
Polish Journat ofEnyironmental Studies Vol. 6, No. 6 (1997), 51 - 55 

Radioecological Analysis of the North-Eastern 
Region of Poland 

M. Zalewski, Z. Mnich, J. Kapała, M. Karpińska 

The Department of Biophysics, Medical Academy, Mickiewicza 2A, 15-230 Białystok, Poland 

Receiyed 30 March, 1997 
Accepted 15 Juty, 1997 

Abstract 

This paper presents the results of measurements of natural radioactiyity of K-40, Ra-226 and „Ib-232 in 
buiłding materiał as wefl as radon concentrations and dose rates in houses and outdoors. The mean absorbed 
rate in air outdoors from naturał gamma radiation was found to be 40.2 nGyW". Doses inside houses made from 
particułar materials were (nGyłY1): brick - 102, prefabricate -89, wood - 88. The mean cquiyalent concentration 
of radon indoors was 12 Bqm3. The calculated annuał effectiye dose equiyałent per one statistical inhabitant of 
„Polaod Green Lungs" is 1.61 mSy/year. The doses absorbed by the poputation in the northeastern region of 
Poland from natura! sources of ionizing radiation arc lower than the popułation-weightcd world ayerages. 
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Introduction 

The northeastern area of Poland is a region featuring 
high tourist qualities with bw standards of urbanization 
and industrialization. In 1990, a speciat functionał area was 
cut out and called „Poland"s Green Lungs". This area, 
approx. 60 thousand krn2 (19.4% of the tota! area of the 
country), is at present inhabited by about 3.7 miłlion people 
and incłudes the following proyinces (called yoiyodships): 
Bialystok, Łomża, Ciechanów, Otsztyn, Ostrołęka, Suwalki 
and parts of Blbłąg and Siedłce [1]. In yiew of the present 
situation of the natura! enyironment, this region bas been 
incorporated into the system of ecołogicał deyelopment [2] 
and, in the future, may become a frame of reference for the 
eyaluation of the effects of ciyilization processes. This is 
why this area shoułd becone a specimen for enyironmentai 
analysis, incłuding analysis of the radioecologicat situation. 
This anałysis bas been made possible studies of natural 
radioactiyity carried out for many years in the northeastern 
territory of Połand, including the proyinces of Białystok, 
Łomża, Suwałki, Ołsztyn and Ostrołęka, by the Departntent 
of Biophysics, Medicat Academy in Białystok. 

The ayerage contributions to the exposed dose from the 
naturał gamma radiation background are 35%, 25% and 
40% for K-40, U-238 senes and Th-series, respectiyely [3]. 
Thus the abundance of these radionuclides in soi! and buil-
ding materials are decisiye as far as the doses absorbed by 
the popułation indoors and outdoors are concerned. These 
doses cari be increased as a result of the collection of was-
tes from coa!-burning power stations, mines or other steeł 

and chemical plants. They ałl produce garbage and refuse 
such as dumps, sewage or sediment ponds or floatation 
waste tanks, which lead to higher enyironmentat radiation 
leye!s [4-7]. The ełeyation of the background doses may 
also be caused by intensiye fertitization by potassium and 
phosphorous compounds [8]. There is ałso growing con-
cern that the background may increase as a result of intro-
ducing new buiiding technologies based on by-products of 
the power, steel and chemicał industries such as fty-ash, 
blast furnace słag or phosphogypsum [9-10]. Bconomicatły, 
these by-products can undoubtedly be of great yaiue, but, 
radiologicałiy, they may łead to a greater hazard [11]. 

The greatest contribution to the population hazard, up to 
50% of the dose equiyałent from naturaiły occurning sour-
ces, is obtained from the radioactiye isotope of radon 
(Rn-222) and its decay products [12]. Thus, radon concent-
rations inside buiidings depend mainly on the type of geo-
łogicat subsoil and the transfer of Rn-222 frorn soli air to 
the interior spaces in buitdings, and ałso on the inherent 
content of Ra-226 in buiiding materiałs [13-14]. 

This wonk presents results of measurements of K-40, 
Ra-226 and Th-232 concentrations in the subsoit and raw 
and buiłding mateniałs used in the construction of houses 
for permanent residence in northeastern region of Poiand 
[15-16]. Resułts are also shown of direct measurements of 
gamma radiation background dose rates inside typicał 
dweiling houses and in the open air [17-18], as weil as of 
Rn-222 and its daughter product concentrations in the air 
inside houses [19-20]. These studies haye made it possibie 
not onły to proyide a pattern of natural radioactiyity in the 
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region, but also to maka appropriate comparisons with 
other results obtainad in Poland and in the world, and to 
assass tha population hazard of that region to radon and 
anyironmental gamma background. 

Measuriug Techniques 

In We maasurements the following techniquas ware 
usad: 

1. The measurement of the dosa rata insida buildings 
and in the open air wera parformed using a high pressure 
ionizing chambar (current typa) constructed by CLOR in 
Warsaw, and an alectromater with a dynamic capacitor 
(yA-J-51). Tha set calibration was mada using Ra-226 
source (3.7 GBq) taking juto consideration tha effect of 
scattering radiation and diractional corralation of chamber 
sansitiyity, aud absorption in the air dua to distanca. This 
type of chambar and measuring method haye bean 
described in datail by Pańsko [21]. The uncertainity 
of measurements using thase mathods depends on the 
precision of measuring tha actiyity of the cal ibration source 
(about 10%). Tha maasuremants of the ionization chambar 
yield weta made at Sawinda Lake in the proyince of 
Suwałki, at latitude 53° 32".6 N and longituda 22° 13".6 E, 
at 124.6 m aboya sea layel. 

2. Natural radioactiyity measuramants of raw and buil-
ding materials and soil wara made using a thraa-channel 
amplituda AZAR anatyzer with a Nal datector. The tach-
niqua usad was that dayalopad at tha Instituta of Construc-
tion Tachnology (Instytut Techniki Budowlanej) for alI la-
boratorias in Poland. 

3. Maasuraments of radon and its products in housas 
aud in thair anyironment wara mada using two mathods. 
For radon studias, tha Markoy tachniqua was amployad, in 
which the totat actiyity of the radon alpha dacay products 
collactad on a filtar (through which a cartain yolume of air 
was passad) was assayad [22]. In field studias, a mobita 
dataction unit was usad, consisting of an alpha radiation 
datactor and a rotematar. Using this mathod tha maasuring 
cycla was basad on air filtaring through a futer (mash 
diametar 4 tm) during 5 mm; tha ayarage air flow during 
5 min was 57 dm3 (ranging from 44 to 69 dm3). Tha aarosot 
containing radioactiya dacay products of Rn-222 ara 
dapositad on the filtar with afficiancy i = 0.8. Next, two 
indapandant maasuraments of tha radioactiyity of the 
aarosol collactad on tha futer wara performad in two 
diffarant tima interyals (7-10 s and 10-15 s). The afficiancy 
of ragistration of alpha radiation at tha usad spactromatar 
set was s = 0.28. Tha background counting with a dean 
filtar was 15 imp/3 min. Indapandant sedes of radon 
studias wara carriad out in housas of Białystok proyinca 
and in tha opan air using detactors with actiyatad carbon. 
This mathod, dascribad by A.C. Gaorga in 1984 [23], is 
racommandad by the American Enyironmantal Protaction 
Agancy (EPA) for enyironmantal inyastigations of radon 
amanations. In thasa studias, passiva PICO-RAD (Packard) 
datactors wara amployad, anabling mann radon concantra-
tions in air to ba datarminad during a two-day axposition. 
Tha raadings wara takan at tha laboratory of tha Dapart-
mant of Biophysics, Madical Acadamy in Białystok using 
a TRI-CARB liquid scintillation set. An Insta Fluor liquid 
scintilator (Packard) was usad. 

Results of Natural Radioaetiyity Measurements 
in the Enyiroriment 

Dosa Ratas in tha Opan Air (Outdoors) 

On tha basis of maasuramants at 231 placas in northaas-
tam Poland, tha maan absorbad dosa rata in air from natu-
rai gamma radiation was found to ba 40.2 nGylf" (S.D. 
= 8.8 nGyh1) with tha yariability ranga of 6.1-84.2 nGyh" 
[17]. Tha racant data includad in tha UN Raport [12], ra-
prasantatiya of 3/5 of tha population, proyida tha national 
maan yalua ranging from 24 to 160 nGyW", and tha waigh-
tad mann for tha world"s population of 57 nGyh1; this is 
highar than tha yalua found for northaastarn Poland. A si-
milar ragularity was confirmad by spactromatric maasura-
mants of 52 spacimans of tha topsoil collactad in tha sama 
region of Poland [16]. Tha maan concantrations of tha 
main gamma amittars and thair yariability rangas, in Bq/kg, 
wara: 433(203-662) for K-40, 11(1-26) for Ra-226 and 
15(6-26) for Th-232. Thasa yaluas ara lowar than thosa of 
tha world"s maan concantrations. The concantrations ofra-
dioactiya potassium, radium and thorium in soil maasurad 
in northaastarn Polaud mada it possibla to astimata We dosa 
rata from naturat gamma radiation undar tha assumption 
Wat tha distribution of thasa radionuclidas is uniform and 
has a 2it gaomatry. Tha fotlowing calculation coafficiants 
wara usad for tha absorbad dosa rata in air, corrasponding 
to tha actiyity of Bq/kg: 0.0414 nGy/h for K-40; 0.461 
nGy/h for Ra-226 and 0.623nGy/h for Th-232 [12]. Tha 
astimatad dosa rata for northeastarn Poland was 32.3 
nGy/h, lowar than tha yalue of 40.2 nGy/h rasulting from 
tha diract maasuramants of dosa ratas in tha fiald, which 
accounted for tha affact of othar naturat gamma amittars 
aud radioactiya soil contamination. From our studias it was 
found that about 55% of tha axposition in tha aboya region 
is dua to K-40, 29% to Th-232 and 16% to Ra-226. 

Dosa Ratas in Rousas 

Tha maasuramants mada in 342 housas in northeastarn 
Poland showad that tha highast mann dosa ratas wara ob-
seryad in brick houses (102 nGyh"), and significantly lo-
war yaluas wara found in prafabricatad (89 nGyh") and 
woodan (88 nGylY") housas [18]. Tha national maan yalues 
quotad in tha UN Raport [12] basad in most casas on model 
calculations using data on radionuclida abundancas in buil-
ding materials, ranga from 20 to 190 nGyW", rasulting in 
a maan dose rata of 80 nGyh1 for tha world"s population. 
Our maasuramants insida houses wara carried out with the 
usa of an ionization chambar and, tharefora, they taka 
account of tha total dosa from gamma amittars in building 
materials as wali as tha dose from tha terrastrial and cosmic 
background (lass tha shiaiding affact of walls and cailings). 

Radon Concantrations 

Tha most axtansiya measuramants of radon products 
mada in northaastarn Poland haya bean raportad in [19]. 
Soma 185 buildings situatad in tha Białystok, Łomża and 
Suwałki proyincas wara inyastigatad. Tha maan concant-
rations of Po-218, Pb-214, Bi-214 wara found to ba 15, 12 
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and 11 Bq/m3, respectiyely. As a result, the mean potential 
energy of alpha radiation (Er) was 694 10Ą 

!.tJ/m3 with the 
range of 19-5584 l0" pJ/ni3. The main parameter to be 
used in this anatysis for deseribing the leyels of radon in 
houses is the so-called equiyalent concentration of radon 
(Ceq), whose yalues obtained from 185 measurements led 
to the foliowing yalues: 12 Bq/rn3, 4.8 Bq/m3 and 10 Bq/m3 
for the arithmetic mean, for the geometric mean and me-
dian, respectiyely, ranging from 0.5 to 100 Bq/m3. 

An independent senes of measurements of radon eon-
centrations in houses in the Białystok proyince was repor-
ted in [20]. Radon concentrations yaried oyer the range of 
1-1100 Bq/m3, its arithmetic rnean, geometrie mean and 
median being 36.6 Bq/m3, 18.4 BqIm3, and 17 BqIm3, re-
spectiyely. To compare the results obtained with the use of 
both methods, it was necessary to adopt a coefficient of 
radioactiye equilibrium in the air inside the dwelling hou-
ses inyestigated. In most cases, the yalue of this coefficient 
was found to be 0.4 [24]. When the aboye yalue and that of 
the mean equiyalent radon concentration of 16 Bq/m3 ob-
tained by the Markoy method are adopted for Białystok 
proyince [19], the radon concentration was estimated to be 
40 Bq/m3. This yalue is similar to the mean radon concent-
ration determined in the same region with the use of en-
yironmental PICO-RAD detectors [20]. The mean radon 
leyels in the whote northeastem part of Poland are lower 
than the corresponding mean radon yalue of 40 Bq/m3 es-
timated for the world"s population. 

It is difficult to make comparisons between the aboye 
data and the current data reported by other researchers, 
since there is a tendency to ayoid troublesome measure-
ments of Rn-222 decay products in fayour of much simpler 
techniques of direct radon measurements. The recent UN 
Report [12] giyes the yalue of about 16 Bq/m3 for the 
arithmetic mean of the equiyalent radon concentration in-
side houses. The mean leyels obseryed in northeastern Po-
land haye neyer been found to exceed the aboye yalue of 
16 Bq/m3. 

At present there is a possibility of appraising the results 
in light of legal regulations in force in Poland. The amend-
ments adopted in July 1995 limiting exposure to radon and 
its products [25], introduced restrictions on the mean an-
nual Rn-222 concentrations in premises oceupied for per-
manent residence, abandoning the notion of „equiyalent 
radon concentration" ineluded in the Jnstruetion issued by 
the President of the State Atomie Agency of 1988 [26]. An 
upper limit of 400 Bq/m3 was adopted for radon coneent-
rations in new buildings. Prom alt the measurements car-
ried out with both methods in the total of 324 houses, it 
was found that 99.4% of the results neyer exceeded the 
Potish norm (400 Bq/m3), and higher leyels were only no-
ted in two uninhabited premises in cellars. 

Apart from the measurements inside houses, other in-
yestigations were made at 15 points outside the buildings, 
giying a yalue of 4 Bq/m3 for the mean radon concent-
ration. This yalue is lower than that of 10 Bq/rn3 adopted as 
a meari radon leyel outside buildings in the world"s eon-
tinental regions [12]. 

Estimation of the Effectiye Dose Equiyalent 

Prom the results of the measurements of the dose rates 
from naturat sources of ionizing radiation and from data in 
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Table I. Ayerage annual effectiye dose to adults of northeastern 
PolarnI. 

Annual 
effec(iye dose yerage yalue 

Lp. Source of risk ą to adults for Polarni 

mSy/year [29] 

I radon indoors 0.8 0.84 1.4 

2 radon outdoors 0,2 0.01 0.06 

3 gamma rays indoors 0.8 0.64 0.6 

4 gamma rays 
outdoors 0.2 0.05 0.04 

5 cosmie rays 0.2 0.07 0.07 

Total 1.61 2.17 

q - coefficient of the time exposition 

the titerature concerning cosmic radiation, the a"yerage an-
nual effectiye equiyalent of the dose from natural enyiron-
mental sources was estimated for a statistical inhabitant of 
„Poland"s Green Lungs" region. The estimation was made 

for the population density of 1993 [1] using the following 
assumptions: 

1. The ayerage person in a moderate climate spends 
20% of his/her time outdoors, and 80% indoors [3], 

2. The mean dose rate from cosmic radiation, according 
to [27], was 36.4 nGyW1, atlowing for ionization and neu-
tron components and the correction for the yariation of the 
dose with altitude, 

3. On the basis of GUS (Main Statistical Office) data 
[28] and information from the building societies in the 
region, the following population distribution was assumed 
for houses constructed from the three typical materials: 
15%, 25% and 60% in wooden, briek and prefabricated 
houses, respectiyely, 

4. The absorbed dose in air was transformed into the 
effectiye dose equiyalent with use factors 0.7 and 1.0 for 
gamma radiation and cosmic radiation, respectiyely [3], 

5. The dose from radon was estimated assuming the 
time of staying indoors to be 7000 hr per year. The effec-
tiye dose equiyalent for radon products was estimated using 
the conyersion coefficient of 10 nSyh"/Bqm3 [24]. 

The annual effectiye dose equiyalent per one statistical 
inhabitant of „Poland"s Green Lungs" region was 1.61 
mSy/year. The contributions from each component are 
shown in Table 1. The highest contribution in the effectiye 
dose equiyalent (up to 53%) is due to radon in the air inside 
the houses. Tabte 1 giyes a comparison of our data with 
those obtained by CLOR (Central Laboratory for Radio-
logical Protection) for the whole of Poland [29]. When the 
same factors and mean yalues for Poland as those calcula-
ted by CLOR are adopted, the yalue obtained for the annual 
effectiye dose equiyalent is 2.17 mSy/year, i.e. it is higher 
than that determined aboye. The main factor responsible 
for lower population exposition of the northeastern Poland 
is a lower radon leyel in indoor air. 

The aboye analysis concerns natural ionization radiation 
sources in the enyironment. It follows that the inhabitants 
absorb a dose mainly when they are indoors. Thus, care 
should be taken in selecting proper building materials and 
construction designs to minimize this dose. 
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Estimation of Natural Radioactiyity of Raw 
and Building Materials 

In 1980 in Poland regulations concerning the content of 
natoraily occurring radionuclides in raw and building mate-
rials were laid down with the purpose of limiting the in-
crease in natural background gamma radiation inside dwel-
ling houses resulting from the use of materials with higher 
leyels of radioactiyity [30]. Two preconditions were 
adopted to estimate the suitability of raw aud prefabricated 
materials used in the constnjction of dwelling houses: 

1. Coefficient f1 which, as a condition of limiting the 
tota! body exposure to gamma radiation, should not exceed 
the yalue of 1, is giyen by 

= 0.00027 SK + 0.0027 5R + 0.0043 5T < 1 

where 5K, SR and 5T are the concentrations of K-40, Ra-226 
and Th-232, expressed in Bqtkg, in the samples. 
2. Coefficient t"2, which is a condition of limiting the con-
centration of Ra-226 in the building materials due to the 
emanation of Rn-222 from walls, is giyen by 

= S, c 185 Bq/kg 

The unit tInt carries out inyestigations of the natura! 
radioactiyity of raw and building materials in northeastern 
Poland is the laboratory of the Department of Biophysics, 
Medical Academy in Białystok [31]. A total of 133 speci-
mens, including 54 samples of raw materinls and 79 prefab-
ricated building products, were inyestigated. The results are 
giyen in Table 2. 

The highest concentrations of Ra-226 and Th-232 were 
found in raw materials, where the mean yalues and the 
yariation ranges (in Bq/kg) for Ra-226, Th-232 and K-40 
were: 85 (26-15Q), 94 (16-911), and 599 (129-1032), re-
spectiyely. Twice as bw yalues were found for Ra-226 and 
Th-232 in bricks, i.e. 46 (26-65) and 51(26-68). Howeyer, 
the yalues for K-40 were almost twice as great, i.e. 970 
(411-1205). The best situation was obseryed in prefabrica-
ted products, where the mean concentration of radionuc-
lides of radium, thorium and potassium was found to be the 
bowest, i.e. 25, 26 and 449 Bq/kg, respectiyely. 

The assessment of the suitability of the materials inyes-
tigated in light of the regulations in force was made in [15]. 
The resu!ts of that analysis are summarized in Table 3. 

The most fayourable situation was obseryed in prefab-
ricated building materials, where the mean fi and f2 coef-
ficients bad the lowest yalues, contributing only 33% to the 
permissible yalue of f1 and 12% for f2. In no case were the 
permissible yalues exceeded. Twice as high yalues were 

Table 2. Concentrations (in Bqkg") of ka-226, Tb-232 ant! K-40 
in buitding materials. 

Kind nf 
materiał 

Nuinber 

samples 

Ra-226 Tb-232 - K-40 

Mean Range Mean Range Mean Range 

brick 37 46 26-65 51 26-68 970 411-1205 

preabricates 42 25 8-77 26 10-60 449 117-1179 

raw materia] 54 85 26-150 94 16-91 559 129-1032 

Table 3. Qualifying coefficients for building materiałs. 

Kindof 
material 

Number 
of 

samples 
- 

Mean 
______ 

Range Mean Range 

brick 37 0.6 0.29-0.74 45 26-65 

prefabricates 42 0.3 0.12-0.75 23 8-77 

raw materia! 54 0.66 0.24-1.00 78 5-154 

found in ceramic materials (bricks), abthough agam they 
were not higher than permissible leyels. Among the raw 
materials examined and osed in the production of building 
materials, the mean f1 and f2 yalues contributed 66% and 
42% of permissible yabues. In one sample of blast-fumace 
siag the f1 coefficient was exceeded. 

The total population exposure in Poland"s northeastern 
region from enyironmenta! ionization radiation sources is 
presented in Table 4, where comparisons are made with the 
corresponding world data published in the UN Report [12]. 

Almost ali the yalues found for Poland nit lower than 
the world"s mean yalues. In other words, the doses absor-
bed by the population in the northeastern region of Poland 
from natura] sources of ionizing radiation are lower than 
the population-weighted world ayerages. This fayourab!e 
situation of the radiological enyironment stands a chance of 
being preseryed for the future. The region in question re-
mains under the control of an ecodeyebopment strategy that 
will undoubtedly restrict the negatiye effects of urbaniza-
tion on the naturat enyironment. 
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