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An atmospheric transport mechanism of Australia-originated radon to
Syowa station, Antarctica

Naohiko Hirasawa®-?*, Shigeki Tasaka® and Shoichi Taguchi*

(2010 /=2 A 15 HZAF; 2010 £ 5 B 17 H3ZH)

Abstract: Atmospheric radon (Rn) and thoron (Tn) measurement was
carried out at Syowa station, Antarctica in the 2005 wintering season by
JARE-46. The half life of Rn is 3.8 days and that of Tn is 55 seconds. This
paper attempts to extract some cases in which the atmosphere contains a distant
place originated Rn, based upon the vertical distribution of Rn and Tn. The
origins of Rn in the extracted cases were specified by comparison with a global
atmospheric radon transport model. While South America was the most
common and frequent contributor among continents over all, the Australian
continent was the major contributor in one case. The latter half of this paper
examines the transport route and the effective atmospheric circulation of the
Australian Rn to Syowa Station.
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5 DEE HIHBR OO HIR D Z I FER TE ., KGR R 3 R it S Wiz,
ZO—EHREARPIE T L D EROKIKICID A E N5, FEEESO EOBEEROKRLS, &£
D & 9 BRETHEBIBICRAL, FMEEOEOEBICHET 201E, ZOROKRSMHEER
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ERXH=ZANET D), BREHASIXRIC X > Tirbi 38, /K, KSKMERS O RS
DIEAL, EEMNZIAVE—PWEOMEE L big, R U TBENIE, KIEEERE
WRLZGIEE 3§ 2 LT, BB OSUIREEICEFINCEET 5.

FAROKIREERE 2 7 O3 6, FEOKRICE D A Z N WE O ENPTIRFR & & HIcE
BLTELZEBHSMCENTWS, ZOEEOHFICIE, FEEEOW L OOKKa 7
WHHEL TN O b HiE, RontEBicZomtisnsbobb s 2 ehmgr-o
T&l, bbb, SHBICHET 2 FLREMASERE A 1 = X A%, [UEZLOFT,
ZOHBFHEELHEDE S ITB W THEBOZ M E L TE I ENRBINS, FEBOKKREE
J& 2 7 OIEHIMSTS D TR, FEREO S & D X 5 L REHERSHIE A 2 =X L0
WEEZT D0, BERTTRIBIEORRICOVWTLELE LG Twiawn, BIE
DFERIEIC BT, BHUEADFE R RIFFERTERE A 7 = X L ZHSPICT 5 2 LI,
B ORI O SIED I T T <, @EOMBIROKRGIEROBSGREL 2 5 LF 2
Y O

KREDEIE% 2 BT 572012, KGOS —H— B> TEDRRAL L b ITBET
2YHEESPYE NS 2 HERH S, TDOLIBWED—DOBZ N Thb, RAHFD
7 F I ECBER D S OILHUC & 0 HHE S, R, S QG EIZBER O 100 50 1
DFEE L &N Tw3 (Wilkening and Clements, 1975; Jacob et al, 1997; Taguchi et al,
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2002). 7 R 3MEFERIGIC & 2LEWEES T, KEF I wicd, BEAREFICL > TK
K[ SFREIND ZEDBIFLEAER Y, 207, —HRIZHWCHHI N T F i,
ZIRHoTRR[AE EHICHBL o8BI 2, Flz3, BEE»SHKHEINERE S
R DORK[ZBHT 2 2 LIk, MERBEORQOEXZHETE 2 2 eafiiFsnT
B, Z0xHWE L TEIKT N U BRIAEE 7V OEE L Thbh T % (Taguchi et al,
2002; Zahorowski et al, 2005; Nishizawa et al, 2007; Hirao et al, 2008 7z ¥).

FAFOEEHE, HBRHEBIOES CIXERE E ESREICHE N, 7 F UHIE & 7 2 BEm
DRIV WHII T H 2. KRR WKI» S DO N UHHITIEEA ERwEEI NS
(Jacob et al, 1997; Taguchi et al, 2002). §t-> 7T, HFEMTT Fr 28032 2 gk
D, ESORBEREE,» S RSN R ERETE 20REMENH 5. 1o OBFIHHK
M nhig, 27 ¥ UBIRILKE 7 VP RREBEITAR T — 2 2 v TR 2 5 2
L&D, RAOERRE-C#XICEE L KSAESR, Tabb, Hx 0FEFORERKA
SHEA B = AL EHSPIZT B ENTE S, 22T, 545 KRV 46 RFgfaiflpac
BWT, BHEMTT FUEE CEEIE38 H) kUt u Y RE (F55%) oM REE %
fro7e.

—75, EBRCBHIND T N RER, WEHTE QR & OMHHOEE 2 KE (%
5 (RTFiEH, 1996). % < OWIFE THGR ST E 72 & 512 (Guedalia et al., 1980; Sesana
et al., 2003; Ikebe et al., 1983; Moriizumi et al., 1996; Omori et al, 2009 75 £), KZKZE
EREWIEEIIE, BEE» SRS/ 7 B U IdR&ERIC L 28HERE 22T <,
HIEE S ORI TRBICHERI NS, #HEHID0T7 F U BEREEEICZD, BEOHEE
FEIIREL %5, BHEMOD 24 7 VEOMERE»S b 7 F 1D 5, FEREO
AFRFHMKREIT O TERROLEEN G, EEORAFEFR» SRSz Z ¥ 72
JTHERENRRELELIZG R L TWS, 2020, AR THEI ST ¥
2y, BRI L 2 b Db, EITORBERFETH 2 O 2@l 208 P H5, 22T,
AW 7wy =7 b T, IBMEMTOM LT P BEORE SO, KOHEIAD
o e rREEOBMIFERE 2 HWT, FEAOEMCEAEEORSYEE L - ED H 2
HYl e T 2 HEemE L C &k, Bl — 2 o S B HNIc O W, 2T N
CRETALEBE 7V R L, TN v OREIEHIER KA O Ok 2 HEE L, SEREBIET
K[RT — 5 DIFITIC L D RKEREA D = AL AL PICT 222 RELXHNEL TW
5.

KX T, 46 XKD Z F RO b o ABHOBN ZRL, 7 F r2E& KRA0OKE
BESRE O TIREME CBI T 2 MBS R 278 L ZHMO—D LT3, BU®HIE, ZhETI
TERL S M-S HE (ENRHIBTTEHT, 2006; HFRK-FAJR, 20060) %51 L, B#IAE GB
2 E) J OHARNSEMM B D R R L b oa S RE OEFEBIER IR OME (38 3 BORH) &
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NI-KREH L DI 21T .

7 F > OEFIEE A O REERER SR B b 2 FEAKRKIERZHS 2T 572012
%, ThZhORBEHEREEGIC O W TORTIEEA 7 =X LOFHEEA LT Tw L4k
EBHY, TNEFHROBEE Licv, —F, SHEOMBEREHITE, A —A 7Y 7Kk
KED> S I NIz P OEENRWIZINTWE, =X 7V 7 KEE» DK
K PrEERE, FEAERS N — A5 UEM 2 3 LR O VEEEE A~ O KK - YRS
BT 5 2k TORFSE (Reijmer et al, 2002; Suzuki et al, 2004 72 £) TiXiF & A EH
NHENTHE ST, HEEY, BHRTE, Zhic O TORTE@RE A H =X LAOHIRIZIZ &
AERW, 22T, KFwXTlE, A=A 7V 7KRERED 7 N v %2E&H RAOBERNIEH
NORIMRSHREA 7 = XL 2PN L2 b 5—DODHNET 5.

2. BUHIEGE L ERERD
FEAEEHI T O 7 R REE, b o S REOHIEIC I, Tasaka (1996), Takeuchi et al. (1999),
Mitsuda et al (2003) 43, A —/S—# S 4 % > 7 EBICBEE L TS L - s (M
1) Z2EEA L. BESROFELRBFHICOW L, ENEH-FZERT (2006), HEK - (2006)
WKEEDHNTWS, 7 F REORERMEIXHAET 6 mBq/m® TH 5, —fkiz, 7 F
Y IRE DRI ETHT mBg/m? BREARE SN TEB Y (Hirao et al, 2008 72 ¥), FH
Wi COBENCERh L H 2 7z,

X1 FERIEHERAR I RE U T N I I E S5 E O /M8

Fig. 1. Appearance of the radon detector installed in a laboratory of Syowa Station, Antarctica.
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Fig. 2. Air-intakes for radon measurement, installed at levels of 1 m, 4 m, and 14 m above
ground level on the outside of the laboratory.
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T35 —ARBEKTWCE W, BE14m DT R VEETIE, 609 HIZ 100mBq/m® 282 % &
W&ot BTHENT 5 X912, BE 14m OEBENKE L & 585E8121%, ITHEOHIE
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Fig. 3. Time series of daily-averaged radon concentration (upper panel) and thoron (lower
panel) at the three levels (I m: 9, 4 m: B, 14 m: A) from 2 February 2005 to 31
January 2006. The plots are done for days when the wind direction at maximum in
mean wind speed met within a range from N to E clockwise. No measurement at 4 m
a.s.l. was done from 12 June to 20 September.
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D75 7)OHEFHED 2005 42 F 20 H~2006 4 1 F 31 HOJE[ARSEHE, 671k mBq

/m?,
Fig. 4.  Annual-averaged radon concentration at 16 wind-direction (left panel) and thoron (right
panel) at the three levels (I m: 9, 4 m: B, 14 m: A) from 2 February 2005 to 31
January 2006. No measurement at 4 m a.g.l. was done from 12 June to 20 September.
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Fig. 5. Scatter diagram of vertical diffusion coefficient of daily-averaged radon vs. exhalation
Rate of daily-averaged thoron for the period of 2 February 2005 to 31 January 2006.
The two red broken lines indicates threshold values for radon and thoron. The events
which meet all of the condition for distant transport are marked with red open circles.
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K1 EHEEOT ¥V EGUTREO D 2 KR E L Ol S 1 3 FROREA DT K>

TEHR AL,

b a > DB,

B (3 NCHYME), kUZOHE b o iR “-7

1%, BUHIS 7z b o RELME S BURENEIHE T S R vniGs (Mo ixEd2nkzd). H
BT “%” 2fL7zb D%, WHTERELZN:TEHT, LML THBERT.
Distant-originated radon events: Date, vertical diffusion coefficient of radon (mBq/m?
/s), exhalation rate of thoron (m?/s), and wind speed (m/s) on daily average. In the

Table 1.

thoron column,

estimate the exhalation rate. In duration column,

day, meeting the condition, occurred every other day.

et = e - . AR
WO I | S L P
mBq/m?/s) (m?/s) (m/s)
Ja\)
#1 2H26H - 0.0147 17.3 NE 4
#2 3H3H 1.20 0.0054 11.2 NE 1
#3 3HI1IH 3.11 0.2671 9.7 NE 1
#a 3HI19H 1.21 0.2848 17.2 NE 4
#5 3H 28 H 2.66 0.8681 11.5 NE 1
#6 5H4H 1.54 0.0275 18.8 NE 3
#7 SHI17TH 1.75 0.0064 12.1 ENE 1
#8 5H21H 2.31 0.0069 11.4 ENE 1
#9 5H24 H 2.43 0.0075 23.5 ENE 1
#10 6 H3H - 0.0072 22.3 NE 1
#11 6 H 14H 1.85 0.0089 14.3 ENE 1
112 68218 1.62 0.1113 22.0 ENE 2
#13 THS5SH 0.75 0.0052 27.6 ENE 1
#14 7H 11 H 1.30 0.0106 13.8 NE 1
#15 7H20H 0.65 0.0536 10.5 NNE 1
#16 8 H 16 & 1.21 0.0302 11.3 E 1
#17 8 H 24 H 0.30 0.0092 10.2 NNE 1
#18 8 H 28 H 0.48 0.0396 21.3 ENE 3 3
#19 9H7H 0.86 0.0077 20.0 NE 1
#20 9H15H 0.71 0.0059 17.1 ENE 2
#21 9H27H 3.01 0.0526 14.2 ENE 2
#22 I10H2H 2.64 0.0168 10.7 NE % 2
#23 10 H 24 H 0.90 0.0320 11.1 NE 1

=" is given for the event when thoron was too low in concentration to
“¥ is given for the event when the

ZDFER, HAHRIFEO T ¥ 28 BaRetED b 5 K& & LT, 2005 4£ 2 H 20 H~2006 4F
1 A 31 HE oMM 23 FBF» sz, s ofnizix, 1 HOZSEFR#H Rk 3
BZEPNH o7, BICZOREHDOT —% 2Ry, £z, &E2FHLZTHR I HE T2

IR HEcid, F—Ffle Lz (RDx2).

ZOIGE NS o7z,

Z D,

IS OFEFE, MBHREETELO

FELLSENT T 24 —A b2 ) 7RIED 7 ¥~ D2
J7zbDiE, 6 H21 H2EH Lz 2 HHOHEMTH 5.

B

L=

B3
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4. HH I NTZEARIET N B L 2BKT P UOBRILECE 7 Vi X 2 iR
DHEE

KRETIE, 2T N UBIRIEEE 7V OERER» S, BREMADZ F > ORI
KR L, BIETHH SN 23 P L O #21T5. €7V Taguchi er al. (2002)
ZRBLTHBEINTE TS, 22Tl 7T T VI, BERER T 1.125 FE (37 230
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Fig. 6. Time series of radon concentration in surface air at Syowa Station simulated by global

atmospheric radon transport model constructed by Taguchi et al. (2002). Those of time
series of radon concentration by emanation areas (Ocean, South American continent,

and Australian continent) are also plotted. Vertical lines indicate the distant-originated
radon events listed in Table I.
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Fig. 7. Time series of hourly measured radon concentration (B) at 1 m a.g.l. and thoron (1),

and 6-hourly simulated radon concentration (@) and the contribution on concentration
emanated from Australian continent ().
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Fig. 8. Time sequence of distribution of surface radon concentration emanated from the
south-eastern part of Australian continent at 00 UT from 14 to 23 June. The location
of Syowa Station is indicated by a red closed circle.
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Fig. 9. Time sequence of vertical-longitude section along 70°S of surface radon concentration

emanated from the south-eastern part of Australian continent at 00 UT from 14 to 23
June. The location of Syowa Station (40°E) is indicated by a closed circle.
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Fig. 10. Time sequence of distribution of column-averaged radon concentration emanated from
the south-eastern part of Australian continent at 00 UT from 11 to 22 June. The
emanation is only on 11 June. The location of Syowa Station is indicated by a red
closed circle.
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Fig. 10. Continued.
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Fig. 11. Time sequence of distribution of 850 hPa height and wind vector around East
Antarctica and the Southern Ocean from 10 to 15 June. The location of Syowa Station
is indicated by a closed circle. The broken circle over the Southern Ocean indicates the
area where the high concentration radon passes toward the Antarctic coast.
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Fig. 12.  Similar in Fig. 10, but the emanation is only on 14 June.
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Fig. 13.  Time series of distribution of 500 hPa height around Antarctica from 14 to 22 June.
The location of Syowa Station is indicated by a closed circle. The broken line indicates
ridge lines which control the radon transport over the Antarctic continent, and arrows
indicate the relevant flow pattern.
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Fig. 14. Backward trajectories from around Syowa Station at 00 UT 22 June 2005 to 00 UT
16 June. The start points are given every 1 deg. between 66° and 70°S, and every 5 deg.
between 30°E and 50°E, altitudes of which are 300 m a.s.l. In a sub-figure, where the
plot is made for around Syowa Station, open circles (O) put on starting points to which
the trajectories come from the vicinity of surface of the Antarctic ice sheet. Moreover,
open triangles () put on ones to which the trajectories come from the east along the
coastal region of the Antarctic ice sheet.
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Fig. 15. Infrared images at 00 UT 21 June and 00 UT 22 June. The lower temperature-areas
are shown with white and the higher ones with black. The location of Syowa Station
indicates with a closed circle.
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WEIET S, 2L, ETVORRE LT 16 KUK 10 TRWIESh S, 15-16 HIZFEHK
F S R2E R @S 2 ACKHE ETHEFE IO N UEREEORIIC L —BL Twa,

EEDOBER 5000m & U7 T, FBlEE 20K T RV EEE 2l s 2
FoYx2 MYk 4ERBN, FNEN[35°E, 67°S], [45°E, 67°S], [45°E, 69°S], [50°
E, 68°S] 1HET 2 (IR T)., Zh o OmEtE E220 o BRI ERET 2
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16 8 L[EIRK. 7272L, Hil & 500 hPa 0434 C, 6 HISH, 17H, 19H, 20 H%ZRT.
Fig. 16. Similar in Fig. 8, but pairs of surface and 500 hPa, and on 15, 17, 19, and 20 June.

oYLz bVIE, B9 D202 HZAWU T, 7 RV OEEEBNSTRHRLASSE TS
ZEICRIGL THE D, N A 2 ERE T R U REE T 2R b o 7
ZEWREESNS, 6 H20-21 HOBFEMANTIC & o 7o MEBHEETEL (K 15) 23, FEfi
¥ bR IR BT T 2 BRI KR OSEIR GV HIRIER Ch - EFEZ2 6N, 0
5, RBIBIBSAEIS ) TR A EEBREORA D 7 F rikiclE 32 L Bbh s, S
X, BARIEHRE OB FE IR S N mIBE T R o, OB SRERE
& o THILEAHE & Tk S TR EIB SN o 7o h, 0 X S Bk s K
T LAREEIE D B,
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Alt. (m) 0
= 0. 500
== 500 - 1000
== 1000 - 1500
== 1500 - 2000
w2000 - 2500 §
2500 - 3000
3000 - 3500
3500 - 4000
4000 - 4500

B Alt. — 2500m
Area — 66S-70S, 30E-50E

Start — 00UT 22 June 2005
End — 00UT 16 June 2005

17 EI15 U, 2720, @EOEEIZ2500m. 72, FT7Y =7 b)) OFEEEZOHICRT,
MEFIE LR o, L (O) iE 16 H, 17 HICHEFIEHIL S O R EE 5000 m 330 % @i L
72b 7Y MY OFES, =M (A) 13 16 HICHEBEE 2R @EELI: I Y27 MY
DEEHREZZNTNRT,

Fig. 17. Similar in Fig. 15, but the altitudes of the start points are 2500 m a.s.l. In a sub-figure,
where the plot is made for around Syowa Station, open circles (O) put on starting
points to which the trajectories come from the height level more than 4000 m to the
north of Syowa Station. Moreover, open triangle (/) puts on one to which the
trajectories come from over the Antarctic peninsula on 16 June.

ZZT, A—ANTVTEIEDT RV HBHRICEAD, KIGEEED & EFIEMICHRA T %
HED OFBEBPTREINT, ZOREOBEICO VTR, BHESo Y EE2KE LR
WED ZATREEHEI D CBER 2 328 &, BRI 5 o BRHE T 2 R o 2 fEEH
botz., iz, TNOOREEKIE, F7 A HEIED T ¥ DR L LT 2 W EeE» b
D, G, S51% L OBEFIENTRIT V20, HEND ORI 28 25811, 10 Hi2
FET# 20,000 km %589 % LA Ve CFET 25 m/s IBE) »3%fes, 2Dl
DI, BHERICHROFNO H 2 mE T g T R S8, BRI CH O -
fHEE CTFEES ¥ 2EREOEE, WIFROBHIZBWTHLETHL5, oDk
SUEBRY AT A 4 3 7 X BRI UL, HEEID ORE1H 5.

6. £ & ®
PRI AN D RSP Dk i B 2 WEEBI & LT, 58 46 REKIC B W T, R&AD b LV—
V—YETHS 7 FRE, RO bo S REOH EEHIENER CfTbhz, &E Im
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D7 R UREIXKE WEFT 500 mBg/m?, 3% 1 100 mBq/m? FREETH D, HATOEIHME
D105D 1 REDRETH -7, 7 FVRBENKESENT 27 — A 3L F L nrod.
Fo iR EOEFOBES BRI T, 1FEAEIIHBEOMED S ORE EHZ o,
7R VRERO v CBEORABOFRETIE, &5 5 bERMTH 2 ILHEE L
R DS B AE S, ERAIOBEICHERED > OB R b E <, IO 5 Dk
HOBERRHZITII W EREREBLEEZ s,

PR 3.8 HDZ R > &2 5580 b o > o#h BT OSRE R OEIEE, & OHE
JAOBIEME % A GEARFEOTREE 2 ORSREME T2 2 L 2 sl 27 F B
WILBE T NVC BT 2IBNERTO 7 ¥ REOBKD, i S iz 23 HflictkrT 1 H
BEOKMZETHN ., 2O Ehs, EFALDOT R VREOHETE &, H EEHID > D%
FHEFEFIORMEBE DICHEES Wiz EF 2 Twb, —F, H B & O S IEE
LTI S o R TT Y, RIS 3R D S U & e HRiR i e
DT RUH, IVEBEZEEL TWE I ERET M oRBINT:,

FEERDZREDD B, ROBERELST-DIZFET XV A KETH 25, iz
BHROA—ANT) TEED T R EHEEHICEE L -EHH R I, A —A T
D 7HRIED 7 R U BNRGHFTHB L 2 EHEE Sz 6 A 21 HETROFEFIZ O W T, KA
ORI, BRRRE, R cBb > e KTIEERY A T A DWW LTz, 2O+ —2A
NI TEBEOBEE S R RRIE, FicA—Z 7V 7HEEE» SBE SR, NHEET
& % 38 > CREMOKRIRIC A DS > 7o, KR ECIROKERREICET 2 & 5 CHiE TE2E-
CHAFIELHE & CHIF L7z, Mg H O BROKIK LA, 4 —A bJ7 ) 7 THRE
LIESE L, ZOEMENCH > CTRBKKR LI THU 2 Y v ¥ ORICIER & bz fim &
DA L VT Tz, ZDOEREIC, BB, SRR RITEN2Y) v a2 Bitbiz Vi
B, THCHES RN T N r 2BEoKREE RS, S NEAER L7, NECERX I 0
727 Rk, Wy O o UL eEm SN KR RIcEE L, A Y NEJERRIC & o
KR L SIERE IR S Wi e F 2 ond, £/, A=A M7 ) 705 ME0E
HADH ) —DOORK L LT, HEBENHENTHAD D 25 0EF LE @2 2 sk -7,
MR, MAPEPERZRZEED OMESH VG2 2L bRBsnl, Z0%HE, 10 HE
FETH7 20,000 km ZFEE) 3 5 HEHE WEE CFYT 25 m/s BE) B&bend, 207
DIZIE, MHEZOZ R 2HuTOd 25 5ED L ¢ LR s ¥, BRI T
O AT TTRES ¥ 2 BifRE ORBREBELLY, ThZhORETY A 37 &<
B53 2 0E1 D 5,

i
AWTZERIB I, 55 45-47 XA AFEBHUR BT 3 W TRksE L TR S iz, BBk
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BuTHIWl Rl EEFRIE# I U E T, BRI, 545 KK U 47 RECTHETH
ZHM L, HEZE LFRE - HNOH 202 RERER, 725 IS RRIEZKIC
ELESH I L E T,
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