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Fi2ure I. Measurement made during a S day period in the spring 

northeastern U.S .. R don concentrations were measured ~or t~e first \oor and 
the pressure diffore tial wa& measored between the outside au and the '\ 
basement. Outdoor emperatures and wind speeds were obtained from a neatby 
weather station. 
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Abstract 

Results are presented of measurements or the acti•ity conc•cintrations 

ot' 
2

<::.! Rn and its short-lived decay pro11ucts in a9artment::; "ith prt!fa­

bricate:d panel walls and slmultaoeausly in the open air. Th" median v"lue 

ot the 
2

:.!:.! Rn conc9ntrations in t he 09en air vrns :found to be abo11t 

7,6 Bq iii
3 

rai1i;:in.c: :from 2 1 7 unto lo,5 Bq iii3 • The variaticn c.r the :.!22 Rn 

due to ventilation were investigated by measurements inside a roor.i riith 

very poor ventilation (at'ter 48 hours windows and doors closed) 166 Bq m3 
-3 ' 

end a room with strons ventilation 31 Bq m , The equivalent dose :for mem-

bers of the public due to inhalation o:f radon's short lived daughters 

indoors was le.bout a 1'actor ot 4,4 hie;her than the dose c~lculated t'or 

members in open air. 

Introduction 

Natural back::;round sources repre:ient the greatest contributors of ra­

diation exposure to the .,.arld' ::i population tode;r. The highest contribu­

tion t~ the natural internal radiation exposure (53
1

6 %) is deliv~red by 

inhalation of the short lived 
222 

Rn. 
222

Rn i::i a radioactive gas produced 

by the deca;r of the 
226

Ra, it is present naturally everywhere in sail and 

rock, in various concentrati ans :fr om on place to another. Th~ t;,·pi cal 

buildine; materials are commonly made frO!II there .nature.! materials (sand, 

rocks, cement). Several new building materials with relatively hich ra­

diura concentrations have b9en used in recent ~ears (red mud, pho~~ha~yp-
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swn, zircon products and fly ashj o The radon ge~ di:t'tuses throuGh the 

pores of the soils, rocks and buildine mat~rials .will esce.pe into the 

sorrounding atmosphere. The concentration cf radon and dauehters 1s 

usually low 1n the free atmosphere, because dispersion rapidly taJces them 

e17e.:' fro!!I the surrace, _ but i:t' the radon escapes into con:t'ine~ spaces en­

hanced levels results. The consideration o:f these radionuclides is nece­

ssary when determinine· the be.ckf'.round radiation level to the population 

( 1,4). 

The inhaled 
22 ~ Rn gas itself end free radon daus~ters (very mobile in 

air) are rapidly de?osited and.irrediatec different parts or the respira­

tory system. Others become attached to aerosol particles present in the 

atmos:;_ihere and are :first de:iosited thrOU<Shout the respirator;r tract; the 

principal ti~sue irradie.ted is the basel cell region of the broncii~al 

epitheliwn. Fart of this deposit passes into the blood stream end is trans­

ported to the various organs end tissues, whose rediation burdens are 

lo17'er but not neglijable (~,5) • 

In this work, the results of measurements of the activity concentra­

tions of 222 Rn and its sho~t-lived decay products iri en a!'artment end 

simultanaously in the open air e.re presented. we investii;eted the varia­

tions of radon and their deughters concentrations under di:fferent v:mtile­

tion conditions. We also made some evaluations of the doses to the respi­

ratory tract fr0"1 the inhalation of these radionuclides. 

Meter 1 al end methods 

In this study, about loo 5easurements of _the concentrations of 
222 

R!! 

end i~s short-lived elfa decay products t1ere made in ground :t'loor e.part­

lilents with prefabricated panel walls, recently ·constructed; the d17ellins 

is situated in a region with a normal radiation background, i~ a municipa­

l! ty called_ Cluj-Napoca. There redionuclides measurements were per:form.ed 

in two week periods in the summer time-_ During this experiment there was 

not heated in the e.pertment, so that the radon concentration would be 

supplied by other sources. The air samples were collected betneeo lo-14 

hours; thus we have neglected the possible effects Of wind, thermal sta­

bility; atmospheric scaveno:ini:; and precipitation from the re.don conc1m­

tration. Two air se.ra!'line; units were installed· simultaneously thus to 

permit collections and measw.·e~ents parallel to indoor and outdoor. All 

ti1e sa!!lples ltere made at e hi~h of 1 o ebove tl!e floor and at a heieht 
~<'~ ~2G 

of 2 °' ebo..,.e the groun'!· The concentrations of the ·- Rn and , Rn 

!. 
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daughters were deterlllined by air sampl.ing on a membrane :filter (pore size 

1,5 pm). A. kno\'1Il volume ·or the air is drown through the tilter (5 mi.0:) at· 

e rate of 3o l.min1 • The alfa activity deposited on the sur:t'ace o:t' the 

filter was performed in three measuring intervals . over :t'iltration to 5, 

15 and 3o min, by a disc of the plastic detector. The activity concen­

trations or the short lived ~22 Rn canbe calculated :from the me~bers of 
22G counts. When the activity concentration of Rn and dauehters is known, 

the working level (WL) values can be calculated. The WL is commounly used 

to indicate the potential el.fa energy concentration in an air volw~e (6). 
,41 . 

'i'he measurioa d.ivice TI'as calibrated b~· an .Am sheet reference source. 
~~G The · Rn end their dauehter concentrations in room dapends of: natu-

ral ·radiation-_re.te, radium content of the buildin~ materials, :'.GGRn diffu­

sion coericients, aerosol concentrations end the area volume of the room. 

The oatiiral ventilation rate was deter::doed throue;h the parallel measur;!-
~~l! . 

ments of the Rn individ~al daughtar product concentrations inside a 

room e:t'ter strong ventilation and when the window and the door in the 

room was closed :t'or 3 hours (the ~~ 6 Ra concsntration and rates of re.don 

P.xhalat.ion :from our prefabricated panel is ec11uaintance). The r~tio of 
2~., 

the concentration of • Rn itself ana dauehter nuclides is the equili~ 

brium :t'actor. For si~ultaneously measured values Of this radionuclides 

the equilibriwn :t'e.ctor could be established (3). The artificial ventilatior, 

was ensured by openinB and shuttin[ of doors and windows durine the pe­

riod :t'or 1 to 48 h. 

Based on the measured median activit~' concentrations of the 22 ~ R.!l and 
222 Rn daughters the expected mean annual lung and the basal cells doses 

r.ere calculated. The mean residence time o:t' 19 h per day (o,8 the occu­

pancy :t'ector) a:qd 5 h per ·aay in the 09eD: air (0,2) and mean respiration 

(13,8 l min) rate was assumed ror a stand~d man. A.pplyinB the dose con­

version factors we can estimate the probable renge of the annual effectiva 
:::!'~ ~~;.::: dose equivalents due to inhalation of Rn and· short lived Rn daugh-

ters :t'or members o:t' the public. 

Results 

.F!g.l sho"s the ~ean daily value :for the '~~Rn concentr3tions and te~-

1iereture for a ten day period in the op.en air, under normal meteoroloe;ice.l 

conditions. This value nas found 'to be e.l:out 7,6 ~ 1,1 Bq m-
3 

rane:inc from 

I I 
J 
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~,6 up to lo,5 Bq m-
3

• The median >alues or t11e deue;htar product con.cen-

trations were round to be + . ~18 . . + 214 
about 7,1 - o, 9 ( Po)• 4, 5 - 1,1 ( Pb) and 

+ l!l4_ . -3 
2,7 -1,4 ( Bi) Bq m · .The median 

when usual ventilation (o,l h-l) was 

value or 2 ~GRn concentration inside, 

determined at 31 1 3 : 4;1 Bq m-3 was 

about a factor or 4,1 hi·gher than in the open air_. 
GGG · 

It c:in be shown (Fig:.2) from Rn accwau.letion that the:r increused :fro,.1 

7,6 Bq _m-
3 

to 60 Bq m-
3

, Hhan doors and windows are closed fro<:1 1 to GO 

hours. The mean of' the deca;• products in this period was rou..'Jd to be about 

33, 2 : 1,9 :HS.Po, l!7,o: l!,1~14.Fb and Go,l : 1,1 G1 '-\ii Bq m- 3 • ·A rapidly 

inc:::-e!lsed of' 
222

Rn concentri: ·aon was observed eft10r ;<4 hours (131 Eq m-3) 

the roo~ was not ventilated over ni~ht {:.!lo.Po 73
1

5 : G.~;l!l 4Pb= 50
10

:2,c; 

" 1 ~i = 21;1 : 1,8 Bq ni.-
3
). The heiE;hest values or the activity concentra­

tions t1ere obtained after 48 hours l!2:::Rn 166 Bq m- 3, l!lSPo = 9l!,9 : 3,3, 

~ 1 4pb = 63,9 : 1,6; l!l4,ii = l!7,o : 1,8 Bq m-3 The hiEher values of the 
222

Rn and 
222

Rn dauehters concentrations round in the room could be attri­

buted to the e:rlrnlation radon of the ualls and inadequate ve!1tilation. In 

the second stae;e of measure01t!nts a·1erage value of the 2:.::"Rn and d·:ca:• 

9roducts concantretions di"1inished during to 3 hours, when ventilations 

was induced through orieninB: the windows, so thers wan't i:e d!ffo:re!lce 

bet :·:ee n 
22

'.lRn concentration inside and outside ei:::-. Tile medic.n v:;l11e of 

equilibrium f~ctor from all measurements in dwellin~ r.as round to o,33-o,c3 

in the diff'erent ventilation conditions, whereas the median value of 

equilibrium !'actor . in the o:;ien air was determined at o,47 - o,61. An 

equilibrium !'actor of about o,4 was calculated f'or ventilation rates of 

c,l h~1 , it is representative for these buildings, 

To evaluate the dose to the resriiratory organs we U9ed to the concen­

tration or the radon and short lived radon dauehters. Indoors; the median 
222 values of 222Rn and potential alpha energy concentration of the Rn 

daughters and the dose calculation results are sho~m in Table 1. 

The results sho, .. s, . that the contribution cf the ~:c!~Rn (013 %) schould 

be
0

negleted when estimates of" the effective dose equivalent f'rom natux~l 

eirborne radioactivi~y in dwellines are perf'ormed. The greatest contribu-

of ~2 ~Rn (99,7 ~). tors ere the short-lived decay products ? 

The equi_valent dose ror members of the publi ~ due to the ir..halation 

o·f radon's short lived dau~hters indoors was ab out a rector of 4; 4 hi5!Jer 

thar. the dose calc•.Il:!ted ror members· in open. air. · 
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· 1 ~ d ~o the continuous Table l Mean annual effective d·ose equiva eno ue • 

IYDOOR 
CLOSED 
TilAE ( h) 

2 33, 6 

?.O 59 18 

24 131,2 

48 166,l 

OUTDOOR 7 ; 6 
· OPEN AIR 

2?.l! 2,2 
inhalation or · Rn end Rn daughters 

1,75 

3,12 

6,64 

8,66 

o,4o 

3,6 

6,5 

14,o 

18,o 

o,8 

conclusions 

o,5o 

o,69 

1,93 

2,48 

o,11 

o,13 

o,49 

o,93 

o,o3. 

o,63 

1,12 

o,14 

cf 2 ~2Rn 2.Ild d:cay The results in this pa~er shon; the median value 

products when usual ventilation, nas about a factor of 4,1 hieher then in 

the open air. The concentrations or these nuclides versus the · inverse of 

ventilation rate. The e~uilibriQ~ factor obtained was : o,~7 ¥ o,6~ cut-

doors and o,~3 _ o,88 indoors undsr various ventllation conditions. 

An increase in the ventiletion rEte over a short period of time may 

reduce the 22 l!Rn s~ort-lived decay product concentrbtions and the res­

piratory tract doses to the inhabitan~ consider~bly. 

References 

1. Abu-Iarad F. and F!'eolin J.H. TLe indoor concentration of radon 

daughters in there different areas or the U.K.- Health Physics 4~ 

(1983). 479-465 

2. Keller G., Folksrts K.H. end Muth f!. Activity concentratiOI!s of 
222Rri; 2~ 0Rn end their decay _Products in Geraian dwellinfs; dose 

calculations and estimote cf risk. R"diut.E:lviron.Bior.i:;,·s. l!o (198:?.), 

263-'.,!74 

' 
' u 
: 1 
\ I 
! 

. ! 



424 

eq_uilibrium in d\7ellings and in the O!!en air. Health Physics 47 {1~64), 

385-398 

4. Mustonen R~hoo. Natuxal radioecti,rity in end radon e:chalation froc 

Finnish buil~ing materials. F.ealth Fh;,-sics 46 (1984) 1195-1203 

5. Pohl E. D~_se c:?.lculat_ions due ta the inhale.tion of 
222

Rn, 
2~0Rn and 

their daughters. Heel th Ph~·sics 32 (1977), 552-555 

.-.,;...;. - """ - .... k:Or:i~:-e=etre. 6 • Viraf:h E • and ZolC. E. RcdiCccti-~ o:Ze"'".'e"- -Ode' sek h~ta' ~a a 

Budapest 1S8o 

~I . zn 
Mean doily (10-Mh) Rn c.oncen:rolion 

~ 

E 

and temp~roture out'5ide air during a 
period of ten doy5 ' 

Cr 
'° 
c:: 

.Q 
0 .. 
c 
;) 
0 
c 
0 .., 
c 

a::: .. .. .. 

5 

2.6 2.7 ZS 29 30 

June 

z ~ 6 
luly (1985) 

2.5 
41 .. 
.2 
0 ,_ 

2.0 QI a. 

15 

E 
~ 

Fi9-l Mean uz Rn concen1ra1ion in a 51 ti 
period inside, for diHerenl ~e-nlilo\ion 

conditions 

150 

100 

:JO 

0 2 a.a 11 10 18 1 z 1 Incurs) 
closed, /"<llide open 

window 

425 
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In Sweden a limitation schem for r don daughters has been in opera­
tion since 1980. This paper descr be the limitation scheme. The radon 
daughter concentrations found by t local authorities up to 1986 in 
their search for houses with level bove the limit is compared with the 
results from a previously reporte c ntry-wide study carried out during 
the years 1980-1982 with the aim of b ng representative. Up to November 
1986 more than 40,000 homes had been in estigate~ and of those about 4600 
had radon daughter con3entrati ns above 00 Bq/m and several hundred had 

levels above 2000 Bq/m . 

Introduction 

In Sweden the sear for homes with high levels of radon daughters has 
been since 1980 carr cd out by the local public hea th authorities. The 
results of this sea ch up to July 1982 have been rep rted earlier (2, 3). 
A few local author lies have completed the search and chen made measure­

e existing houses suspected of havi g high levels. 

Limits and recommendations 

aim of reducing e exposure 

to radon d ughters and the gam~a radiation in homes. For exist g houses 
with leve s exceeding 400 Bq/m of equilibrium equivalent conce ration 
of radon (EER) the houses are declared as insanitary with respec 
radon. I this paper the t:ER is cal led the concentration of radon 
daught s. There is also a recommendation Lhat measures shou~d be 
in homes with radon daughter levels between 100 and 400 Bq/m when 

can be done ~ith simple measures. 

For planned houses Lhe radon daughter concentration should be lower 


