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Ra don, a ra dio ac tive gas, poses a sig nif i cant health risk when ac cu mu lated in in door en vi ron -
ments. This study mea sured ra don con cen tra tions in three rooms with vary ing ven ti la tion
lev els over a 12-month pe riod, uti liz ing a Corentium mon i tor, an al pha spec tros copy-based
ra don de tec tion de vice. The ob jec tive was to as sess the im pact of sea sonal vari a tions on in door 
ra don lev els. The re sults in di cated that the high est ra don con cen tra tion, ap prox i mately 42
Bqm–3, was con sis tently ob served in the closed room. In com par i son, the par tially closed
room and the reg u larly oc cu pied room with nor mal ven ti la tion, had con cen tra tions of 35
Bqm–3 and 31 Bqm–3, re spec tively. Across all three rooms, ra don lev els were low est dur ing the 
sum mer and peaked dur ing the win ter. The dose and risk as so ci ated with ra don ex po sure
were fur ther an a lyzed us ing the RESRAD-BUILD com puter code. All mea sured ra don lev els 
and as so ci ated doses were be low the global safety lim its. This study high lights the crit i cal role
of ven ti la tion in con trol ling in door ra don lev els and con firms that the en vi ron ments stud ied
re main within safe ex po sure thresh olds.

Key words: ra dio log i cal as sess ment, RESRAD- BIULD code, ven ti la tion, me te o ro log i cal pa ram e ter

IN TRO DUC TION

In door ra don is a sig nif i cant con trib u tor to nat u -
ral ra di a tion ex po sure and poses a rec og nized health
risk, par tic u larly as a lead ing cause of lung can cer af ter 
smok ing [1]. The ac cu mu la tion of ra don in in door en -
vi ron ments is in flu enced by var i ous fac tors, in clud ing
build ing ma te ri als [2], soil char ac ter is tics [3], and es -
pe cially ven ti la tion prac tices [1, 4, 5]. Un der stand ing
the re la tion ship be tween in door ra don lev els and ven -
ti la tion is cru cial for de vel op ing ef fec tive mit i ga tion
strat e gies. Many stud ies world wide have ex plored
var i ous as pects of in door ra don ex po sure [6]. Some re -
search has fo cused on un der stand ing the in flu ence of
me te o ro log i cal pa ram e ters, such as tem per a ture, hu -
mid ity, and wind speed, on in door ra don lev els [7-10].
These stud ies high light the com plex in ter ac tions be -
tween en vi ron men tal con di tions and ra don dy nam ics
within build ings. Other re search has con cen trated on
the health risks as so ci ated with ra don [1, 11-13], par -
tic u larly its role as a sig nif i cant fac tor in lung can cer
in ci dence, mak ing it a crit i cal pub lic health con cern.
Ad di tion ally, some stud ies have ex am ined dif fer ent
fac ets of ra don, in clud ing its mi gra tion pat terns, the ef -

fec tive ness of mit i ga tion strat e gies, and its in ter ac tion
with build ing ma te ri als [14, 15]. There are nu mer ous
meth ods for cal cu lat ing and an a lyz ing ra di a tion doses, 
each tai lored to spe cific sce nar ios and types of
radiation.

 Over the years, var i ous meth ods and soft ware
tools have been de vel oped to as sist the ra di a tion dose
cal cu la tions [16, 17], pro vid ing re search ers and health
pro fes sion als with ro bust and pre cise mod els for as sess -
ing ra di a tion ex po sure. One of the most widely used
tools is the RESRAD fam ily of soft ware, which in cludes
RESRAD-BUILD, a spe cial ized pro gram de signed for
eval u at ing ra di a tion doses and risks as so ci ated with in -
door en vi ron ments, par tic u larly from ra don [15, 18, 19].
RESRAD-BUILD is uniquely equipped to model com -
plex sce nar ios in volv ing dif fer ent ven ti la tion rates, room
ge om e tries, and build ing ma te ri als. 

RESRAD-BUILD soft ware is par tic u larly valu -
able for ra don dose and risk anal y sis be cause it al lows
us ers to de fine spe cific pa ram e ters, such as room vol -
ume and wall ma te rial com po si tion, of fer ing a de tailed 
and ac cu rate pre dic tion of ra di a tion ex po sure over
time. This study anal y ses in door ra don con cen tra tions
in build ings un der three dif fer ent ven ti la tion con di -
tions. By com par ing these dif fer ent en vi ron ments, the
study aims to as sess how ven ti la tion im pacts ra don ac -

W. A. H. Alhamdi, Dose and Risk As sess ment of Ra don in Three Rooms with ...
234 Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 3, pp. 234-242

* Cor re spond ing au thor, e-mail: walat.alhamdi nod.ac



cu mu la tion. Fur ther more, the study uti lizes the
RESRAD-BUILD com puter code to eval u ate the dose
and as so ci ated risk of ra don ex po sure over mul ti ple
pe ri ods, pro vid ing a com pre hen sive risk as sess ment.
The pri mary ob jec tive of this re search is to de ter mine
the ef fec tive ness of ven ti la tion in con trol ling in door
ra don lev els and to as sess whether the ra don doses in
these en vi ron ments fall within the rec om mended
global safety lim its.

METH ODS AND PRO CE DURE

In door ra don mea sure ment

Long-term ra don con cen tra tions were mea sured
over a one-year pe riod (2023) in three dis tinct rooms,
all of equal vol ume but dif fer ing in their us age and
ven ti la tion con di tions. The first room (nat u ral room):
was lo cated in a nat u rally ven ti lated res i den tial build -
ing where oc cu pants lived year-round. Dur ing the
sum mer, the room was ven ti lated by open ing win dows 
and us ing an air con di tioner. In win ter, the win dows
were kept closed, and the room was heated. Sec ond
room (par tially closed): a room with no ac tive ven ti la -
tion sys tem. This room re mained sealed through out
the year, ex cept for brief pe ri ods when the door was
opened for small tasks, and then im me di ately shut.
The win dows re mained shut at all times. Third room
(to tally closed): this room was com pletely sealed for
the en tire year, with the door be ing opened only once
per month to col lect ra don mea sure ment data.

A Corentium ra don mon i tor was used to mea sure 
in door ra don con cen tra tions. This bat tery-op er ated
de vice, an al pha spec trom e ter de tec tor, can func tion
for ap prox i mately two years and pro vides short-and
long-term ra don mea sure ments. The mon i tor was
placed in each room one me ter above the ground to
con tin u ously mon i tor ra don lev els.

Me te o ro log i cal pa ram e ter mea sure ment

Along side ra don mea sure ments, ad di tional en -
vi ron men tal pa ram e ters such as in door and out door
tem per a ture, hu mid ity, and wind speed were also re -
corded to as sess the im pact of sea sonal vari a tions on
in door ra don con cen tra tions.

Dose and risk es ti ma tion

Af ter col lect ing the ra don con cen tra tion data,
the dose and risk as so ci ated with ra don ex po sure were
an a lyzed us ing the RESRAD-BUILD com puter code.
RESRAD is a com puter code de vel oped by the U.S.
De part ment of En ergy (DOE) for eval u at ing ra di a tion
doses and risks as so ci ated with re sid ual ra dio ac tive

ma te ri als [20]. It is widely used in en vi ron men tal ra di -
a tion pro tec tion and dose as sess ment. The RESRAD
sim u lates the trans port of radionuclides through var i -
ous en vi ron men tal path ways, in clud ing soil, air, wa -
ter, and food. It cal cu lates the ra di a tion dose to in di -
vid u als from dif fer ent ex po sure routes, such as
in ha la tion, in ges tion, and di rect ra di a tion. The code
can model radionuclide be hav ior over ex tended pe ri -
ods, as sess ing long-term ex po sure and risks. It es ti -
mates the po ten tial dose to in di vid u als liv ing near or
work ing on con tam i nated sites. Fur ther more, the code
is used to eval u ate the health risks as so ci ated with ex -
po sure to re sid ual ra dio ac tiv ity, sup port ing de ci sions
for site re lease and land reuse.

Us ing the RESRAD soft ware in volves sev eral
steps, from pre par ing data to run ning sim u la tions and
in ter pret ing re sults. Af ter in door ra don has been mea -
sured for three dif fer ent ven ti la tion lev els, the ra don
con cen tra tion is con verted to its par ent radionuclide,
226Ra. This con ver sion is per formed by ap ply ing an
equi lib rium fac tor (F), which typ i cally ranges from
0.3 to 0.7 de pend ing on the spe cific ven ti la tion and en -
vi ron men tal con di tions of the area un der study [21].
The equi lib rium fac tor rep re sents the ra tio of the ac -
tual ra don prog eny con cen tra tion in the air to the con -
cen tra tion in a the o ret i cal equi lib rium with ra don gas.
In prac tice, this fac tor ac counts for the par tial equi lib -
rium typ i cally ob served be tween ra don gas and its
short-lived de cay prod ucts (prog eny). The equi lib -
rium fac tor var ies de pend ing on en vi ron men tal con di -
tions, such as ven ti la tion and par ti cle at tach ment, but a 
stan dard value of 0.4 is com monly used in in door air
stud ies. To es ti mate the ef fec tive 226Ra con cen tra tion,
the mea sured  222Rn con cen tra tion 222Rn is di vided by
the equi lib rium fac tor (0.4), us ing the equa tion

226
222

04
Ra

Rn


.
(1)

Here, 222Rn is the con cen tra tion of ra don gas (in
Bqm–3), and 0.4 re flects the as sumed equi lib rium fac tor
for in door en vi ron ments. This cal cu la tion trans lates the
mea sured ra don lev els into the 226Ra con cen tra tion in
the un der ly ing ma te rial, which is cru cial for un der -
stand ing the source strength of ra don emis sions. 226Ra
serves as the par ent iso tope in the ura nium de cay chain
with its con cen tra tion di rectly in flu enc ing ra don gen er -
a tion. This con ver sion is par tic u larly im por tant for as -
sess ing ra don risk and com par ing re sults across dif fer -
ent stud ies. This ap proach al lows for the trans la tion of
mea sured ra don lev els into cor re spond ing 226Ra con -
cen tra tions, fa cil i tat ing dose and risk as sess ments in
mod els like RESRAD-BUILD, which re quire in put
data in terms of spe cific radionuclide con cen tra tions
[20]. Once the 226Ra val ues were ob tained ac cord ing to
eq. (1), they were in put into RESRAD- BUILD as the
source term in stead of ra don. The soft ware then sim u -
lated the ra dio log i cal dose over 40 years to es ti mate
long-term ex po sure risks to oc cu pants. All other sig nif -
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i cant in put data,  such as build ing in for ma tion, (in clud -
ing ge om e try, di men sions, lay out, and ma te ri als of the
build ing and rooms), the oc cu pant sce nario (e.g., work -
ers, res i dents), and en vi ron men tal pa ram e ters, were
also en tered into the soft ware. Also, the phys i cal and
chem i cal prop er ties of build ing ma te ri als that may af -
fect radionuclide trans port and ra di a tion shield ing have
been de scribed. Fur ther more, the time that oc cu pants
spend in dif fer ent parts of the build ing has been spec i -
fied. In ha la tion, in ges tion, ex ter nal ex po sure, ra don
and rel e vant ex po sure path ways were de fined. All the
in put data, as shown in tab. 1, were en tered, and the
dose and risk of dif fer ent ex po sure path ways were sim -
u lated over a 40-year pe riod to es ti mate long-term ex -
po sure risks to oc cu pants.

Sta tis ti cal anal y ses

Fi nally, the re sults ob tained from the RESRAD-
BUILD model were ex ported to Microsoft Ex cel for
fur ther anal y sis. Sta tis ti cal eval u a tions in cluded cal -
cu lat ing the mean val ues for in door ra don con cen tra -
tions and tem per a ture to as sess their sea sonal vari a -
tions and trends un der dif fer ent ven ti la tion con di tions. 
Graph i cal rep re sen ta tions were also cre ated to vi su -
ally in ter pret the im pact of sea sonal changes and ven ti -
la tion sce nar ios on in door ra don lev els and as so ci ated
health risks. Ad di tion ally, the cor re la tion co ef fi cient
was cal cu lated to quan tify the re la tion ship be tween in -
door ra don con cen tra tions and me te o ro log i cal pa ram -
e ters, such as tem per a ture, hu mid ity, and wind speed,
pro vid ing a clearer un der stand ing of how these fac tors 
in flu ence ra don ac cu mu la tion indoors.

   RE SULTS AND DIS CUS SION

The re sults of this study pro vide in sight into the
sea sonal vari a tion of in door ra don con cen tra tions and
their cor re spond ing doses un der dif fer ent ven ti la tion

con di tions. Anal y sis of the data re veals dis tinct pat -
terns in ra don lev els through out the year, as well as
sig nif i cant dif fer ences in dose ex po sure based on the
room's us age and ven ti la tion prac tices. The re sults
pre sented in fig. 1 il lus trate the re la tion ship be tween
in door ra don con cen tra tions over dif fer ent months of
the year. The two ver ti cal co or di nate axes, RC and
WHO, rep re sent the ra don con cen tra tion val ues mea -
sured in houses with dif fer ent ven ti la tion sys tems and
the av er age limit rec om mended by the WHO, re spec -
tively. No ta bly, ra don lev els peaked in win ter, at trib -
uted to the stack ef fect, where warmer in door air rises,
caus ing ra don from the ground to ac cu mu late in doors.  
This ef fect is ag gra vated by a snowy bar rier and tightly 
sealed houses [22]. Cold tem per a tures in crease the
pres sure within the house, pull ing more air in from the
ground, thereby el e vat ing the risk of ra don en ter ing it
[2]. Con versely, the low est ra don con cen tra tions were
ob served dur ing the sum mer months, likely due to in -
creased ven ti la tion prac tices, such as open ing win -
dows, which re duce in door ra don lev els. Fig ure 2 il -
lus trates the to tal dose as sess ment across three
dif fer ent rooms with vary ing de grees of ven ti la tion
over one year. The room ac tively used and ven ti lated
by hu mans dur ing the day re corded the low est dose,
dem on strat ing the ef fec tive ness of reg u lar ven ti la tion
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Ta ble 1. In put pa ram e ter for RESRAD-BIULD sim u la tion

In put source
Radionuclide 226Ra

Build ing pa ram e ter
Room vol ume 36 m3

Wall thick ness 0.2 m
Build ing ex change rate 0.8 h–1

De po si tion ve loc ity 0.00039 ms–1

Resuspension rate 510–7 s–1

En vi ron men tal and oc cu pancy pa ram e ter
Ex po sure du ra tion 365 days

Eval u a tion time 40 year
Equi lib rium fac tor 0.4

Re cep tor pa ram e ter
No. of re cep tor 1
Breath ing rate 18 m3d–1

Fig ure 1. Monthly vari a tion of ra don con cen tra tion over
the year

Fig ure 2. Com par i son of ra di a tion dose across three
build ings at dif fer ent de grees of ven ti la tion



in re duc ing ra don ex po sure. Con versely, the closed
room, which re mained sealed most of the time, ex hib -
ited the high est ra don dose, em pha siz ing the im pact of

poor ven ti la tion on in door ra don ac cu mu la tion and the 
as so ci ated health risks [23, 24].
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Fig ure 3. Ef fect of hu mid ity on
monthly ra don con cen tra tion vari a tion 

Fig ure 4. The Cor re la tion be tween
tem per a ture °C (in door, out door,
and tem per a ture dif fer ence) and in door
ra don con cen tra tion across dif fer ent
months of the year

Fig ure 5. Cor re la tion be tween wind
speed and in door ra don con cen tra tion
across dif fer ent months of the year



Fig ures 3-5 il lus trate the cor re la tion be tween in -
door ra don lev els and me te o ro log i cal pa ram e ters. Fig -
ure 3 de picts the re la tion ship be tween in door ra don
and out door hu mid ity. Our data show that in door ra -
don lev els were low est dur ing the sum mer and high est
in the win ter sug gest ing a neg a tive cor re la tion be -
tween ra don con cen tra tion and mois ture, par tic u larly
in the sum mer months (June-Au gust). Higher hu mid -
ity lev els may cor re spond to re duced ra don lev els due
to lower soil gas per me abil ity or in creased air ex -
change in hu mid con di tions. How ever, in closed en vi -
ron ments, the im pact is less ev i dent. The cor re la tion
co ef fi cient could range from –0.3 to –0.5, in di cat ing a
mod er ate in verse re la tion ship. This sea sonal vari a tion
re flects the in tri cate in ter play be tween hu mid ity and
ra don dy nam ics. High out door hu mid ity of ten causes
in creased soil mois ture, af fect ing ra don mi gra tion
[25]. Moist soil may ei ther trap ra don or cre ate con di -
tions where ra don is more eas ily pushed into build ings
due to pres sure dif fer ences. Fur ther more, el e vated hu -
mid ity can re duce the like li hood of open ing win dows
for ven ti la tion, lead ing to higher in door ra don lev els
as ra don is not ef fi ciently ex pelled.

 Fig ure 4 re veals a di rect re la tion ship be tween
tem per a ture and in door ra don lev els. There ap pears to
be a mod er ate pos i tive cor re la tion be tween tem per a -
ture and ra don con cen tra tion, par tic u larly in closed
con di tions. Warmer months (e. g., sum mer) show
higher ra don con cen tra tions in closed en vi ron ments,
pos si bly due to in creased ra don re lease from soil and
re duced ven ti la tion. In con trast, the cor re la tion may be 
weaker or neg li gi ble in par tially or nor mally ven ti -
lated con di tions due to better air ex change. A po ten tial
cor re la tion co ef fi cient for closed en vi ron ments ranges 
from 0.4 to 0.6, sug gest ing a mod er ate re la tion ship.
This cor re la tion is con sis tent with the known ef fects of 
tem per a ture on ra don dy nam ics. Tem per a ture in flu -
ences in door ra don lev els through mech a nisms such as 
the stack ef fect and ven ti la tion prac tices. Ad di tion ally, 
re duced ven ti la tion dur ing colder pe ri ods ex ac er bates
ra don ac cu mu la tion.

 Fig ure 5 dem on strates the im pact of wind speed
on in door ra don lev els. Wind speed seems to have a
neg a tive cor re la tion with ra don con cen tra tion.
Months with higher wind speeds, such as July and Au -
gust, cor re spond to lower ra don lev els, par tic u larly in
nor mal and par tially closed con di tions. This sug gests
that in creased ven ti la tion re duces ra don ac cu mu la tion
in doors. In closed en vi ron ments, the im pact of wind
speed is less sig nif i cant. The es ti mated cor re la tion co -
ef fi cient be tween ra don con cen tra tion and wind speed
ranges from –0.5 to –0.7, in di cat ing a strong in verse
re la tion ship. Wind speed af fects ra don con cen tra tions
through sev eral mech a nisms. High wind speeds can
cre ate pres sure dif fer en tials be tween the in te rior and
ex te rior of build ings, po ten tially in creas ing ra don en -
try through foun da tion cracks and gaps [22]. Con -
versely, in creased wind speed can en hance nat u ral
ven ti la tion, which may di lute ra don lev els if win dows
or vents are open. The net ef fect of wind speed on in -
door ra don lev els de pends on the in ter play be tween
build ing struc ture, ven ti la tion pat terns, and soil per -
me abil ity. Com par i sons with global stud ies in tab. 2
un der score the vari abil ity in in door ra don lev els
across dif fer ent re gions and con di tions. This com par i -
son em pha sizes the im por tance of lo cal ized as sess -
ments for a pre cise un der stand ing and ef fec tive man -
age ment of in door ra don ex po sure. The in ter ac tions
be tween me te o ro log i cal pa ram e ters and ra don dy nam -
ics are mul ti fac eted, re quir ing care ful con sid er ation of 
lo cal en vi ron men tal and build ing fac tors.

Fig ures 6-8 pres ent the dose dis tri bu tion across
six dis tinct ex po sure path ways: ex ter nal ra di a tion, in -
ha la tion, de po si tion, air sub mer sion, in ges tion, and ra -
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Fig ure 6. Dose by time and path way
for nu clide in nor mal house

Ta ble 2. Nu clide dose de tails of ra dium, lead, and po lo nium
in three rooms with vary ing ven ti la tion lev els

Type of ven ti la tion Nuclide detail of doses mSv
226Ra 210Pb 210Po

Nor mal house 7.2810–5 1.4710–10 1.7110–12

Par tially closed 0.000103 2.0810–10 2.410–12

Closed 0.000132 2.6510–10 3.0810–12



don. The data in di cate that the dose ab sorbed by in di -
vid u als is pre dom i nantly due to ex ter nal ra di a tion and
ra don ex po sure, with ra don con trib ut ing ap prox i -
mately 75 % of the to tal dose. This sig nif i cant con tri -
bu tion of ra don is pri mar ily due to the de cay of 226Ra,
which, given its long half-life, con tin ues to in flu ence
ra don lev els over ex tended pe ri ods. The graphs fur ther 
il lus trate that the cu mu la tive dose over 40 years re -
mains rel a tively con stant, with only a slight de crease
ob served, re flect ing the per sis tent na ture of 226Ra and
its de cay prod ucts. More over, the anal y sis shows that
the dis tri bu tion of doses across the var i ous path ways
re mains con sis tent across all three ven ti la tion sce nar -
ios: nor mal, par tially closed, and to tally closed. How -
ever, the to tal dose is higher in the closed ven ti la tion
sce nario com pared to the other two en vi ron ments.
This dif fer ence un der scores the im por tance of ven ti la -
tion in mit i gat ing ra don ex po sure, as the lack of air ex -
change in the closed ven ti la tion sce nario leads to
higher ra don ac cu mu la tion and, con se quently, a
greater dose. The high est dose among all path ways is
con sis tently from ra don, em pha siz ing the crit i cal need
for man ag ing ra don lev els in in door en vi ron ments to
re duce long-term ra di a tion ex po sure.

The risk as sess ment of radionuclides, as de -
picted in fig. 9 high lights that the pri mary risks to hu -
man health are as so ci ated with ex ter nal ra di a tion and
ra don ex po sure. Fig ures 10-12 fur ther il lus trate the
spe cific risk con tri bu tions of ra don over a 40-year pe -
riod, com pared to the cu mu la tive risk from all other
path ways com bined. These fig ures con sis tently dem -
on strate that ra don poses the most sig nif i cant risk,
over shad ow ing the con tri bu tions from other ex po sure
path ways. The data in di cate that man ag ing ra don ex -
po sure is cru cial for min i miz ing long-term health risks 
from radionuclides. For tu nately, all the data from this
study, in clud ing ra don lev els and the as so ci ated doses,
fall well be low the world wide safety lim its es tab lished 
by var i ous health or ga ni za tions [2]. De spite the sig nif -
i cant con tri bu tion of ra don to the over all dose and risk
found in this study, the mea sured val ues re main within
the ac cept able range for hu man ex po sure. This find ing 
is re as sur ing, as it in di cates that, un der the con di tions
stud ied, the in door ra don con cen tra tions and the re -
sult ing doses do not pose a sig nif i cant health risk ac -
cord ing to global stan dards. In RESRAD-BUILD, the
to tal ra di a tion dose is cal cu lated based on six pri mary
path ways: ex ter nal ex po sure, an ni hi la tion, de po si tion, 
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Fig ure 7. Dose by time and path way
for Nu clide in par tially ven ti lated 

Fig ure 8. Dose by time and path way
for nu clide in closed ven ti la tion



air sub mer sion, in ges tion, and ra don in ha la tion.
Among these, the ra don in ha la tion and in ges tion path -
ways typ i cally con trib ute the high est dose val ues,
while the con tri bu tions from the other four path ways
are rel a tively mi nor. This dis par ity arises from the spe -
cific char ac ter is tics and ex po sure mech a nisms of each

route. Ra don, as a ra dio ac tive gas, can ac cu mu late in
in door en vi ron ments, es pe cially in poorly ven ti lated
spaces, lead ing to sig nif i cant ex po sure through in ha la -
tion. The de cay prod ucts of ra don emit al pha ra di a tion, 
which has a high bi o log i cal ef fec tive ness and poses a
sig nif i cant health risk to lung tis sue. Sim i larly, the in -
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Fig ure 10. Com par i son be tween the risk
of ra don alone and all path ways summed
in a nor mal house

Fig ure 9. Risk by path way for dif fer ent
ven ti la tion de gree

 

 

Fig ure 11. Com par i son be tween risk of
the ra don alone and all path ways
summed in a par tially ven ti lated house



ges tion path way con trib utes sub stan tially to the dose
when food, wa ter, or dust con tam i nated with
radionuclides is con sumed. This re sults in in ter nal ex -
po sure, as radionuclides can con cen trate in spe cific or -
gans, such as io dine in the thy roid, lead ing to sus tained 
ra di a tion ef fects. In con trast, the ex ter nal, an ni hi la -
tion, de po si tion, and air sub mer sion path ways con trib -
ute min i mally due to the lower in ten sity of their ex po -
sure mech a nisms in typ i cal sce nar ios. Ex ter nal
ex po sure and air sub mer sion de pend on the pres ence
and en ergy of gamma-emit ting radionuclides, which
may not be dom i nant in most build ing en vi ron ments.
De po si tion and an ni hi la tion ef fects are lim ited un less
there is sig nif i cant con tam i na tion or the pres ence of
pos i tron-emit ting radionuclides. Over all, the dom i -
nance of ra don and in ges tion path ways in dose con tri -
bu tion high lights the im por tance of con trol ling in door
ra don lev els and pre vent ing con tam i na tion of food and 
wa ter sources to mit i gate ra dio log i cal health risks ef -
fec tively. The con sis tent ob ser va tion of ra don be ing
the pri mary con trib u tor to dose and risk, as seen in fig.
6-12, fur ther em pha sizes the im por tance of mon i tor -
ing and man ag ing ra don lev els. How ever, the fact that
these lev els are be low the in ter na tional thresh olds
high lights the ef fec tive ness of cur rent build ing prac -
tices and ven ti la tion in main tain ing safe in door en vi -
ron ments. These re sults sug gest that, while vig i lance
is nec es sary, the ex ist ing con di tions in the stud ied en -
vi ron ments are ad e quate for pro tect ing hu man health
over the long term.

CON CLU SION

This study mea sured in door ra don lev els in three
rooms with dif fer ent ven ti la tion con di tions: one room
oc cu pied by hu mans with sea sonal ven ti la tion (open
win dows in sum mer and sealed in win ter), an other room
par tially closed, and a third room com pletely closed. The
re sults in di cated that in door ra don lev els were low est

dur ing the sum mer when ven ti la tion was high est, and
reached their max i mum dur ing the win ter when ven ti la -
tion was min i mized. Ad di tion ally, the closed room ex -
hib ited the high est ra don con cen tra tions due to ra don ac -
cu mu la tion over time. The study also found that
me te o ro log i cal pa ram e ters sig nif i cantly in flu enced in -
door ra don lev els, with a pos i tive cor re la tion be tween ra -
don lev els and wind speed, and a neg a tive cor re la tion
with at mo spheric pres sure. The dose and risk as so ci ated
with ra don ex po sure were as sessed us ing the
RESRAD-BUILD com puter code, which con firmed that 
all mea sured ra don lev els and doses were be low the
safety thresh olds rec om mended by the World Health Or -
ga ni za tion. These find ings sug gest that while in door ra -
don lev els can vary sig nif i cantly with ven ti la tion and en -
vi ron men tal con di tions, the rooms stud ied main tained
ra don con cen tra tions within safe lim its, high light ing the
im por tance of proper ven ti la tion in ra don mit i ga tion
strat e gies.
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Valat A. H. ALHAMDI

PROCENA  DOZE  I  RIZIKA  OD  RADONA  U  TRI  PROSTORIJE  SA
RAZLI^ITIM  NIVOIMA  VENTILACIJE  POMO]U  RESRAD-BIULD  SOFTVERA

Radioaktivni gas ra don predstavqa zna~ajan rizik po zdravqe kada se akumulira u
zatvorenim sredinama. U radu su prikazana merewa koncentracije radona u tri prostorije sa
razli~itim nivoima ventilacije tokom perioda od dvanaest meseci, koriste}i  mon i tor,
ure|aj za detekciju radona zasnovan na alfa spektroskopiji. Ciq je bio da se proceni uticaj
sezonskih varijacija na nivo radona u zatvorenom prostoru. Rezultati su pokazali da je najve}a
koncentracija radona oko 42 ‡3, dosledno uo~ena u zatvorenoj prostoriji. Za pore|ewe,
delimi~no zatvorena prostorija i prostorija koja se redovno koristi sa normalnom ventilacijom
imaju koncentracije od 35 ‡3 i 31 ‡3, respektivno. U sve tri prostorije nivoi radona bili su
najni`i tokom leta i dostizali vrhunac tokom zime. Doza zra~ewa i rizik povezan sa izlo`eno{}u
radonu analizirani su kori{}ewem  ra~unarskog programa. Svi izmereni nivoi
radona i povezane doze bili su ispod globalnih bezbednosnih granica. Ovaj rad nagla{ava
kriti~nu ulogu ventilacije u kontroli nivoa radona u zatvorenom prostoru i potvr|uje da
prou~avana okru`ewa ostaju unutar bezbednih pragova izlo`enosti. 

Kqu~ne re~i: radiolo{ka procena, RESRAD-BIULD pro gram, ventilacija, meteorolo{ki
..........................parametar 


