRIRILOHER & 5% DD 712
DWW TCitam L7,

BRAFEREE L, FEARERFE O N TEMEIEE M7 5 ONICLADSSE & OEHE 22412 L Tilf9E %
M=, F 7=, W E T 2 HET 2 72O DT AR S 2B L, it/ L—7TC,
Web&i v A7 A H WA, A— /L TOERRZHREZITV, SE L2 EITHE 2D, 12
H8RIZFRPOSE & M 7 4+ 1 — %47\, BFFRRILOMER & A% OHED T2 OV Tk L7z,

[0 5 F ]

SRR L, WEUEICHELE 2> T\ ean T MOEEND L 5o kT L, B
WFEHEEDS FTRE & 72 0 . WFFEAREE O T THMFFEE E 72 H ONZCLADS % & D2 212 L T,
MREEDD ZENTE, a0 T MTELNTEY— L ThdNebBiE L AT L& AW TEH,
A=)V TCORBAZMEZIER LN S, JLATRFTOFRM 7 4+ —%2X L & Lizxtim ol
WAL K OWFFEHEE BT - 72 (FR2),

T ORER, SRS EIXLYIO BREA KT 5 Z LN TE, AREO BEEICBIT 7o i %
REE U F U LKBIES~D R LIZOWTRESER L,

£2 ERSHOEMIRDL

AR 5 AR
_ RN 4 P O R R R
o A N N iR
| SAN544 H 21 H FooA4 v AFN 5 AEJE D S
FolE | Sf5410 A 25 H SLAITR S AN 5 AR DORFFERE PRI D A
3l | Sfe4E2H 16 H o4 B0 5 FPEOWFIE IR L O

BB, INFECTCONFEMAREITERWICES RHEZE CTH D, Nature Photonics (Nature
Photonics 17, pp.468-469 (2023)) IZVEH T R&HZEL LTIV LiFbnd L L biz, Ffd
FEEICIL., YOO FEMEETH S, Optics & Laser Technologyis (IF=5) IZHKT A% D
RE% BTV D, SFISEE ORI OW T, YL To EEMEEETH 5 [Infrared
Physics & Technology 136, 2024]1Z%#& L, L —W —ERFRRKS T, BRFICLY . HEF
HH AT T2, SDIC, L=V —WRIN DO EERFEFRICOWTIE, BIERBERT TH D,
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4. =

AL FRA L —F—F ey ET 4 U T HE TG AT MM X D TREE 60 Ba/ce
Loyb) b YT AKERRIFHI O R EFEA AR B E 55, Db FEL, (DF vy ET 4
VI HEEIZ BT D A9E R O (2) BREE SR TSR B K FE RN KRR A & A ERUEHERL (FF
TRt ILRTRS) &24T-o72, (DIZBWTIE, MR ERE =Y Ll E 2 L,
A VT U 7o Fl 2 OKRRNAR « B3 RINIR CRERR & 1 2 K ZR S D H ARSI 73 e
I LTz, & 5IC, AL — RIS TORRBETH D RO Em B>\ T, MEOR
FAAT—RU—H— BERL—F—%B5 L., &K 390 mW £ TOIHDHIRAFEFEL 7=,
F7o. ZORFORIEIE 30 MHz & WISy SEFHNZ G AT R 72 B E IR MERE T o 7o, JEIR R D1
KRICBE L CIRE & 72 5 @ JDEIRO BARR 2 28 152 F55E LTz,

IHNHOWMOFMAICEY BHOBEBTHD ~ U F 7 LKD L—HF =I53O THA
RABLEST, B, AR5 FEOWRMIRIZOWNT, Y0 COFEEMZETH S [Infrared
Physics & Technology 136, 2024112¥FE L=, X BT, L —P—IN4 6D EERFERIZ oW T
X, BUEERHERT CH D, IRV Tk, BEAEERIR 2 FIH U COKFRIRNAREHERIR 4 /E R
U IR DL ERBRINARILE L O N U F 07 AREZPE LTz, ik & LT, 1,400 Bq/L, 760 Bq/L,
7,200 Bq/L KTr570 Bq/L & 4 FEEAD Y TV OMEGFITEE) LTz, £7o., BAORNKRLEHRIO
WEEIT 7=, SLATTHOABBANSELND ) F U AREIERICEVEHNN S D5, KFE
FNLAREEIC DD TIE, ZEEIAB OB N 2N R bd, 72, WhEHO M) F U LREL
FREIC RIS EVMER 2 B 528, KBRINARIZ O W I A B OB 23 72, FHAO R
T LREZ TS & LA COREHERO TN I 0 EVEIICH O . ZHUTEERIC &
HEBEZOND, FERIZ NI TFULKONFREITORE, Ny 7770 MEE L THERFER
L%,

A5 AR, BE 2FEICRBEE o TV a e FHROEENS L HR ST L, HEIN 7
WFFEHEREDS FIRE & 72 0 | AFZERERE O T THEMFFEE H [ 72 & ONT CLADS % & D2 #IT L T,
WREEDD Z LN TE-, a0 T WMTELNTEY =L ThHD Veb Bk AT L x AW IEE,
A=V TCOBARZRBEZTER LN S, JLATKFETOFM 7 + v —%23 U & Lizxtim O
A OWFFEHERE H 1T - 7=,

IO ORER, B 5 FEITLYIO BEEEZER T H 2 LN TE, RO BRI 7o R s
AEE N U F T LOKRIE~D HIE L A 157,

FUF T LKOHEICE LT, &Ry FREET TOMIED AIHEZR 4 B RO M hiak ) H
T2 EAMEL TV, Ay MEEET TORE TIE, KRG OREHFIERLT 714 A2 b
RRBRFNEBTH L L, AROBERFEDOHEY Y —ZOHIROS, b hRE TEHEL 2
TEERFI L TERICOHIZ~To, TORER, REFRNMNATHLEKY v FOfdE N F U LKE
MW FHRE RN OHER T2 2 & T BHOAO T Y F U LKONEFHNOJFEHERE] 13+5
ARETH D Liffiam LASEZ DT, ek, AREBK TR O ERES 288 L THHIIZ1T > TET
H%,
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