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Pos ing a sub stan tial risk to hu man health, in door ra don has in creas ingly been sub ject to reg u -
la tion. One key con cept is the one of ra don prone or pri or ity ar eas, which are un der stood as
re gions where pre ven tion, mit i ga tion or remediation ac tion should be taken with pri or ity.
Ra don pri or ity ar eas must be de fined, and once de fined, es ti mated from data. Ra don pri or ity
area es ti ma tion or de lin ea tion amounts to a clas si fi ca tion prob lem, as a do main (a coun try)
has to be di vided into mu tu ally ex clu sive zones of dif fer ent “priorityness”. Clas si fy ing ar eas
into pri or ity zones en tails de ci sions about ac tion to be im ple mented. Touch ing stake holder
in ter ests, may prove eco nom i cally and po lit i cally costly. There fore, de ci sions should be jus ti fi -
able, which im plies, among other, re li abil ity of the ra don pri or ity area es ti mate, mean ing sta -
tis ti cally, con trol ling for es ti ma tion un cer tainty. Some as pects of ra don pri or ity area def i ni -
tion, es ti ma tion, and un cer tainty will be dis cussed in this pa per.
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IN TRO DUC TION

In door ra don (Rn) is ac knowl edged an im por -
tant health haz ard. Ac cord ing to ep i de mi o log i cal stud -
ies, in door Rn is be lieved to be the sec ond cause of
lung can cer af ter smok ing (WHO 2009 [1]). There -
fore, in door Rn has in creas ingly been sub ject to reg u -
la tion for the last years; In Eu rope, most im por tantly
the EU di rec tive on ba sic safety stan dards for pro tec -
tion against ion iz ing ra di a tion (BSS; EU 2013 [2])
which must be trans posed into na tional law by the EU
Mem ber States. Among many other, it states that na -
tional ref er ence lev els (RL) for in door Rn con cen tra -
tion in dwell ings and workplaces alike must be set  300 
Bqm–3 and it re quires de lin ea tion of Rn pri or ity ar eas
(RPA), i. e., ar eas in which ac tiv i ties re lated to pre ven -
tion and remediation of high in door Rn con cen tra tions
should be taken with pri or ity. The BSS def i ni tion is
vague, stat ing (Art.103.3) that an RPA is an area where 
it is ex pected that in a sig nif i cant num ber of houses the
an nual mean Rn con cen tra tion ex ceeds the na tional
RL. There fore, an op er a ble def i ni tion of RPA has to be 
de vel oped in each EU coun try. It is based on a Rn mea -
sure, for ex am ple, the mean over a geo graph ical unit
(grid cell, mu nic i pal ity, etc.) or the prob a bil ity that
within the unit in door Rn ex ceeds a ref er ence level.

Ex ist ing so lu tions are prag matic in the sense that 
they have to rely on avail able data and on ex ter nal “po -
lit i cal” pa ram e ters such as ref er ence lev els, spa tial
units to which the term “area” re fers and tol er a ble un -

cer tainty. The task of sta tis ti cally sound RPA es ti ma -
tion is still un der de vel op ment and will prob a bly
re main on the in ter na tional re search agenda for some
time.

Once de lin eated, cer tain tasks have to be per -
formed in RPA ac cord ing to the Na tional Rn Ac tion
Plan, which has to be de vel oped ac cord ing to the BSS to 
“ad dress long-term risks from Rn ex po sures in dwell -
ings, build ings with pub lic ac cess and workplaces”
(Art. 103.1). Items are listed in An nex XVIII. First, Rn
con cen tra tion must be mea sured in workplaces and
pub lic build ings. This may be fol lowed by mit i ga tion
and remediation, which can be ex pen sive. Clearly,
stake holder in ter ests are touched by RPA de lin ea tion.
Is sues dis cussed here, in par tic u lar, QA as pects, are
sub ject of the on go ing EU H2020 Metro RA DON pro -
ject (http://metroradon.eu/).

Con cepts, def i ni tions, and es ti ma tion meth ods
are shown in this pa per. The ques tion of clas si fi ca tion
er rors is dis cussed in the ex am ple of the Ger man bi no -
mial ap proach to es ti mate RPA. Fi nally, open prob -
lems and re search needs are ad dressed.

CON CEPTS AND DEF I NI TIONS
OF RA DON PRI OR ITY AR EAS

RPA def i ni tions dif fer by the con cept and by as -
pects of the prac ti cal implementability. While the tar -
get quan tity is al ways – per BSS def i ni tion – the an -
nual mean in door Rn con cen tra tion and its lim it ing
value the RL, the mean ings of “sig nif i cant num ber”,
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“area” and “ex ceed” are open to in ter pre ta tion. Also
“an nual” is prob lem atic be cause it is known that an -
nual Rn con cen tra tions in one room or build ing vary
be tween years. The more ap pro pri ate term is, there -
fore, “es ti mated long-term”.

For ex am ple, one may ar gue that Rn con cen tra -
tions in ac tu ally ex ist ing build ings do not de fine RPAs, 
but con cen tra tions that are ex pected to oc cur for
geogenic rea sons in a lo ca tion, if a build ing of cer tain
type was there, re gard less of whether there is one (a
con cept anal o gous to the one of seis mic vul ner a bil ity
of a lo ca tion). An other ra tio nale is based on a deeper
un der stand ing of ra di a tion pro tec tion: the RPA con -
cept can re late to cut ting ex tremes, thus in di vid ual
pro tec tion, or re duc ing the bulk ex po sure, thus re duc -
ing the col lec tive dose. This has been pointed out in
[3]. These dif fer ent con cepts would lead to dif fer ent
RPA maps.

The over all goal of the BSS con cern ing Rn is a
sus tain able re duc tion of the risk posed by in door Rn.
This leads to the pri or ity con cept, as im plicit in the no -
tions of RL and RPA. It im plies that Rn ex po sure
should be re duced ev ery where, if pos si ble with lower
pri or ity (given usu ally lim ited re sources); af ter all,
Ann. XVIII (13) states as part of the Rn ac tion plan:
[Es tab lish] “long-term goals in terms of re duc ing lung
can cer risk at trib ut able to ra don ex po sure”. Some have 
con cluded that graded ap proaches match this phi los o -
phy best; ei ther by de fin ing dif fer ent RPA level classes 
re quir ing the ac tion of dif fer ent pri or i ties or by sub se -
quent en large ment of RPA ac cord ing to com pleted
tasks. The idea of op ti mi za tion as mo ti va tion un der ly -
ing the BSS has been dis cussed more ex ten sively in
[4].

While the EU Mem ber States had to trans pose
the gen eral con cept of the Eu ro pean BSS into na tional
radioprotection law by Feb ru ary 2018, tech ni cal is -
sues are left for sub-leg is la tion or or di nances, cur -
rently (June 2018) still un der elab o ra tion in many
coun tries. There fore, no au thor i ta tive over view on
RPA def i ni tions is avail able so far. It seems, how ever,
that most will choose a def i ni tion of the type: An area
is la belled RPA if in that area, prob(C > RL) > prob a bil -
ity thresh old p0 (C – es ti mated long-term mean in door
Rn con cen tra tion). Most chose RL= 300 Bqm–3 (the
high est per mit ted by BSS), some 200. A com mon
prob a bil ity thresh old is 10 %. 

Ex am ples are Fin land, Ger many, Greece,
Montenegro [5] and Spain which chose RL = 300 Bqm–3

and p0 = 10 % (for Ger many, de rived from ground-floor
rooms in build ings with base ment only; for Spain, from
the ground or first floor rooms only). Ire land has cho sen
RL = 200 Bqm–3, p0 = 10 %. Bel gium and Luxemburg
chose RL = 300, but three pri or ity lev els, p0

I: prob <1 %;
p0

II: prob be tween 1 and 5 %; p0
III: prob > 5 %. Note that

this in for ma tion re flects dis cus sions from end 2017 –
early 2018 and fi nal le gal de ci sions may turn out dif fer -
ent.

Al ter na tively, some chose def i ni tions of the
type, an area is la belled RPA, if the mean in door con -
cen tra tion in it ex ceeds the RL. Ex am ples are Aus tria
(pro posed two pri or ity lev els of RPA, “me dium risk” if 
AM(C) > 150 and “high risk”, if above 300 Bqm–2 –
also this in for ma tion is pre lim i nary) and Swit zer land,
which also opted for two pri or ity lev els with thresh -
olds 100 and 200 Bqm–3. For com par i son, as sum ing
log-nor mal dis tri bu tion with GSD = 2 within a 10 km × 
10 km cell (about re al is tic by ex pe ri ence), AM(C) =
=.300 cor re sponds to prob(C > 300) = 36 %.  

Yet an other def i ni tion, quite dif fer ent from the
above, and not ap plied by any Eu ro pean coun try so far, 
to my knowl edge, could con sist in la bell ing RPA those
geo graph ical units (grid cells, mu nic i pal i ties) which
rep re sent an up per per cen tile of Rn mea sures; for ex -
am ple, say, the 5 % mu nic i pal i ties with the high est
mean Rn con cen tra tions. Such strat egy would also re -
flect the pri or i tiz a tion idea im plicit in the BSS and lim -
i ta tion of re sources: once Rn prob lems have been
largely tack led in the up per 5 % of mu nic i pal i ties, one
may start work ing the sec ond high est 5 %, and so on,
as long as found rea son able and fea si ble.

A fi nal over view of RPA def i ni tions in clud ing
ref er ence to re spec tive laws or de crees is planned for
the Metro Ra don pro ject, men tioned above.

ES TI MA TION OF RA DON
PRI OR ITY AR EAS

Once de fined, the RPA have to be es ti mated from
data. These are, most com monly, mea sured in door Rn
data, but pre dic tor or proxy quan ti ties may be re quired
in stead or ad di tion ally. These may be ge ol ogy, tec ton ics,
soil prop er ties, Rn con cen tra tion in the ground, geo -
chem i cal con cen tra tions, ter res trial dose rate and oth ers,
as phys i cally and sta tis ti cally re lated to in door Rn. The
de ci sion about whether a geo graph ical unit shall be as -
signed RPA or not – or in the case of multinomial def i ni -
tion, i. e., grades of “Rn priorityness”, which grade or
class should be as signed to that unit, amounts to a clas si -
fi ca tion prob lem. If es ti mated from sec ond ary quan ti ties, 
one faces the task of con di tional and cross-clas si fi ca tion.
Ef fec tively, the spa tial do main (a coun try) is clas si fied
into two or sev eral mu tu ally ex clud ing sub sets, la belled
ac cord ing to “priorityness”, or RPA/non-RPA in the bi -
no mial case.

In door Rn con cen tra tion is sub ject to high spa -
tial vari abil ity. This is due (a) to the vari abil ity of the
geogenic Rn po ten tial which in most cases is the main
source of in door Rn, (b), to the vari abil ity of the phys i -
cal prop er ties of build ings and (c) to one of the us age
hab its (ven ti la tion). Each com po nent can be con cep tu -
al ized as con sist ing of a trend (geo logic realm for (a),
cul tural and cli ma tic fac tors – them selves partly con -
tin gent – for (b) and (c)), a cor re lated ran dom and an
uncorrelated ran dom “noise” com po nent. Dif fer ent
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pro ce dures have been de vel oped to cap ture this struc -
ture. Sim pler ver sions ag gre gate data within the es ti -
ma tion sup port (e. g., the map pre sented in the Eu ro -
pean At las of Nat u ral Ra di a tion, [6]), form ing
sta tis tics such as em pir i cal av er ages or exceedance
prob a bil i ties. Ver sions that are more elab o rate at tempt
to de velop quan ti ta tive mod els of the spa tial struc ture
us ing geostatistical tools. This in cludes ma chine
learn ing [7, 8], quantile re gres sion [9] and lo cal re -
gres sion [10]. A hi er ar chi cal re gres sion model where
spa tial de pend ence en ters via li thol ogy as a pre dic tor
has been pro posed in [11] and fur ther de vel oped as a
generalized ad di tive mixed model in Aus tria ([12], not 
yet fully pub lished). Meth ods based on the in di ca tor
(co-) kriging ap proach have not been ex plored yet for
RPA es ti ma tion, to my knowl edge. Lit er a ture is grow -
ing fast in this field and new tech niques pop up in
rather a fast pace.

Com mon es ti ma tion sup ports, i. e. the ar eas over 
which  sta tis tics  are  com puted,  are  grid  cells  (e.  g.
10 km × 10 km grids have been cho sen for the Eu ro -
pean in door Rn map, part of the Eu ro pean At las of
Nat u ral Ra di a tion and for the cur rent ver sion of the
Ger man maps of RPA and of the geogenic Rn po ten tial
(GRP, see be low)) or mu nic i pal i ties. The lat ter op tion
is pre ferred for ad min is tra tive rea sons. How ever, both
ig nore nat u ral re al ity, as the main spa tially con trol ling
fac tor is ge ol ogy. Also us ing poly gons rep re sent ing
geo log i cal units as es ti ma tion sup ports has in deed
been con sid ered, e. g. in Spain [13].

Par tic u lar chal lenges emerge if RPAs shall be es -
ti mated from sec ond ary quan ti ties such as the GRP or
ura nium (U) con cen tra tion in soil, e. g. be cause not
suf fi cient data of the pri mary quan tity (in door Rn con -
cen tra tion) is avail able, or to im prove es ti mates by in -
clud ing ad di tional in for ma tion. The sec ond ary vari -
able(s) act as RPA pre dic tors, “cal i brated” by the
pri mary one. Two dif fer ent types of ap proaches are
con ceiv able: (1) para met ric co-es ti ma tion, such as
(1a) meth ods be long ing to the cokriging fam ily. Block
es ti mates over es ti ma tion sup ports are clas si fied ac -
cord ing to RPA def i ni tion. (1b) As a sim pler va ri ety,
para met ric es ti ma tion of the pri mary vari able from the
sec ond ary by re gres sion. For ex am ple, es ti ma tion of
exceedance prob a bil ity of in door Rn con cen tra tion,
prob(C > RL), has been dem on strated in [14] (pre dic -
tor: GRP) and in [15] (sev eral geogenic pre dic tors) us -
ing lo gis tic-type re gres sion. 1(c) An other op tion is
mod el ing the bivariate dis tri bu tion by a cop ula, from
which de sired sta tis tics can be de rived [16, 17]. Op -
posed to 1(a), meth ods 1(b), and 1(c) do not ex ploit
spa tial cor re la tion prop er ties.

The sec ond type of ap proach is jus ti fied by the
fact that clas si fi ca tion does not re quire full in for ma -
tion of the pri mary vari able. The tar get of RPA de lin -
ea tion is only to de ter mine to which class a cer tain es ti -
ma tion sup port be longs. The prob lem then boils down
to find ing class lim its of the sec ond ary vari able(s)

which cor re spond to the ones of the pri mary vari able;
i. e. a “re gres sion” be tween classes in stead of nu meric
vari ables. 

This is usu ally done by build ing a truth ta ble (in
fig. 1 shown for the bi no mial case, i. e. two classes).
“Ef fect” means that an area is RPA. The thresh old of
the sec ond ary vari able is var ied un til a given sta tis tic
over the ta ble or over ROC space (lower graph), in
terms of first and sec ond kind er rors, is op ti mized. The
tech nique has been dem on strated as a clas si cal ROC
pro ce dure in [18].

Re quire ments of clas si fi ca tion re li abil ity in
terms of max i mum al low able 1. and 2. kind clas si fi ca -
tion er ror prob a bil ity can be an ad di tional ex ter nal
con straint to ac tual RPA de lin ea tion. This con cept has
been im ple mented in Ger many, see the ex am ple dis -
cussed be low. Ex tend ing the tech nique to multinomial
clas si fi ca tion and in clu sion of sev eral sec ond ary vari -
ables is tech ni cally more de mand ing. A hy brid ap -
proach be tween (1) and (2) would be a method of in di -
ca tor cokriging type, be ing parametrical, but not
car ry ing the en tire in for ma tion of the vari ables.
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Fig ure 1. Top: truth ta ble; “ef fect”: Area is RPA. Pri mary
vari able: in door Rn con cen tra tion, sec ond ary vari able: e.
g. geogenic Rn po ten tial. Bot tom: ROC graph, Plot of 1.
vs. 2. kind er ror. The curve is parameterized by the thresh -
old of the sec ond ary thresh old. Up per left cor ner: low val -
ues of this thresh old. The higher the de vi a tion of the curve
from the di ag o nal, the stron ger the as so ci a tion be tween
the vari ables, i. e. the fur ther away from ran dom. Data
from the ex am ple shown be low



DATA

What ever its def i ni tion, es ti ma tion of RPA has to 
rely on data. A great va ri ety, in terms of qual ity and
quan tity, of sur veys on in door Rn and Rn re lated quan -
ti ties, has been gen er ated in the EU Mem ber States for
the last de cades. Ev i dently, each coun try will choose a
pro ce dure adapted to the na tional Rn pol icy, to the ob -
jec tive Rn sit u a tion, and to avail able data.

In door Rn

Gen er a tion of rep re sen ta tive in door Rn con cen -
tra tion da ta bases with high geo graph ical res o lu tion is
ad min is tra tively de mand ing, ex pen sive and time-con -
sum ing. Data pro tec tion is sues are im por tant (and in -
creas ingly pro hib i tive). Nev er the less, most Eu ro pean
coun tries have un der taken ex ten sive sur veys, some
even re peat edly. It can be es ti mated that Eu rope wide,
con sid er ably over a mil lion in door Rn data ex ist. The
Eu ro pean In door Rn Map, part of the Eu ro pean At las
of Nat u ral Ra di a tion [6] is based on more than 1.1 mil -
lion in di vid ual mea sure ments in its cur rent state
(mid-2018).

Mea sure ment of in door Rn en tails a num ber of
QA prob lems on the sur vey level and on the level of in -
di vid ual mea sure ment. The main chal lenge on sur vey
level is rep re sen ta tive ness (i. e. high ac cu racy or low
bias of de rived sta tis tics). Pre cise ness (low ran dom
un cer tainty) is a mat ter mainly of data vol ume, the
more se vere, the higher tar geted geo graph ical res o lu -
tion and the higher true spa tial vari abil ity. On in di vid -
ual mea sure ment level, tasks are re li able cal i bra tion
and eval u a tion of mon i tors and – largely un re solved -
mea sure ment pro to cols that en sure lit tle vul ner a bil ity
against ma nip u la tion.

Covariates, pre dic tors, and prox ies

Usu ally, a quan tity called geogenic Rn po ten tial
(GRP) is de fined to quan tify the avail abil ity of
geogenic Rn to ex ha la tion into the at mo sphere or to in -
fil tra tion into build ings. Dif fer ent quan ti ties have been 
pro posed; cur rently, the most used seems to be the
so-called Neznal-GRP [19]. Fol low ing the phys ics of
Rn gen er a tion and trans port, the GRP in cludes source
term Rn con cen tra tion in the ground or ura nium con -
cen tra tion and trans port prop er ties, namely soil per -
me abil ity, em a na tion fac tors or soil po ros ity. The nu -
mer i cal val ues of the Neznal-GRP are be tween about 5 
and 1000. En sur ing rep re sen ta tive ness and lo gis tic is
eas ier for GRP than for in door sur veys.

The main con cep tual ad van tage of GRP (or other 
geogenic quan tity) over in door Rn based RPA es ti ma -
tion con sists in its in de pend ence of anthropogenic fac -
tors, i. e. build ing and con struc tion type and us age. In

this rea son ing, an RPA should not de pend on sec u lar
(if slow) changes in anthropogenic fac tors, in anal ogy
to a seis mi cally vul ner a ble area whose def i ni tion is not 
based on ac tual build ings but on the geogenic haz ard;
even if dam age ob served on build ings is used as one
covariate for es ti mat ing the haz ard po ten tial.

Other pre dic tors or proxy vari ables are ura nium
con cen tra tion in the ground, ter res trial gamma dose
rate, geo log i cal units, soil units, hydrogeological fea -
tures in clud ing karstification, and even tec tonic prop -
er ties such as the pres ence of ac tive faults. Deal ing
with pre dic tors of dif fer ent type (nu mer i cal, cat e gor i -
cal), dif fer ent spa tial sup port (points, ar eas or lin ea -
ments), mu tu ally cor re lated or con tin gent (cre at ing
collinearity prob lems in the re gres sion-type anal y sis)
can be a sta tis ti cal chal lenge.

The un cer tainty of in put data is trace able to sev -
eral steps of the ob ser va tion chain. Most im por tant are
er rors in the mea sure ment pro ce dure, in trin sic un cer -
tainty due to the sto chas tic na ture of ra dio ac tive de cay
and er rors in data at trib utes, such as lo ca tion er ror or
wrong as sign ment of house or room prop er ties.

In prac tice, striv ing to use what ever data ex is -
tent, Rn haz ard is some times es ti mated us ing a mix of
both con cepts, i. e. in clud ing in door and geogenic data
in par al lel.

UN CER TAINTY AND VAL I DA TION

As said, es ti ma tion of RPA is a clas si fi ca tion
prob lem, in that a geo graph ical do main (coun try) is di -
vided into two or more classes ac cord ing to the RPA
def i ni tion. Which ever es ti ma tion tech nique ap plied,
as sign ment of a lo ca tion or an area to an RPA class will
al ways be af fected by un cer tainty. Its sources are mul -
ti ple, from the true vari abil ity of the mapped quan ti ties 
on the spa tial scale be low es ti ma tion sup port to data
un cer tainty to model struc tural and parameterization
un cer tainty re sult ing from es ti ma tion. Es tab lish ing
ex haus tive un cer tainty bud gets is dif fi cult. Whereas
the un cer tain ties of the es ti mated ac tual lev els of the
Rn mea sure are com monly quan ti fied by con fi dence
in ter vals, the ones of classes are given by first and sec -
ond kind clas si fi ca tion er ror rates. First kind er rors or
false positives or false alarms de note that an area is
falsely la belled RPA al though it is not; Sec ond kind er -
rors or false neg a tives or false non-alarms mean that an 
area is falsely la belled non-RPA, al though it is in re al -
ity. (The logic can be ex tended for multinomial clas si -
fi ca tion schemes, i. e. sev eral RPA class lev els.)

High clas si fi ca tion er ror chance must be ex -
pected in par tic u lar for geo graph ical units whose Rn
mea sure is close to the class lim its.

Note that in ad di tion to the un cer tainty of cor rect
as sign ment of an area to an RPA class, an in di vid ual
lo ca tion within an area that cor re sponds to a class can
de vi ate from the class, again due to the true vari abil ity
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within an area. Apart from clas si fi ca tion un cer tainty
which is in ev i ta ble since the re spec tive ar eas re sult
from a sta tis ti cal es ti ma tion pro cess, and which re lates
to the geo graph ical units on which the RPA def i ni tion
is based, it must be ex pected that in di vid ual houses do
not con form to the RPA def i ni tion. For ex am ple, a
house lo cated in an area la belled non-RPA, or a clus ter
or sub-area within the non-RPA, can still have Rn con -
cen tra tion ex ceed ing the ref er ence level. The ob vi ous
rea son is the high spa tial vari abil ity of Rn con cen tra -
tions, re sult ing in a pos si bly long “right tail” of the fre -
quency dis tri bu tion of Rn con cen tra tions.

The phys i cal rea son for such phe nom e non may
be the pres ence of geo graph i cally “small” fea tures
which gen er ate high Rn con cen tra tions, well within an 
oth er wise low-ra don area. Such fea tures can be tec -
tonic faults, lo cal ura nium min er al iza tion, or highly
per me able rock for ma tions. Be ing small in ex ten sion,
these fea tures con trib ute lit tle to the mean, but may
still pose a ra di a tion prob lem for that small area.
Speak ing sta tis ti cally, the prob lem emerges be cause
the RPA def i ni tion re lies on one sta tis tic of the Rn dis -
tri bu tion only (e. g. the mean), while the oc cur rence of
ex tremes is mea sured by other sta tis tics such as high
quantiles or dis per sion mea sures. One may, there fore,
think of in te grat ing such ad di tional mea sures into the
cri te rion which de fines RPA or non-RPA, i. e. hon our -
ing “small” phe nom ena al though they con trib ute lit tle
to the over all pic ture.

A task, largely untackled so far, to our knowl -
edge, is a val i da tion of es ti mates through ad di tional
data, sta tis ti cal pro ce dures or ap pli ca tion of al ter na -
tive mod els. Sum ming up, the sta tis ti cal as pects of
RPA es ti ma tion is a rel a tively new field of en vi ron -
men tal sci ence that en tails a num ber of re search tasks
which can be ex pected to keep Rn re search busy for a
while.

EX AM PLE

The Ger man ap proach (at the time of writ ing,
May 2018, still un der dis cus sion; the fi nal def i ni tion to 
be laid down in an or di nance still un der de vel op ment)
shall be shortly cited as an ex am ple. RPA def i ni tion is:
an area is la belled RPA if prob(C > RL) > g× p1 oth er -
wise, non-RPA, i. e. a bi no mial scheme was cho sen. C
– long-term mean in door con cen tra tion in ground
floor dwell ings of houses with a base ment, RL – ref er -
ence level; p1 – the same prob a bil ity es ti mated for the
en tire ter ri tory of Ger many. RL has been set 300
Bqm–3, the mul ti plier g  = 3, and p1 » 3 %. The def i ni -
tion is in ap prox i mate ac cor dance with the one ap plied
by other coun tries, prob (C > 300) > 10 %. Since the
Ger man in door Rn da ta base is frag men tary and in suf -
fi cient for di rect RPA es ti ma tion from in door Rn data,
the geogenic Rn po ten tial (GRP) is used as a sec ond -
ary vari able, be cause a dataset (about 4,500 lo ca tions)

cov er ing the ter ri tory about representativity  is avail -
able. (This ap proach has also a con cep tual ad van tage,
see above). The task con sists in find ing a de rived or
sec ond ary thresh old for the GRP, so that clas si fi ca tion
ac cord ing to this thresh old con forms with the (hy po -
thet i cal) one in com pli ance with the pri mary RPA def i -
ni tion. This has been achieved by cross-tab u la tion,
based on 10 km × 10 km cells for which in door Rn data
are avail able. The GRP has been es ti mated by
geostatistical means in clud ing ge ol ogy as cat e gor i cal
de ter min is tic trend pre dic tor [20]. 

Ad di tion ally, a con straint on es ti ma tion con fi -
dence has been im posed: first and sec ond-kind clas si -
fi ca tion er ror rates shall be be low 10 %. Prac ti cal im -
ple men ta tion  was  via  a  ROC-type  pro ce dure  on  the
2 × 2 truth ta ble (fig. 1). The re sult is fac tu ally a tri -
nomial clas si fi ca tion, shown in fig. 2, as apart from
cells  as signed  RPA (red) and non-RPA (green) with
90 % con fi dence, some cells re main un-clas si fied,
shown in yel low be cause con fi dence is not suf fi cient.

Be ing es ti mates (and hence the RPA be ing “ran -
dom ob jects”), the class lim its have some de gree of un -
cer tainty. By boot strap ping one finds that the 90 %
con fi dence lim its for the up per limit are (41.2, 48.0)
and for the lower limit, (14.3, 23.5).

In cur rent rea son ing, the fi nal le gally bind ing
RPA shall be de fined on dis trict or mu nic i pal ity level
or even be low, tak ing ad van tage of lo cally avail able
knowl edge about ge ol ogy and set tle ment pat terns,
which cen tral plan ning on the fed eral level can not de -
liver. In the non-as signed ar eas (yel low in fig. 2), fur -
ther mea sure ments shall clar ify the sit u a tion. An open
ques tion con sists in the fact that also in non-RPA a cer -
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Fig ure 2. Ra don pri or ity ar eas in Ger many; (1) – de fined
by GRP > 44.5, (2) – non-RPA, GRP < 20.2,
(3) – un de cided



tain risk of in door con cen tra tion above RL is pres ent
that would go un de tected since in these ar eas no ac tion
is en vis aged.

CHAL LENGES

Workplaces and dwell ings

So far in all cases (to our knowl edge), RPA es ti -
ma tions have been based on in door Rn con cen tra tions
in dwell ings, al though their pri mary le gal im pact is on
workplaces and pub lic build ings. How ever, be cause
of their dif fer ent phys i cal char ac ter is tics, in gen eral, it
can not be as sumed, that regionalized es ti mates of Rn
in dwell ings and workplaces are equal, or equal be -
tween dif fer ent types of workplaces. In fact, dif fer ent
types of workplaces would af ford dif fer ent RPA maps.
Ev i dently, there are prac ti cal lim its to this. Cur rently,
da ta bases of Rn in workplaces are still poor in most
coun tries, and dis cus sions about how to man age the
prob lem are on go ing. Lo gis ti cally and ad min is tra -
tively, Rn sur veys on workplaces seem to be not less
dif fi cult than the ones of dwell ings. Given their psy -
cho log i cal im por tance for so ci ety, most ex ten sive da -
ta bases seem to ex ist for schools and kin der gar tens,
but com par i son with dwell ings is dif fi cult [21].

Multivariate es ti ma tion

RPA can be es ti mated from dif fer ent covariates,
as avail able, such as in door Rn con cen tra tion, the
GRP, geo chem i cal con cen tra tions or geo log i cal units.
If sev eral are avail able, one would strive to use as
much in for ma tion as avail able to in crease pre dic tion
pre ci sion. Multivariate RPA es ti ma tion in volv ing si -
mul ta neously point and ar eal, as well as nu mer i cal and
cat e gor i cal data, which more over are con tin gent as be -
ing con trolled by com mon un der ly ing “la tent” pro -
cesses, is tech ni cally de mand ing and no sound and ac -
cepted pro ce dure seems to ex ist.

One al ter na tive may be a di men sional re duc tion,
i. e. build ing one quan tity out of sev eral pre dic tors. In
ra don sci ence, this con cept has been pro posed as
geogenic Rn haz ard in dex, GRHI. It shall serve as a
tool to quan tify the sus cep ti bil ity of an area to
geogenic Rn, ap pli ca ble in de pend ent of which pre dic -
tor data sets are ac tu ally avail able in a re gion. Re -
search on the GRHI is on go ing.

CON CLU SIONS

De lin ea tion of ra don pri or ity ar eas is a rel a tively
new field in Rn re search. The com pli ca tion con sists of
the le gal li a bil ity that has been in tro duced by the BSS.
La bell ing an area RPA or not can make an im por tant
eco nomic dif fer ence, given the pos si ble high costs of
mea sures (pre ven tion, remediation), which re sult

from as sign ing an area the RPA sta tus. Un der stand -
ably, stake holders, there fore, wish a high de gree of
qual ity as sur ance in RPA de lin ea tion.

How ever, an im por tant mes sage is that there is
no “nat u ral” def i ni tion of RPA and con se quently, no
such thing as a “true RPA”. De lin eated RPAs al ways
de pend on their def i ni tion – re sult ing from po lit i cal
de ci sions, stake holder in ter ests, avail abil ity of re -
sources and of da ta bases – and to some de gree also on
es ti ma tion method. As re sults of sta tis ti cal es ti ma tion,
RPAs are un cer tain ob jects. Com mu ni ca tion of RPA
un cer tainty to the pub lic and to de ci sion mak ers is an -
other chal lenge, not to be dis cussed here, but from ex -
pe ri ence known not to be easy. 

The meth od ol ogy of sta tis ti cally sound RPA es -
ti ma tion is still evolv ing. Par tic u lar chal lenges con sist
of multivariate es ti ma tion and in es tab lish ing un cer -
tainty bud gets. On the em pir i cal side, da ta bases are of -
ten and still not suf fi cient to ful fil QA re quire ments
sat is fy ingly.
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Pe ter BOSEV

PRIORITETNA  PODRU^JA  RADONA
Definicija, procena  i nesigurnost

Predstavqaju}i zna~ajan rizik po qudsko zdravqe, ra don u zatvorenim sredinama sve je
~e{}e tema zakonske reg u la tive. Kqu~ni koncept predstavqaju prioritetna, radonu podlo`na
podru~ja, koja se defini{u kao podru~ja u kojima se prevencija, mitigacija, ili remedijacija
moraju prioritetno sprovesti. Prioritetna podru~ja radona moraju biti definisana, a po defi-
nisawu, procewena na osnovu podataka. Procena prioritetnih podru~ja radona, ili razgrani-
~avaju}ih veli~ina radi klasifikacije problema u domenu (dr`avi), mora biti razdeqena u
me|usobno iskqu~ive zone razli~itih nivoa radona. Klasifikacija podru~ja u prioritetne zone
podrazumeva odluke o akcijama koje treba preduzeti. Gledaju}i sa stanovi{ta deoni~ara, kla-
sifikacija mo`e nositi visoku ekonomsku i politi~ku cenu. Stoga odluke moraju biti opravdane,
{to podrazumeva izme|u ostalog pouzdanost procene prioritetnih podru~ja radona, odnosno
statisti~ki gledano, kontrolu nesigurnosti procene. Neki aspekti definicije, procene i nesigu-
rnosti prioritetnih podru~ja radona razmotreni su u ovom radu.

Kqu~ne re~i: prioritetno podru~je radona, klasifikacija, EURATOM, osnovni stan dardi
..........................sigurnosti


