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wrieszczEim 

W.pracy przedstazione maniueàà wykorzystania 
detektorôw filadowych z folitejoctanu celulozy Tria—
fol TN do pomiards stieenian u pouietrzu.0m6wiono 
cechy charakterystyczna tych detektordu, igh kalibracjQ 
przy pomocy generatora lizorconmh steoù c-'Rn  oraz 
wstiene pomiary wykonana matodg detakcji kludonej w 
kopalniach, 

SULIMARY 

The possibility of using cellUlcsa trlacetate 
detectors eriafol TN/ for measurements of e22Rn con-
Oentration in air, has been discussed. The features 
of these detectors and their calibration in the radon 
gas generator, have been described. The results of 
field testing in mines are presented. 
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HpegcTasneHo BO3MOEHOCTB ynoTpednelmil ceux 
x(eTernopop M3 o3tLr Tpexymyclicri nexammu Toueolm 
TH grin msmepeul* Ronenpauu 22 pn B losityxb. "ha-
saw) xapameplcmallecime CBCCTB3 3TMX T;eTeKTopoB Ica-
nepalwm Q  nomon>m reliepaTcpa" c odpàcgo -se KoHU0HTpa-
gmeM 2220. .a nue upeeamenmale.usmepelim npoBe74e-

« HU meTcen'ACTexgn cKegoB B uaxTax. 

Throughout this Damer, the Polish vord"Slad" has been translatc,,d 
into "Track", in preference to "Trace". 
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Introduction 

A known method of registration of alpha particles by track etch ./ 

detection on plastic foils provided a basis  for adoption of such foils for 

-  measurements of 222. Rn concentration dm air (1). Because  of aheir capacity 

to intengrate the registered alpha particles, plastic foils Were found useful 

also in the individual dosimeters, since they permit the .estimation of the • 

intake dose Into thé lumgs•of persons working in.  an. atmosphere contaminated . 

222 
by 	Rn or by products of its decay (2)...Since track dosimeters are • 

non-sensitive to light as well as to X, gamma  and beta radiation, the registration 

' of alpha pacticies may be carried-out when there is an . intense background . 

of such radiation. .The time stability  of the  latent, i.e.' un-etched tracks, 

consisting in a structurally changed foil material  due  to the ionization by 

alpha, particles, is remarkably high,(up to several years'for organic substances), 

and_is pratically independent from the ambient conditions sàch as humidity 

and temperatures up to temperatures approaching the softening point of the  

foil material that is approximately 150 °C for foils of cellulose acetate. , 

There is no fading of latent tracks at room temPeratures (3). 

The registration of alpha partiàles ln foil material may take place 

only when energy losses dE in a material of thickness. àx is sufficiently high. 
.dE 

For each kind of • oil material there is a well-defined critical . value  
dx 

below which no detection is possible. For celluloS'e acetate thé detection 
_ 

 threshold is 1.41 .MeV. mg  lcm
2
' (4)0 In case of alpha particles with energies 

. above a certain critical value (approximately 3.8 MeV for foils of cellulose 

dorivates Benton.(5)), energy losses would be too small to cause ionisation, 

therefore, alpha particles emitted b 222 y • .Rn derivatixe,3 and  deuosited on 

(3) 



the detector's surface would not be registered. Thus, the registration 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 characteristics render foil 

222 
'material particularly suitable  for  measurements of 	Rn concentrations in 

the atmosphere. 

Fig. 1 shows, snlarged several hundred times, a picture of alpha 

particle tracks, fixed by etching with a suitable chemical reagent. When 

fixed on a plastic foil, the tracks are in the form of cones with circular 

or elliptical bases. The composition, concentration and temperature of the 

reagent is chosen to suit the type of foil adopted. In the experiments 

conducted in the Central Laboratory for Radiological Protection, the foil 

employed was Triafol TN (cellulose triacetate) 36.2 mg cm-2  thick, produced 

by Bayer. For etching of this foil a 28% KOK at a temperature of 60°C was 

employed. 

2. Optimum etching time 

In order to establish the optimum eiching time for a given foil, 

two pieces.measuring 15 by 40 mm s of Triafoi TN-  were exposed to radiation 

by alpha particles emanated by a 
226

Ra source having a specific activity 

equal to 88.8 disintegr./min
-1 

mm
-2

. The periods of exposure were 5 and 

7 min. long, respectively. Then the foils were etched in 28% KOH at a . 

 temperature of 60°C for periods of time ranging from 0.5 up to 19 hours. 

After each hour of etching the foils were washed, dried and the tracks  were  

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

of 0.029 mm
2 

The tracks were counted on 40 fields of vision, i.e. on a  •  

(4) 



-total area, of 1.1.6 mm2 for each foi_., Thus a^•e7.atzon ^ra,s obta^.ncd. "bct^reera

the densify of tracks aurid. the etching timeti Thj.s re7.ati.on 3,s skiowra in

Table :1. and Li Fig. 2.

Ta1a1.6 1

"e•1•.ch 1A S^p5 `i

tracks

tracks
ci2... ^^ i "o

336

826 4 99Ji 1160 .'„9E30 ....g... 85- 660
f 600

1 t^.^c:la'{'

^ n10 i 1°1 j 12 ^ëi j ..^ ( ^F 115 1`t.17^ ^^a® ; 1 g

,
ia;u ; 380 .1 4•2C?^ 205 ^ I1` i 83 159 1 83 t JO 0

i r°acks i o';
1`_°'

2 1550 1 386 1 395 1 165 t 130 1 -9 8? 173 i 3
It1111 1 1 ! !

^ ^^.^..^..^ ,.^„

where; dl - the nuatiber, of tracks for te;Cp = 5 ynin®
d2 - the number of tracks •r"o:i-- tekg 7. 1ni.n,

The sha.pp of the cLwves d^-f/t etch at- t elcp c°ns•t:o ixidj_cateS that

there is only a srm9_11 nui-aber of tracks over the iriit9.a.1, e•tching. pexiod.,. For
o

etching time extending for 2 or even 3 hourse the tracks are not shaxply

cl e.c i ned. a.rzd their diaanetérs are in the range of a few microns The very

s^la.7_l., t racks may not evcn, be visible tind.er the microscope. Wi-l;h the x.ncrea.Je

o e r,ch i n^ time the tracI: diameter increases and smala. "holes"9 begin to

awoear, The maximum density of tracks on a square jni].l:imetre occurs for

a.ri etching time of 5 hourso 'Then the -tra:cks are -sharpXÿ de£ined and have

d a.metc;rs in the range of 10 u. Thus etch:Lng time of 5.hours. has been chosen

(5)

(6)
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the.number of tracks in a field 
of the 'microscope. 

d - the number of tracks on 

where: 

2 a mm 

of vision 

as the optimum time for Triafol TN foils. For etching times above the optimum 

time, which depends to a large extent on the type of foil and etching conditions, 

diameters of larger tracks still increase, although the holes become 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 the relation between the density of tracks 

(d/tracksimm2) for Triafol TN foils and the time of exposure (t/min) to 

alpha radiation, the following experiments were carried.out. In succession 

ten pieces of foil were irradiated by an open, surface type source of 226Ra, 

the times of exposure were 1, 2, 3, 4, 5, 6, 7, 81 9,  and 10 minutes for 

successive foils. After etching, the tracks were counted in the manner 

described in chapter 2. The relation obtained d=f/t exposure/  is shown in 

Table II and Fig. 3. 

Table II 

11 1 2 1-3--1 4-11  min 

e 	 traks' 85,4 f 

	

 
field of 	ion 

8,6 113,21 19,81 17,6123,2 
1 	 e.i  
• , 	1 186 f 296 1455 1 680 ! 610 1E00 

1 

819 	i 10 i 	i t 	1 	s 	u 
T 	 ---1---- -7 -----1 

	

31,2 1 33: 1P 37,8  I 	I i 	I 	 i 
1 	1 	1 	1 
T  

_,_ _ 
1  

	

1 	I 

(7 ) 

ftexp 

lu 	I 2 ! 	mm 	I 	. r---- 	 . 4 

[

ere i—taln _41:11 
I  .ffacks  1 28 2 1  $ 	i 

 1 (11  field of visl 
71 ------T- tracli-71- 	i- : d 1970 1 1075 1 132011300 1 	1 t  • mm2 	t 	1 
L__ 1 	 t 	s 	t 	4--_-_!. 

680 610 tE00 	1 

The relation obtained may be expressed as: d=129.4t + 57.4 with 

a correlation coefficient R = 0.99. 	 (8) 



6. 

4a Calibration of foils in a radon generator 

In order to determined the relation between the density of tracks 

on a foil (in tracks/mm2 ) and the exposure to 222  Rn radiation, expressed 

by  the  product of the concentration and the time of exposure, the foils uere 

irradiated in a generator containing a standard concentration of 222 ' Rna• 

Tho  radon  generator operated on the principle of aeration of a solution of 

radon chloride having an activity .5 poi, which with an air flow  to wash out 

enough  222 lin to ensure concentrations in excess of those acceptable as an 

occupational ha 	 222zard° A diagram of a 	Rn generator is shown in Fig. 4, 

The generator.oporates:as follows: compressed air from a bottle passes 

through a reducing valve to a .primary filter of high efficiency in catching 

radioactive aerosols. The quantity of flow q, is mesured by a flowmeter 

operating on the principle of measuring the pressure difference before and 

after an orifice With a fluid pressure gauge. The air,passing through a 226  Ra 

solution, washes from the generator
.222 

Rn and its deriVetes. The 
222 

Rn 

generator comprises an assemblyof two.glass bubblers each. having a volume 

of 0°5 la The.first'bubbler contains 100 ml of distilied . water in order to 

prevent too rapid an evaporation of water from the second . ,bubbler which 

contains 100 ml of 
226 

 Ra solution having. en•activityiof•5juCip The 226 Ra 	(9) 

solution has been obtained from a dilution of an Amersham standard source 

having an activity. of 100,nCi and a composition Ra/Ba012.0.The diluted solution 

comprised 001 n HC1 containing 10 mg Ba/ml. Tho air flow q was of the  order 

of 1 1/mm n to avoid spashing. of the 	
222'226 

Rasolution. Any 	Rn derivates, 

in form of radioactive aerosols washed out from the solution, were caught 

by a filter and therefore only the free gasecjus radom passed to subsequent 

parts of the apparatus. The detectors were1rradiated in.a chamber having 

a. capacity of 50 I, in which the detectors were freely suspended. 



Here are the designation symbols used in this paper: 

ARa 
226 Ra activity in solution 	(juCi) 

222 	 226 
ERn 	Rn rate of emanation from a solution 	Ra plCi min. • 

222 
Rn decay constant (min. -1 ) . - 

- air flow rate 	(m3  min. -1 ) 

222 Rn concentration in air 
after passage through the bubbler 	(71.Ci m-3) 

since: 

S = 	/ q, then Elln  = S  .q 

and: 

ERn = ARa 	, 

therefore: 

ands S = ARa e;1/ ARa 	= S  

Since the activity of radium compaunds amounts to ARa  = 5.p.di, and 	(10) 

the gas flow rate is q = 1.10 -3  m3/min, then the 222Rn concentration in 

• air amounts to 0.63,pCi/m3 . 

The tracks were'counted at a *magnification of 400-times and a 

corresponding field of vision equal to 0.19 me'. The count was taken over 
• • 

60 fields of vision, i.e , on an area of 11.4 mm2 . Tracks of diameters over 

10 1u only were counted. 

Also the rate of background counts was determined for a clean, not 

previously irradiated foilkept exposed in air with a natural background of 
222Rn and then etched for five hours. The calculated value of the "background 

counts" for a foil of Trifol TN, as employed in this experiment, was (3.1 ± o.6) 
, 2 

tracksimm . 
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The relation between the density of tracks dRn ,and the exposure 

/S t/ is shown in Table  III and in Figure 5. 

Table III, 

1 	3 	. 
ïàot 	 3 9 78 q  5 e8e  7813,23  16,6,9120,4ra 24,2.5 , 

tracks î - 
• 	. 	 8 	3 	 • 	. 

9,0 15,2 1  20,0 1  a5,2 I 33,6 43,6 g 
, 

where  dnn  dx  - dbackground In tracks/mm 

The relation thus obtained may be expressed by the formulag 

d n  1,71o/S t/;”00651, 
with a correlation coefficient R = 0.99 Each moint 

R 

on the cuxve is obtained from the calculations based on the density of. 

tracks for at least two foils. The calibration coefficient X ' Sot/dRn 	(11) 	
. 

amounts to (0.59  
. traCesfme  1 , 	 . 

Evalnation of  the  lower limit  of  
.. 	. detection àf -- 

Assuming that the lower limit of detection.of the traok,number is 

equal twice the number' registeresas thé background count dx  = . 2d.nat..run 

and the -I:brio:of exposure.of the detector extending over one-:week,  i e 0 168 
. 	 . 	. . 	 . 

. 	 . 	. hours, It is possible to measure, by meansof Triafol TN the 22?  . -Rn concentrations 

of the order of lo' 000 pC5./m3, that is concentrations eval to one third of, . 

the concentratiOns acceptable as an  occupational hazard. 

The error in the determinationof the  Radon concentration_is 

K'dRn/tP . and on the basis àf a calculated density of tracks, this =  

=or amounts to -1-.20; 	 • • 

22. 2Rn concentration: 
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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 3.nereased radon concentration may occur. This may be in coal (12)

mines 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 by 40 mm. Where it was feasible,

the detectors were mounted on a special plate 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 causesh The exposure trays'were of

such a geometry to énsure that all surfaces, on which the particles of

Rn derivates could'deposit „ were separated from the detector foils by

a distance greater than the range of alpha particles coming from

RaC'. In each mine, the exposure was'carried out in a score or so of

measuring stations and for periods of time ranging from a few hours to

a few hundred hours.,The average 222Rn concentration in air was calculated

on the basis of the density of tracks per mm2 for each separate foil,

and in one mine this concentration reached 80 000 p0i/m3 with a maximum

deviation from the mean value not exceeding + 3G:^. In the other mine,

the average value of 222 Rn concentration amounted to 23 000-p0i/n3, with

a maximum deviation of + 25;.
(13)



10. 

7. Donclusions 

In view of the peculiarities characteristic of measuring the 

22? 
Rn concentrations in the mines, the track etch detection method developed 

by the Central Laboratory for Radiological Protection and employing the 

Triafol TN detectors, offers many advantages. This method, because of 

the accumulating of the alpha particle tracks, allows the evaluation of 

the mean 222an  concentration during exposure for periods of a few days 

or weeks or even months. This method is simple, it does not require any 

electric power or any vacuum devices in the mine. Furthermore, the track 

etch detectors are characterised by small dimensions, lightness, and may 

be applied in gaseous mines and in atmosphere of high humidity and temperature. 

The results obtained indicate the usefulness of the track etch detector 

method in working sites in which higher 222Rn concentrations are to be 

expected. 
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promienionaniem. /Mon.Pol.m 1, 1970r./ 
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Fig. 1 - Microscopic view of etched tracks of 
alpha particles emanated by radon. 222  
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Specific activity of the source A = 88,8 disint/min mm2  sp 
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Fig. 2 - Relation between the density of tracks 
and etching time of a foil in 28% KOH at 60°C. 
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Fig. 3 Relation between the density of tracks and the . time of exposure.With a constant activity of the sourc e .  of alpha particles. 
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-222
atical view of a Rn 	generator for 

irradiation of foils with a 
determined exposure (S.t) 

1-- Compressed air bottle 	
5 - Bubbler with distilled water 
6 - Bubbler with standard solution 

7 - Aerosol filter 
8 - Irradiation chaMber for 

track detectors. 

2 - Reduction valve 
3 - Primary filter 
4 - Flowmeter 
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W.pracy przedstsniono naZ1imeà6 wykorzyst2n13 
dotektoreom Aladowych z folii,jactanu calulozy Tri—
fol TN do ponier6m steanizzeZRA m pcmiletrzu.0m6wiono 
cachy chnrokterystyczne tych dotektorow, ish kolibracj 
przy pomocy seneratora nzorcoPych stean 	oraz 
msteme pomiary nykonana natodsc  detakcji kladoriej 
kop2lniech.' 

- 

SIMARY 

The possibility of usinp callulosa t4ccatate 
detectors /Trisfol TN/ for neusur,)mants of a2Ra con-
centreoion in air,  has baan discuss9d, The feeturas 
of those detectors and thair calibrstion in tha radom. 
gaesenerator, hava.baan describud. The results of 
field testing.in raines  are prasanted. 

.•••••••.e. 

PESWE 

- r• 

UpeAcTamello BOSMOSHOOTB ynoTpedneHga ciregoEmx 
geTenopoB MS CDORInt Tpexymycliggennmosu Tpuatoni, 
TH gna mmepeliun KOPaleHTPaUUU 224111; B MOWLYXe: Iica- 

xapaluelymmediate.cBCcTBa aTux AeTawmpoB 
nudgawm .  nomogb reHepaTopa c odpanoBC KoliumiTpa-
miew 222.gn  a TOUS npegBapnem,Hme usmepalum npome-
HU meTo -em'eTexgzu criegoB B uax?ax. 
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Moiliwo4 rejostracji czgstek alfa motodq.àlado-- 

eel pr.zy pomocy folii,plastikoeych jest podstawq zasto-

sowanla tych folii do pomi 222aru stç'àenia _ En•w i3Oej,at-

rzU- EllZe ezsieu na intesracWrejestroyanych czas-

tok alfa folie  plastikowD zhalazIy . tak*e zaStosowahie. . 

dozymetrii indyeldualhej pozwalaW oszacoeuel dk  

W4 pluca otrzymyAnnq przez osoby zetrudniono  e atmonfo-

rze zanioczyszczonej 222Ru i jeso produktami rozp,Idu[2]. 

Dozymetry àladowe sq nioczu2e ha élliatioioraz.promio-

hionnhie  X.  gapma, beta; tak  e  rajostracja ezqstok al—

'fa moie z*chz>dzie  e  obecnoci wysokiego tle tcso promio-

niovania. Stabilhoà6  e  ozasio,utajohyob, nielîytrawionych 

nadem uzyskanych na skutek  zain  struktury matoldAIu 

folii i spowodowanych johizach przez czEistki alfa ) pàt 

bardzo dobra,/dia substaucji organicznych tryhosi kilka 

lat/  I  praktycznio niezalena od waruhk6e otocuniata-

kich jakyingotheeà6czy tomperatura y  a* do tehpyratur • 

Zbliionych do puhktu miçkh4cia foui tzh okolo 150° C 

dia bIon z octmlu colulozy. 	 .• 

W tomperaturze pokojoej zunikahia utujOnych àla— • 

don hie obsereujo  si 

• 

• 
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Ilejestracja °mist* alfa  i  materiale folii inoe 

zachodzi6, gdy strata enargii dE. aura-to-le materialu 

o grubo*ci sax Jost dostatecznie ayseka. Dla ka*dago ro- 
,dLe , 

dzaju folii okroàlona jest -krytyczna clartoà6 4  Fe 	) 

ponitaj kb6rej detekoja jest niemelina. Dla octanu 
—I  oelulozy pr6g detekcji wynosi 1,41 MaV mg cm 2 r 

Poniewa* dia  energii czEkstek alfa nyàszych n.0 panna 

wertaA6 graniczna /wynoszqca okoio 3,8 MeV d1  folii z 

pochOdnych 'calulozy 	Bentona [ 5 ]  / strata energii 

jest zbyt mala, by sposiodona6 jonizaczbh cza.stki alfa 
222 

emitowane przez pochodne 	Rri osadzone na ponierzchni 

detektora nie bd  g rejestrosana, "Zapisyaane" bd 

 oz4stki alfa, kt6rych energia poczqtkorla zoatanie 

obniAona przy przejtficiu przez varsts/e. ponietrza do  ia-

tooi 	krytycznesgo kryteritua, a wig c.  ozastki pe- 

chodzElce od 222Rn n atmosferze 1 jog° pochodnych,Vistyst- - 

kie te szczog61ne cechy bIon illadovch czyn1.4 je tanikal-

Jaen materialem do pomiaru stUenia 222En ç  powietrzu. 

Utrnalony obraz 6Iad6a czastek alfa 	 kt6— 

ry uo*o by6 ' ogle,dany pod mikroskopam przy kilkusetkrot — 

nym posifekszeniue nzyskujemy przez wytrawl,onle font a 

specjulaym odczypnileu ohamicznym, Wytra ,siona ellady uzys-

kane foliach plastikowych majq ksztaIt stotk6e o pod. 

staaach kolovch lub eliptycznych,' Rsdzaj odczyn ,ok• 
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ohomicznég% jogo stenio oraz temporâtur9 dobiara si9 

odPowiodnie din dnnoj foill. W Oontrnnym Inbarmtorium 

Ochrony RndiolOgioznoj stosommo folig Trigfol  TN Ar j-

o dtixa doluiozyrfirmy B i -or é grubààci 36,2 mà cle 2  . 

wyeasnan trànonin w 28,,e KOU,' P tomporatUrzo ' 
600e. 	 • • 
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W oolu doborn odoowiodnioge,optymainogo dia fo  -

Ili oznsu trawienin mnaawiotiono" (big kawaIki blbey Trig-

eol TN o wymiarach 19 x 40 mm czqatknmi alfa rochodzqcy-

mi od otwortogo, powierzchniowego ir6dle 226 m4 0 aktel_ 

noàci .  wIaâciwoà rdwn6j 88,8 rozp min -1  Die'? - oza5y. oks_ 

rozycji wynosily cdpowiodnio 5 i 7 min,„ nustgPnié trn-
wiono folio 28% KOH, y tomporaturzo 60 00 zaczynajqc od 

.0,5godziny dol9godzin.PO kg ,Idoj godzinio traWieni4 folio 

byly myte, suszona r  nustpiio zliozand z nicb. àlgdy 

"pod mikroskopom, zy pOwieszohiu 1008 razy/pola widzo-

nia mikroskopu wynosilo 0,029 mm2/0' Jlady zliczgno z -  Lio 
p61 widzonia din kg.idoj fen, g wiçOs powierzchni 

1;16mm2 .., Otrzymang zaleindà6 sÇatoàci Ld ~ fitrikcji 

oznau trnwienig jo.st przodstawionn tnboli  1 1 na rya.2 
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Z priobieewd=f/t ru vr0  priy.teks . 	= conat widaà, 
t 	. 	-o 

e6a dlz Doczekowago okresu,trawieniA vYstUjuja
ei 

 ka liczba 1ad6w0 Din cznsda trawlenim r6pnych 2, 

Wet 3 godziny obreAz powstalydh ?gnaw jest niee,:eee- . 

Ésrodnios jest rzeU pojedyimzych.mikron6s. 

B2rdzo uale.Mady nlo aq w oele '.rozrania14" 
Dod 

mikroakcpcm. Ze wzrostem czasu trawieniz.radnica wi-

dzialnych nadOw wzrasta pojzwlaj4iç nowa, msle - 

	

ndziury".. M.mkselialua estoà6 Alad6w 
	Az 	wystuuje 

dla czusu trawionia &Kole 5 godzin. Poniewai otrzymuje- 

	

.;., 	, 

my przy tyu r6wnie* bmrdzo wyraîna 61ady, o duych krad-

nicach rzçdu 10/u, CZ2S trawienia rdwny 5.  godzin zos-

tal wybrany,d1m folii Triafol TN jai«) OZQS 
optymalny. • 

Dla czas6w trawienia powyàej zsobserwiewanego maksimuu, 

ktdre zale.y gldwnie 6à rodzmju o1iî  i.wartihk6w trzwit- 

nia, àrednica wieszych Uaàôw jeszcze ,wzrzsta, cho6 wy-

rzziatcM 'dziur" jest gorsza,' natomiast uniejsze  31a 

&y zanikujq, tak cestoA6 wyrainie mm°4je. 

3 0  ZAIÀUOM qSTOki gLADdW OD OZASU 

1%.SPOZY0.11, YROMIENIOWANIEM 
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celu znalezienim zaleftloci gQstoàoi k1ud6w 

d/1adOw/m12/  dia folii Trizfol TN w funkcji cznsu eks- 
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pozyoji t/min/ promienioaaniom alfa wykonano naer4puja-

cy okaperyment. Napromioniono kolojno 10 karalkeln folii 

czqstkami alfa z otaartago, powlorzchniowee 
226

Rn stosuho cznay okepozycji odpowiodnio dla koloj- 

nych folii: 1, 2, 3,  4 , 5, 6, 7, 8, 9 i 10 minut: Po 

wytrawieniu zliczone àludy  t, aarunkach juk a punkcio 

2. Otrzymana zaloànoà6 d=f/t eeksp/ przedstawiona jast 

w tobali II i na rye. 3 . 
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gdzio: 	i1oà6 àladem na polo aidzonia mikroskoptl 

d - iloA6 61ad6a nu mm2 	e 	- 

Uzyzkona za1onoà6 mu charaktor d=129,4 t 57, 14 

przy wspdlczynnikU korelacji R 0,99. 
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Dla okraeania zulenoelci gestoàci nadenl na fo- 

lii ifw nadechium22 od okspozycji 222Rn wyrs'Éonaj ilo-- 
czynum ubeania przGz czas okspozycji przoprowadzono 

unmâwlotionie folli gonsratorzo wzorcàwyeh 

cji.  222Rn • Gantrator radonu praccusI ma zasadzie 

aedracji roztworu chlorku radu o aktywnoàci 5/u0i >  Utt»ca 

• ' 	 . • 
przy odpoulednim przeplywie wyplu 1 uu4cago 2222a paqIet-

rzm zapewnialn koncentracja przakraczajgcs dopuszczainb 

warto5ci wurunksch naraonia zuwodowago. Sche12t urzg-

dzania ganeruigcego 222Rn pokuzany jest nn rys040 Zssada 

pracy urzezenia jast nasteouhca: spreone powiatrze 

m butli przechodzi przaz reduktor oraz filtr wsteny 

wysokioj sprmwaoàci zutrzymywania serozoli promioniot-

w6rczych, Wielkoàô orzeplywu  q  mierzona jest prz ,y1plyo-

miorzom pracuj4cym na zasdzie pomieru rftnicy oibnieh. 

mnnomotrom oieczowym, przod  i za . zweks... Przschadzecca 

1)rzz roztu6r 226Ra poulatrzo wyplukujo 222.aa Jae po- 

a  

"r 

Chodro z.Èoneratoram Sam genorstor .222RECEiklada 	z 

zo.steed dwu szkiany9h barbotor6wo objeoàci 0,5 1 ke-

dy. narwszY z nich wypoinionY jest 100 a uody deStylo-

wanaj, co.zapoblega zbyt szybkieuu parawaniU yqdy u dru- 

gim z koloi .barbOterZs e 'zaulerajgoym 100 a ro'ztvoru 

?? 6Ra o mktywnohci 5/ 101.,Roztw6r  22o otrzymno z roz- 

iiPPè7•7-..t'eke 
• 

..CnegehMeeàeig 
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ole2ozenia wzorconego ir6d1n produkcjl Auorsham Oak-

tymnoitel 100/ei eystpujqcego  n postnci RVBn012. Rez-

ttea,  xczcienczajqcy stnnowiI 0,1 n R01 zawierejqcy 

10 mg Ba/ml. Przeplyn q byl rzen 1 1/mm, aby unlkne 

"wychlapywania roztweru 226, Pochude 222Rn I/ postn.- 

cl aarozoli promienlotmirczych nypInkinana z roztworu 

osadmajq sig na filtrze 1 dziei tu  do dalszaj cze-

cl ukladn przochodzi jedynie wolny, gazowy radon. Na-

premienlanie detektordmi odbyve .  siQ w specjalnej komo-

rze o objeoàc1 , 50 1, w kteérej sq one snobodnie zawio- 

[:
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1` . ,....._. ., .,.........,,,,: _ ..,...i..  ' ''lee- eere5. 
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•,•••7:•• ,.-sz.--:,,'Ii,  

sumo. 

Wprowndimy poniisze ozneczenin: 
226 

Am, aktywno6 	Ra w roztworze 

ERn szybkoà6 emanacji 222Rn 
rozpadn  222Rn  h - stale 

• -r-treei«,,4r-i • 
_cll.,. 75- 

• 

• 

• ,..;7!-..1.te t.,-.77‘y•,-;,z.fg 

" 	 •,)t--•• 

":feekt-w,;mr. 

se- "-ztf-ee.',,.me, • 

tin01] 

z roztelarn 22%euCi min-1  

. Dale 13 
n1C 3  min-11 

po J 3g0  s 

- nateenle przeplywu pornietrZa 

- steenie 222Rn powietrzu 

przeeciu przaz barboter 

Poniewa : 

B ERn / 	skqd 

JednoczeSnie : 

• 

•- 

- • 

ERn S q  Me. 

• Inn = Ana 4 .1  
wife 

A114 	= S•. 

.1 

eke S = 	./ q 
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Poniowa aktywnoà6 roztworn zwiqzku radu  
- 

si 5, tel. e4teoill*'przoplyau powiatrza 4 = 1i10-='2/min, 
• 

to steanià 222.Rn a  powlotrzu renino Jost  063/u01/m3. 

glady zliozano lorzy'powleszaniu mikroskopu 400 
2 

.eizy/polo aidzonin eyeamila 0,19 m1.1 /, w 60 polaoh widza- 

niq dia kreàdoj folii /i powivi.zohni. 11,4 me/ . 

. 	 • 
•••• 

„. 

• 

•.S-■■ •%•::Zt;s'e. 'riet::«;■;••ie••.7 ' ".• 	 , 	 ..' 
: 	 • Cr: 

;"••••%';',"•;:,,■■•' 
• tr. 's...). ".,•?;ze,. 

› no jodynio klady o'àrodnioy poeyàoj 10,u , . 

Okroàlono taUo "bits wiasne din ozyztej;uprzod-

nio elo nàpromienlanoj folii, przolloeWAA4 y 

wiutrzu 0 nzturalu4 zeàarto 	
222_ àci 	ktdre zostaia wyt- 

eawiona przài ôkrs  5 godziw. Obliozony "big nlasne 

fplii Wriafol TN tlytej do pomiar6w wyn9si /3,1 t 0,6/ .  

âlad6w/mm2 . 

7.il1anoà6 catoào1 ead6w dan  w funkcji : okaPozio-• 

ji /S.t/ przodstawiona Jost w tabali III i na rys.. 56 

Tabula III  

1 _ ,Vœ -3Î —Tœr 71 	7" ' . A --1 - f 
— . o 	- u04  h/m 1 3,781 5,811 7,8113,231 16,69 t

20,41 24,25 
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gdzlot de 'n  = dx  db  WI  . w„ hladach ea um?,  

0tryz12.11.1 .zalcbno66vn charalc:tar de.j. 1,710/ 3 .t/-0,651 

'orzy tap6lozynni3u karOlacji  B = 0,99 . Xat,dy punkt'wyk-

rosu Pat otrzymany z ob1io geztotioi à1ud6w  di  a pr.v- 

, • 

Ae?-.Vi remerejariàâXtekein 

g  dlla rà -1. n dYinza 	6e3 , 9,0 1  15,2 !  20,0 1  25,2 1 33,6 1 43, 
—1.--- 	s 	

o , 
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Przyjmujqc joke denq granicte poniaru 11oà6 ead6n 

na mm2 ràwnq pedubjaoj ich iloàoi rejostrowanej dla bio-

gU inasnago dx  = 2db ni  przy ozasie okspozycji detekte-

ra t = 1 tydzieA = 168 godzin no*omy za ponacEl folii 

Triafel TN mierzy6 ateenio 222Ra rzeu 10 090 pCi/m3, 

a wig° r6une 1/3 steonie dopuszdzalnego dla zauodowego 

=raienia [6] 

Bd  wyznaczonio steonia radonu Sx  = K-duait e  nu 

pedstawie obliczonoj estoàoi à1ad6w /dnia  0,07d2a/ uy-

nosi 29%4 

6. WSTp/IE MANIA STE2FNIA 222.Rn METOD4 DE:2.r.aT0rà 
ÉLADOWYCH 

a ,4 Wstene bad 	 222RA mt0  ania steenia 	 a dotektoreew 

àladoeych mialy na oolu ocn ± sprandzonle przydatnoà-, 

ci tej netody w earunkach istniehoych zakladach pru-

cy, w ktelrych nogq vrya/poita6 podeiszona Steonio radO-

nu. Ma to niekiody aiejnoe  i  kopalniach,wQgla kaniaune- 
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okspozyoyjno zapownialy takq goometrio, 	waystkio 

powiorzcbnie, na kt6rych moglyby siQ osadza6 poohOdne 

radonu.bey oddelone od folii od1egloA6 wiQkszq nil 	• 

zasiqg ozastok alfn od RaC". W kaidej-kopaini wykonywm-

no ekspozycjo w kilkunastupuatach p&miarowyph, przéz 

okros bd klakildzieSiçoie do kilkuset godzie. Érednie 

. nteenio 222.Re o powiatrzu obliozono nu pgdstawig g:este-

oi Alad6w/mm2  dla poilcieelnyob folii, mynosilo u 

nej kopalul 80 000 p0i/m3  przy Makelym21nyu odchYloniu 

od wartool àradniej nie przokraczajgcym ±30 %.V1 dru- 

g-1E1j kopa1ri érednin wartoà steenio wynosi/g 23000p0i/M 3 

 przy maknyulnym odohyloniu ± 25 % 

- 12 - 

e alekt6rych minera16w, Wystuuhca toe steonia 

222Re u pawiotrzu przekraozah nier-azzeaczniaprzooie -

nD %m1Lt0hol - stee35. w poWiotrzU atmosforyoznj . .wna pe-' 

wiorZobni ziomi. Bdua.tPrzeprowadzono w dv* kopal-

einch wçgla komiennego. Folio 61adow3 dg pe mira ot-

e4ollia - 1Rn byly przygotowane w postaol 9onum.erouaneh .  • 22? 

plakiotok ewymiaraoh 15 x 40 mu. Tak, gdzie bylo to 

moUloo folio moetowano na spoojalnej plytoe i poddawa-

nb ekspozycji,w Ipzezoniu majqcym ksztalt odwrôoenoi' 

twoy aluminiowaj opartej'na czterech nogaoh, 	wysokotl 

01 1 9 50 m irys.6/. Urzezenie to mislo na delu ochronQ 

powierzobni datektora przed dzialaniee wody, py1u wg-

1oigo oraZ' przad uszkodzoniami mOchgnidznYmi. "ii'goo" 
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7. ti Oô$I

Ze wzg1@du na spacyîikQ p9eLiar6x etŸ^onia 2%

q srodomisYu kona7.ni, opzacowana w Cyntra?nym Ï,aboxato,-

rium Cohrony8adio1og3,czngj r^etoda dote^tarô^ ^1s^dosryah

z zaatoso-nas;.ain folii TxIuial if faykazujo wi,e13 c3nnych

z4lat. m3toda ta dziQsi 3uuo?ran7.u 61ad6y od czastek al-

fa pazwala oazacoeaé àracLzte st^à3n3.o 222ll ;, czasio

tx*Qtli^ 3kAp9Zyc ji , d1+1 :C]..Zs:ll dnj_, tyziodrnî -À ndliiat

miosi^cy, J^st hna prosta, nie wynaga zaail.ania sieoio-

r^aga i aparatu..^ prbznioqaj na doln e ^op.alni, ?on,udto

dat3kto^y ^lado:ra crara3-tsrvzt^ja a:q n^ aaiall^in^

rami oraz aa. ^ ciQ:.aram i nogq by6 stosouana er vartzn.-

k4çh zaT^za^a g azo^3ga, dr^sch railQ ^t,o6ci à.^ao^ich

tar^poratu^^ paniatrzst badanagn, iTzyakans t-,yr3.3i s?cazuj^^

na oolowa^$ atosoyacia m----^tody dcta^t4z^^ AladoYrych M

zakladnch prac,y, 71 Âtbrych r-aozl 3 ►5at^popaE pod^^5sona

st^^onit^ 222RU

^. Poo^.û„I,..i-yvatt b,B, ^2^alscn S.C.: ^do!1 -^ AaLtght2'r

-a3:Prsux'a biWasuremextt with Tz'ae1 Etch pitms. kealtb-

yc `'iSr;i:-• _ .._k,.r.^vi``^J^S.^s^

J'kyaiosa 16, 617 /1969/-
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Ryn.3 Zale±noà6 gestonci diaddirod czanu cknpczycji 

dia ntalej uktynnonci irddla cuptek alfa. 
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