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STHESZCZENIE

W‘gracy przedstanions ma2linssd wmykorzystania
detektord» Aladowych =z foliia,“ﬁvbjactnnu c2lulozy Trig-
fol TH do pomiardm stezenis ‘Ba # powletrzu,Ordwiono
cechy charakberyastyczna tych datskbtords, éﬁh kalibracje
Przy pomocy generatora nzorconych st@zen “<“Rn oraz
rstgpna pomiary wykonans motods debtekeji &ladowa] w
kopalniach.. .

SULMARY

The possibility of using calluloss triacetate
detoctors /Priafol T/ for measurements of 222R%n con-
centration in air, has besn disocusssd, Tha Ffeaturas
of thsss detectors and their calibration in the radea
gas genekator, have besan dascribed, The rasults of
Tileld testing in minss are pressntad, '

-

PESKIE

llpeacTaBleso EOBNOSHOCTD YNOTPESNEHUA CREZOEBHK
AETEKTOPOB U3 QONAIM TPeXywcycHoi Lemnonoss Toualonn
H nua wsuspexitt ROAHEHTPATUN 222pn B BOIAYXS. IKA-
8aHO XapaKTepKCTRYSCKUE CBOMCTBA BLUX LKETBKTOPOB U Xa-
nndgaunw ¢ noxomsn PeHeparopd ¢ 00pasnosoit KouLoHTpa-
nuei 222p, .8 2036 NDSABAPATENBHEE USMEPSHYS NpoBeAS-—
" HH MeTOZOW' ZATEeKOHYM CKEeNOR B HAXTaX.

T.N., Throughout this paper, the Polish wtord"Slad" has besen translated

into "Track", in preference to "Trace".
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"1, Introduction
A known method of reglstration of alpha particles by crack ebch 1f

detection on plastic f01l nxOVLded a basis for adopt:on o¥ such ﬁoils for _

. . 222 Cx e s -
neasurenents of © Hn coneentratlonrln alr l'o'Becanse of uheir ca, acip
, P V)

to intengrate the regisuered alpha partwﬁLebg plasrlc foils were Fouﬂd useiul
aleo in the individual dosimetefs, since bhey permi the ésuﬁmation of the
intake dose into uha lungs oi p&r 3018 working ln ann. aumasphc;e cantaminaued e

by 22 Rn oz by pfoducts of 1ts decay (2). Sinc@ track dosim@ters are

\x

nonnqmnsitive To light as well as to Xn gamma and bheta Jadiaiioup bhe regjgtrétiou
of dlpha particles may be ca*Tied -out when uhere is au Lnteasa backgxound
of such fadJaCiono The tlme snaoiTiﬁy of tho ldtmnbo i.e, un-etched b?&CkS
conslsting in a snruciurally changed foil material due ta the fonization by
alypha, pncbioleu, is remarkably high,(up to severaJ years for orgauic substances),
and. ls pratically independent from the amblent condlhions buch as humlditf
and. 1enpot¢tures up to temperatures anploacning the sofhening po%nt of the Ai; . ’
Foll ma%erlal thaﬁ is approximately 15000 for fOLJs of cellulose acetate,r,  S :
There is no fading of latent tracks at room cemperauures (j) A' .(3)'

The registrdtion of alpha particles Jn foil matezidl may ‘take place !

only when euergy losses 4B In a material of @hicknesa dx is sufficienﬁ]y high°

i ' - 4R
For each kind of foil maber al there is a well adefxned oribical value - /min,

: dx
below which no detection is pogslbleo For cellulose acehane the decectlon

threshold is 1,41 MeV mg lcm (4), In case. of al.pha, Darﬁicles with energies

above a coctain critical value (approxlmately 3.8 MeV for folls of ceilulose/

ﬂO"IV“+Pq - anron (5)), enexrgy 1osses viould be boo umall to cause ionisation, | ]
' 222

Lqerefore,_alpha particles emitted by "™ Rn derivatlves'and deposited on v
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the datector's surface would not be registered. Thus, the reglstration of
alpha particles will be possible only for particles the initial .energy of
which has been brought down below the critical value during the passage

through air, i.e. for the particles originating from 222 Rn and its derivatives

present in the atmosphere, The above mentioned characferistics render foll

‘material particularly suiiable for measurements of 222 Rn concentrations in

the atmosphere.

Fig.‘l shows, enlarged several hundred times, a picture of alphal
particle tracks, fixed by etching with a suitablg chemical reagent. When
fixed on a plastic foil, the tracks are in the form of cones with cifcular
or elliptical bases. Tﬁe camp&sition, concentration and temperature of the
reagent is chosen to suit the type of foil adopted. In the experiments (4)
conducted in the Centrai Laboratory for Radiological Protection, the foil
employed was Triafol TN (cellulose triacetate) 36,2 mg cm"z thick, produced
by Bayer. For etching of this foll a 28% KOK at a tempefatﬁ;e of 60°9C was
employed. _ B

é. Optimum etching time

In order to establish the optimum eiching time for a given foil,
t;o pleces measuring 15 by 40 mm of Triafol TN were exposed to radiation
by alpha particles emanated by a 226 Ra source having a.sbeCific acéivity
equal to 88.8 disintegr./min-l mmnz. The périod; of{exposure were 5 and
7 wmin, long, respectively. Then the foils were etched in 28% Xou af a-
temparature of 60°C for periods of time ranging from 0,5 up to 19 hours,
After each hour of etching the folls were washed, dried and the tracks were

counted under a microscope at an enlargement of 1008 and field of vision

2
of 0,029 mm , The tracks were counted on 40 fields of vision, i.e. on a
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total area of 1,16 mm2 for each foil, Thus a relation was obtained between
the dens sity of tracKs and the etching times This relation is ohOWn in
Table ) and in Fig. 2. =~~~ ' - . ' S )|

CPable 1

heteh I 4 0,851 9 '2- 3 & 0B i & '7 f"g 8 ) T
o |tmacks | s | e | o .
d4 -2 > 01338 | 510 | 630 [790 | 710 | 640 |uso 20
"txack3 : o | R : =
a, Mfggﬁwa 0 0§ 336 : 826 { 993 14100 9?0 _BSOV 6560 600
bogeh | B |10 Jat a2 faz b oawfas [ay | qg jag
dy ~ 5 1380 .’4-20: 205 ) 117 -1 8% ‘1’59 83 1.90 |o
tracks : - - S D
d, R 930 1386395 | 165 14130 | 1ap 173 1934 1.0

wheres dj - the number. of tracks for téxp =5 miﬁ, _ '
"~ dp - the number of tracks fox tekp = 7 .min, (6)
The shapa of uhe curves d= L/f ebch am cexp 2'00n5x.0g LﬂdJC&Eeb that:

there is only a am311 nuﬁber of tracks over the initial etchlng periodo Foz
Pl

etching time extendlng for 2 or even 3 hours, the tracks axe not sharply .

defined and their diameters are in the range of a few microns , The very

[¢]

small, tracks may not evéq,ﬁe‘visiblé ﬁndeﬁ the microéﬁope.'Withjfhé inereas
of atching timertﬂe‘ﬁfack‘diameter increasss and small'"holgs" bégin to
anpear, The maximum density of tracks on a square nllllm etre occurs fér

'> an etching leo of '5 hours,- Then the trackb are sharply deLlned dnd have

dianeters in the range of lO,u,-Thus etehlng time of 5_hours.has bsen chosen
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as the optimum time for Triafol TN foils. For etching tiﬁes above the optimum
time, which depends to a large extent on the type of foil and etching conditions,
diametgrs of larger tracks still increase, although the holes gecome less

sharp, Because of the disappearance of small tracks, the density of all

tracks decreases,

-3, Relation between the density of tracks
.- and the time of exposure to alpha radiation.

In order to establish thé relation between the density of tracks
(d/tracks/mn?) for Triafol TN folils and the time of exposure (t/min) to (7)
alpha radiation, the following experiments were carried out. In succession
ten pleces of foil were irradiated by an open, surface type source éf 226Ra,
the times of exposure were 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 minutes for
successive folls., After etching, the tracks were counted in the manner

described in chapter 2. The relation obtained d=f/teypoeure/ 1S shown in
Table II and Fig. 3.

Table II
‘texp | B S I e M R
& _- tracks' }s5,% 48,6 113,2] 19,8] 17,6123,2
fileld of vislon|
tracks 186 | 296 }4s5 680 ¢ 610 1800 | |
i L\ mz &-we - I'
tracks 28,21 31,2173,4°1 37,8
T T S R i B
Ak \
a _ EEES%E 9790 | 107511320 | 1300
nm

where: d - the number of tracks in a field of vislon
of the microscope. _
d - the number of tracks on a_mm2
The relation obtained may be cxpressed as: d=129.4% + 57.4 with

a correlation coefficient R = 0.99. (8)




L, Calibration of:foilé iﬁ a radon gengrator
In oxder to deternined the relation bebween thevdénéity'qf,iracks
on a foll (in tracks/ma?) and: the' exposure o 222 Rn'fadia@ibnerxpxéSSed
by the ﬁrmdnct of the concentration and'ﬁﬁé'tihe'ofAexpusurén the foils vere
“lrvadlated in a generator contsining a sLandafd concentration of 22? Rn,
The Jadon gengrator op0£dued on bho prwnc‘ple of aexamLon of 2. solution of
don c¢hloride having an achivlny 5 p”i vhich with an alr £Tod uo wabhluuu'

s

enough %22 Ra to snsure concentLaijons in excess of thase dGCepLdbl@ as dﬂ
occupational hazaxdo A diagram oI a 222 Rn generator, is shaan in Flgo &;

th generaLcr Cp@laﬁed EX) follows~ comp ressed aly from a'bobtie Passes

whrough a reducing valve to a,primary fllter of high efficiency inﬁcaichipg
radioactlive aarosols. The quanuity of flow q, is mGSQEPd by £loumeter
operating on the principle of measurinw the presoure differeﬂee befove and
after an oriflce Wibh a fluld plessure gaugea Tne a;rgpas31ng through a 2?6 Ra
solution, washes from tue generanor 222 Rn and its derLVatesc The.zgz Bn
genecabtor conpri 5 an agsembly ‘of two g]ass bubblers each bavxng a volume

of 0,5 l. The first bubbler contains 100 nﬂ of distjlled watec in ozdor o
prevent too rapld an evaporation of uaLeL fron the second bwbhlef whica

6
contains 100 ml of 22 Ra solution having.an-aﬁtivity1qr15}a6i° The 226 Ra

solution has been obtained From a dilution of ‘an Amersham standard sonrce

(9):

having an activily of 100 uCi and a composition Ra/BaCl2. The diluted solution

comprised 0.) n HCl containing ld ng Ba/mia The air fl@ﬁ.q;was of ‘the order
of 1 1/min to avoid‘spashing,of thev226 Ra:solutidn, Aﬁy 222 Rn defi#a es,
in form of radioachive éerogols washed out from the SOluﬁiony‘were caught
Yy a I'ilter and thefefore iny the Tree gaseous'iadom paséea.to subsequant

narts of the avpalatuso The detector» Were; 1rrad14tmd in . a cha mber havj

a capacity of 50 l, in which the detectors were freely,suspendedo
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Here are the designation symbols used in this paper:

Ags - 226 pa activity in solution (uct)

Epn - 222 Rn rate of emanation from a solution 226

222

Ra (nCi min, %)

A - Rn decay constant (min, ~1)

alr flow rate - (m3 min, -1)

a
t

s -~ 222 Bn concentration in aii
after passage through the bubbler  (pCi n™>)

since:

S =E, / a, then Egy =S . q

and:
Ban © ARa .;a ’
therefore:
ARa'A::S'q and:S=ARa_./‘1/q

Since the activity of radium compaunds amounts to Ag, = S,ndi, and (10)
the gas flow rate is q = 1,10 -3 m3/min, then the 222Rn concentration in
alr amounts to 0.63,nCi/m3.

The tracks were counted at a magnification of‘hOO'times and a
corréspéhdiné fiéld of vision equal to 0.19 mm2; The count was taken over
gO fields of vision, i.e. on an area of 1l.4 mm?. Tracks of dlameters over
10 u only were counted.

Also the rate of background counts ﬁas determingd for a clean, not

previously irradiated foil kept exposed in air with a natural background of
22pn and then etched for five hours. The calculated value of the “backeround
counts" for a foil of Trifol Ti, as employed in this experiment, was (3.1 ¥ 0.6)

2
tracks/mn ,



The relation between the density of tracks dﬁn,ahd the exposuze
/S . t/ is showm in Table ILL and in Figure 5.

| Table ITL

§ . = 3 e " .
E sob | noieh/udl 3,78] 5,81 7,8313,23) 16,69) 20,47 24, 2]
Do, | Eaeks To oo o tas,2] 20,0 25,2 55,6 | 43,6

s . . . Sy 2
wheres dp, = dy - dbackground 5n tracks/mm
The velation thus obtained may be exprcssed by the foﬂﬂu]aa '
dpy & 19710/3 . t/JO 651g with a correlaxlon coefflcient R = 00995 Eachlmolnt

on the curve is obhained from che caleulations based on the denszty of

tracks fox at least two foils., The cdllbraclon coefLWCLent K= uot/an . (11)
JCi, n/m’ S

amonints ﬁo (0. 59 4 0 04)
traces/mm

o5 Evaluahlon of hhe lownr llmlb of
detecclon ofvzzzﬁn COncentraLlon

Assuming that the lower 1imit of detection of the teacl. number is
equal twice %hé nunber’remisteres;as the béckground cdunt dy =‘2d-na£v.run
and the time of expoouLe of the detccto; extending over one uepk, ioeo 168
houws, lx is possible to measure, Ly means of Tllaiol TN the 22'Rn 00ncenﬁr¢tions
.of the order of iéjdoo béi/mBV'fhat is éoncentraq1ons egual %o one third of
the conéenﬁratibns acceptablg as an occupatlonal haﬁaﬁd.’
The erroy in the determination of the Radon concentration is
Hye = K,an/t, and on’the basis of a calculated density of tracks, thié

arror amounts to - 2077,
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6. Preliminary investigations of the 222Rn
concentrations by track etch detection methods,

Preliminary investigations of.222Rn concentrations\by track
etch detection methods were directed towards evaluation and control of
the applicability of this method in conditions existing in working Places
in which an‘increased radon coﬁcentraiion may occur. This may be in coal (12)
nines and other mines., The concentrations which occur in these places
are often considerably.higher than the average values found in the air
at the earth's surface. The investigations were conducted in two coal
mines, The teack detectors for measuring of 222Rn concentration were .
made in form of plaques measuring 15 byluo mm, Where it was feasible,
the detectors were mounted on a special pla#e and were exposed in a device,
similar to a tray supported on four legs, 1.50 m high (Fig. 6). The purpose
of such a device was to protect the surface of the detectors from damage
by water, coal dust and mechanical causes. The exposure trays were of
such a geometry to ensure that all surfaces, on which the paiticles of
Rn derivates could deposit,, were separated from the detector foils by
a distance éreater fhan the range of alpha barticles coning from
Rau « In each mine;Tthe exposgre-was'carried out~in a score or so of
measuring stations anq for perlods of time ranging from a few hours to

' ’

a few hﬁndréd hours.. The average 222Rﬁ concentration in air was calculated
on the basis of the density of tracks per nn? for each separate foil,
and in one mine this concentration reached 80 060 pCi/m3 with a maximum
deviation from the mean value not exceeding + 30%. In the other nine,

222

the average value of ‘An concentration amounted to 23 OOO—p'L/nB, with

a maximum deviation of + 25%, o - (13)
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Rojoastracja czgatek alfa w materials folii moze
zachodzidé, gdy sbraba enargii dE w parastwle materiatu
© gruboscl dz Jost dostabocznis wysska. Dla knzgago o-

. . . 4axs
dzaju £olii okreslona Jost keybyozna wartosé /L, )

ponlzod ktérs] datekola Jjest niemozliwna, Dla octanu
oelulozy préz detskcji wynosi 1,41 MoV mg | qma [#]+
Ponlowaz dla energlii czgstek alfa wyzszych nis pawna
sartodd granlczan /aynoszgca okolo 3,8 MeV dla folil z
pochsdnych ‘eslulozy ~ wg Bontona [ 5] / strata energii
Jest zbyt mata, by spawodowgé Jonizacje, czastki alfa
emitowans przsz pochodno 22&Rn osadzone na powierzchni
detektora nie bédq rojastronand, "Zapisyasne" beda jedy-
nisa czgstkl alfa, ktérygh ensxgla poczgtkowa zodtanie '
obniZona prsy przéjéciu'przez warsﬁﬁg p&ﬁietrza do mar—
toBol ponize] krytycznégo kryterium, a wigé czastki po-
chodzgce od 222Rﬁ n atmosferzs i jgéo pochodnych,¥szyst—
kie te szczegblns cochy blon Sladowych czyala Jeo uwnikal-
nyu materisten do.pomiaru st2Zonlia 2222n n>ponietrzu.
Utrwalony obraz $Xadda czastek alfa /rys.1/, ktéd-
Ty wozoe byéloglgdany pod mikroskopesm przy Kilkusatkrot-
nym powigkszunig,uzyskujemy"przaz wytrawisnis folll w
gpacjalngym odozynniku chemlczaym, Wybtrawions &lady uzys-
kane v foliach plastikoamych maja kaztalt stozkés o pod.

at%nach kotomych lub eliptysanych, Bodzaj odsozynnlika




Certtapaee z

e
Ay

chomiczhégqh jaéo‘sﬁgzenia oraz temporaturg dobisra sig
adpdwiadnia dla danoj Folil. W Contralpyn Laboraboriun
Ochrony Radiologloznej stosowans folle Triafol TN /ftrdj-

o¢tian colulozy/ firey Bayor o grubose. 36,2 g on'e

TPells b8 wyuagaia vravienin w 28% KO¥, w tamp@ratdr29_
60%, -

2. DPTYYALNY CZAS TRAWIENIA YOLIT-

W celu doboru 9@90wiednioga,Qcpbyaalnaga dLa foml
1il czasn trawienia “naswietlono” dﬁz kanailkl blony %rda-
fol TN o wywniavach ﬂﬁ'x-aolmm czasbkaumi alfa poghadzéay»
mi, 0od otwartego, powlerzchniowsgo %rédia 2%py o akGiyizs
noéci'wlaﬁciWQj rownéj 88,8 rozp min“1 mm%z‘c'gzgsy'gks_
pszycji'nyﬁosily odpowiednie 5 i 7 minm. H#st@pnie T
wiono folie w 28% KOH, #- temporaturzo 60°C zdczynajac od
0,5z0dziny doﬂ9godziﬁ,Pb kazde} godzinie trawienis Folis

byty myte, suszone, & nastgpnie zliczano z nich 8lady

‘pod mikroskopen, pbzy_péwiekszohiu'1008 razy/polo wldza-

nin mikéoékqpu wynosito 0,029 mu®/, $lady zliczano z 40
péL widzenia dia‘kazaaj-fo;iio a wigé:z ponierzchui
1,96 nEs, Otrayuana zaleznodé ggstobel £1addi w fuulejd

czasu travienia Jost przedstawiona % Gaball T 1 na wys.2,
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. % prZabiegéw'd;f/téiaw/ ??Zy‘téksp = conat widaé,
e dla poczatkowsgo okrsasu, trawisnla wystepujs pievlel = .
& liczba 8laddw. Dla czasdn trawienia répnycﬁ 2, & na-
wol 3 godziny obzaz powstalych 8ladow jest hiezbyt Wy=
asny, ich sradniga Jest rzgdu'pojadyﬁbzych_mikronéﬁs .
Bardzo male.éladj rle 83 w ogdle @ rozroEnialas® pod
ﬁikroékopemu Ze_wzrostam czaan tfaﬁioniQAéfedﬁica Wi
dzialrych &ladow wzfasba iwquaﬁiajq gig powa, kais
wagziury". Maksyuwalna gesﬁpéé &laddw na mma yystepuje
dla czasu trawienla okoto 5 godzin. Poniewnas otrzymujef
ny przy tyd rbviniez bardzo wyraZn;jélady, 6 duéych>éredw;
nicach rzedﬁ 10 4, czas trawienia rToéwny D godzinxzdgg
'tal wybrany 8la folii Triafol TW Jjako dzas opnymalny°
ﬁlé czasdw trgwienia powyzcj zaobserwdﬂanagq maksimum, 
ktéro zal¢iy.gléwhie 0d rbdznjuAfolii i wa?uhkéwbtiaﬁie~
nia, Arednica wigkszych’éladéw jészczc wzr§st;, choé viy—

razistoéé-ﬁﬂziqr“ jost gorsza, natqmiggt mui.o jsze éla;_
dy zanikajq,.tak ée g@étoéé wyraznie malejes
3, 7ALEGHOSC GESTOSCT S1ADGA 0D GZASU :
FKSPOZYCIT PROMIENICWANIEN ALFA '

¥ celu znulezienia zaleznokcl ggstoficl 8laddw

a/61a66n/on°/ dla folii Priafol TN w funkeji czasu
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pozycji t/min/ promieniowaniom alfa ®wykonano nastgpnja-
¢y okspa;gment. Napromieniono kolejns 10 kawatkdy Lolii
czgstkami alfa z otwartage, poulorzchnions o £rddia

22639 stosujgc czasy ekspozycji odpowlodnio dla kolaj~

nych folii: 1, 2, 3, 4, 5, 6, 7, B, 9 i 10 minut, Po
wybrawieniu zliczons 51lady m warutokach jak w punkcis
2., Otrzyaana zaloein>sd d:f/toksnl przedstaniona Jast

# taball IT i na rys., 3 .
Tabela II

win

& ~Slady
pole widaz.
8lady .

—m , 680

mme

————

aksp

nin 7 8 9 10

1 .
FoTs braz, | 28:2] 31,2 57,8

970 1 107511320 1 1300

iloé¢ A1laddéw na pole widzenia mikroskepu
1Lo4é A1adbw na mn® T,
Uzyskans zalezno$¢ ma charakbter d=129,4 & + 57 345

przy wspélczynniku korslacji R = 0,99.
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4, KALIBRACJA FOLIX W .GE.‘LTERATORZE‘RM)ONU '
" Dia ckreslenis zalefnobol ggstohcl bladén na 2o~
133 /' Bladachfun’y od gkapbz;’ycji 222pn. wyzazona] ilo-.
CAYDOR St%éénia przezlczas akbpozycji'przéprohédzogo
“patwiotlonie? Lolil w ganaratbraé'wzurdéﬁyéh koncent-
ﬂécﬁi aezﬁn'Q Gonerator radonu pracow#ljn&lzaaédzié N
asraci roitword‘chiorku radu o akbynnofci 5/uCi,'kt6ﬁa
przy odpewlednim prasplywle wyplukuﬁqdago 222pn poﬁiétm
wan zapawnlaka koncentracje przakraczajqca‘dopuéch#iﬁS
,wartoéci w warunkach narazenia zavodowsgo. theﬁay uféqm
'Qzania goﬂarujaoégq 2223n pokazany jést na rys.h. basada
PrAcy uerdiania Jast nastgpujgca: aprezons powiaérzo
% butld przeqhQQZi'przeg reduktor oraz fiiﬁf‘wsbgpny )
wyéakiej éprawgoéci zatrzymyﬂsﬁia;aaiazoii.prpéiéhiq%w
wérczth;'gielkdéé przapl*wu'g_miebzbns}355% pfzaplyaa«
miorzaﬁ,pracujqum na zéagdzia_pomiaruvréééicy ciéﬁiaﬁ
manonetron oleczowyn, przed i za'zngzké;’Pnzgdhgszca
pezez roztudn 2263a powletrze wypiukuje 2?2RA,irjéga DO~
‘ohodns z.éaneratora. Sam gcnefatorzzgaan'skladn sle g
zogtawu dm sgklanjgh barbotexSW‘o objetasci 0,5 1L iz~
dye Pieiwsz& 2 niéh wypeiniony:jas%.ﬂoo . wady'deStylom
wanaj, co .zapobiega zbyt szybkismu par@ﬁaniﬁ wody w1 dru-
sin z.kolai'barbbﬁorza,'zﬁwierajqoyﬁ 100 uwl rozbworn

226Ra 0 nktywnoéci S/uCi,.Rcztwér 225Ra obraymano z roz—
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oleficzenia wzorcowago 4rddia produkcji Awersham o ak-
tywnoééi 100/uCi wystepujacego v postacl Ra/Bablp. Reoz-
tudr rozcienczajacy stanowil 0,1 n HCl zawlerajacy

10 mg Ba/ml. Przeplys q by rzedu 4 1/min, aby walknaé
"gychlapywania” roztworu 226p,, Pochodss 222pn v poata—
¢l asrozoli promieniotwérczych myplukiwans z roztworl
osadzajs sie na filtrzs i dzigkl temu do dalszaj cz@s—-
ci ukiadu przechodzi jedynis wolny, gszowy radon. Na-
premientanie detektordw odbywa sig w spscjalnsi kowmo-
rze o objgtodci 50 1, w ktérej sg on2 siobodnie zawis-
82009, .

v L AR v

Av,. Rk e - .

T e T . .
i g Wprownadiny poniZszs oznaczenliat
226

- aktyuwnosd Ra w roztworze [}uCi]

Apg
ERn ~ szybkosd emanacji 222pn 2z roztwaTn 22§RgguCi ninfii'
~ stala rozpadu 222pn [min7'1

—~ natezenie przeplysu powistria [!n3 min"qj
22

- stezonie “Rn w powietrzu po Jege

przejéciu przoz barboter [7&01 d"3]
Poanienaz 3 ’ .
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Ponienaz aktyanosé roztwbru zalgzisn rada dpo wjném
siv5/ucigvpxﬁ@zmhié'przaplywu po%iebfznld‘u 1;10;3m3/ﬁiﬁ;
b0 st@ﬁsni@ ?223n ﬁ_pgﬂiatfzurpéwna jast'0;63/n01/53;

£1lady zliczune pgzy'éawi@kézéniu mikrwsképa 400
wazy/pole idzonls wﬁnagil§ 0,19 1/ w 60 paiﬁch widzs e
nia dla kazdej félii V43 peﬁiarzéhni 4ﬁ94 mj?/ ; ZliéZaQ
ne Jedynle £lady o‘éf&dﬁicy powyﬁéj’10/uja‘ : L

Ok:eélago takzo "bieg wlgsny“ dla czyatajgup:zadu
0uio nie ’4hapramienianej £olii, pfzaohe%ﬁ%anajtw'pgm
wlatrau o naturalne] zanartodel 222pn, kt6ra zéataia’sfta
raviona prasz ékrws 5‘quzin; Oblicuony "Biag wrasay" o
Folil Triafol TN uzytej do pomianda wymsi /3,1 & o,é/f
éladéﬁ/amae - ‘_ R A _ o

ZalaZnohé gostohel Aladdw dﬁ;‘ﬁ fuﬁk&ji:ekapézy6; 

3% /B.t/ przsdstaniona Jest w tabalifIII i na_rys. 5°’
Babela IIL .o ' ‘ ‘

——

Bois | noion/ul 3,78) 5,81 7,8713,23 16,69} 20, 47 24, 2¢

8y, Bs1ady/ma?] 6,3 | 9,0 {15,2} 20,0} 25,2 | 33,6 | 43,6

Bldos dpy = 4y » &y 5 W Bladach na w® o
Ovrzymana. zaleznosé ma charakbar dp = 14710/8.6/-0,651

przy wepbiezynnlim korvlacil R = 0,994° Kazdy punkt'wyku

rogn Josb vtraynany z obliczdh ggstodod 41nd6y Als pizy»
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