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Radon tæaorr€tnents we¡€ pcrforrcd during tho 33 tra¡¡s¡t and mi¡sion flights of
thc GTB/ABLE 3A campaign aboa¡d NASA Elcctra aircrafr ¿29 nom Virginia to
Thulc (Grecnland), BanÞw, Bcthcl and cold Bay (Alarka) and over aa¡acont
a¡cac. Radon \ryos næaaurcd by a real-timo radon-r¡¡oûer bascd on cloctrógbtic
preclpitation of Rndaughter product¡ and alpha-ray Epcctromtry. Largo scale
varlations of tnopospheric radon vcnuo ladtudc werc obccrvod ftom the mean
reaults of radon activity for all thc flighte. It appcars that thoro ic goncrally a good
ag¡€crmnt botwcen the radon activity r¡€ans, considercd by aldtudc band, anã tho
assosscd origin of tho alrmasses, on tho basi¡ of a low radon omlcsion by
pormafrost and h¡ndra covercd continontal arca¡ in Arctic rugione. From thc
significant lowcst values of radon activitloa rneasur€d during tt¡e Ctg¡ngLE-3A,
8n averagc radon activity for Arctic air-ma¡s wa¡ determined and found to bG (56
1z¡ mnqrms. Radon frec air-ma¡6 $rcnc not encount€rcd, which lndicateo, in moct
casec, at lcast sonrc contincntal influenco, from the point of vlcw of radon
Prescnco. The ctudy of poeaible conclatione bctwcen radbn variadons and cvcntg
rccorded for othor apccice has not bccn pureued bccausc of the high uncortainties
associated to tl¡c very low radon activities recordod by the instn¡npnt in Arctic
rcgione.

MEDIDAS DE RADÔNTO NAS REGIÕES ÁRTTCNS DURANTE A
CAMPANHA AÉREA GTE/ABLE-3A (JULHO.AGOSTO DE I9E8) -
Medidas de radônio foram realizadas durantc os 33 vôos da Miss[o GTE/ABLE
3A a bordo d¡ acron¡ve Electra 429 da NASA, da Virginia (usA) até Thule
(Groenlândia), Banrw, Bethel c cold Bay (Alaska, usA) c nao rcgiõcs adjaccn-
tcs. o radônio foi medido por um rpdidor ft¡ncionando om tcmpo real e ba¡eado
na precipitaçâo elctroatática do¡ produto8 dc docalmento do radônio e na cspoc-
trornetria alfa. Variaçõcs de grando cscala do radônio tropoeférico em funçåõ da
latitudê foram obscrvadas através da análisc das ¡nédias para todos os vôos. ob.
scrvou-Ee geralrænûo uma boa concordância entrc as médias daa atividadcs de rE-
dônio por faixa do alt¡tudc, e a poecfvcl origcm d¡e masEas de ar, conoiderando a
baixa emiesåo dc radônio nas regi6co coberta¡ pelo permafroet o pela tundra na¡
regiOcs-Árttcas. A partir doe valõre¡ mais baixoi das-atividadce dË radônio regie-
tradas durante esta campanha, um valor de atividadc úpica da atividade dc radônio
na8 ma88a8 de ar no A¡tico foi deærminada: (56 t z) mgqrm3. Maseas de ar dcs-
providas dc radônio não foram cncontradas, o que parecC indicar na rmior parte
dos caso¡ uma ccrta contribuição continentnl, do ponto do vlsta da prerença d-e ra-
dôr¡io. A análise dac pooefvcis correlaçôes entno as variaçõce doc teór€s ¿Cra¿Onio
o evcntoo registradoe para outras espécias ûFdtdæ ¡imultaneamente durafitÊ a mia-
são nåo foi des€nvolvida dcvido àe lncertezas elevadas, assocladas à¡ atividadcs
de radônio muito baixac regirtradar pelo instnrmento na8 rcgiõcs ,4rticas.

I. INTRODUCTION werc pcrfornrcd durlng the last decades, in both
hcmisphoroe, for instancc, at fixéd ståtions (polian et
al., 1986; Pcrcira, 1990), at aircrafr altitude¡ (ÌVilknisa
et al., 1975; Wilknlac & Laroon, l9E4) or aboard ehipe
during ocoanic crui¡o¡ (lVilknics ct al., 1974; Bonoang
& Itmbcrt, 1985).

In thla work, urc describo radon ¡noa¡utlfæntE
that wc have mado during tho 33 tra¡rsit and mi¡cion

Radon np¡¡u¡pd in polar and subrclar rcgions ia
very inùon¡ltlng to atudy air-masE movemonto and traco
elerænt trì¡noport¡dona, bccausc of ite uniquc lolc ag a
natural, non shcmically roactivo, gasoour radioactive
træor of ræry low to practically nu¡l ground cmi¡¡lon
in thoco rogiono. Va¡lous ccrio¡ of radon mcasuçmcntr
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flights of the OTE/ABLE 3A canpaign aboard NASA
Electra air€raft 429 frrom Virginta to Thule
(Grocnland), Barrow, Bothol and Cold Bay (Alaska)
and over adjaccnt areas (Fig. I and Tabla l). Radon
wa8 nnasu¡eo by a real-timc radon-npûer ba¡cd on
elecbostatic precipitation of Rndaughter producb and
alpha-ray opectronrctry.

From a geræral ûo a rmfc dota¡led analyeia, radon
data obt¿ined durlng the mission rnay be inærpreted in
terms of: l) largc ¡calc va¡iations of tnopoephcric
radon vorauc latitudc; 2) vordcal profiloo a¡ a fr¡nction
of the flight location and ainn¡8E charactcriotica; 3)
detailed analysie based on event idcndfication such a8
pluræe and layers obcô¡,ved during thc flightr.

Large scalc variations of tnopoephoric radon
vergus latitude are obserucd f¡om tho r¡æan resulte of
the mission and a¡e comparod with data firom other
works pcrforrcd at lower latitudoa. Thic tdnd of
inærpretation is interçsting bocauec it reprcsente an
ext€ns¡ve radon survey covcring a largc geographic
arca at afucraft altitudes.

.cf rþ' æ'

on the r¡ranir¡m and radinr¡ goæhcmlrtry of thc
ground, much lowor ¡adon concentratioru aro cxpecbd
at higher latitudcr, or undcr coldcr climatic condidonc,
as it w¡s aLeady ob¡crvcd by ocveral authors (Lsmbort
et al., 1982; Ma¡æn¡ & Chanton, l9g9).

A morc detailed study of the di¡tribution of
radon along tho path of thc füghb wao tcntatively
invcstigatod in rclation with the ¡esults of some
important other species and in conplation with
meûeorological data, but bccausc of the very low
counting ratcs rccord€d during thesc mis¡iona, resulto
for short inûervals of tiræ a¡e affcctcd by very hlgh
uncertaintics, and are thercforc questionablc on regard
to poeitive or nogativc coroladon with oventg
rocorded for other spccico. Furthermoro, becauae of
the vely low count ratcs rtcofdcd, inûegration tiæs
long cnough are necdcd to achicve stati¡tical
eignificancc, which is incompatible with detection of
shon duration evcnts. For this ncaEon, thie publication
is restricæd to widc are intcrpretationa, ba¡cd on
reeults obtaincd by the inægration of counting ratc
during long enough durations.

2. MEASUREMENTS AND DATA LOGGING

Thc physical part of the insrrumcnt ie baelcally a
radon-gas rieter and i¡ thc game which was uood
during thc GTE/ABLVZB in l9E7 in the Brazilian
Arnazon Basin (Perei¡a ot at., l99O). It ha¡ b€en
widely do¡cribed olacwherc (pcreira ct al., l9g4;
Perçira & Silva, l9E9). Thia apparatuE $ras groatly
improved for thc GTE/ABLE J¿{, mi¡siq¡ Uy nã
addition of a now data logging eyeûom uring a portable
miclocomputcr. lVlth thia ayetem, S-minutc intÊrìrEl
counting ratos within the 218po 6r¡6 214pq channelo of
thc alpha-nay spoctrum worc transfoncd frrom tho pulee
hcight analyzcr and r¡corded on floppy diska dürtng
the mi¡slon. Becau¡e of its availabruty on tho pulõ
hcight analyzor, an RS232C cornmr¡nicatlon pm-tocol
wa¡ usod fø thc tran¡fer of the dat¡ betwecn the puleo
hoight analyzcr and tho portablo micrccompuûer.

The rcduction of the counting ratoE to radon
activitios is msde by uaing an efficioncy factor,
function of the ineüunrent, cabin and outside prcEEutËs
and tcmperaturs and specific humidity (pcroi¡¡ &
Silva, 1989). Moat of thccc faciors 
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the on-board computcr recorda; thc cabin prcocure and

|1l ry*ront ùomperrtureo nono hand writtcn Gvory
15 minutcs by tho opGraûor of thc radon æter ¡nd
keyod inûo the comput€r afrcr complction of tho
mi¡sion.

Typically a otoady countlng raûo of I puleo por S

Tinlat should rtprcsGnt about 3OO .¡q/rr. Or¡o to
tho low counting r¡tos obscrvcd (O or i or 2 a fow
unito por S-minutc inttrval, O boing the mrt ftrequont),

lho radgn activity dotcrminadon hcomplicatcd liy trro
intoractlng factor¡: tho unocrtEintios âslocittcd ririttt
thc ¡tati¡dc¡ of low counting raûos a¡d tho fact that a
cortain counting fatc comrpond¡ to tlro inægfafod
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Flguro l. Map of North Amorlca with thc püt of tho
NASA ElæEa 429 flighrr during GTB/ABLE-
3A mi¡don. Radon wa¡ mo¡sr¡rod dudng all tho
flighb of thlr campalgn.

Flgura l. Mapada Amérba do No¡ic mo¡Eando o potrurfl)
d¡ æron¡vo Elæfa 42g da NASA duranto a
ml¡são GTE/ABLE-3A. Modid¡¡ do radônio fo-
ram rcaliz¡da¡ duranûc todos o¡ vôoc dc¡ta mi¡-
¡lo.

Tho main diffcrenco betwcon radon omanatron
ftom soile at low, rpdium and high ladtudcs is
expGctcd ûo bo duo to tho difforcnco of solar oncrgy
flux providing much gfs¡t€r cman¡tion of radon at low
a¡d ædium latitr¡do¡ than at high latitudcs (poreira ot
al., l99O). Tho offcct¡ of poecibly diffcrcnt rainfall
pattcftrs duing otrmrær a¡d thc oxi¡bnce of
pormrftoot implying a lowor ¡¡don orn¡nrdon at high
lsdtudos al¡o h¡ræ ûo bo takon in¡o accounl From
thogo con¡ldcration¡, oyon without any conoom about
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T¡blo l. ttlnenry of Eloctra eircraft duing GTE/ABLE-3A mi¡¡ion (198t).

T¡bol¡ l. Roo d¡ æron¡vo Eloctr¡ dur¡næ e campanha GTB/ABLB-3A (1988).

FL FROM TO

7I

I
2

3

4

5

6

7

I
9

l0
ll
t2
t3

t4
l5
l6
17

l8
l9
20

2l
22

23

u
25

26

27

28

29

30

3l
t2
33

Wallope ldand' VA

Thundorbay, ONT

Churchill, MAN
Thr¡lo, Grænland

Fai¡ö¡nk¡, AK
Barrow, AK
Ba¡¡ow, AK
Barrow, AK
Barrow, AK
Barrow, AK
Bermw, AK
Banow, AK
Barmw, AK
Bothcl, AK
Bothcl, AK
Bothol, AK
Bothol, AK
Bothol, AK
Bothol, AK
Botþ!, AK
Bothol, AK
Bcthol, AK
Cold Bay, AK
Cold Bry, AK
Bothcl, AK
Bothol, AK
Bothol, AK
Barrow, AK
Thulo, Grænl¡nd

Thulc, Grcenland

Frobl¡hor Bay, NWT

Gooro Bay, NFLD

Portland, ME

Thundorùay, ONT

Churchill, MAN
Thulc, Groenl¡nd

Fûirbanks, AK
Barrow, AK
Barrow, AK
Barrow, AK
Barrow, AK
Barrow, AK
Bgro$r, AK
Barrow, AK
Barrow, AK
Bothel, AK
Bothcl, AK
Bothol, AK
Bothol, AK
Bothol, AK
Bothol, AK
Bothel, AK
Bothol, AK
Bothcl, AK
Cold Bay, AK
Cotd Bay, AK
Bcthol, AK
Bothol, AK
Bçthcl AK
Bar¡ow, AK
Thulc, Groonl¡nd

Thulo, Grænl¡¡d

Frobi¡tpr Bay, NIVT

Gooco Bay, NFLD

Portland, MB

Lrngloy AFB, V¡

July,7
July,7

July,8

July,9

July, l0
July, 12-13

July, 13-14

July, 15-16

July, l7
July,lE-19
July, 19-20

Jrl[y,2l-22
Jlly,A
July,26-27

luly,27-28
July,28-29

July,29-30

July,3l
Aug.,2-3

Aug.,3

Aug.,4

Aug.' ?

Aug.,7-8

Aug.,I
Aug.,9

Aug.,9-10

Aug.,ll-12
Aug.,12

Aug.,13

Aug.,15

Aug.,15
Aug.,16

Aug.,17

doæcdon of the circuladon in the inatn¡rncnt of a

voluræ of air with a rpeciñc acdvity (unknown)
durtng tho int€f,val of timo tho aircraft ie croealng thc
laycr which doo¡ not coincidc wlth tho counting
incrval¡. Thi¡ la¡t factor ls complicaæd by thc tiæ
rcsponso cuno of thc in¡truænt ûo a radon spike or
atop, duo to tho flow througü tho in¡trunpnt and to thG

r¡dioætivo ¡qlc¡ botwccn ¡¡don ¡nd it¡ dctcctcd
daugbbr producE. An atloryt to lntêrprot thc r¡w data

by a doconvoludon æthod ie bolng dono but in tl¡ic

work, only a dircct comocpondencc ædvity/counting
rato was u¡od.

ln thi¡ di¡tst corrcapondonce, anothcr fæÛor h¡s
to bo takon inûo accou¡rt. To oxplain it, a liülo
corrcback hss to bc m¡do: during GTBIAB.LE'?B
miroions, tho data logging sytbm uood mainly a
portablo pulao-hoight analyzor, sellcctod thc countlng
rato only druing tho lnSorv¡l¡ cho¡on by tho operalor'
on bo¡¡d and during tho mlselon itlolf, on a rc¡l tlm
bssb; thåt ia to oay thst ttrc otÞrator' following the
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Rodon Activities per Altitude Bond
(CTt-ABLE/JA Ftishr¡)

füght plan a¡rd thc inûorcom Ínfornration, har ûo ¡witch
on tho ¡scrhsl¡don of tho countlng rato at thc
beginning of a horizontal leg and ûo ¡wiún ít off ¡t thc
end. of tho leg. The ncw data logging oyeæm uecd
duing GTE/ABLE 3A mado the tra¡¡¡fãr of rhe radon
conerponding counting rnûcE ovory 5 minutce, frrom
thc saæ- pr'l_re hcight analyzor to a portablo computor
by eerial RS232C tra¡¡¡mis¡ion line. Although this
Eystcm allows å motc pr€ciso tinæ dofi¡rition of thc
rcsults than tho fonær one, it must bo remindcd that
one S-minulo inûerval docs not givo by itrclf cnough
prccision becausc of thc ecarclty of thopuleoe. fh¡slsin part ovorriddcn by the aosociation of ¡cveral
lntervals,-according to tho flight Uajectory, and the
decision for this operation is t¡ken añcrwardr, during
the inrcrprctatlon of the data, and no nrore durtng thã
flights.

But, in all the ca8e8, it must bc r¡entioned that,
becauec of thc ståtistical naturc of nuclear cmis¡ionand detcction and because of the acarcity of
information ca¡dors namely tho 2tspo dctection púkor,
a rcsult is always cha¡¡ctorized by the value calculaùod
and by its uncortainty calculaæd according io the
rule¡. Becauce tho errorg acsociated to the calibration
of the in¡uurænt a¡o much lower than thc strtisticâl
uncortainty (Pe¡cira & Sllva, l9E9), only the laùcr one
ic prcecnted for each rpsult.

Amng tho ro¡ult¡ proccntcd in thia wort, eevoral
vc¡tical proñloc ¡how a local incrcsse of radon with
|d*d.. Thoy roproocnt radon invçrrod prcñlos, which
havo boen obaorvcd in many rcgiono of tnc world, for
yariguo atmosphcrlc condltion¡ tt¡nUert ct al., l¡g2;
Porol¡a et al., l9g0). Howovor, it ha¡ bccn quootioncd
whothcr ruch prcñlco rn¡y not be duo ûo thc offoct on
tho dctccûor itself of an inc¡r¡ase of coemic_ray prinary
or .cccondary comlþnentE wtth incrca¡ing altitudo,
bosidc¡ tho detccdon of radon activitiog in th;
in¡tnrrpnt chamber. Thc first arguænt againot guch a
euggeetion i¡ that any ¡cmicondustoi alpha-ray
detocûor is not a convenicnt dctêctor for irotonc,muono, neuEong or gamfns-ray of coamlc-ny ølgin,
bocau¡e of thc thicknoss of thc layor aoneiblo to
ionizing pardclcs. The ¡ccond a"guncnt i¡ bascd on an
observadonal fact ftrom thcso missions in Arctic
rcgiona. Tlrc mo¡t convcniont rcgiono to obcore cffoct
of coamic radiation on tho radon-npær ¡hould bo polar
rcgione, at high latitudos, whorc, a¡ it is woll knävm,
cocmic radlation has a widcr onorgy spoctrum and is
lyyforc gtobally morc inrcn* în 'E Íh. During
rylhte 4 and 28, frrom Thulo to Alask¡ md r€rum(Tablo l), the aùcraft c¡ossod exactly tho North
Magnctic Polc region, at altitudes above 4500 m, but
9y"g_ thccc flighto, rrdon activitics rocordod dg t13) mBq/m3 and (66 + tg).nqLr r.rpo"il*ofy, wcno
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a¡nong the lowcst observed during the whole
GTE/ABLE 3A rnission. Thcsc results, and thc vory
low backgrcund obtained at g¡ound level (without any
extrs protection against natural radiation fnom soil and
building rn¡terial) confirm that there is no dir€ct effect
of oxternal ionizing radiations on the detecûor and that
thc observed proñles sfe not due to such effect. A
ccrtain eensitivity to electromagnetic pollution at short
distsncc was observed, but convenient protection

73

prcvontcd rrnasunemont¡ from bcing spoiled by such
effect and may not be involvcd in lhe rcsults
preacntcd.

3. RESULTS - GEOGRAPHICAL TRBNDS

Figurc 2 and Table 2 show the rnean activities
per interval of altih¡de for sll the flights, cxpressed in
mBq/m3 (millibcquerel per cubic meter) and calculated
taking into account cabin pfessurc and tcmperature,

D.J .R. Nordermann

Teblo 2. Mean radon activities for all flights and by intcrval of altitudc. Thceo activitior arc oxproesul in millibccquerel por cubic
meter of air (mBq/m3) at thc considered altitude and wero corrcctcd for instrur¡€nt temperatu¡e, cabin presrure and
humidtty offocts on the overall detection efficiency.

T¡bcl¡ 2. Atividades médi¡¡ do radônio por intervalo de altitudo, para todor os vôos. fJtas são expressas em milibecquorcl por
mctro cúbico dc ar (mBq/m3) nr altiturtc dc vôo c foram corrigidas pcla tcmpcratura do in¡trumento, pcla prcss6o da
cabina c dos cfcltos da umidadc no rcndlmcnto global dc tletccção.
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¡¡d þumldity corrrctcd efñcicncy. In ¡oæ calos,
becauce of tho chort tiæ spont within a layer of
altitudo, there io no value indicatcd or tho valuc
prcBents a r¡ther high uncortainty. Tho ræan cpecific
actividec for all altitudcc and for all tho Rightg
althogethor a¡c also givon. The genoral rc¡n valuo for
¡ll thc flightc, (t02 t 4) mBq/m3, ir very low ¡¡
comparcd with ¡eaults obtainod for other regione of the
wodd (r qr¡¡ort et al., l9g2). Becau¡c of ite hlgher
ctst¡sdcal eigniñcation, it wlll be con¡tdcred a¡ a
rcforcncc valrc for thc compari¡on with individual
valuoc obt¡i¡rod during thia GTB/ABLE 3A mis¡ion.

From the manr by aldnrde bands for all tho
flightc it wa¡ observcd that radon shows gcnorally low
activldcc (< 600 rnBq/m3¡ to very low activitiãe (<
300 mBq/m3 for altitudes > 500 mi with a æan value
of 102 1+ mnqfm3 (aü Rigtrrs), lower than valuea
found in the liûcratur€ for the eanrc rcgion and much
lowor than valuc¡ for ûornperate and tnopical rcgionc
(at thc aame sldtude). No di¡ttnct pattern was oboervod
for abovc 200O m n¡88o8 of air of a¡suræd continental
or ¡n¡r'itinro arctic origln. Abovo 2(XX) m, r¡don wa¡
quiûe alwayo prcsont even with minute yioldc.

Fì¡rthc¡m¡c, it appearo, indopendently of the
knowlcdgo we rn¡y have on the area flown or on tho
natu¡! or origin of tho ma8æs of air encountored, that
therc arc two kinds of proñles: conæ (for example
flights 5, 16, 29, t0,3l) ohow a stcady dccreace of
radon activities vomus altitudo and othor onoe (for
oxample llighte 17, 27,33) show an ¡ncreEse from
undor 5(X) m, 3o 500 m ûo 2O00 m and thon ¡ dccre¡¡c.
Indopendently of thio tondency, eorrc profile¡ show
olightly higher valuoa at thc hþhor ålrih¡des (for
cxamplc flighu 4, 9, ll. 14, 20, 21,29, 32). Thc
profilea of the first ktnd, showing a ctoady dccroase,
arc profilee for which the airm¡¡¡ at lowcr altitudoa
show¡ hþhor radon concentratione, a¡sociaþd with
local om¡netion, generrlly above continental a$cEE, or
from not complotoly fiozcn continontal a¡eas. The
profilc of tho ¡econd kird, chowing lower radon
conconh¡tion¡ near tho grcund, û€ typically
charææri¡tic of flighb aborre frozon contir¡ontal arpas
or oceanic arcao, with littlo radon omanadon, o¡ with
tho pcrenco of occanic airmåss at low aldtude.

GBNBRAL TRENDS IN ARCTIC REGTONS

hoñles 4 ûo 14 ¡ro undor lnfluonco of
continontal polar air, from Siborlan or Alasksn origln.
All tho¡e profiles show nthor low man rodon vJuo,
and low vah¡os abovo 5(X) m, oxcopt for Flighte g urj
9, betweon 500 m ¡nd 1500 m, which indicatc th¡t
radon cmanadon frrom polar continontal ¡emob a¡cas is
gþr wealc. They show alæ vcry low valuo¡ undcr
l@ ., oxcepr for Flight 15 anã Hight 16, whlch
indic¡te al¡o a woak local producdori of radon, by
tundra, which has bcen ræa¡u¡od by Martcna (l99li.
Forcst fi¡os werc ændoncd for Flight 14, but radon
acdvity wa¡ rathor low, oxcept for a highcr valuo, not

vory significant, abovc 6(XÞ m, which dooc not givc a
convincing cluo for a forc¡oon co¡æl¡tion bo¡væn
radon ¡nd fqest fi¡ê.

Flighta 15 to 19 a¡s dominarpd by maritimo polar
air from tho Gulf of Alacka (all but Füght lSi a¡U
l-. tho Boring sca Glighr lB) accor¿ing ro
Moæorological Data (tgBB). Tho radon ¡ctivido¡
ræ¡¡ured arc rather high, near tho ¡çfercnco valuc or
ellghtly higher, lndicating oither prcviou¡ condncntal
origin, or local oridn from tund¡a oman¡tion of
previoue dayo, oncc, ln mst of the¡e flightc, radon
activlty, under 500 m, io lowor than at highor Ettitudcs.

Flights n, 21, ?A, ?5, 27 and 2g arc undcr
influonce of polar continontal air, matly ftrom Easter¡t
Sib€ri¡. Thcy gavo rather low valuo indicating, a
rathor low ornanation, ar expcctod, and/or an ..old"
continontal air, "old" boing takcn ln the scnsc of the
radioacdvo decay of r¡don (half-ltfo 2.g2 dsy¡).
Flighte 22 and 23 wore indicatod ar botng dominatcd
by contlnental polar alr abovc fnsridmc potar air.
Radon acdvitice, inbgntod for tho toratiay of the
flights, soem ûo confirnr thio, showing highcr v¡luo¡
for altitudoa betwcon l50O m and 4j0Orn n- undcr,
ao expocted.

Low altitude Flight 26 gwe a eignificant n¡ther
high value of (263 t eS¡ mnqfm3, undcr 5OO m. This
is a clesr indication of contlnontal polar air, or rrx)¡c
prcciroly of "young" conti¡rontal ¡ir. Thic valuc
corres¡nnde to thc hþhoet ræan valuc among all
flighrr of tho GTE-3A mis¡ion.

LI\TTTI,'DINAL TRENDS BBTTBEN 3?ON TO
83ON LATITUDB

Flighte l, 2 and 3 a¡e tra¡rsit flighte frrom Wallope
Island (Virginia) to Thulc (Grccnland), croesing tic
Grcat Lakoa region and Contral and Nortt¡-ca¡ærn
Canad¡. Flight 2 was loo short for a cigniflcant rcBult
as npasu¡cnrentg ìverp discontinued bocaueo of an
excre88 of humidiSy insido the lnaüurænt. Values
botween 4500 m and 6000 rn, for Flighfs I and 3,
prpoent a relativcly gmall unccrtainty and are both very
closo to tho ¡nean roferenco valuo for all the flighta.
These valuee, not bolng vc¡y low, indicate the
prcsence of, at least in part, 8orc contincnt¡l air.
Flight 4, from Thule ûo Fai¡ö¡nks (Ala¡ka), shows
botrrecn 450 m and 6000 m and above 6000 rn, ,"rylow valuoe, about half the rofc¡enc¡ valuo. Thecê
values may be con¡ldcred as En lndicrtlon, or more
oxactly, ¡s a conffum¡don of the prcocnco of radon
doplotcd alrmass ftrom strstocpheric and/or arcdc
origin.

. On_the way back, tho ü¡rcc fllghtr rn arcüc
Iggns, Fliehrs 28 (Berrow ro Thulo), ig (Noru, pot,
Flighq ftrom Thulc to Thulo, up ûo b-3olg,N) and 3O(Thulc !o FrobiEhcr Bay, Canada), show low radon

:l$:tt (66 t 13) mBq/m3, (64 t l7) mBq/m3 anJ
(5-7 

= 16) mgqlm3 upoctivoly, valueo characteristic
of a¡ctic air, with arctic continental influence, in the



sense of radon activities. Ncxt flights, Rights 3l
(Frobisher Bay to Coose Bay, Canads), 32 (Goose

Bay to Portland, Maine) and 33 (Portland to HamPton,
Virginia), show a steady increase of radon activitics,
with values of (84 + zz) rrnqtm3, (l3l + 26¡ mBq/m3
and (139 + ¡3) mgqrm3. This rnåy be casily explained
by the higher radon emanation by dryer and warrlEr
soils of lower latitudes comparcd with \ilcttcr, colder
snd even frozen soils of higher latitudes at that tirne of
tho year (mid Auguot which corresponds ùo northern
hcmisphere sumrner).

As it was seen bcfore, it seems that it does not
cxist "pure oceanic a¡ctic air" (air supposed to have
travelled a timo long onough ovcr the ocean or over
the ice cap, which practically does not emit radon, to
becorp f¡ce of radon by radioactive decay): the lowest
valuea obtaincd \vith tho highcst levcl of confidencc
(ræasurements long enough with a very low
in¡trurrcntal background count rate) over low radon
high latitude rcgion, rnay be considered ae being
reprecentative of the atmoapheric radon background
far from its eourccc, at thcec latitudes and at that time
of year. To obtain this value, the rnean activity for the
oix flights (Ftight 4, 21, U, 28,29,30) which gave
the lowest values at high latitude, wae calculated and
found to be (56 tZ¡ mnqlm3.

Thi¡ reeult msy be compared with a value of
radon activity obtåined in the central Pacific Ocean,
ncar Hawaü, far from contincntal sounces. Samples
talcen morp than 2O km upwind of thc island from 0.5
ùo 3.6 km alritude yiclded I l0O dprn/loO m3
(\tilkcning, l97l; Moore et al., 1974) that is 183
rnBq/m3. This is characæristic of an airm¡¡s which is
not radon free, eam rcsult as in thc cas€ of the arctic
oceanic air. F\rrthornn¡p, contral Paciffc oce¡nic air
pr€sents a radon activity which is about 3.3 ti¡¡æs thc
valuo obtained in this work, for the a¡ctic oceanic air.
Althougb dmåssos sr€ not etrictly confined in ladtudo
bandr, this ratio may bc a¡sociated to thc ratio of
radon omitting continental areas between northem
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hcmirphcre low (Hawaü is locat€d at 2001.I) and high
(this mission: betwcen @o and 83oN) latih¡des.

4. CONCLUSIONS

On the whole, the rcsulto obtained confirm thc
general trend of those obtained by other author¡ and it
appcars that thore ic gencrally a good agrcoment
between the radon activity nnans, considered by
altitude band, and tho assossod origrn of tho ainnasaec,
on tho basis of a low radon emiseion by permafrost
and tundra covcrcd continental arcas in Arctic regions.

From the oignificant lowest vah¡es of radon
activities ¡æasurcd during thc GTE/ABLE 3A, an
averagc radon activity for Arctic air-mnss wrg
dcærmined and found, for this campaign, to be (56 +
7) mBq/m3. Radon frcc ai¡-mass werr not
cncountered, which indicaûes, in most cases, at least
sorne continental influonco, from the point of view of
radon precence.

The study of the poeaible correlations between
radon variations and evento rccordcd forother opcciee,
has not beon pureued becau¡e ofthe high uncert¿inties
associatÊd ûo the vory low radon activities recorded by
thc instn¡ment in Arctic rogiono.
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