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Stratospheric whole air sampling experiments at Syowa Station
with compact cryogenic air samplers in JARE-49

Shinji Morimoto"**, Hitoshi Asano®, Tomoki Aoyama®, Hideshi Yoshimi®, Hiroko Uchida’,

Takashi Mochizuki’, Masami Iwabuchi’, Taiji Mizuno’, Masaki Tsutsumi'?, Hideyuki honda®,

Issei lijima®, Tetsuya Yoshida®, Takashi Yamanouchi"* and Makoto Wada"*
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Abstract: As a part of summer observations of the 49th Japanese Antarctic Research
Expedition, stratospheric whole air sampling experiments were conducted at Syowa Station
using newly developed compact cryogenic air samplers. The compact sampler uses
liquefied neon (produced in-situ) as a refrigerant to solidify or liquefy atmospheric
constituents. Because of its reduced size and weight, the sampler can be launched using
small-size balloons (1000-2000 m’ in volume). On December 30, 2007 and January 4,
2008, a total of 4 samplers were launched from Syowa Station and recovered on the same
day as their launches. Two of them functioned as designed and collected stratospheric air
samples at altitudes of 18 and 25 km. The air samples were analyzed for greenhouse gas
concentrations and stable isotopes after return to Japan.
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Fl 7G4 FHF 0TI —IIEER T v HAE MGG S TR %8s,
R EE KR E B - LRI 2 0D TH Y, BFEOREY > 75—
BL LZZEMEANY) T ADPARETH L I L, WNUEETH D720\ IR
1000-2000 m® D/NEI 75 A F v 7 H5ERE TR EE  CRIZS &5 2 L 25 1E
THhHEVHIFFNDH A, 2007 4 12 H 30 H & 2008 4£ 1 H 4 HIZEF 4 BEo /N4
T T =FERL, ITRTENUCEII L. 209 b, 28135 18 km L O
25 km O & B RS OFIUI R L7z, SIS 72 KR EINICRE b R oz
%, BAERERRESNILE & R Lo s b,

. &0 ® I

RIS B2 B B IRERMELRE - 4V VBB G4 L EE 2 S T B 7
WIZ, 1998 41 H (539 kBK) & 2003 4E 12 A ~2004 45 1 A (55 45 RkB%) 12, BRRIZEH
WCBWTHREBEKRR Y 74427 v 7 (RN 7 L% v Tl BR S & BRI
FERDFER S N7z (Honda et al,, 2000; EJH 5, 2005). T TIZHESN TV LE), b
DFEERTILEE 10-30 km D 11 HEIZB W THBERKABORERIUIEI) L, £S04
IRIE - AL O RERE 72 $RTE 23 A & RRAE LA 2SEH & 22127 o T2 B (Aoki et al., 2003;
Ishidoya et al., 2006, 2008; Nakazawa et al., 2002; Toyoda et al., 2004). 4%, FIiRIS =BT
IREMNREIESAROZEBZ S 2L, ZORELIE BT 272012, BEBERROERE
BHUC L 282kt A 2 ENEETH A, LrL, TNETOERL, WHEAN)7LE
P L 7-EE 350 kg D7 T A 4 ¥ 7T — 2R 30000 m® OKRFIRTHRIGT 5 &
WO IEFICKHE R DO TH Y, RO FERRE I T EEE T 2 72012132 { DR
D ZEAMETH 5 7.

T, RN T A2 EHES, G RERE 1000-2000 m' O /NURETHRERA R
AN Y GAFY TS — %z Lz, & LCH 49 RRERIC, N2 S A T
v 7T — BT AR A AR O /NS ER A D CRE E TR S, BUE BER R BRIEEER
ATo 72, RRTIE, BEFEZBEEICE D%, WAL TOFERF L -2 3~
IZOWTHRET 5.

2. 8L W 7k

WL FGAFS T T —OFMEEH I b= - FLA M) =T AT AITDOWTU,
FNEN, HAS (2009) & U Honda er al. (1996) 12L& » THEHEINTWD 20, 22Tl
IR 2.

BLKHEBE LAY V7 F— 1k, MARERRECTFE LAEBEARL ¥ 7 A% Joule-
Thomson (J-T) I =2 —F— (KF;HE, NCS-50) TR S THMAERT v 28EL, K
BB O 2 KA Z B - LRI 228 TH L. CNETOIIAFH 0 7)) v 7 EE
THETH S 72N T AR ETH LI L, T L THREKERD 22 kg FEETH 5 72D
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JIRIEZEAE 1000-2000 m® O/NHISERIC & o THERTTRETH 5 2 & 205, FER/MRBO R
FRFEBRIZ & o THBBE KA ORIATHEIZ %% o 72.

BV 54 G0 7T — ORI EMBIN A 1, 212RT. T I=7—F— I L 5%l
FEHE T & PRI HLA A A TE BRI RS, 4 v A TFEES - IR A T HE e Lo >
7T — AR, IO MEIEEAEE RS S (B 6 1:200 mm ¢ X300 mm) (ZALAGA F
NT—HRLENTBY, ZORBIERERAHEST L2 LT, 24 VT A - FIGEAK
DWARBEFZRENDTEH EINEHD S DBRADRKEZ > T b, w2 H AL, ZZREE
Bfft & 0 h — K FRP WEIERZ (B 20D »OENREEZITOTICEE/ NN 75—
RSN, IT I =7 — 7 —CTOBRBIIRAP B SN s, RAABAEREH LT
D10 Pae T THEPHRALTBE, 1T I =27 —F—THifk A 4 > 2855 L 72512 KEERI
LD ZERENERYEZE OV 7 (REFRHUNVT) 2B 2 &1k, BugE RS % L -
WAL 5. A4 2 A AR NV 7 R OKREHRION )V 7 OB, 24 100 ml O/NL &
Bl SNIER AN A %, NEEHER N L TENTNOZERIEER OV 712G - HF
22 L2l oTT). BEBERAORIGE T, SERE8 0 HEL CONIY Y 7T — %
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Fig. 1. Schematic diagram of the compact sampler. Abbreviations in the figure are as follows:
AV1: pneumatic valve for neon gas  AV2: pneumatic valve for air sampling
SV1: solenoid valve for AV SV2: solenoid valve for AV2
SV3: solenoid valve for liquid nitrogen exhaust TX: transmitter
SW: switch



98 HAREF S

B2 N7 IAFY 2 TT—ONBI . Y2 T T —FRETHIC,
RNZH LT Ty a8y RE)AFITTW5,

Fig. 2. Photos of the compact samplers. Crash-pad made of paper
honeycomb is attached beneath the compact sampler.
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Fig. 3. Schematic of the compact sampler system with balloon and parachute.
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Table 1. Summary of the samplers and balloons used in the balloon experiments in JARE-49.

H7F— 1D A B G D
KRB 20074512 A 30 B 200841 H4 A
SRS () 1000 2000 2000 1000
REEHGARE (km) 15 25 25 18
BUABEER (ke) 252 243 243 252
Famfk (kg) 429 503 513 417
HIFE (ke) 519 604 61.6 50.5
Y T b AR 11 13 13 1

® 2 SOERIEBREN R

Table 2. Summary of the preparation work for the balloon experiments.
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NI T T — BRI LT d o 7o HERESE L, M7z 7} L 756 dE o Fifl
C, AEEROBEZEFHR, BERE, T aERR (hadbe) FThH EHAT
DOWUHEOHENZ L), —EFROEE (ERAREHE — 8 —~OMHREEETE 2 &) A
VETH o 72728, Bl TOMREHIHAET IS L7z, giako@ ) N > 7T — Rk
/NIRRT D) EAREEICER T 2 LES W s, RREEEIR T CEIIE
WTITo7z F7z, TNFTHALCELRI Y 4490 77— D#MFEHEETROKE R
BHIC R o Tz, YU 7T —~DWAEANY 7 AFIHE I D L EESSIIRETH 57272
9, Bl TOEMER LRI B S 17z,

BUIE L~V —7 5 T — L ZET v 7 FE, BEBANDOZE Y AT 4 0O%iEI,
1H QAH) TET LA BEBNONY YT —=hEF LA M) —F—F Z2%EFELT
ZEY AT LA OBEABRE AT o 72tk EH AR EMARE Fo S16 HirilZHKEL T2
KEURY FOBEPE (1658 MHz) 2 %fE LT, 7 ¥ 7 FHBREHA0—7—5 —OHMKIE%
1To7z.

WOER it Sz~ T A7 — BV (8 AMAR) BT T HEAOEE A - ABRE LY — 2
FryZid 1220 HFHE 2 AFEIFOIEIEZ1IH GAH) 220 TEMLZ. 22 HEF
B O IIBEMEREZIT) 2R %) MHESLICEEGL, &5 H Lo L 2 REkMERTFIR
FIZEOWT, BOKH L HOK NOEE % iR L7z, SIRBERIEFEICOWTIE, 3 TI2
2007 4F 8 H X FH AL AW 78 B S BT 1 AL A IE R AT (JAXA/SAS) - = FERRERERMFT 12
BV, BMEHTHEHT 2 5IRANDANY) 7 4 H AT L WERIHEZ 2 TwZ &hb,
AFIZE Tl SEk 2 L 72 N —T VI AmE L 72,

3.2. SEROMH TR

SEREBRDERTREA LD 2d, 1) BEREEOH FRGHEA 3 mis LT CTH S 2 &, 2) /I
YT T =087 T a— PET TS SIEEH D S 60 km INDZE L 72k T %
Z&, O25MERECHILZ D) BEEERIIAMENLGBHREOATT I ATF v 75K
ROWMERZ RENAT) 720, 2) FHEERGRER LT LAY 77 —-% [L
LR AN ATy —TRINT B720DFRMETH 5.
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7= (BT —%) MM LKA TR AR & RO FHT— 412 & 2 KRk
BRETEAEH (Balloon Trajectory Forecasts, Univ. of Wyoming (UOW) : http://weather.uwyo.edu/polar/
balloon_traj.html) % £ (2 L7z, 548 WKEHSAZRIMIC LY, BHEMTOL—Y 1 »
VYT TRESICT — 5 2 ENY A= P — 24 (JAXA/ISAS) NEELTH 5,
M T ORI ET A RS IEAFEHGE A — WIS TRIT Lo 72, SEREREMSTET L7z 12 7 26
HURE, Rl o Hi %43 1R,

WO L =Y 1 77— 2EH L CRHE LY ¥ 77 —0& b a PR RO
FEREN 2 B4 1R, 45 49 IRELI ] O WA et b 27213 — 22355 <, IR 5 4 >
77— OVl F TOBEDS 60 km INIZINE 2 & L A% 200 72785, BURBS D5\
Hse 72728, WEHIZEME ) A S 0% E L7zipk B2 > 77 — 2T SE6hb H
DOFHUZHEF7 L7z, 2007 4F 12 H 30 H 0230 LT Bk L —v 1 ¥V > 77— % & LEROT
W7 =50, MHIEEAIERERE TR OWEK LI > 7T =0T 5 LHE L, %1
BIOGRERFERZERmL 72, LA LERBROMEY), SERFEBRFERR 213 EZ2ORERS 252255
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Table 3. Daily routine during the waiting period for the balloon experiment.
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Fig. 4. Expected landing points calculated by using rawinsonde data observed over Syowa Station.
Upper and lower panels show azimuth and distance of the landing points, respectively, from
Syowa Station. Solid arrows indicate the dates when the balloon experiments were carried out.
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Fig. 5. A part of the balloon launching procedures.
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Fig. 6. Progress of the balloon launching and time-series of altitude for each compact sampler.
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Table 4. Progress of the sampler recovery operation by using helicopters on January 4, 2008.
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