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Gravitational separation of major atmospheric components observed
in the stratosphere over Syowa Station, Antarctica,
Kiruna, Sweden and Sanriku, Japan.
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Abstract: To investigate the gravitational separation of atmospheric com-
ponents in the stratosphere, air samples collected using an aircraft during the
Arctic Airborne Measurement Program 2002 (AAMPO02) were analyzed for the
02/N ratios (8(02/N2)), 8N of Ny, §'®0 of O, and Ar/N: ratio (8(Ar/Nz)).
The relationship between observed stratospheric ¢'°N of Na, §®0 of O, and
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0(Ar/Nz) over the Svalbard Islands and Barrow showed mass-dependent
fractionation of atmospheric components in the stratosphere, which suggested
that gravitational separation could be observable in the lowermost stratosphere
inside the polar vortex. By examining the rates of change in §(02/N;) and §"*
C of CO; relative to the CO2 concentration, such observed correlations were
bound to be mainly attributable to upward propagation of their seasonal cycles
produced in the troposphere and height-dependent air age as well as gravita-
tional separation in the stratosphere. Air samples collected over Syowa Station,
Antarctica, Kiruna, Sweden and Sanriku, Japan using balloon-borne cryogenic
air samplers were analyzed for 8N of N, and ¢'°0 of O.. Strength of the
gravitational separation was a function of latitude, showing the largest separa-
tion inside the polar vortex over Kiruna. It is suggested that information on
increase of gravitational separation with height is useful in understanding the
vertical transport of air masses in the stratosphere.

By comparing the gravitational separations, mean age of air and N:O
concentration at two height intervals with N;O concentrations > 125 ppb
and < 45 ppb, the effect of descending air was found to be more significant
over Kiruna than over Syowa Station and Sanriku. The variation in the
gravitational separation with height is found to be weaker in the region with
N20 concentrations between 45 and 125 ppb than in other regions, which
might suggest that vertical mixing of air occurred in this region.

EE: KEBICBIT KKK OESISEEE TN S 720, JCHiTZesEiE
FE (AAMPO02) 1238V CTERIL 7 RKGREI OB R - 2R (6(0/Nw), &
#EBBOLEROMAL (6N, 6%0), BX U7 VT« EFHK L (5(A/
N2) 2t L7z, AAPMO2 I2 B W TEIEI S Nz AN— N )VEEE B L U
o — FZEOHEBO 6N, 60 B & U 6(Ar/N2) OBIRIFE BIRER O [F7
R ERLTED, BIBNORREE R T CRRT RS OESI5EE» B
THETH D I EERBLTWD, F72, 6(0/Ns) & R LRFE (CO.) B
B X OZOLEREZRAMAEL (6°C) & OB%R 513, NFHETOEES
HHIE TORMED EHERIC & > TRE S, KEBTOEESHRIEH
B AR OZEZIOFENREITMZ T, BEISOEEEZ T TR ShTn5
LR E N, FERIEME EE, Ay —F Y - FF EEB L UH
AEEEZICBNT, REREH W 27943 Y 2= 790 F) 712
Lo TEE L 72z, FREBECEREIRSERRID 0N B L U 60 O S, ES
SEEIIBINC X o TR 2 \ESR 2R L, £ ORE BIEAN CHEETH
Nizx N EETROREWIEDHS L ER ST, 2O 6, EIGH
BED BN B B 1 2 ZZKSLOSRTETE 2B 3 2 158 % b 72 & 3 HlREM:
NRBEN G, BIHHE, ERUOTFIFERE L UO—BIEZ2%E (N0) EE
DR 5, N2O > 125 ppbv B & U8 N0 < 45 ppbv OFEIL T, ZZRILDIL
BEDEN XV F EETIRKA, ZBEEETR/INTDH S Z L, 45ppby <
N:0 < 125 ppbv OFEIE TIFESILOREREVBEL T DL Z B ZnTh
RRENS,
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(LA,



428 AFBEZIEI»

Awlcr 244 Y =y 7% 7Y 7%k (Honda et al, 1996) & X > TEHL L 72 K&
BESTT 2 2 LT, BHREHRIL (0(0/Ny), EBHREBEOLERMMEL (6PN, ¢°0)
DREBELREMZIICO THs I L, BHlS Nz 6°N & 00 DT & o FHLEUE %
LI I RICET NV EDHBIZL Y, ZNoDDANENTHOFELZZT TSR
SRR UTe, Ee, EISBERAEIE U7 REREERE D 0(02/Na) A3 & [FIAR e AUk
YhRRTZERHSICL, KREBRGESS ORBE - R EROREREICIE, EHSEO
WEEERT DL EPBBETHL I ERR LT,

% 7z, Ishidoya et al (2008b) ¥, AV xz—7 > « ¥+ (LT, Fu)) EZEOHFES
BB 1T 5 0N & 60 OREES bR Lz, 72, =6 X OWENIE L2 ORs
B DD S, EHOMORENEEIC L > TR 2L R2RL, EIOMOBMRIHL
JEBEIRSDORE H T ORI BT 2 [HH%E b 72 & TREEME %27~ L7z, & 512 Ishidoya et al.
(2008a) 1%, ACERAIZEEEBIHIFHE (AAMPO02) 1235\ TEREL L 72 KRGEED, 6(02/Ny),
0N, 6"°0 B X U §(A1/Nz) D535 &, FEINIC B\ TIERERE R FEiicB W T b ET5
BEDSHHTTRE CH 2 Z L 2R L T 5, LEDOFREDOF» 5, K TIIEIC AAMP02 T
D TE R BB OBIEIFEE £, AR E22, L) B X 0=k R22 0 ik E R o B
RO 5155 NIH L WAHIRIZ DWW TREN T

2. W5

XU ®IZ AAMPO2 12 517 2 BRI HEIC O W TR 2, BHEKE X 2002 43 H 5 Hicgdh
EBx%b, *buXT7urvRr, 7rhvyY, Nu—, IREERTAN—VNVEEE
Duryr74¥—tricEHEL, ACHELZE>TIAMHCAETE~NRBEL
(Yamanouchi et al, 2003)., B OBEH O 3 REE TE TORGHE 21TV,
AN—VNVERE B LU — 25T, SR TE S BB T £ TORERHOKRS
BRI ETT - 72, BRI 0 5 e A0 AR 6 2 EOIER > 7% v T
KLAEHAL, SEAR 4 RIMER, 77 AR 24 RICKKE TR 72, BREEE
BEOFMZ, EEIZ» (2002) RSN TWS, L ZAGEERENICE b R 72
%, BB HEF (Finnigan £H8], MAT252 8 X UF DeltaPlus-XP) % Fiv> T 6(02/Nz), 6N,
S0 B LU 6(Ar/Ny) BT LT2*. k72, CO. DL & REFEMMALL (0°C) 22 hZh
BTN TE & E R HTER (Finnigan #1884, MAT delta-S) 12X > T4 L7z, %
BAWETIX, O/Nobbe UTHEER 32D 0, £ 29D N, DA, Ar/N b U CEER
40D Ar &£ 28 D N, DELZHIFEL T 5,

KGR THMT LI E BRSNS, BRIEM B2, FA B LUERERZICEWT,
REFHKEHOCCEBEICRE S $: 7 944 V2= 7 H 7T -2 X> TRIRE LTz
(Honda et al,1996), 7944 Y 2=y 7% > 77—121F, H501COHNEE2EELLIRGE
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W U7- B EEARIARR Y, IR U A CTHRRRICHHI S KRB TER I TE Y,
Eposoa<r Pic X VITEDEE CEREHRIUNL 7 2T 2 2 L X > T, R
JEREIARS E KEICEHINT 2 2 LD A[RECTH 5. AWIFE T L - sBEARSERHE, B
Fedh FZHc BT 1998 4E 1 H 3 HE 200445 1 A 5 HIZ, FvF EZ8cB8 T 199743 H
18 Hiz, =B FZ8c B W T 199546 H 8 H, 1999 455 H 31 H, 2000 4 8 H 28 H, 2001
F£5H30H, 200249 H4H, 20049 H 6 Hi X 1F2006 46 H 3 Hic Z W LRI S
N DTH%, FHENIKLFHED 6°N B LU 60 1%, HILKRFICB W TERSH
FHiC Lo TatT LTz,

*8(02/N32) = ((02/Nz)sa/(02/Nz)st-1) X 106,

(1

SN = ((PNMN/MNUN)sa/(PN“N/UN“N)st-1) X 10°, 2)
580 =((**0'°0/"*0"0)sa/(**0"*0/"*0™*0)st-1) X 10°, (3)
S(AT/Ny) = ((Ar/Ny)sa/(Ar/Ny)st-1) X 10°, (4)

22T, sa FHERE, st 3EHERE 2R T,

3. fEREHFEHE
3.1. AAMPO2 (2 & » THBIE - dtBE THHEBR KT OEH DB
112, 2002 4£3 A 6-7 HDO ZA/N— N VEER FZ2 L, 2002 4£3 A 12 Ho e — k22,
B L O O OILENE O L2252 B W TEIIS iz 0(02/N2), 67°C, 6N, 602 B L
O(AT/No)/12 DEE AR 2 3. RN O ZZBR 1%, B 2K O [ Bl D56 8
BHOZECHAIT 2 26, 6N QIO ®, 60 BLU 6(Ar/Ny) B2 Zi2
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FESAR b HFE TR,
Vertical profiles of 8(0:/Nz), 8**C of CO., "N of N (open circles), '*0/2 of O. (open
triangles) and 0(Ar/Nz)/ 12 (crosses) observed over Svalbard Islands (black) on March 6
-7, 2002, and over Barrow on March 12, 2002 (gray). The continuously measured CO:
and Os concentrations and the calculated potential vorticity (PV) are also shown.

Fig. 1.
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BIO 12 THRT 2 Z &k - THIL L 72, BT FIRFICBRAI S 7z CO IRE & Os IRIE
DOEEGEIANGE R (FRA, 2002; FTHIZ 2, 2002) &, AN— U NVEED=—F — VA V5
HCBIAl S iz iR D 0(02/Ny), 0°N B X U 6°0/2, & 512 NCEP/NCAR Ff#lfT 7 — %
DOFHE L ANV VEES XU N — FZICB T 56 (PV) OF —% b8 TR
L7z,

1 225, 6(0s/Ny) 131 & TESEREEN 0 F CEE L Il BEINL T3 2 &8
55, —H, 6N, 6%0/2 B L ' §(Ar/No)/12 IIFREIZ B W CXIZ—EDME 2R T 753,
FRIERE TIXEE O LRI S HOBAER 2R Lz, Bllla i/ 60 L o®N DB L O~
O(AT/Ny) & 8N DOIhix, T Z+ 21102 8B L N 12.1£1.5 per meg per meg ' TH Y, &
PN, 0%0 B LU 6(A1/N2) ZNZNDORER RS FOBEEBOECHAI L IR E 55
7z, 2O ki, ALEEIEANOBREER TEHIC B W TRRD FRSDE SO E 2%
JTWwWbZEERBLTND,

E72, 6(02/N2) & o8BC OE S CO2 W D2 & WAHBIRAR I H 5 & & 353 H
%. ZORREFMICHRE T 2729, K1 OBHMEI 70°N DUEOREE 9.6-13.1 km DK
FRATHRFICERE & 7z BRIB BRI O BIHIE 2 1 2, 6(02/N2) 8 X O 6°C D CO, #2E & DR
RE 7oy b LIAEREZR 2 1R, WHEIZB W TIE, 6(02/Ny) & CO. EEDRR, &
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& CO BEDBMR(TH). Ot AlZZznZhEEE BB ) 28HlEEZ =L, @k
B E R O BUHME C B OBEO R L 2 RHEZ N2 1o fR 2R T,
Fig. 2. Relationships between 8(0:/N:) and CO: concentration (upper part) and between 6"*C of
CO: and CO:, concentration (lower part) observed over Svalbard Islands on March 6,
2002, Barrow on March 12, 2002 and over the Arctic Ocean north of 70°N. Open circles
and open triangles represent the results from the stratosphere and the troposphere,
respectively. Closed circles denote the results obtained after correcting for the gravita-
tional separation.
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LU SBC L CO BEOMRIZZN TN —13.844.6 per meg ppmv~!(r=—0.83), B L U—
0.057+0.017 %o ppmv— (r=—0.85) TH >z, TS DMEI, JLFEROTREIC B T 5 CO.
L 6(02/Np), ¢°C OZEHiZEAb 5K D &SNz —10 per meg ppmv~' (Keeling and
Shertz, 1992), B L U —0.05 % ppmv—' (Nakazawa et al, 1993) L IZIZRIETH S, Z
NSO s, BIISNIREIC BT 5 0(02/Ny) & CO BEDREENM ML, FL LT
W DO#ERTOEHELD EAGRICE > TERESNL TV Z ERBEhn 5,

—H T, B2 R LUIREETO §(0/N2) & CO; HEE DR, B LU 6BC & CO, P
DOBRIZ, FNZFN—4.5E12.4 per meg ppmv~! (r=—0.50), —0.01120.005 %o ppmv~! (r=
—0.52) Tholz, 6°C & CO. B L OHITII TR I B 1T 2 HH OREHEINEDO L & 15
535 —0.019 % ppmv~! (Nakazawa et al, 1993) 12T\, 2D s, KEETOD CO,
BEOEESME, KREBERKIOMETROFRELZRKBL TEHINTWE EHEZ 51
% (Aoki et al, 2003), L2 L7%&EHS, §(0/Ny) & COIEBEDLL (—4.5£2.4 per meg
ppmvY) &, HIREBHIOKREZLL» 5/F 55 —9.0~—13.0 per meg ppm~! (Battle et al.,
2000) EHANRT/PNSWEERS>TBY, ZOERIZKGEKSOEISEEC D 2 AlREMEDS D
3., bbb, BELERICED 6(0/Ny) & 6°C OHEINZEISEIC L > TIflsh s
D, ZOFEZHENRITFOEREKDOE 3 (00 L¥NYN) TH23 6(0x/Ns) DIES
25, AL 1 (PCLPC) THZ oPCOIFEREVEFZONS, £IT, 68(0/Np) & ¢
BC OBEHENED 5 3X AN £ 1XASPN (H L < 1X .5XASP0 £ 0.5XA6™0) 22 hZh
ELAIKHET, MFICEEL TWIENSHOBELZRET L2 2R AT, 22T, AR
FRIBETD o®N(6PO) [HEHL L TOE L DFETH 5. B 0N & 60 I AAMPO2 D—
ORI TLOHEL ThRwnizd, BEHSBEHED- O DfEE LT, Ishidoya et al
(2008b) T L 72 = 22, BRI X OV v E22Ic 81T % NLO L 6N DR %
FIFT 2 2 &T, NoO EEBHE SHEE L7z o"NEZ W/, 2 OHEEME O B E S0
X, B0 e®N OEREDME L L —ET % Z LN SN TWD,

HHHHEORERFHIEL 72 6(0/N2) & 6%C O CO WEICH T 2B /F T TN T
—10.7+2.6 per meg ppmv~! (r=—0.79), B L *—0.013+0.005 %o ppmv~! (r=—0.59) T
HY, o DEE, ENETNORTORFELZROPS/ONLELRANTH > 7.
2D Eh o, IR O BEIR TERICB 1T 5 0(0/Ny) DEEIIE, ZEMOME
TAOFERZCZ CTENAHMOEE LR ZT T0DL I ERREINS,

32, BBFIEM LT, FAFELU=ERELETHRAS N -PEREBRAINODENS B
22T, EHOMOEIRELE LT, ¢ zERT 5.
8=(0""N+6'0/2)/2. (1)
312, BHRIER E22, FAFBIUOEELRECEIT S SEOFEESHEZRT. K2k
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Fig. 3. (a) Vertical profiles of & values (see text) observed over Sanriku, Japan, Syowa Station,
Antarctica and Kiruna, Sweden. Lowermost stratospheric data observed over the Arctic
Ocean during the Arctic Airborne Measurement Program 2002 (AAMPO02) are also
shown. (b) Same as in (a) but for CO: age.

AAMPO2 12 & % AN— )N )VERR BZETO o fEOBIEIER &, BB 81T % CO BE
BIHIME & FREETHE T D CO. IR DREFLAL SHEE L 72, BB O 22 B A R
Bl EenZomnsrzmnd COzage (Engel et al, 2008) b HE TR L 2.
BI3mosrhnsd B, SMHEIFEED LRI TR L, Fl—EE TOM TN Tl
HBTbNIzF VT BLTAN=VNVEEE FZRCB W TR KL, MBiESpEER B
T - IBREM EZEOfEIX, THREE TRV EZEIZIZAETHY, PERkEE
TREFEFZEOEEIZIZRABE TH -z, o OERIE, MRBIcBWT %L &bk
HEDY A LA =NV TR¥—7%fE% £ % 0 fEH (Bender et al, 1994), BEJERE TI3ELHI
BT E > TRELS BRI ERRLTWS, [RT —F 2T UICKE, BIISRTIC X
% S MEOZALITERAE OBEZLTEFHTE L e s, KEBICBIT 2 o fHO%E
M2 EN X, RO REREBRIENICE T 2 ESOIEMEARE T ICERT 2 £ H2 65,
CO; age |3 FESARERENC BV TR D EFICHE - THEIML Tw 225, & 20-25 km BLE
T, BRI L S TIRIT—ETH o 72, s fH & COzage DEEDIMDEVDIRA
ZINRD 2D, | RICOEF 7 TFHEC AT 7T Vv 2 i o fHEOEES R L, 12X
DEFFIFRE % H s U 72 ILEE 7V T COz2age DEESAZFHE L 2R 2K 4(a) 1271
3. B, FHEICHOIEIRIEERE L fFE TRL Tw 2, K4(a) 26, SRS o fE
FEE R R ES BRI A T 28, COzage 1 35 km FEELECEMIZIZF—E & 7t
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4 (a) 1 RTLETNVICLDEIES NIz o fE (BHY) & COrage (1 H8HR) OBWEDM. €T
IVEFEIZ AW 7 IR ER % (K) £ LC, Massie and Hunten (1981) &k 2l (5240 &
=R R TERHS 07 ol o RIES o 72fE (i) 2ft¢ TRLiz. (b) ofEk COsage
ORI, BEIEIC BT 2R (O) &7 VEHRMEIC BT 2R (ks X UH. =i
BER DEZ () 1R L 72 IHEBRI OE D ICHIE T 5.) O 2R,

Fig. 4. (a) Vertical profiles of model calculated ¢ (solid line) and CO. ages (dashed-dotted line).
The vertical eddy-diffusion coefficients (K) used for the calculation (solid line) and those
estimated from the & values observed over Sanriku (dashed line) are also shown. (b)
Relationship between the & values and CO. ages for both observations (rhombic symbols)
and calculated values using I-dimensional models (solid and dashed lines, corresponding
to the above-mentioned two kinds of eddy-diffusion coefficients).

52 EDGID, IS DEESGIZERE L ZIZRENTH S, K4b) iz, sfEE CO,
age DRARERT., 0MH & COzage DEIRIFFTIEE & BIEME L TL { —3 L, COzage 24
FLLEDGE W o [HIZHEBIBH 2D 2R LTz,

SMEDEESARIL, FICEREBORR 2 No(0:) 12560 2 BT L 2R85B X > T
B, BELFIC > THBEORIRITKE { % %, — COzage DEy, Zhu et al (2000)
12X 22 RICETNVERACIEIE T, BE 100 km THERMROFHFERINTETDH
ZERMbONTEY, KWFFET20-25km LU EDOEE TD COzage 73 6 FFFEET—E &
Kol I EREAWNTH S, 65T, BEIHHEE COzage LR Y, HE LFCHVY S
FUDTRE MG T Z Lo, PEREBRRORERXICET 2 AHLERE 72531

BN D B,

S HOFFOEHE & S WA T 2720, FIRAICEIIS 1172 NLO B & OBIfRZ 7.,
N:O 1%, HEEICB T O(D) £ DKIGIZ & > THIKT 272012, HEO_LFICHE-> T
EREY T2, M5@InTesy, NORE L ¢ B L U CO2age & DRARIEH % HifRk
FIi2FEY, N,OERE > 125 ppb (Region 1) B X TN N0 B < 45 ppb (Region 1) DFEIE
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(d) (DICFEL, 72721 NOEEIZHE T 5k,

Fig. 5. (a) Relationship between ¢ values, CO. ages and N.O concentration for the data shown

in Fig. 1.(b) Stratospheric ¢ values separated into three regions based on the relationship
between the & values and N-O concentration. Filled and open circles represent & values
for air samples of N.O concentration lower than 45 ppb (Region III, see text) and higher
than 125 ppb (Region 1), respectively. Cross symbols indicate those with N2O concentra-
tions between 45 and 125 ppb (Region Il). Black, blue and red symbols represent data
over Sanriku, Syowa Station and Kiruna, respectively. (c¢) Same as in (b) but for CO:
ages. (d) Same as in (b) but for N.O concentrations.

TIE NOBEDHA L & HIZ s EDEA L, 45ppb < N0 EE < 125 ppb (Region II)
DOFEETIE s EBIFIT—EDHE L 572, Regionl, IBLONMICET 2 ¢1fEH, CO:age
BIXUNOBREDOEESHZES5(b), (0B L) IZRT, AT, K58 TORE % B~

5.

Region I 8 X OVl TRXENTEENEE & FICHFNTHEIML T 0, SR 2 2bF
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13 Region Il DX 2 3K X a3, Region Il TO COzage B & O8N N0 EE X HEICHT 5
ZAbIZ/N& W, F 7z Region Ul CTIXEFRE DTS SEEDRE S L5 EEDS, Fv - B2 T=
B 22 X DR 10 km KW 2 E350 5, [FIRFICBIEI L 72 SFe I S EHH L 7z SFs age 5%
COz age IHNTHI3FERE L, SFe B 2 P RIBE KK DB RBE I NS Z &
5, FNF LZETEIGHEOEAT XV EEEL S DZESIIOWEFEDHENRKE W LN
2z 5N5, 2003 FEOMBND F )V F 2B W T, EE 25 km DLETHEBEEE DS
BB S Wiz L v (Engel er al, 2006) b, DI EZFTHELTWwBEEHEZHR
%.

Region | TIXHAMIEM 22, F 17+ B LU= EZED 6 EIE, BEOLFICHES TURIF
HELWRBAETERCEY L TE Y, FmETOMEIX=RE B2k b5 <, Bk
M EZE, ¥ EREOIEIAEL oo Tz, ¢ HOEES A, ST TOZLRIMOIEWE
BEFICBRLTCwa EFHEZz6NE I Ens, ZOERICEWTEIIOLEEDEEN F )L
F BZ2, HERNEEH EZE, =R EEOIEIC/NS Ko TWwWb 2 EWRBEINS,

Region 1 TD ¢ B, FFIEH 22 & F)r ) FZc B W CEE O LRI ESEML
THD, Region] BI I TOFER EMERIBHICK > TWiz, TDI i, BFIEH 2
Y )V 220 Region 1KY ¥ 2 50T, EXMOHE ST ADESLERISE S Tv
LZERRBLTVS, IO, Fv)r EZICBIT 3 EGERO CO;sage NEED LR
WAL Tns 2 &, NoO IREDOFEEICNT 522638, Region I £ X UL TD N0
BEOBEELZANFE L 2BECFRINIEE LD b/NSLkoTnb 2 L LBENT
HY, Fi, EHEEEREEICBO TESIOFIFENRD, BEO LFITEVES TS L
WS ETIVEFERER (Jones et al, 2001) & HEEHTH 5.

4. F & ES5BOHE

AAMPO2 12 3\ C, BRI O LRI EE R TEIC B 1 2765l 7% 6(02/Ny), 8PN, ¢'°0,
O(Ar/N2) 21D THITE L7z, 0PN, 6%0, §(Ar/Ny) OBRD 5, FIFEEIC BV TREGFERK
SOBENFEPRETIEETH 2 2 EVRB S Lz, £z, Bl S 7z 6(0/No) B LU 6¥C
L CO. IRE £ OBAfR &, MBI TORES ML, MR TOFHELO LHTERIC X DB
BRI TBY, RBETORESME, ZRMOMEHMOFENRZEICMZ T, EISHS)
ENFELRIZLTEREISN TV EFEZ 51D,

BRI, FLFB LU= ERICBWT, ENSHOEEE LT ¢"N B LU 6%0 %
BHIL 72, B S B EEORLREE 3B EREHIC XV EL 5 TB Y, BBNOF L
FEETRORE ORI L., ZORBRE, | KITE T AVEEIC & > CTEIGHERE
LEHICHREEET 2L, COzage i3I 35km ML EDOEET—EMBERS I ERINT
W3 EMS, BIHHEEE COage 25 36 s, BRIEEAKSSS DOSAE A Ok
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BT 2R E b o TR RIZ I LS,

T, 2 X0b L <13 3 RICOBIEH 70 R E R Sk € 7 VI B BEOSIR 2 &
A7, BUHMEOHBZRAA S Z ENTENL, KRBERTEXOBEBEOMN Lz Dkns &
MFans,

RIBEKGD 7 944 Y 2=y 77 ) v 7 CHNTES £ Ui, FHPFENIERR
Bk « FHRIEEIRAES « KERTHE NV — 70RO X D EHRL 3. FAW%E0
—IICiE, ERIEARIEUTR A S - FRESIEIITE (11208201) B L OERTRIA I
(2005/17GS0203) &, Bifid - HIERERBEHIFRESGHEAEE (A-071) 10X 2 T ATHE F L
7z.
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