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ABSTRACT

The Lndoor dose froem natural radiocactivity convent in
Sana tised in the cuhorste manufactuyre was estimated Tor Lhe
5 .
case of a 25 m 1oom with a concrete ffloar The walls and

welliling are coanstdered to bhe made of materials that present

ATy 223 4
e contributions The L Fa and Ac concentrations
a2 T Ul sand =samples trom the S% Pauleo region were
A ST e This preliminary  estimatlan  Shows that 1 he

contr Jbutlan of sand 1n copcrete to the 1ndoo dose is
comparable to the onvdoor dose due e the terrestrial
radiation 1f the world averaoe levels (1] for patural

radicacrivity are considered
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RESUMO

A dose n interjor de residénclag, resultante da
concentracic de radiocatlvidade nmatural na areia uvtilizada no
concreta, fol estimada para o caszo de uma sala de 8 m' com
piso de concreto Considerou-se gue teto & paredes feitos de
materials que nfo contribuem para a dese As concenbragfes
de ** ™¥ra e ™%Ac foram medidas em & amostras de areia
da reglX¥s de SKo Paule Esta estimativa preliminar mostra
que a contribulcic da areia no concreto & dose no interlar
da =ala pode ser comparavel a dose no ambiente extearno

quando se leva em caonsiderag®o os nlvels médiox mundiais

[1] resultantes 4da radioatividade natyral



INTROCDUCTION

Natyral radicactivily 1n bullding macerials have besn
investligated by many auvthors [2, 3 4. § &1 in order ie
identlily materials with higher than the AVErage
concentrations of naturally occurring radionuclides Primary
attention has been aqiven Lo concrete that s a pasic
buiiding material and swens 1o be the strongest radon
emanator Ingersaoll [F] studied ar dinary coancrete
components {sand cement and aggredates) and concluded that
Sand appears Lo be the galn radon emanator Sand is an
Important buillding maiteria. not only asz 2 bazic concrele
component but also because o the largs use of brick made
mainly of sand in the construction of low cost homes

This work intends Lo estimate Lthe contribution of sand
radioactlivity 1n concrete to the i1ndoor dose by using the
evwper 1 mental determinatiaon of the natural radiocactivity of
sard  an 1ndoor alr vouume that s representative of our
Curr ent  consiructlons and the related literature data
Typical rooms in S30 Paulo have dimengions 3 % 3 2 2 B m
The mode] used 1n this calculation considers that the air
wolume 15 lf)pmited by celling and walls that 4o not
contribute to the i1ndoor doze and by « S m concrete floor

-

The *“¢ **°p. and ®

“8ac concentrations of four sand sampl es
from 5X¥o Paulo reglon were measured In order tea have =ome
infermation about the loca. background three soil samples

were alzao measureoed



EXPFERIMENTAL FRCCEDURE
The natural radicactivity cencentration of sand and
Enll samples were measured directly using an HPGe detector
and a 4006 channel spectrometer The counting geometry was a
6860 ml Marinelli beaker with 850 ml of sample The counting
system eflficlency curves for soil and sand were obtalined
separately because the samples varisd in density from 1 0 to

1 S5 g em ©  the spectr-a werse measured 1in Lthe S92 - ZB3I keV

anergy range The ““Ac concentration was determined from

the 983 ke¥ and 91l kXe¥ gamma lines rom 20811 and ac.

=

respectlvely The mﬁ.‘a concent.ratlon was determinated by

2I4

measuring the 188 keV transition Ra and ¢

U ware

assumed Lo B o1n eqguilibriom 21 and U were supposed to

be at their natural isotaple ratio Under s=uch canditions,

zZ05

E2%:a ¢0O 038 gamma-rays per desintegration) and U Lo 547

gamma-rays per dezintegrationl contributions to the 185 keV

perak are BO 24 and 230 BA rezpectivel y The gamma-ray

tramsition of 1,461 keVY waz meazured for ‘uK

RESULTS AND DISCUSSION

In arder ta estimate the radiation exposure due to U,

!ﬂl.l.h and a0

¥ wuniformly distributed 1n the material,
an index X wax propozed to be the p-ray exposure rate at 1 m
above an 1nfinlte hemisphere or an infinitely axtended and

thick =lak [3 B]



X =18 C +&82C + 0178 C R nt €12
u T K

wher e Cu Crh ard Cu: arg the concentratians of 2“U’, Hz'I'hu

and %k im pti g_‘, respectl vely The constant=s 1n the

right side of Eg {17 ore related to the average gamma-ray
gnergles for the assoclated geries or radionuclilde

Fi

Sl nce z“ﬁa and “ﬁa pPrecUrsors emit non-penetratling

radiation ) and *Th can be replaced by *0pa and “Pac
in Bg (1) Using the current units for absorbed dosea (O Q087
Gy B % and activity CBEq}, the potential absorved dose rate

in air due gamma-—radiatlon 18

D=({ 4468 C_ +B B2 C + 048 ¢C > x 10" &y nh™* =)
Ra A k

Z2d ZZ8

where C i and T are the concenirations of Ra Ra
Ha F Y K

ana %K in Bg kg-l rescectl val y Table 1 =hows tLhe
radionuclide concentrations measured in the sand and scil
Sampl es

The Lndoor dose has Lwo componepnts  the exilernal gamma
radiation due to primordial readionoclides and theilr decay
progurts present mainly in the bullding materials and the
internal irradiation due to the a-enliting radon progeny

Band 1n caoncreve aoccuplas from 28 Lo 308 aof vLhe tatal
volume (8] S0 it rmay represant about 20 of Lhe concrete

mass Therefore the natural radisactivity content af

caoncrele wak congldered Lo bhe 20% of the average values ol



the measured sand concentrations €2l 38 and 477 Bg kgf’ afl’

2 I8 ag

Ea, Ac  and 4 respectivel yl Using Eq C22 and
taking into account the indoor accupancy factor of 08 [11],
and the conversion facter 0O 7 Sv Gy_i for environmental
radiation of mean energy [11, the annual indoor effectlve
dose equivalent dus to the gamma component from concrete was
found to be 27x10 ° Sv  Thiz value is to be compared with
the world average annual effectlive dose egquivalent from

otdoor terrestrial gamma radiation that ts estimated to  bea

B 1x10 " Sv {11

Table 1
Radionuclide concentration 1n =and and scll The statistical

arros are glven in parenthesis

Marterial 220 284 40y
CBg- kgl CBg-kgd CBa-kgd
sand 1 57 C52 128 C 72 1om €112
sand & 25 1 (182 48 3 C172 442 (423
sand F 18 7 C112 1385 ¢ 72 B= L83
sand 4 37 7 (241 7B 1 L2872 1302 1302
soil 1 31 8 {207 74 3 (3863 &7 CTa
=01l E 68 7 (432 B2 5 (442 44l <44l

sm1l 3 55 8§ (412 104 3 (48D 118l C1163




If the UNSCEAR [1]1 econversion facters G4 E?‘ulﬂ_m.

—d U, Th -

B B2x107"7 and © 43x10 Gy h'per Bq kg™ of

2RS 178

here replaced hy FEa and Ac - and "%k respactivel yl

and the average values of the measured scll concentrations

4 224

are used (52 S0 and 566 Bg kg = of Ra, >%Ac and %K.
rezpectlvelyl then tha anncal average outdoor affectlve dosa
equlvalent would he 1 210 Y Sy

The second componeht to the ilndoor dose iz due to Rn
progeny The En indoor concentration dus to gas esmanatlon

trom the concrete floor 15 given by [10]

C=EFCv v ! Ca)
where £ = 1ndoor radon concentration CBg m oy,
E = Bn smanation rate from concrete (B m h-ll.
v = venLlilaticon rate Ch_’"]
F = emanation surface 'szj,

V = indoor a1r wvol ume Cmg'.‘r

Ingersocl (7] found that “*pn amanalion Appears te be

iess than 3% Tharelora only R will be considered

VentLiiation rates wvary trom O 1 to 3 R oL The average

value of 1 5 h ° was assumed to be used i1n Eq C3) together

with F = @ m° and ¥ = 25 2 m" from the used model The

- -
emanation rate was considered to be 0 41 Bg m h * per

1 225

ot Ra in conoratsa Thi= wvalue wa=s ochtained by

Bg kg

averaging the lndividual values reported by Mustanen [4) in
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hi=z study of several conerete samples ranging in thickness
from 10 to 20 cm Frem Eg €33 the average indoor radon
concentration due Lo zand In concrete was found Lo be
O 48 Bg m Taking inte account the REnh egquilibrium Cactaor
wf 0 43 (tLhat corresponds to v = 1 S h {11 the reference

man 1ndoor pbreathing rate of O B m® h ' [1]. the conversion

-4 1

Factor of 1 1 » 10 ° Sv Bg * {11 and the i1ndoor oacUpancy
tpotor of O 8 [11 Lhe average annual 1ndoor ef fectl va
doze eguivalent due Lo ainhalation was feund Lo b
1 2410 ° Sy The arnual elfective dose eguivalent, from
ot door expogsure, ol responalna ta the average squilibrium
edqui valent. concentration at En outdoor 15 estimated te be
0 08 mSv (O 06 mSv from inhaled ~—Rn daughters and O O2 mSv

from inhaled ““Rn daughters> [11]

CONCLUST ON

This prelimnifary =stimation shows that  tha =and
radicactivity 1h concrele can conttribute significantly Lo
the inddoor deoze and that a @ Ssurvey on the natural
radiocactivity content of the =sand wused 1n the concrete
manufaclture san be uselful Lo prevent higher potantlial deses
from building materials such as concrete or  brick Further
measurements ot the natural radicactivity and properties of
the local burlding mater:als asare planned in order Lo
perfarm & represzentative evaluation of their contribution

to the indoor dose 1n Sfs Paula city where about 12 million
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inhabitants live
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