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made during a 5 day period in the spring for\a home in
don concentrations were measured for the first Efloor and
tial was measured between the outside air and the
emperatures and wind speeds were obtained from a neakby

\-

Figure 1. Measurement
northeastern U.S..

the pressure differ
basement. Outdoor
weather statiom.

419 < )Lij

THE INFLUENCE OF VENTILATION IN ROGMS UEQON THE
EFFECTIVE DOSE EQUIVALENT FROM INHALATION OF
222 pn AND THEIR SHORT LIVED DAUGHTERS

EbLTh

Ildiko Mocsy and Corina Fulea
Institute of Hygiene and Public Health, Radiohygiene

Laboratory, Cluj-Napoca, R.S.Romania

Krisztina Simon
Epidemiological Hyziene Country Unit, Department

of Radiation, Cluj-Necpoca, R.S.Roumania

Abstract

A et o -

A

Ll

Results are presented of measurements of the activity concentrations
of R2g Rn and its short-lived decay products ia apartments with prefa-
bricated psnel walls and simultaneausly in the oven air. The median value
of the 22z Rn concentrations in the open air was found to be about
7,6 Ba @i° ramging from 2,7 up to lo,5 Bq &°. The variation of the 222 Rn
due to ventilation were investigated by measurements inside a Toon with
very poor ventilation (after 48 hours windows and doors closed) 166 Bq ﬁs
end a room with strong ventilation 21 Bq ﬁs. The equivaleat dose for mem-
bers of the public due to inhalation of radon's short lived daughters
indoors was labout a factor of 4,4 higher than the dose célculated for

members in open air.

Natural background sources represent the greatest contributors of ra-
dlation exposure to the world's population todey, The‘highést contribu-
tion to the natural internal radiation exposure (53,6 %) is delivered by
inhalation of the short lived 222 Rn. 22

226
by the decay of the Ra, it 1s present naturally everywhere in soil and

Rn 13 a radioactive gas produced

rock, in various concentrations from on Place to another. The typical
3 tyT 1

building materials are commonly made from there natural materials (sand
2

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

Tr——— . s
dium concenirestions have been used irn recent years (red mud, phosphosvp-
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sum, zircon products snd fly ashj. The radon gas difruses through the
porass of the soils, rocks and building materials will escepe into the
sorrounding atmosphaere. The concentration of radon and ﬁaughters is
usually low in the free atmosﬁhera, because dispersion rapidly takes them
away from the surface, but 1f the radon escapes into confined spaces en-
hanced levels results, The consideretion of these radionuclides is nece-
ssary when determining the background radiation level to the population
(1,4).

The 1inhaled e Rn gas itself and free radon daughters (very mobile in
air) are rapidly deposited and.irrediated different parts of the respira-
tory system. Others become attached to aerosol particles present in the
atmosphere and ere first deposited throughout tibe respiratory tract; the
principal tiesue irradiasted is the basel cell region of the bronchial
epithelium. Fart of this depcsit passes into the blood stream end is trans-
portéd to the verious organs end tissues, whose rediation burdens are
lower but not negliiable (z,5).

In this work, the Tesults of measurements ol the activity concenira-
tions of 42 Rn and its short-lived decay products in an apariment end
simultanaously in the open zir are presenfed. We investigeted the varia-
tions of raden end thelr deughters concentratibns under different ventile-
tion conditions. We elso made some evaluations of the doses to the respi-

retory tract from the inhalation of these radionuclides.

Material and methods

. 222
In this study, ebout loo measurements of the concentrations of Rn

apd 1ts short-lived elfa decay producté were made in ground floor apari-
ments with prefabricated panel wells, recently ‘constructed, the @welljng
is situated in a region with a normal radiation background, in a municipa-
lity called Cluj-Napoca. There radionuclides measurements were performed
in two week periods in the summer time. During this experiment there wes
not heated in the apertment, so that the radon concentration would be
supplied by other sources. The alr samples were collecteé between lo-14
hours, thus we have neglected the possible effects of wind, thermel sta-
bility, atmospheric scavenging end precipitation froam the radon concen-
tration. Two alr sampling units were installed simulteneously thus to
vermit collections and measurements parzllel tc indoor and outdoor. All
tiie samnles vwere made at e high of 1 m above tihe floor and at a helght

" o . . 424 22z
of 2 m above the ground. The coucentraticns of the Rn and Rn
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daughters were determined by alr sampling on a membrane filter (pore size
1,5 pm). A known volume of the air is drown through the filter (5 min) at
e rate of 3o l.minl. The elfa activity dzposited on the surface of the
filter was performed in three measuring intervals over filtration to 5,
15 and 30 min, by a disc of the plastic detector. The activity concen-

s Rn canbe calculated from the members of

222

trations of the short lived
counts. When the activity concentration of Rn and daughters is kncwn,
the working level (WL} values can be calculated. The WL is commounly used
to indicate the potential alfa energy concentration in an air volume (§6).

241

The measuring device was calibrated by an Am shéet raeference source.

The 42 Rn end their daughter concentrations in room dspends of: natu-
ral'radiatidn:rete, radium contepnt of the building materials, szRn diffu-
sion coeficlents, aerosol concentrations end the area volume of the rocm.
The natural ventilation rate was deterained through the parallel measurz-
22z

ments of the Rn individual daughter product concentrations inside a

room after strong ventilation end when the window and the door in the
2

room was closed for 3 hours (the . Ra concsntration and rates of radon

exhalastion from our prefabricated pznel is ecouailntance). The ratio of

. 22
the concentration of

Rn itself and daughter nuclides is the equili-
brium_factof. For simultaneously messurad values of this radionuclides

the equilibrium factor could be established (3). The artificlal ventilation
was ensured by opening and shutting of doors end windows during the pe-
riod for 1 to 48 h.

"Based on the measﬁred median activity concentretions of the #es Rzn and
#22 Rn daughters the expected mean annual lung and the basal cells doses
were calculated. The mean residence time of 19 h per day (0,8 the occu-
pancy fector) and 5 h per day in the opeﬂ air (0,2) and mean respiration
(1;,8 1 min) rate was essumed for a standard man. Applying the dose con-
v;rsién factors we can estimate the prcbable raﬁge of the annual effective
dose equivalents due to inhalation of BE2 Rn and- short lived R Rn daugh-

ters for members of the public.

Results
<757 X N
Fig.l shows the mean daily value for the = ‘Rn concentrations ané tea-
pgfeture for & ten day period in the opven air, under normal meteorological

cenditions. This value was found to be atout 7,6 I 1,1 Ba n " rancing from
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-3 s )
2,6 up to 10,5 Bq m ~. The median values af tlhe daughtar product concen-
: 218:. - .+ 214
Po), 4,5 - 1,1 {" "Fb) and
+ 2145. -3 22z
2,7 - 1,4 ( i) Bq m.". The median value of Rn concentration inside,

trations were found to be about 7,1 bt 0;9 (

when usuesl ventilation (o,1 h_l) was determined at 31, 3 z 4,1 Bg i s

about a factor of 4,1 higher than in the open air.
2y i

. 2 g
It can be shown (Fig.2) from RO zccumulation that they increased fron

-3 -3
7,6 Bqg m to 60 Bq m ~, when doors and windows are closed from 1 to ¥o

hours. The mesn of the decay products in this period was found to be zbout

+ 218 + 214 : -3 .
33, 2 21,9 **®po, 27,0 2 2,0 % and 20,1 ¥ 1,1 %1 Bq 0>, "4 rapidiy
222 )

;ucreased or Rn concentraiion was observed efter 4 hours (131 Bq m"ﬂ

the room was pnot ventilated over nizht (21°Po = 73,5 I 2,2;214Pb= 5a,ofz,c;
214 + 3

Bi = 27,1 - 1,8 Bqm ). The heichest values of the activity concentra-

tions vere obtalned after 48 hours °*“Rn = 166 Bq m >, “ %0 = 92,0 ¥ 3,3,
2l + . 2la + -3

4Pb = 63,9 - 1,8, ‘Bi = 27,0 - 1,8 Bq m ~. The higher values of the
222 222 z

Rn and Rn daughters concentrations found in the room could be attri-

butzd to the exhalatior radon of the walls and inadequate ventilation. In
the second stage of measurements everage value of the 222Rn and decay
nroducts concentrztions diminished during to 3 hours, when ventilations
was induced through opening the wirdows, so thers wan't te difference
between 22QRn concentration 1nside and outside eir. The median vslue of
equilibrium fzctor from all measurements in dwelling was found to 0;33-0,86
in the different ventilation conditions, whereas the median value of '
equilibrium factor:in the open air was determined at 0,47 - 0,61. An
equilibriun factor of about 0,4 was caiculated for ventilafion rates of
c,l th, 1t 1s representative for these buildings.

To evaluate the dose to the respiratory orgens we used to the concen-
tration of the radon and short lived radon dzughters. Indoors, the median

. 222 2322

values of Rn and potential alpha energy concentration of the Rn

daughters and the dose calculation results are shown in Table 1.

The results shows, that the contribution c¢f the 2

““gn (0,3 %) schould
be negleted when estimates of the effective dose equivalent from ratural
eirborne radloactivity in dwellings are perfo;med. The g?eatest contribu-
tors ere the short-lived decay products of “2¥pn (99,7 %).

The equivalent dose for members of the public due to the irhalation
of radon's short lived daughters indoors was about a factor of 4,4 higher

than the dose calculzted for memoers in open eir.
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Table 1 Mezn annual effective dose equivalent due ito the continuous

22z 222
inhalation of Zzzan and “**Rn daughters

EEsssssESSSSESSSEIasS

VIENTI- CONC.OF EFFECTIVE DCSE CCNC.OF  EFFECTIVE DCSE TOTAL

LATICN 2%2Rn GQUIVALENT TO “%“Rn EQUIVALENT TO EFFECTIVE
(3q m 1) LUIIG " DECAY PRO- ERONCHIAL DOSE EQUI-
(vsv.y ) DUCT EPITHELIDLLUNG  VALET
(uWL) ( asvyl) ( msv.y7)
=:====ﬂ===ﬂl==¢===.I=l==:=5====xll===5ﬁ===-xin======5::============_ﬂ====—
ITDOOR
CLOSED
TIME (h)
2 32,6 1,78 3,6 0,50 0,13 0,63
20 59,8 3,12 6,5 0,89 28 1,12
24 131,2 6,84 14,0 1,93 0,49 2,42
48 165,1 8,66 18,0 2,48 0,93 3,42
OUTDOOR - 0,40 0,8 0,11 0,03 0,14
OPEN AIR '’

cornclusions
LoRCl o .

222,
The results in this parer show; the mediean value (o3 § Rn and d=zcay

products when usual ventilatlon, was about a factor of 4,1 higher than in
;he open air. The concentrations of these nuclides versus the inverse of
ventilation raete. The equilibriun factor ocbteined was : 0,47 ~ 0,64 cut-
doors and 0,33 - 0,88 lndoors undsr various vent‘lation cenditions.

An increase in the ventilation rzte over & short period of time may

reduce the 222Rn skort-lived decay product concentrztions and the res-

piratory tract doses to the inhebitens considerably.
References

1. Abu-Iarad F. and Frenlin J.H. Thke iréoor concentration of radon
dsughters in there different srezs of the U.K.- Health Physics 44
(1923), 475-485

2. Keller G., Folksrts K.H. end Muth H. Activiiy concentrations of

222p4; %%%n ena their decay products in Germsn dwellings, dose

calculations and estimete cf risk. Rediat.Environ.Biouwkys. 2o (1582),

263-274

A

2. Reller G. znd Folkerts I[.Y. A=30p-"22 concentrations zné dzczv =roduct




424

eguilibrium in dwellings and in the open eir. Health Physics 47 {1964),
385-398

4. Mustonen Raimo. Natural radioectivity in end radon exhalation froo
Finpnish building materials. Heelth Fhysics 46 (1984) 1135-1203

B gohl E. DQSe c2lculations due to the inhalation of zzzﬂn, 22ORn and
their daughiers. Heelth Physics 3z (1977), 552-555

6. Virdeh E. and 251& E. Rediczctiv sceanvezOdések hetdsa 2 kOrarezeire.

Budapest 1S8o

ﬁal . 222 .
L L e a e
¢ side air, during Q

period of ten days |

222 ]
Rn concentration {Bq-m™)
Temperoture (°C)

25 26 27 28 23 30 |
June

(1985)

Juty

- 2 .
Fig.2 Mean ?z Rn concentration in a 51 h
period inside, for different ventilation
conditions

Lan (Bq;m's)
1507

100

i
8n conc.outside b
»- T T ¥ v : 2 LA
o2 20 24 40 48129 {hours)
closed wide open

~ /

window

= A

425

EXPERIENCE FROM INDOOR RADON-DAUGHTER LIMITATION
SCHEMES IN SWEDEN

Gun Astri Swedjemark
National Institute of Radiation Protection, Stockhol Sweden
Hikan Wahren and Astrid Makitalo

National Board of Health and Welfare, Stockholy, Sweden

Wilhelm Tell

of Physical Planning and Buildin Stockholm, Sweden

Natiocnal Boar

Eva Melander

jon of Local Authoritie Stockholm, Sweden

Swedish Associ

Abstract

for rddon daughters has been in opera-
the limitation scheme. The radon
local authorities up to 1986 in

bove the limit 1is compared with the
ntry-wide study carried out during
ng representative. Up to November
estigated and of those about 4600
00 Bg/m~ and several hundred had

In Sweden a limitation schem
tion since 1980. This paper desct
daughter concentrations found by t
their search for houses with level
results from a previously reportée
the years 1980-1982 with the aim/of b
1986 more than 40,000 homes had/been i
had radon daughter congentrati ns above
levels above 2000 Bg/m .

Introduction

In Sweden the sear for homes with high levels of radon daughters has
been since 1980 carrfed out by the local public heaith authorities. The
results of this seayfch up to July 1982 have been rep rted earlier (2, 3).
A few local authorjties have completed the search and\then made measure-

ments in most of e existing houses suspected of haviig high levels.

limits and recommendations

e exposure
g houses
ration
to

Since 1940 Sweden has had limits with the aim of reducing
to radon dAughters and the gamga radiation in homes. For exist
s exceeding 400 Bq/m~ of equilibrium equivalent conce
of radon /(EER) the houses are declared as insanitary with respec
this paper the EER is called the concentration of radon
s. There is also a recommendation Lhat measures should be
in homes with radon daughter levels between 100 and 400 Bq/m”~ when
can be done with simple measures.

For planned houses Lhe radon daughter concentration should be lower




