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In 2010 one area of Ukraine (Kirovograd area) was se lected for a pi lot pro ject to re duce ra don 
risks. The pro ject con sists of sev eral stages: ra don risk train ing for the pub lic health pro fes -
sion als, mea sure ments of ra don con cen tra tion in schools and nurs er ies (more than 1000
build ings were ex am ined), jus ti fi ca tions of ra don coun ter mea sures and their im ple men ta -
tion. The lognormal fre quency dis tri bu tion for equiv a lent equi lib rium con cen tra tion was au -
then ti cally es tab lished. The geo met ric mean of the in door ra don equiv a lent equi lib rium con -
cen tra tion was es tab lished to 63 Bq/m3, and stan dard de vi a tion is equal to 82 Bq/m3. The
in door ra don equiv a lent equi lib rium con cen tra tion ranged from 22 Bq/m3 to 809 Bq/m3. It
was found that the na tional reg u la tory limit for this type of build ings was ex ceeded in more
than 50% of the cases. The sec ond phase of the pro ject has a goal to remediate ra don lev els and 
re duce ra don risks. Cal cu lated ex po sure doses and ra don risk were used to jus tify the
remediation and as sess the eco nomic loss for the re gion caused by ra don ir ra di a tion of the 
pop u la tion. 
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IN TRO DUC TION

Ac cord ing to UNSCEAR es ti ma tion, ra don is a
ma jor con trib u tor to the doses of the pop u la tion liv ing
in the mod er ate cli mate [1]. A num ber of ep i de mi o log -
i cal stud ies have been car ried out dur ing the past 10
years to es tab lish ra don's in flu ence on the hu man or -
gan ism and as sess ra don risks. As the re sult of this
work the ra don risk val ues were re viewed and in -
creased. In 2011 the first ra don lim its were pub lished
in the IAEA In ter na tional Ba sic Safety Stan dards
(BSS) [2]. This fact means that ra don as any other ar ti -
fi cial ra dio ac tive source is now un der the reg u la tory
con trol. 

Ac cord ing to the BSS re quire ments, the reg u la -
tory con trol con sists of an es tab lished state pol icy and
strat egy for the ra di a tion pro tec tion against par tic u lar
ra di a tion sources, anal y sis, and as sess ment of the ex -
po sure sit u a tions, as well as the ex is tence of the coun -
ter mea sures to re duce these par tic u lar ex po sure path -
ways.

The Ukrai nian stud ies of the in door ra don lev els
in dwell ings started in 1989. The metrological and
meth od olog i cal bases for the in door ra don mea sure -

ments were de vel oped dur ing this time [3]. The spe cial 
con di tions for the build-up of the in door ra don lev els
in Ukrai nian dwell ings were stud ied and de scribed
[4]. The pas sive track de tec tor method was se lected to
con trol the in door ra don lev els. The qual ity as sur ance
sys tem for the in door ra don mea sure ments has been
de vel oped and im ple mented at the State in sti tu tion
The Marzeev In sti tute of Hy giene and Med i cal Ecol -
ogy (IHME).

Over 28000 dwell ings have been ex am ined in
Ukraine so far. The anal y sis of the re sults re vealed that in
19% of the cases the in door ra don equiv a lent equi lib rium 
con cen tra tion (EEC) ex ceeded the reg u la tory es tab -
lished limit of 100 Bq/m3 (cor re spond ing to 250 Bq/m3

of ra don gas) and 5% of the dwell ings ex ceeded 200
Bq/m3 (cor re spond ing to 500 Bq/m3of ra don gas) [5].
Sev eral ar eas with high ra don lev els have been iden ti fied
(fig. 1).

In or der to pre vent the un nec es sary ex po sure of
the pop u la tion to ra don and nat u ral ra dio ac tiv ity, the
na tional ac tiv ity con cen tra tion lim its were es tab lished
in the Ra di a tion Safety Re quire ments of Ukraine for
ex ist ing build ings of EEC at 100 Bq/m3 (cor re spond -
ing to 250 Bq/m3 of ra don gas) and for newly con -
structed build ings of EEC at 50 Bq/m3 (cor re spond ing
to 125 Bq/m3 of ra don gas) [6]. Ac cord ing to the Ra di -
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a tion Safety Re quire ments of Ukraine, state ex ec u tive
health pro tec tion au thor i ties are re spon si ble for the
pub lic build ings and pri vate own ers are re spon si ble
for their prop er ties, when it co mes to ra don.

There are spe cial re quire ments es tab lished for
the nurs er ies and schools lim it ing the ra don con cen tra -
tion to 50 Bq/m3. In this case re gional ex ec u tive au -
thor i ties are re spon si ble for ra don remediation.

The pre lim i nary anal y sis of the data es tab lished
that Kirovograd re gion poses the most vivid ex am ple
of the ter ri to ries with the ra don prob lem. A com bi na -
tion of spe cific hy dro-geo log i cal con di tions in the re -
gion, al low ing for the ura nium min ing in dus try de vel -
op ment with old dwell ing pool makes to gether with
high ra don lev els a char ac ter is tic of the re gion. The
anal y sis of the dwell ing pool dem on strated that the
ma jor ity of the pub lic build ings were con structed in
the 1950-1960-ies. As a rule the con struc tion was
done ac cord ing to a stan dard model ap plied all over
the coun try. Thus the pi lot ra don pro ject in the re gion
will lead to the re duc tion of the ra don risks to the pop u -
la tion, as well as be come the ba sis for the rec om men -
da tions on ra don remediation mea sures in other re -
gions of Ukraine.

The ar ti cle pro vides the re sults of two ac tiv i ties -
the in ter na tional Swed ish-Ukrai nian pro ject Re duc -
tion of risks caused by ex po sure to ra don gas and nat u -
ral ra di a tion (2010-2013) and the Kirovograd re gional 
pro ject Stop Ra don.

METH ODS

Pas sive ra don track mea sure ment method was
cho sen for the needs of the pro ject, uti liz ing a LR-115

film as a track de tec tor. The de tec tors were ex posed
for two months dur ing the heat ing sea son (No vem -
ber-March). Af ter the ex po sure chem i cal etch ing of
the film was ap plied and track count ing was per formed 
with the spark coun ter. The sen si tiv ity of the method is
es ti mated to 8-10 Bq/m3.

The qual ity as sur ance pro ce dures were ap plied
as fol lows:
– to es tab lish the reg is tra tion ef fi ciency of the track

de tec tors (cal i bra tion) they were ex posed in the
ra don at mo sphere at the IHME lab o ra tory of Nat -
u ral Ra di a tion Sources with known ra don ac tiv ity. 
The ra don at mo sphere of IHME is the sec ond ary
cal i bra tion source ac cred ited by the Na tional
Stan dard iza tion and Ac cred i ta tion Au thor ity of
Ukraine. Ef fi ciency fac tors were cal cu lated based
on the known ac tiv ity and the num ber of ra don
tracks mea sured. (The first level of con trol).

The ef fi ciency fac tor was cal cu lated
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where Ni is the num ber of tracks of de tec tor i, ex posed
in the ra don at mo sphere, track×cm–2, N0 – the back -
ground of  LR-115 film, track·cm–2, n – the to tal num -
ber of de tec tors cal i brated, t – the ex po sure time in the
ra don at mo sphere [d], and A– the ra don ac tiv ity in the
ra don at mo sphere [Bqm–3].

Fur ther more, each film pro duc tion was tested
and ad justed for the op ti mal etch ing pa ram e ters. (The
sec ond level of con trol). This pro ce dure was ap plied to 
each sep a rate batch of de tec tors pro duced from the
same film. 4-5 de tec tors of the LR-115 film were ex -
posed to a cal i bra tion source con tain ing Pu-239 and
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Fig ure 1. Av er age ra don EEC in Ukrai nian dwellings



were called con trol de tec tors. Three de tec tors of the
same batch were used for a back ground ex po sure.
Both con trol and back ground de tec tors were etched
to gether with the de tec tors ex posed in build ings. This
ap proach al lowed for cal cu la tion of cor rec tion fac tors
for track de tec tion for each batch, etch ing op ti mi za -
tion, and minimization of mea sure ment un cer tainty.

The cor rec tion fac tor was cal cu lated as
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where Emaxk is the reg is tra tion ef fi ciency for con trol
de tec tors ex posed in 2p ge om e try to a flat al pha de tec -
tor con tain ing Pu-239 and for the es tab lished etch ing
pa ram e ters, track per par ti cle·cm–2, and Emaxc – the
reg is tra tion ef fi ciency for con trol de tec tors ex posed in 
2p ge om e try to a flat al pha source con tain ing Pu-239
for each sep a rate etch ing af ter ex po sure in dwell ings,
track per par ti cle·cm–2.

Ra don ac tiv ity in build ings was cal cu lated as
fol lows
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where Nj is the num ber of tracks on de tec tor j, ex posed
in a dwell ing, track·cm–2, and T [d]– the ex po sure time.

To con firm the method and con fi dence in ter val
sev eral com par i son mea sure ments were per formed to -
gether with the Swed ish Ra di a tion Pro tec tion Au thor -
ity (SSI) and the Na tional In sti tute of Ra dio log i cal
Sci ence in Ja pan.

Mod els pro posed in the ICRP pub li ca tions 65 [7] 
and 115 [8] were ap plied for dose cal cu la tions. Ref er -
ence ex po sure times in dwell ings (Tref) of 7000 hours
and 2000 hours in nurs ery and schools were ap plied.

Av er age an nual ra don ac tiv ity was cal cu lated as
an av er age for the heat ing sea son and sum mer time
mea sure ments.

Av er age an nual ef fec tive dose from ra don in -
door ex po sure is cal cu lated as
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where 5.56·10–6 [mJm–3]·[Bqm–3]–1 is the trans fer co -
ef fi cient, 1.1 mSv·[mJhm–3]–1 – the dose co ef fi cient
for pop u la tion, 0.4 – the equi lib rium co ef fi cient for ra -
don and ra don daugh ters, CRn [Bqm–3] – the av er age
an nual ra don ac tiv ity in doors, and Tref – the ref er ence
ex po sure time in doors (the num ber of hours per year).

DIS CUS SION

The Stop Ra don pro ject in cludes sev eral phases,
as men tioned be fore. The first two phases were con -
ducted dur ing 2010-2012. Dur ing the first phase of the 
pro ject and in the frames of the Swed ish-Ukrai nian ra -

don pro ject five train ing courses sim i lar to the ones
given in Swe den by the Swed ish Ra di a tion Safety Au -
thor ity, were de vel oped and con ducted by the Swed ish 
and Ukrai nian ra don ex perts for the re gional pro fes -
sion als: Ra don Ba sics, Nat u ral Ra dio ac tive Ma te ri als
in Wa ter, Ra don Mea sure ments, Ra don Risk Map -
ping, and Ra don Remediation. The trained re gional
ex perts were pro vided with the ba sic knowl edge of
the o ret i cal and prac ti cal ra di a tion pro tec tion of pop u -
la tion, mea sure ment units, phys i cal and bi o log i cal
char ac ter is tics of ra don and its daugh ters, meth ods of
ra don mea sure ments in air and ground, as well as in
wa ter, ra don mon i tor ing meth ods in dwell ings, ra don
ac tiv ity build up, ra don remediation and pre ven tion
tech niques etc.

The goal of the train ing was to pre pare the ex -
perts on the re gional level to work with ra don mon i tor -
ing, remediation and pre ven tion, as well as to com mu -
ni cate with the pop u la tion.

The first phase of the pro ject was com pleted suc -
cess fully and in the fol low ing phase 1043 pub lic
build ings in clud ing 870 schools and nurs er ies, were
in ves ti gated for the ra don con cen tra tion.

At the same time pub lic com mu ni ca tion was per -
formed and 140 ra don guid ing cen ters were es tab -
lished in the re gion. Also a Health Day ded i cated to ra -
don was held in all schools of the re gion. Pu pils in the
se nior schools per formed ra don mea sure ments and
gamma ra di a tion mea sure ments in schools or at their
homes as a part of the phys ics tu tor ing.

The anal y sis of the re sults ob tained es tab lished a
lognormal fre quency dis tri bu tion of the EEC ra don ac -
tiv ity in the air of the nurs er ies and schools (fig. 2).
The weighted geo met ri cal mean dis tri bu tion of the
EEC ra don in dif fer ent parts of the Kirovograd re gion
is  es ti mated  to  91  Bq/m3  and  stan dard  de vi a tion  to
83 Bq/m3. This is an ev i dence of an un even dis tri bu -
tion of the re sults of ra don ac tiv ity in the re gion rang -
ing from 50 Bq/m3 to 114 Bq/m3.
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Fig ure 2. Fre quency dis tri bu tion of ra don EEC in doors
in the Kirovograd re gion;
n – num ber of mea sure ments, mg – mean geo met ri cal
ra don EEC, SD – stan dard de vi a tion



The es tab lished na tional ra don limit for nurs er -
ies and schools of 50 Bq/m3 was ex ceeded in 53% of
the cases, and more than 28% of the build ings ex -
ceeded 100 Bq/m3. Fig ure 3 dem on strates the av er age
weighted ra don EEC in nurs er ies and schools of the
Kirovograd re gion.

The anal y sis of ra don ac tiv ity lev els for dif fer ent
dis tricts of Kirovograd re gion are pre sented in fig. 3 in
per cent age of ex ceed ing the na tional limit of 100 Bq/m3.
This is to vi su al ize the ex tent of the prob lem in this re -
gion.

When it co mes to ra don ac tiv i ties in build ings,
the dwell ing pool of Ukraine can be di vided into three
cat e go ries: de tached ru ral build ings, apart ments on the 
ground level of multistoried apart ment build ings, and
apart ments above the ground level. In the Kirovograd
re gion de tached ru ral houses pre vail. As dem on strated 
in other ra don map ping pro jects in Ukraine [9, 10] the
ma jor source of ra don gas in Ukrai nian build ings is the 
ground un der and around the build ing. Thus a num ber
of con struc tion char ac ter is tics will de ter mine the
amount of ra don pen e trat ing: type and qual ity of the
iso la tion in the foun da tion and pres ence of a cel lar,
kind of build ing ma te rial used for floors and pres ence
of a fill ing in the foun da tion.

It has been es tab lished that for the build ings with
wooden floors mean geo met ric ra don ac tiv ity value is 1.7 
times higher than for the en forced con crete floors [11,
12]. Mean geo met ric value of EEC in dwell ings with en -
forced con crete floors is 57 Bq/m3 with a stan dard de vi a -
tion equal to 82 Bq/m3 while for the wooden floor dwell -
ings these val ues are 97 Bq/m3, and 106 Bq/m3

correspondently.
Fill ing of the ground space in flu ences the ra don

ac tiv i ties in doors as well. In the Kirovograd re gion

slag and crushed stone is used. The anal y sis of mea -
sure ment re sults prove that ra don ac tiv ity is 1.2-2
times higher in the dwell ings with slag fill ing.

The in door ra don ac tiv i ties ob tained were used
to as sess doses to the pop u la tion of the Kirovograd re -
gion ex posed in homes and for chil dren ex posed in
nurs er ies and schools. A sea son cor rec tion fac tor was
used to ob tain more pre cise re sults. For this part of
Ukraine sea sonal ra tion of win ter and sum mer is 5,
which means that ra don in door ac tiv i ties in win ter
time (heat ing sea son) are in av er age 5 times higher
than sum mer ac tiv i ties.

Av er age weighted ef fec tive dose was es tab -
lished for chil dren ex posed in nurs er ies and schools to
1.7 mSv per year, rang ing from 1.2 mSv to 2.43 mSv
per year. Ad di tion ally, chil dren are ex posed at their
homes from 1.7 mSv to 10 mSv per year. Thus, sum -
ming up the max i mum cal cu lated val ues, the max i -
mum ex po sure doses for chil dren in Kirovograd re -
gion can reach up to 28 mSv per year, while their
ex po sure at home is 4 times the ex po sure in nurs ery or
school (the ef fec tive dose).

Av er age weighted ef fec tive dose to the adult
pop u la tion of the re gion was es tab lished at 3.5 mSv
per year, with stan dard de vi a tion 3.5 mSv per year.
Thus, know ing the struc ture of the dwell ing pool and
de mo graphic char ac ter is tics of the re gion, one can as -
sess the ra di a tion risks and dam age caused by the risk.

In the next step of the anal y sis the ra dio log i cal
risk to the pop u la tion of the Kirovograd re gion was as -
sessed. The risk as sess ment re sults were used to jus tify 
the in ter ven tion ac tions and to es ti mate the im pact on
the re gion.

The ra dio log i cal pro tec tion sys tem aim ing at the
re duc tion of the ex po sure doses and, con se quently
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Fig ure 3. Ra tio of build ings where the mea sured ra don ac tiv ity level ex ceeds 100 Bq/m3



early mor tal ity, re quires jus ti fi ca tion of the in ter ven -
tion ac tions and nu mer i cal as sess ment of ra di a tion
risks. The ra don risk fac tors for the re gion were an a -
lyzed and es tab lished as fol lows: to tal num ber of pop -
u la tion (ra tion of ru ral and ur ban pop u la tion), av er age
age of the pop u la tion as a de mo graphic char ac ter is tic
and struc ture of the dwell ing pool. Thus the col lec tive
ex po sure rate for the pop u la tion in the Kirovograd re -
gion is es tab lished at 2150 men Sv per year.

It is worth men tion ing that the col lec tive ex po -
sure is the ma jor fac tor used for the anal y sis of the
coun ter mea sures' jus ti fi ca tion and the to tal cost es ti -
mate. It is as sumed that the higher col lec tive ex po sure
dose, the more jus ti fied is remediation.  Though jus ti -
fi ca tion of the remediation is based on the col lec tive
ex po sure dose, even other so cial-eco nomic pa ram e -
ters are con sid ered for de ci sion mak ing, as well as
char ac ter is tics of “health” (a state of com plete phys i -
cal, men tal, and so cial well-be ing and not merely the
ab sence of dis ease or in fir mity) [13].

The in ter ven tion can be con sid ered jus ti fied
when a pos i tive bal ance of these fac tors is achieved. In 
an other words, the sum of pos i tive and neg a tive nu -
mer i cal val ues of the con se quences has to be more
than 0 [14].

For the anal y sis of the orig i nal pa ram e ters for
each ex po sure sit u a tion dif fer ent meth ods of eval u a -
tion can be ap plied, for in stance cost-ef fi ciency anal y -
sis, cost-ben e fit anal y sis, or a mon e tary value is as -
signed. The last one is ap plied in sit u a tion when
sev eral cri te ria are as sessed and ranged, for ex am ple
cost-ben e fit anal y sis when all in flu enc ing fac tors are
ex pressed in a mon e tary value. In this case the col lec -
tive ex po sure of the pop u la tion is ex pressed in a sum
of money equal to the loss in a state bud get due to the
health de te ri o ra tion as the re sult of ex po sure to ra di a -
tion. This value is pro por tional to the pos si ble le thal
cases mul ti plied by money value not paid to the gross
na tional prod uct (GNP) dur ing 15 years. Ap ply ing this 
ap proach other so cial fac tors can be as sessed.

This ap proach is de scribed in sev eral in ter na -
tional pub li ca tions, for in stance of the ICRP [13, 14],
and na tional Ukrai nian sci en tific works [15, 16]. 

Let us ex press this ap proach in nu mer i cal mon e -
tary val ues and use sim ple arith me tic ex er cise ap ply -
ing the fol low ing for mula

B Y X R W V= - + + +( ) (5)

where B is the ben e fit of planned coun ter mea sures, Y –
the mon e tary loss value pre vented by these coun ter -
mea sures,  X – the coun ter mea sures cost, R – the mon e -
tary value of phys i cal and ra dio log i cal risks caused by
coun ter mea sures, W – the pos si ble waste han dling
cost, and V – the mon e tary value of ad di tional ben e fits
that can be achieved as a spin-off of coun ter mea sures.

If B > 0, coun ter mea sures (in ter ven tions) are
jus ti fied.

Ac cord ing to ex pres sion (5) one must es ti mate
pa ram e ter Y – mon e tary loss value pre vented by these
coun ter mea sures. This value is cal cu lated as

Y S GPD P LLE= = × × -a a, / , UAH Sv 1 (6)

where a is the cost of col lec tive ex po sure unit, S – the
averted col lec tive ex po sure, GPD – the  gross do mes -
tic prod uct, P – the to tal pop u la tion, and LLE – the lost
life time ex pec tancy per unit col lec tive ex po sure dose.

For LLE the ICRP rec om mends to ap ply a value
equal to 1.01 years per 1 manSv of col lec tive ex po sure
[13].

Mon e tary value of phys i cal and ra dio log i cal
risks is de fined based on fact that in di vid u als in volved
in works may be ex posed both to ra dio log i cal and
phys i cal risks in their work ing en vi ron ment (for in -
stance remediation of con tam i nated sites).

Mon e tary value of ad di tional ben e fits that can be 
achieved as a spin-off of coun ter mea sures (V) de fined
for spe cific cases only, for ex am ple, when pub lic risk
com mu ni ca tion al lows for re duc tion of pub lic con cern 
and anx ious ness. In this case (Y) is de fined as a mon e -
tary value equiv a lent to pre served health.

There is a num ber other is sues to be con sid ered
in the de ci sion mak ing pro cess for in ter ven tion: cost
of mea sures and pos si ble loss or dam age, pro fes sional
ex po sure of work ers in volved in the coun ter mea sures,
so cial con se quences etc.

Thus, col lec tive ex po sure dose for pop u la tion is
a prin ci ple cri te ria used for jus ti fi ca tion of in ter ven -
tion. When know ing the col lec tive ex po sure dose
other pa ram e ters can be de rived. Pric ing life time ex -
pec tancy is an im por tant pa ram e ter for na tional gross
in come plan ning and in many coun tries is cal cu lated
and es tab lished for de fined pe riod of time, which
means this value vary from coun try to coun try and is
de pend ent on sev eral fac tors [17].

For the al pha-cost es ti ma tion, an in di vid ual con -
tri bu tion to the gross na tional in come (GNI) is ap plied. 
An in di vid ual con tri bu tion is equal to the GNI di vided
by the num ber of coun try's pop u la tion. For Ukraine it
is es ti mated to 575.3 bil lion UAH (Ukraine hryvnia)
of GNI di vided by 46.7 mil lion peo ple in 2010 which
makes an in di vid ual con tri bu tion to GNI equal to
12300 UAH per year (»2440 USD). More in for ma tion 
can be found in Ukrai nian of fi cially pub lished data
[16, 17].

Ac cord ing to the es ti mates the Kirovograd re -
gion with the to tal pop u la tion of ap prox i mately 1 mil -
lion peo ple, loses ap prox i mately 1.25 mil lion USD an -
nu ally due to the ra don im pact on the health of the
pop u la tion and the jus ti fi ca tion of the remediation ac -
tions is thus ob vi ous.

Ad di tion ally, the demographical sit u a tion anal y -
sis at sev eral dis tricts in com bi na tion with the dwell ing 
pool, re vealed the dis tricts that need ur gent at ten tion.

Also in the frames of the in ter na tional co op er a -
tion pro ject with Swe den, ra don remediation ex perts
from Swe den were in vited and pro vided ex pert ad vice
on the remediation meth ods to be im ple mented. The
ra don remediation was im ple mented in Kirovograd,
Znamyanka, and Mala Vyska  dis tricts.

The third phase of the pi lot pro ject con sists of
plan ning and im ple men ta tion of ra don remediation ac -
tions and their ef fi ciency eval u a tion.
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Over 300 nurs er ies and schools are in need of ra -
don remediation ac tions. At the be gin ning of the
remediation plan ning ex perts from Swe den were in -
vited who pro vided rec om men da tion for the typ i cal
build ings and de scribed pos si ble con struc tion so lu -
tions. More over, in the frames of the trainings con -
ducted to gether with the ex perts of SSM (Swe den) the
par tic i pants re ceived the Ra don Book [17]. The Ra don 
Book con tains in for ma tion on all pos si ble ra don coun -
ter mea sures and it was trans lated into Rus sian lan -
guage as a part of the Swed ish-Ukrai nian ra don pro -
ject. Fur ther on, plan ning and im ple men ta tion of
ra don remediation was per formed by the Kirovograd
re gion ex perts.

In spring 2013 ra don mea sure ments were per -
formed again to as sess the remediation ef fi ciency. An
av er age re duc tion of ra don ac tiv ity by 1.5-2 times was
dem on strated. The in door ra don ac tiv i ties were not re -
duced be low the es tab lished limit ev ery where, thus the 
in ves ti ga tions are con tin ued and more root-cause
anal y sis will be per formed.

CON CLU SIONS

The anal y sis of ra don EEC in dwell ings and pub -
lic build ings es tab lished a sig nif i cant vari ance of ra -
don ac tiv i ties in dif fer ent set tle ments. The dif fer ence
in ra don ac tiv i ties be tween two neigh bour ing houses
can be as much as dou ble. The es tab lished na tional ra -
don limit for nurs er ies and schools of 50 Bq/m3 was
ex ceeded in 53% of the cases, and more than 28% of
the build ings ex ceeded 100 Bq/m3. Av er age weighted
ef fec tive dose for chil dren (to tally at home and in nurs -
er ies/schools) is es tab lished at 3.4 mSv per year,
reach ing max i mum of 28 mSv per year, while ex po -
sure at home is 4 times the ex po sure in a nurs ery or
school (the ef fec tive dose). Av er age weighted ef fec -
tive dose to the adult pop u la tion of the re gion was es -
tab lished at 3.5 mSv per year.

The Kirovograd re gion is as sessed to lose ap prox -
i mately 1.25 mil lion USD an nu ally due to the ra don im -
pact on the health of the pop u la tion. The jus ti fi ca tion of
the remediation ac tions is  ob vi ous. It was es tab lished
that the con struc tional char ac ter is tics of a build ing is
the ma jor in flu enc ing fac tor when it co mes to ra don ac -
tiv i ties. It is proved in the course of the anal y sis that a
few as pects are par tic u larly im por tant: (a) pres ence or
ab sence of a cel lar and types of in su la tion be tween the
floor and the ground, (b) types of floors, which en -
hances the in su la tion to wards the cel lar/ground, and (c)
types and pres ence of fill ing in the foun da tion.

The Ra don mon i tor ing pro grams should be ac -
com pa nied by ex ten sive pub lic com mu ni ca tion. Pro -
grams for chil dren, like ded i cated lec tures in schools,
are par tic u larly ef fi cient. This ap proach pro vides chil -
dren with a ba sic nec es sary knowl edge about ra don
and will also reach the par ents, as the ma jor ity of those
are in ter ested in what their chil dren learn at school.

The im ple men ta tion of the third phase of the ra -
don pi lot pro ject proved that ra don remediation should 
be cho sen and ad justed for each build ing sep a rately.
This work must be done by pro fes sion als hav ing ex -
per tise and ex pe ri ence in plan ning and per form ing this 
kind of works.

AU THOR CONTRIBUTIONS

The re search work was done un der the lead er -
ship of T. Pavlenko. The dose cal cu la tions and as sess -
ment as well as mea sure ment meth ods and qual ity as -
sur ance were done by all au thors. Ar ti cle writ ing and
ed it ing was done by O. Ger man.
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Nikolaj AKSENOV, Anatolij OPER^JUK

UKRAJINSKI  PILOT  PROJEKAT  „STOP  RADONU”

Ukrajinska Kirovgradska oblast izabrana je 2010. godine za sprovo|ewe pi lot projekta u
ciqu smawewa rizika od izlagawa ra donu. Projekat se ostvaruje u vi{e etapa: kroz obuku o
rizicima od radona profesionalaca za javno zdravqe, merewe koncentracije radona u {kolama i
porodili{tima (vi{e od 1000 objekata), i utvr|ivawe opravdanosti mera za smawewe
koncentracije radona i primenu tih mera. Utvr|ena je verodostojna log-normalna raspodela za
ekvivalentnu ravnote`nu koncentraciju. Ustanovqena je geometrijska sredwa vrednost
ekvivalentne ravnote`ne koncentracije radona u unutra{wosti objekata od 63 Bq/m3, sa
standardnom devijacijom od 82 Bq/m3. Vrednosti ekvivalentne  ravnote`ne  koncentracije  radona 
u  unutra{wosti  objekata  nalaze se u opsegu od 22 Bq/m3 do 809 Bq/m3. Utvr|eno je da je vrednost
koncentracije radona ve}a od nacionalne grani~ne vrednosti za ovakav tip zgrada u vi{e od 50%
ispitanih objekata. Druga etapa projekta ima za ciq smawewa nivoa radona i rizika od radona.
Prora~unate doze izlagawa i rizik od radona iskori{}eni su da potvrde opravdanost remedijacije
i za procenu ekonomskog gubitka oblasti usled izlagawa populacije ra donu.

Kqu~ne re~i: Ukrajina, ra don, radiolo{ki rizik, efektivna doza


