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Atrmsphcricradonrca¡ufgæntSwcrepcrfornedsifboT"intheBrazilian
A¡n¡zon Ba¡in during Utã.rr"t scason ABLL2B experinrcnt. Tho vertical profilee

of radon showed ;;tt"tl dccteasc of concentratioñ witfr increasing altitudc at ¡
rate vsrying from-O.i to ll x lO'2 BC q-3 iun-l. ft¡ calculation of the flux

balance of radon i"i'l, ;rp"sphere abovc the Amazon Basin indicst€d ¡ rcsidual

fluxatthoupperboundaryofthe,*"".,'"'*otdomain(6km)of0.l4atom.cm.2
s-r. This rcsidue "rv'urkr*i8ted 

with thc n¡¡bulcnt transport of radon duc.to

cloud activity. e'rotigtr gstit*t" of thc cloud rnsss flux at 6 km was of thc ordor

of 0.4 x lo-z rg m-ãïr. rne horizontal survcy of radon-betrvecn Belém (l'sos'

4g.5oÌÐ and N,Ianäs ifóS, eOW) performed ãt t*o differpnt levcls (30o m and

3000 m) indicated Etrong enhancenpnt of radon near santarém (2oS, 54'5otw) at

the lower level, and a ,ñ.tt"¿ dccrease at the higher- levcl ni8ht. It is.suggested

that npsoscal" ruUrl¿"nã in thia region inhibited the removal of mixed layer

radon bY the convective activity'

PERFTS DE CONCENTRAçÃO DE RADÔNIO SOBRE A BACIA
;ú;¿õÑõe -punnNTE A EsTAçÃo DAs cHUvAS - Modidas de ra-

dônio atrþeférico foram realiz¡das na Bacia Amazônica brasiloira durante a caÍÞ

p*rru crgngl,E-ig nu eståç6o rlmifa. oa perfis vcrdcais, reallz¡do¡ a bo¡do da

æ¡onave, mostraram um ligeifo decréacimo da conccntraçáo cm funçáo da altitu-

do, cmr ufnå taxa de variaç6o comprecndida critre 6,5 c li x lü2 Bq- q-' \-:1. O

"ei"uto 
do balanço de radónio na 

-tropoefera 
acirn¡ da Bacia Amazônica indicou

um fluxo rcsi¿ujìã ümite auperior 
-do 

domftio do ¡nedidac (6 km) dc O,l4llto-
är-ä;r;-i:-E"t" rcefduo pode ecr associado ao transporte û¡¡bulcnto dc radônio

dovido à atividsde das nuvens. Uma estimativs do fluxo de masea de nuvcns a 6

km foi da ordom-dã õi * l0-2 s-1. O perñl horizontal de radônio entre Bolém

il"5tS, ¿ã¡õy¡¡ o U*äur (3oS, @\ry)-reatiz¡¿o a dois nfvois difersnæs (30O m

o 300o m) indicou um forle'aumcnto oó ra¿onio perto dc santa¡ém (2os,54,5oV)

na altin¡de inforior, e um decréscirm nftido na altitude auporior do voo' lJ Eugcn-

ãõ +r" a gubsidó;cia de rpsocscala nceta região inibiu o egcspc do radônio da

"utÅd" 
miaturada sob o ofeito da atividade convcctiva'

INTRODUCTION

The potential of radon as 8n atnospheric tracer

has not bccn fully explored yet. Th¡o is particularly

true whon dealing with gtudies of vertical mixing in

the &ee tropoephere abovc tho planetary boundary

laycr. Thia ißsue ca¡ne back to discussion in a

púUti*tion by Liu ct al. (1984) on the baeis of a
'coryilation of soveral vertical concentration profiles

in s€voral places of the world. Barlier work by

Ttlfekian et al. (1977) and latcr by Lambert ct al'

(1982) prcccntÊd vory comProhcnsive gh¡dies on the

global balance of radon and radon daughtcr productr

io tfto troporphere wlth direct irrylications m thc

mbiliz¡tion and trancport of trsce'Glo¡rænts in tho

uopæphore. Ncvcrtholoos, thc available litcranus

toOay 
-rovcat¡ 

an unju¡tified lack of radon data for

tnopical regioru of the world, prticularly for tþ
tnoþical raln forcst areac, whore important turbulent

mixing assoc¡åted wtth rnoist convection takes placc in

the lowcr tropoaPhcrc.
Thc NASA'o Am¡izon Boundary LaYor

Experinrcnt (GTE/ABLE 28) condrræd broad stt¡dios

oniut exchangc and cþmicat budgets in thc Brazilian

ntrñ^n rain iorcat. This paper describes for the first

tinrc, rcsults of vcrtical concentration profilec and flux
balance of radon in the tropocphert above the Am¡zon

Basin, obtained duing the wet 8oa!on.

INSTRUMENTS AND MBTHODS

Radon concenFation profile messurcments wer€

porforrcd in thc Brazil Amazon rain foreet during the

wct season aboard thc NASA-429 Elccta aircraft'

Iüdtuto do Porquiras Erpæiatr,cdxa Portal 515, 12201 s[o Jocé do¡ camPoc, sP' Brarll.
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VBRTICAL
PR,OFILBS

Mcasu¡çmnts uÞrt m¡dc with a real dræ radon-gaa
eloct¡oatstic procipitabr dc¡crlbod by Fercin et al.
(19E4, 1989). In thi¡ æclrniquc tho out¡ido air i¡
continuouely samplod through a rncmbrane pump and
introducod into a O.O42 m3 homiapheric chamber-. Tho
radon daughæro produced in¡ido thl¡ chambor are
mostly (> 8Oø¡ poritive bns and præipitate through
an electric flold onto a collecting olectrodc conricting
of a ailicon alpha particlo detector. Bofore entoring thã
collection chambor honæver, the air is fdtered in order
!o removc radon daughtcn produccd in the outeidc a¡r
¡nd attached ûo aeroeol. Data acquisition was made by
use of a singlo channcl analyzer contered at the 6 MeV
alpha poak of thc 2l8po. The nucloar pulcce within a
prcsot cnorgy rango and time inûerval are rccorded
onto magnetic cacseüe tapes. Data is converûGd to
radon concenEation by a calibration procedure
eryloying an intern¡dor¡al radium ¡tanda¡d. Data is
also corngcted for cabin tcrperatur€ and pressure, us
well as for the epocific humidity of air, and the results
arc given in units of local Bq r¡-r (Bq : I decay pcr
second). The officiency or corospondence betwoen
cor¡nt raÞ8 and radon activities of the air was g2.gl

:es{B_.q m-3¡ for t¡,pical parameters þressure and
humidity) and for the dctoctor used (600- mm2 silicon
surfacc barricr detector, ruggedized type, madc by
EGG-ORTEC) in thc conditiono of this miesion
@oroira & da Silva, l9B9).

The roaponsc tinþ of the instn¡ment ln the
employcd configuration ie of thc ordcr of l0 minuæs.
Thua, tho inûeg;ration tirne was always adjusted above
this llmit, reatricting the ræa¡r¡renronts ûo leveled
Righto with duration grorter or oqual to 15 minutos.
Tho est¡måtod noiso of thc instrumcnt is 2.5 x 1016
counts per second or lO-3 Bq ¡¡-r at an altitude of
about 550 m. lVith such a low noise and for the
efficiency of doþction of the instnrænt, ths
senoltivity dopends mainly on the duration of the
measurgnrnt, which has to be long cnough to achicve
high cnough count ratÊs for the rpsults io bc
significant.

Radon concentrallons over thc Amazon Basln
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Scveral vertical trace-alerænt profiles rve¡e
pcrformed duing the rnieeion, although only in a fcw
cases, acquired radon data were considercd
statistically significant due to the relatively large
inûogration tinp of our radon nretcr when compered ûo
thc a¡cent de8cont rate of the aþlane.

Figurc I ehows thc vertical radon corrcentration
disdbution for all n¡ghtc. The data of Fig. I rcflecrs a
mcan bchaviø of tho vertical radon di¡tribution over
tho Amazon Basin during the wet seacon.

Jï9 alope- of this profile is fairly smalt, about 6.5* lùt Bq r¡-: km-l, up ûo 3 l<rn ãue to the srong
tu¡bulent transport by moist and dry turbulence. Above

RADON CONCBNTRATION

Figuro l. Radon vGrruE geomotric aldtude for all levclod
flighu with At _- 15 minutc¡.

Figura l. Radônio crrr fungiio da aldtr¡de gcométrica para
todos o¡ vôo¡ nlrælados para os qua¡ ¿t _ tS
minuûoa.

this lcvel, there is an inversion of the elope rcflcctcd
by a slight but significant (u,hon considering enor
bars) incrcase of rndon conccntration with hÊight.
Above 3.5 to 4 km the normal decreaeing profilð ie
again establiehed at a larger I I x 10.2 Bq m-3 km-l
raûe, which ic consistcnt with lcss inûÊnse vertical
rnixing in the atmosphere.

A beet fit line through data was adJusted by
assuming two dietinct sets of data points eeparaæ by
thc di¡condnuity at 3100.3600 m level.

The vertical temperaturc and ¡noistuË profilos
over the Amazon region during ABLE-2B al¡o
indicate the prccence of a slight temperaturc and
mo¡sture inversion at tho 3-4 km lovcl (Hanie et al.,
1990). This invorsion is related ûo the subsldcnce
which ie ostablishod be¡veon convectivoly actiw
ry4o¿r. Exccpt for thc interue prccipirating pcrlode,
ehallow cumulu¡ convactlon io p,rcscnt with ct,ouO top
level at about 3-4 km. Thc ehallow curnulus ptay an
important role in the vertic¡l transport of hcat-and
moisture from tho mixcd laycr to thc lower levels of
the troposphere as diecusscd by Beüs (1976). It is
reasonable to a.ssume that the shallow cumulue a¡e also



efficiont in ttrc transport oftrace gases as discussed by
Gidel (1983).

The effects of thc strorig vertical mixtng below 4
km can be secn in two distinct vcrtical pmfilcs for
which the expcrimcntal conditiono $'ere optimized for
the long inùcgation tirre of the equiprænt. Tho flight
of April, 29 (Fig. 2a, b) took placo ovor "tcna fuæ"
or dry forcst, about 80 km NB from the cþ of
Manaus. During thie flight a well mixed layer exictcd
to about 2.5 km, ûoppcd by an invorrion marked by a
haze layer. The poæntial and equivalent poæntial
tÊmporatu¡€ proñlos indicated dry mixing 3o about l.
km and intense cloud induccd mixing ftrom I km to 2.5
km (Fig. 2b). These conditiona arc consistent with the

o
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that thc isobaric trajætory aseumption is not as serious
a8 the ncglect of the vertical mixing by moist
convection.

Thc flight of May 2nd (Fie. 3a, b), on the otlær
hand, wae pcrfonæd over the "varzca" or wetland,
about 2(D km E of Manaus. The npist convective
activity during this flight, as indicatcd by the
thcrrnodynamic analysie (Fie. 3b) waE highly
suppreesed abovc 930 hPa (7@ m) where the top of
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Flguro 2. Fl¡ght # 16 - a) radon vcr¡u¡ geomoüic altitudc'
b) thermdyn¡mic variablo: 0 poændd t€ûnpora'

turc; 0c - oquivalont potcnt¡8l tcmpcrtturo; 0o¡
s¡turod oqulvnlcnt pot€ntial tempcnture.

Flgure 2. Vôo # 16 - a) r¡dônio cm função ds aldtudc
gcométricr, b) varlávol¡ tcrnrodinâ¡ni¡n¡: 0 =
tompelúurs potenc'i¡l; 0s = bmporatura Pobn-
cial equivalonbi 0o¡ temperatrna potonclal cqui-
valentc de aaturaçÍo.

negligible clope of the radon vertical profile up to 2
km, and both ¡adon a¡td otber ætærological dat¡ a¡c
sonducivc to an intÊnse mixing up to thio altitudo.

Calculated 3day icobaric back trqiactories (Fig.
4) ahowod 850 hPa alr rn¡¡cos comlng from tho E
while the 500 hPa ooræs ftom SW, from tho contral
Brazil plaÞau where the "ccrrado" or a "Eavana" g4)c
of onvl¡onmont pfodorninato¡. Howovor, tho roliability
on tl¡e bæk on trajccûoriee is qucctionablc in thc
prosenae of acdvo convecdon ¡lrrco r¡ordcal r¡txlnS
diluæs the air parccls. Aleo, thc back trajcctories a¡c
computod on isobaric levels, thue ignoring the cffect
of largc-rcalc ascênt or doscont of thc air parcclc.
Slncc the bmpc¡aturc ñold i¡ very horcgcnsouE on
pniasu¡G ¡urfaccs in thc troplcal rugion, wo boliove

o
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Figurc 3. n¡ght # lE - e) r¡don vorcu¡ goonrctrlc s¡dtudc,
b) thormodynamtc variable: 0 pot€nti¡l tcmpors-
h¡rc; 0o = cquivalcnt poùc,nüal tcmpcraturq 0G¡
cstr¡rcd e4ulvalont poûential ûempolr¡tÌ¡ro.

Figun 3. Vôo # 18 - a) radônio øn ñrnçb ds attiû¡do
goométics, b) varilvol¡ brmordh&nica: 0 =
Þmpcrsturs poænclal; 0o = tcmpcrai¡r¡ poton-
cíal cquivalonb; Oes tcrtpcre$ra potonci¡l cqui-
v¡þnûo do eaturaçáo.

thc mixed layor wao locatod. The isobaric back
trqiecûories res€mbled that of thc Apnl 29 Right,
axcept that thc 500 hPa trajætory showed s ü)re
inûence oouthorly coriponent. R¡don vertical
concentration profiloe for this flight indicaæs lnùon8o
vc¡tical mixing up to approximaæly 8O0 m (dry
mixing) toppod by a ræry etable profïle up to 2 km.

Tho air at the 4 km levol showËd a radon
concentration highcr than below, with a dlstlnct
invertcd radon proñle. Thc increase of the radon
co¡rcentration at highor lovolo ia p,robably relatpd to a
differont air rnaso, charactori¡tic of central South
furprica whlch ie overlaying a atablo layor. A low
radon conoentration in thc etable layer ie oxpccæd
sinco tho oddy tranrports frrom the mixcd layer arc
inhtbltcd. Ttp r¡don concentration ut thc top laycr (4
km) ¡s tho ¡a¡no for tho April 29th and May 2nd
proñloe euggosting a uniquo Bourrcc, pocsibly from tho
ccntr¡l Br¡ztll¡n platcau a¡ indicatod by tþ isobaric
trqioctory analyeis.
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Flgure 4. Rotnotrajetória¡ i¡oMrica¡ de tr& dias pars os
vôos #16 c #18.

horizontal radon divergcncc art alao neglected as a
first working assurrptiori. The top lcvel P¡ is ssrim¡t€d
!o bc locarcd at about 35O hPa (aproxirnaûely E lo),
based on a bcst flt extrapolation from tho d¡ta
collcctcd during the expcrinænt (Fig. l). The
intcgration of thc radon concentradon up to tt¡iE level
givea a net rat€ of dccay (R¿) of O.14 cm'2 s-1.

The ground flux of radon, F, wal moasured by
Thu¡bore & Wofey (personal communlcation) duríng
the mission in thc Ducko r€servc arud avcraged 0.33
cm-2 s-1. Tho ground flux of radon is the tinrc avcrage
from a single point in the dryland. Aaldc from the
probleme of sou¡co hcærogcneitþs duc to uneven
dletribution of radium in thc soil, tho problem of flux
suppreasion due ûo ftooded lands durtng the wet
8ea8on wss not taken into account. Nie¡o et al. (lgE4)
have applied satclliûe remotÊ ecnsing techn¡ques io a
wctland area near the city of Manaus and found that
32o/o of the eü¡died at€a wrs covered with wator
during tho peak of tho rainy seacon, while thie
coverage wac rilduced ¡o about l9%o n the dry oca8on.

Thus, since the ground flux data was obtained in
an unfloodod arca during the wet Beason, a first otder
corrcction fætor for the sudace emiesion of radon,
based on Niero's findings, was ap'plied to the data.
Such corrcction reduce the ground flux to O,25 cm-2
s-1. 'fhis value is, however, eubstantially lowor than
the comrnonly acceptod 0.75 cm-2 s-l continental
averqge (Ti¡¡ckian et a1,,1977) which e¡gg€ot8 that the
directly næasurcd 0.33 cm-2 s-l is probably a bcet
cstfunate.

The horizontal radon divorgcnce requiroe several
aesumpdone sincc the availoblc data does not porrrit
an adequaæ deecription of the horizontal variability.
Howcver, thc wind rËasuÍgnrcnts takon from thc
large-scalo radiosondo notwork allorv an estimato of
the tinp avoraged horizontat maes divorgonce over tl¡c
Amazon Ba¡in. We have assumed that tho time
averagod radon concentration over the adjacent
oceanic rcglons Ís nogllgible and that the bac¡n
concentration is homogeneous. In order ûo compute the
horizontal divergencc term of the r¡don budget, an
objcctÍvc analyais acheræ wac applicd ûo the radon
concentration in ordor to eetimata grid point values in
an equally spaced horizontal Srid used for the
eetimation of the horizontal maes divergonce (Barnee,
1964). Frgurc 5 is a cchematic view of thc radon
balanco over tho Amazon Basin. Tho vcrtical fluxoe in
parEnthesis leprÊ8cnt8 the estimate talcing inûo aæount
the euppreeion of ground flÐres duc to flooded aroa¡.

On the acaurnption th¡t this üux unbalanco is
r€al, it ia posciblo þ choose an oxplanation betwecn
two proccsEes that may be able to countcrbalanco the
ground flux eurplus. ThG docoupllng betrvcon tho
forest cnvircnmont ¡td thc atmoepheric boundary layer
is one of sr¡ch p¡occsscs. It hss been pointe¿ oui in
rcc€nt publication (Wofsy ct al., 1988) that tho vertical
exchange of CO2 bctween ttrc forcst atmoepheric

5o
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Figurc 4. 3 day i¡oba¡ic b¡ck trdecrorics for nieht # 16
and #18.

FLUX BALANCE

The vcrtical profile of radon concentration in thc
Amazon Basin during the uret scason preeented
rnarked discrepancies whon compared io the profile
data compilcd by Liu et al. (1984) for several
temperat€ and cold regions of the world. Thc Amazon
rcgion profile is much less sleeper and etarls with an
initial concentration which is twic€ as low ac in Liu'e
compilation. Thcee two major diecrcpancics havc
important implicationc ûo the undcrstanding of thc
dynamice of the lower troposphcre forest rogione, as
far as trace-€lctnentr trarisport is concerned.

In ordcr ûo etudy this eubject, an ostim8te of tho
flux balancc of radon i¡ nocessary. Tho flux balancc
con be done by measruing the ground flur, calculating
the intcgral rate of dccay, the horizontal divergencc of
radon up b a ccrtain level in tho tropospherc whe¡e
the radon concentration ie negligible. The residual of
tho balance as dotermined from thie æchnique is
assoc¡atod with thc tu¡bulcnt flux of radon at the top
level of the radon balsnce dom¡in. The inægral form
of the radon balance is:

* f|: ñdp + o. l|: -\Æ : - õiE e, * Fs - r {r n on

¡EEt-du

Ørt6

?oo hFo

aOOhPo r-'
SOOhFo L

I
,,N

/

Herp, )r is tho docay conctant for radon, ñ is the
numbor density of radon represenûod in the Frg. I by
thc bost fit llnc, P¡ is the pressutË of tho level above
which radon concentration ls assumd negligiblc, dñT
is tho n¡úulont flux at the top lovel wherc no prlr*,
dcnote doviations from thc averagc rrortical veloclty in
pf€ssutt coo¡dinate (o) and radon concentration, the
(-) índicatos an avcragc ovor the area, v i¡ tho wind
volocity frcm the wind ñeld data, and F, is thc surfac€
flux of radon. Thc time tansicot¡ assoõiabd with tho
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whenc g lo the gavtty accelcration' nc i8 a typicd
cloud r¡don coricontrsÉon and ñ is thc envlronrnontal
value of radon outeide clouds at level P¡ (350 hPa).

Areuming that the cloud radon at P¡ ie approximatcly
oqual to the mixod layer valuo (i.c., no cntralnænt
and nogligiblo docay botwcen cloud ba¡o and P3) we

cstimaûc N{c ao be of tho orÈr of l0'2 kg m'2 s't for
tho uppor value of ¡r¡rfacc flux and O.4 x lû2 kg r¡-z
s-t for thc lowor value. Tho uppor bound ie cquivalont
æ about 90 hPa/day tn ærrn¡ of cloud vortic¡l velocity
and approxirnatoly 35 hPa/day in tho lowcr limit. Tho

upper bound ie quitc roa¡onablo when conparod with

Flguro 6. Radon conccnEation at two lovols during the
tnns-brûr flights # 12 and # 13 (April, 24).

Flgura 6. Ooncontraçûo do radônio a doi¡ nfveis durantoo¡
vôoc t¡¡n¡¡m¡zô¡rlcæ lil2a #13 (abril,24).

typical valuos obtained in other convcctivcly activo

tnopical rogions (Yanai ct al., 1971, 1976).

TR,ANS.BASIN FLIGHT
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Figuro 5. Flux balancoof radon over tho Amazon Ba¡in.

Figura 5. Balanço do fluxo de radônio ¡obro a Bad¡ Am¡'
zônlc¡.

onvi¡onmcnt snd the trropospÌpro i¡ ¡¡ducod du¡itU

daytirne and more active at night. Ass'm¡n¡i th¡t tho

raáon flux from thc foroet curopy to tho bourdary

layer ie completcly supprcsecd druing-daytiæ, thc net

flúx of radon avcragod ovcr Eovoral day cycloe wot¡ld

Uo tu¿o""¿ by a fætor of 2. Thi¡ factor ia of the right

order of .ugnituOu to explain tho obsen'od flux

unbalanco o12.36 Jo 1.79 (Fs/Rd.
Another poosibiltty catlcd to oxplain tho flux

unbalance i¡ luôutcnt vordcal transport of radon

associ¡têd with tho cloud activity. High concentratlon

values of r¡don are excoptod wlthin clouds becausc of
the highcr values obsørred bolow cloud baso' The

cloud inducod subaidence in the onvi¡onmont smong

clouda bringa low radon air down. Thu8, a net upward

transport ol ttdon la expectod in convectivoly activo

rcgiono guch a8 tho Amazon Baeln.

A rough o¡timato of tlp cloud mass flux (M") at

tho top þvãl of tho box (Pt) can be oetirnatod ueing

Yanai et al. (19?l) æthod adaptcd to thc radon

budget. The turbulent flux assoclatod with the cumulus

rctivity gt P¡ can bo paranntcrized as:

ffi-Ms(nç-Ð/g

An hortzont¡l sunoy of radon w¡s m¡de botwcon

tho citics of Bol&n (lo 3O'S, 48o 3O'VD and Manaus

(2o 56'5, 59o sE'W) on Aprll 24th. This flight wae

floç,n ¡uccosaivoly at 30O m and 3000 m levele ln
cqual lenglh logr of about 15 minuEs oach and tho

rosults are shown in Fig. 6.
The genoral behavior of the radon horizontal

survey ia th¡t it doos not dir€ctly display tho influence
of rnaritiæ dilution to$,a¡ds th€ coast¡l zoncl
(Belém). Thc concentration of radon near Bolém at the

two lovcls showod a rather continental, wcll mixod'
characterisdc. Moving inland towards Santarém, tho

uppcr lovcl conc¿ntrations decreaocd to valuc¡ bclow

t¡o ¿etccUon ltmit of the instrurænt botween 5@1il

snd 54ofv. Tho 300 m levol radon, on the other hand'

prcoentod ncarly constant valueg until around 54olv,
noar Santarémn whcrc a Ebng 4-fold concentration

incrca¡o occured. TÌ¡ls w88 the largoet ai¡ùorne radon

moasr¡t€trænt obtairied during thc wholo mission (l'25
Bq m-r¡. From this point to Manaus, radon at thc 3OO

m lovel showod a concentradon increa¡o to a rolative

rnaximum of O.42 Bq r¡': noar 589il, while tho 30 m
lovel showed a rcl¡tive minimum nesr 57oW.

Duo to tho proxlmity to the sounee' the 30O m

radon d¡ta pnobably reflccts: (a) ttr inhomogoneity in

the ¡oll fluicr, (b) rþtôorological influsncc¡ ¡uch a¡

the docrcacê of tho vcrtical tr¡rbulont mixtng duo to tho

supprcaeion of molat convoc'tlon and (c) differcnt air

mass trqiectorlo¡. The 4-fold radon incrcasc near

Santarúm, wa¡ obt¡incd when the aþlano wae flying

abovo drylsnd, with stþhly trigher opography and

rcduocd fo¡c¡t coveraSo. lt is also a rogion of lowor

rnoan procipitadon whãn comparcd to all. othor rcgion8

flown (Ratìsbona, 1976). Ttrosc conditione favor an
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enhanced ground flux of r¡don. The infra¡ed satcllib
rmåq€E ehown in Fig. 7 (from Aptil ù1, OO UTC ûo
April 25, æ UTC evcry 6 houre) suggcstc aubsidcnco
ovcr the Santarém a¡ea when tho npasurcments wher€
t¡ken between 12 and lg UTC on AprÍl24.

The vcrtical temperature and moisturc profiles

obtaired by the aircraft also suggest cnhanced
suboidence in this area; thcre is a rc¡atively strong
tempcraturc and moisture inversion at 0.9 km, a8
shown in Fig. 8 at approxirnately S2.5qil in
concepondcnce with the lrigh/lower radon
concontration at the lowcr/higher altitude of the
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Figurc 7. Infr¡red sarcllitc images corrccponding to flighb #lz anÅ #13.
A) 6:00 UTC; B) 12:00 UTC; C) lS:00 UTC; D) 0:00 UTC

Figura 7. Imageru infravermelha¡ de cstdiþ rclativa¡ ¡os vôo¡ # 12 o lt 13.
A) 6:00 UTC; B) 12:00 UTC, C) 18:00 UTC; D) 0:00 UTC
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Flguro 8. Dcw po¡nt tcmpor¡tr¡re (DPT) a¡¡d ¡tadc air ûcmporahue (sAT) durlng thc tn¡rs-ba¡ln flighb # 12 and # 13.

Figurr t' Tcmporatua do ponto do orvalho (DPT) c lsmpcrah¡rs c¡tátic¡ do ar (SAT) dur¡nto o¡ vôo¡ tran¡¡mazônlc q # 12o #13.



tran¡ba¡in flight chown in Fig. 6. Tho thormodynamic

invorsion inhib¡t8 tho vortic¡l mixing abovo tho mixcd
layer thue rcstricting radon and othor trace eleænt¡ to
the mid-tropoapherc. Thc traþto,ry analyala ovor tho

region diocards the poesibility of dificrcnt air rn¡¡sc¡
gt lower levels c¡nco tho wind was prodomlnant€ly

from the cast through the whole flight.

CONCLUSIONS

The atrmephoric rdon concontration¡ rcasr¡¡€d
in tho Armizon Baein during ttrc ABLE 2E poriod
(April 13 to May 13, 1987) dieplayed low valuos in
regard ûo cutront valucs found worlwide. The verticsl
profileo of radon showed a amâll dærcaæ in concon-

tration (6.5 x l0r2 Bq m-3 km-r) up to approxirnatcly 3
km. Abovo this level the¡e wa¡ a rn¡rkod shallow
invcrsidl follorved by a eharpcr dccrca¡c with holght
st a rats of thc order of I I x l0r2 Bq m-3 km-I.

The flux balancc of radon in thc tropotphcfG
abovo the Amszon BaEn was evaluaûod by uring data

obtdnod from the vertical corrontration profiles, an

e¡tirn¡te for thc gound flux and horizont¡l radon flux
lod to a rpsidual value of 0.14 c¡n-2 s-1. A posoiblc
explanation for this unbalance is rclat¡d !o thc
contribution of the turbulent verdcal tr¡risport of radon
asEociatêd with ttre vigorouc rnoist convectlvo ætivity
ob¡c¡ved in the Arnazon region. A rough cstimatc frorrl
thc radon dara of thc clor¡d msss flux at the upper
boundary of thc sarnpling dormin (6 km) waa of the
order of lt2 ks m-2 s-î which io equivalent ûo a cloud
vcrtical volocity of sbout 90 hPa per day. The
e¡tirn¡hd clor¡d mass flux wa¡ of thc expoctod ordor of
msgnitude whon corparod to o¡tirn¡tos bacêd on the
static oncrgy and water balancc in othcr convectivoly
active tropical regionc (Yan¡i ot al., 1976).

The two dctailcd radon vcrtical profiler of April
29th and May 2nd ehowed distinct radon profiloe
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above tþ O.7 krn levcl. The April 29th niSht
dieplayed a well mixed profile up ùo about 2 km
rcvcaled by tho ncady constant radon corrcentration
and by the thennodynamic va¡iables. On thc other
hand, th€ flight of May 2nd oxtribitod a rapid decrea¡o
of radon abovo O.7 km as I consequence of the
suppteerion of moist convection as indicatcd by the
thennodynamicol analyeio.

Tho hqizontal suncy of radon botweon Bolém
and Man¡us did not dicplay the influence of maritinp
diludon ûowards ttæ co¡stâl zone8. A etrong 4-fold
enh¡ncement of radon was found nesr the city of
Santar&n (1.25 Bq m-3¡. Bctwoen Bolém and Santa¡Ém
a radon deplcted region wa¡ found in association with
an amspheric aub¡ldsncc.

Tho prcliminary analysis presentod in thie paper
cmphasizôs tho irryortamc of the vertic¡l traneport of
radon by thc convective activlty in the tropical wet
forest. Howcver, the æasurementr ar€ still rather
irrcomplete ln ordor ûo fully support tho cloud
nrochani¡m. Tþ ræasurercnts of radon are limitÊd by
the tirp rcsponsc of ttro ln¡tn¡mnt and tho horizontal
and vordcal cxtcnt of the oaryled domain. It remains
as a ruggestion for fr¡ture uork in thls a¡¡a to rrrcasu¡!
radon at the outflorp level of tho dcop conr¡octivo
Eysûcms in ordcr to idontify tho ¡olo of dilution of the
mixod laycr radon which is fcd inûo the clouds.
Simultaneous radon æasuræntr over a wider
dornain in addidon to tho cnorgy and wator balance
would allow a morc prcciec det€rmin¡tion of the
components of the radon budget as well a¡ a bcttcr
undoretanding of tho cloud inducod oddy traneports.
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