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Building Materials Radioactivity in Poland’
Radioaktywnos¢ materialow budowlanych w Polsce

PaI[MoaKTI/IBHOCTb CTPOUTEIDbHBIX MAaTEPNAIOB B Ilonbme

ABSTRACT

Introduction: The systematic research of the natural radioactivity of raw and building materials has been conducted in Poland since 1980.
Basing on the results of these studies, carried out by both the Central Laboratory for Radiological Protection (CLOR) and over 30 other research
laboratories in our country, the national database of natural radioactivity measurements has been set up. The database is supervised by the CLOR
and contains the results of the measurements for more than 42 000 samples analysed since 1980 up till now. Due to the economic development
of the country, since 1990 there has been an increase in the number of the natural radioactivity measurements of raw and building materials.
Objective: The aim of this article is the presentation and evaluation selected of raw and building materials in terms of radiology.

Method: In Poland the possibility of using different raw and ready building materials is classified due to the value of activity coefficients f, and
f,. Activity coefficient f specifies the content of natural isotopes in a test material and is the coefficient of the gamma radiation exposure to the
whole body. Activity coefficient f, specifies the content of radium **Ra (mother of isotope *?Rn) in the test material and is the coefficient of the
exposure of the lungs epithelium to the alpha radiation emitted by the decay products of radon, breathed into with air by the human respiratory
system. Activity coefficients are described by the natural radioactivity of potassium *’K, radium **Ra and thorium **Th. Activity concentration
of these radionuclides is determined by the MAZAR analyser with a scintillation detector. It is a three-window analyser, which measures samples
in the range from 1.26 MeV to 2.85 MeV.

Results: This paper shows the values of activity coeflicients fl and f2 for a few selected raw and building materials like ash, concrete, cement and
ceramics. Additionally, activity coefficients f, and f, for carbon are discussed. Carbon, as a precursor to a few building raws, (ash, slag, mixture of
ash and slag) has been measured in significant amounts since 1996. Average value of its activity coefficient f, was between 0.15 and 0.43 while an
average index f, was from 14.7 Bq/kg to 44.2 Bq/kg for results collected in 1980-2012. Average values of activity coefficients f, and f, for carbon
are the lowest of all measured and compared materials described in this paper. Average value of activity coefficient f, of ash as a by-product of
coal combustion is a few times higher than for carbon and is higher than the limit value equals 1.0 for results from almost all years.
Conclusions: In the paper, average value and range of dose rate for these several raw and building materials have been shown. An average dose
rate is between 31.8 nGy/h for carbon up to 140.8 nGy/h for ash.

Keywords: building materials, natural radioactivity, *K, ?**Ra, **Th
Type of article: original scientific article

ABSTRAKT

Wprowadzenie: Od 1980 roku w Polsce prowadzone s3 systematyczne badania naturalnej promieniotwdrczosci surowcéw i materiatéw
budowlanych. W oparciu o wyniki badan m.in. Centralnego Laboratorium Ochrony Radiologicznej (CLOR) oraz ponad 30 innych laboratoriéw
badawczych w naszym kraju powstala ogélnopolska baza pomiaréw promieniotworczoéci naturalnej. Baza ta jest nadzorowana przez CLOR
i zawiera wyniki pomiaréw dla ponad 42 000 zbadanych prébek od 1980 roku do chwili obecnej. W zwigzku z rozwojem gospodarczym kraju,
od 1990 roku nastapit wzrost liczby pomiaréw naturalnej radioaktywnos$ci surowcéw i materiatéw budowlanych.

Cel: Celem artykulu jest przedstawienie i ocena wybranych surowcéw i materialéw budowlanych pod wzgledem radiologicznym.

Metoda: W Polsce mozliwoé¢ wykorzystania réznych surowcow i gotowych materialéw budowlanych uzalezniona jest od wartoéci wskaznikow
aktywnosci f, i f,. Wskaznik aktywnosci f; okreéla zawarto$¢ naturalnych izotopéw w badanym materiale i jest wspotczynnikiem narazenia
calego ciata na promieniowanie gamma. Wskaznik aktywnosci f, okresla zawarto$¢ radu *’Ra w badanym materiale i jest wskaznikiem narazenia
nablonka pluc na promieniowanie alfa emitowane przez produkty rozpadu radonu, pobrane wraz z powietrzem przez uklad oddechowy
czlowieka. Wskazniki aktywnos$ci opisane sg przez promieniotwdrczo$¢ naturalng potasu K, radu *Ra i toru **Th. Stezenie aktywnoéci tych
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radionuklidéw jest okreslana za pomoca analizatora MAZAR z detektorem scyntylacyjnym. Analizator jest trzyzakresowy. Mierzy probki
w zakresach 1,26 do 1,65 MeV, od 1,65 do 2,30 MeV i od 2,30 do 2,85 MeV.

Wyniki: W artykule przedstawiono wartoéci wskaznikéw aktywnosci f i f, dla kilku wybranych surowcéw i materialéw budowlanych, takich
jak popidl, beton, cement i ceramika. Dodatkowo oméwiono wskazniki aktywnodci f, i f, dla wegla. Wegiel jako prekursor kilku surowcow
budowlanych (popidl, zuzel, mieszanina popiotowo-zuzlowa) mierzono w znaczacych ilosciach od 1996 roku. Srednia wartos¢ jego wskaznika
aktywnosci f wynosita od 0,15 do 0,43, podczas gdy sredni wskaznik f, od 14,7 Bq/kg do 44,2 Bq/kg dla wynikéw zebranych w latach
1980-2012. Srednie wartosci wskaznikéw aktywnosci f, i f, wegla sa najnizsze sposrod wszystkich zmierzonych i poréwnanych materiatéw
opisanych w niniejszym artykule. Srednia warto§¢ wskaznika aktywnosci f, popiotu, jako produktu ubocznego spalania wegla, jest kilka razy
wyzsza niz w przypadku wegla i jest wyzsza od wartosci granicznej réwnej 1,0 w wynikach z prawie wszystkich lat.

Whioski: W artykule przedstawiono warto$¢ srednig i zakres mocy dawki dla tych kilku wybranych surowcéw i materialéw budowlanych.
Srednia moc dawki wynosi od 31,8 nGy/h w przypadku wegla do 140,8 nGy/h w przypadku popiotu.

Stowa kluczowe: materialy budowlane, promieniotwdérczo$¢ naturalna, “K, *Ra, *Th
Typ artykulu: oryginalny artykul naukowy

AHHOTAIIUA

Beepgenne: C 1980 ropa B Ilosble mpoBopATCA cUCTeMAaTHYeCKMe VICCTIefOBaHNA eCTeCTBEHHO PaiJOaKTUBHOCTU ChIPbS ¥ CTPOMUTENbHBIX
MarepuanoB. Ha OCHOBaHMH pe3y/IbTaTOB 9THX MCCIELOBAHNMIL, IIPOBOAUMBIX Kak L]eHTpambHOI nabopaTopueil pagnoIorndecKor 3aluThl
(CLOR), tak n 6omee 30 mpyrumy HaydHO-VMCCIELOBATENbCKUMI TA00OPATOPUAMI B Hallell cTpaHe Oblma CO3faHa OOIieHalMOHA/IbHAS
6a3a aHHbBIX M3MEPEHUIT eCTeCTBEHHOI PafoaKTUBHOCTU. JTa 6a3a maHHBIX Haxomutcs mof KoHTpoaeM CLOR ¥ comep)KUT pe3ynibTaThl
nsMepeHmit 6oree 42 000 06pasioB, MpoaHAMM3MPOBAHHAIX ¢ 1980 1o HacTosIIee BpEMSL.

B cBA3Y ¢ 9KOHOMMYECKUM PasBUTHEM CTpaHbl ¢ 1990 roma HabmogaeTcs yBeIMUeHNe YMCIa U3MEPeHNIT eCTeCTBEHHOI PaiioaKTUBHOCTH
CBIPbSA U CTPONUTENLHBIX MaTePUAIOB.

Ilens: Llenb JaHHO CTATBU COCTOUT B IPENCTABICHNN U OLieHKe BBIOPAHHOTO CBHIPbS M CTPOUTEIBHBIX MATEPMaIOB C TOYKM 3PEHMS MX
PAanyONIOrNIeCKNX CBOVICTB.

Mertop;: B ITonblie ncIIONb30BaHNME PA3/INYHBIX CBIPbEBBIX MATEPIA/IOB ¥ TOTOBBIX CTPONTEIbHBIX MATePUAJIOB KITACCUPUIMPYETCA OTHOCUTEIBHO
3HaueHmii mokasareneil akTusHOCTH f, u f,. ITokasaTenb akTMBHOCTM f, ONpefenseT cofep:KaHVe NMPUPONHBIX M30TONOB B MCCIEAYEMOM
Marepuaze ¥ AB/IAETCA (HAKTOPOM OTACHOTO BO3JIEVMCTBUMA raMMa-M3TydeHUs Ha Ienoe Teno). Ilokasarens axtusHOCTH f, ompepenser
cofepkanue panus **Ra B ucceqyeMoM MaTepuaie I AB/IAeTCA I0KasaTe/IeM OIaCHOTO BO3[eIICTBILA Ha a/IbBEOJIbI JIETKIIX, BBISBAHHOTO a/Ibga-
U3TydeHMeM, SMUTUPOBAHHOTO NTPOAYKTaMM paclajia pajius, KOTOpble MOCTYNAIT BMECTe C BO3JYXOM B [IbIXaTe/lbHYIO CHCTEMY YeIOBEKa.
ITokasaresyt aKTUBHOCTII OMICBIBAIOTCS €CTECTBEHHOI paanoakTuBHOCTDI0 Kamust *K, pagnst °Ra u Topust *#Th. KoHIleHTpanmus akTHBHOCTI
9TUX PAIIOHYK/INOB OIpefe/ieTCs Ipy oMo aHanusaropa MAZAR co CUMHTWUIALMOHHBIM IeTeKTOPOM. AHa/IusaTop paboTaeT B Tpex
Juana3oHax 1 u3MepseT 06pa3ub1 I 3HavYeHuit ot 1,26 mo 1,65 MeV, ot 1,65 1o 2,30 MeV u ot 2,30 o 2,85 MeV.

Pe3y}IbTaTbIZ B cratpe IIpeACTaB/IEHbI IIOKA3aTe/NN aKTVBHOCTI fl n f2 UL BbI6paHHOI‘O CbIpbA M CTPOUTE/IbHBIX MATEPMAJIOB, TAKNX KaK
30ma, 6eTOH, IleMeHT U Kepammuka. Kpome Toro, B cTatbe o6Cy>anuch mokasarenyu aktupHoctu f, u f, yria. Yromb, KoTopblit sasasncs
IpeJIIecTBEHHIKOM HEKOTOPBIX CTPOMUTEIBHBIX MaTepyaloB (30JIbl, LIJTaKa, CMECU 30JIbI M LIJTaKa), M3MEPS/IN JOCTATOYHO YacTO HauMHAA
¢ 1996 roma. CpenHee 3sHaYeHNe TTOKa3aTeNnsd aKTMBHOCTH f1 kornebanocs ot 0,15 o 0,43, B TO BpeMsi, KaK CpefHMII II0Ka3aTenb f2 COCTaBSIT
14,7 Br/Kr fio 44,2 BK/KT 11s pesynbraToB, momy4eHHbIX B 1980-2012 ropax. Cpesuue sHaueHus Tokasareneit aktusHoctu f u f, yrasa
ABJIAIOTCA CAMbIMU HUSKUMM 13 BCeX M3MEPEHHBIX 1 CPAaBHMBAEMbIX MaTepMaioB, ONMCAHHBIX B 3TON cTaThe. CpefiHee 3HaYeHMe aKTUBHOCTI
fl 30/1bI B Ka4€CTBE HOGO‘IHOI‘O IIPOAYKTA OT CKUTAHMA YITIA B HECKONIBKO pa3 BBIIIE, YEM YIJIA, M BBIIIE, YE€M IIPENETbHOE 3HAYCHIIE 1,0 JUTSA
Pe3y/IbTaToB, COOPAHHBIX 3a BCE TOJbI MCCICTOBAHMIL.

Brisopsl: B cTaTbe npesicTaBIeHo CpeiHee 3HaUeHNe Y IMaNa30H MOLIHOCTMY 103bI 71l HECKOILKIX TUIIOB ChIPbS M CTPOUTEbHBIX MAaTe€PUATIOB.
CpenHsis MOLTHOCTD 03Bl Konmebretcst ot 31,8 HIp/4 B crydae yrs, n go 140,8 uIp/4 st 3071l

KirroueBbie crmoBa: CTponTe/IbHbIE MATEPUATIBL, ECTECTBEHHASI PaJI0aKTUBHOCTS, K, *°Ra, **Th
Bup craTbu: opuriHambHas HAyYHAS CTAThS

« the qualification coefficient f, (concentration of **Ra) - spe-
cifies the content of the test material and is the coefficient of
the exposure of the lungs epithelium to the radiation emit-
ted by the decay products of radon, i.e. alpha particles bre-
athed into with air by the human respiratory system.

The values of the activity coefficients f, and f, are descri-
bed by the formulae (1) and (2):

f,_8,/3000 [Bq/kg] + S, /300 [Bq/kg] +S,,/200 [Bq/kg] (1)

1. Introduction

At present, the evaluation of raw and building materials
in terms of the presence of radioactivity concentration shall
apply to the criteria published in the Ordinance of the Council
of Ministers of 2 January 2007, (Journal of Laws No 4 pos. 29)
“on the requirements regarding the content of natural isotopes
of “K, ?Ra and **Th in the raw materials and the materials
used in buildings intended for the dwelling of people and li-
vestock, and also in the industrial waste used in buildings and
control of the content of these isotopes” It is the primary and
the only act specifying the requirements for raw and building
materials used in various types of construction activities.

The regulation classifies the possibility of applying diffe-
rent raw and building materials in various types of housing by
specifying two parameters [1]:

» the qualification coefficient f, - specifies the content of

f,= Sy, [Ba/kg] )

where: S, S, and S, are the values of the activity concentra-
tion of the relevant radionuclides in Bq/kg.
Depending on the qualification coefficients, the raw and buil-
ding materials are licensed to be utilized in various constructions.
The limit values of the activity coefficients f, and f, for the

natural isotopes in the test material and is the coefficient
of the gamma radiation exposure to the whole body,
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The measured values of f, and f, are being considered during
the evaluation, but none can exceed the limit value by more
than 20%, i.e.: f, < 1.2 and f, < 240 Bq/kg.

The total uncertainty value of the measurements has also
been limited to 20% of the value of the coefficients f, and £,
not less than 0.8 of their limit values.

Very important, from the point of view of radiation pro-
tection, is an increase in exposure due to natural radiation so-
urces that causes an increase in the annual effective absorbed
dose of about ImSv. The limit values of activity coefficients f,
and f, meet the criterion of not exceeding the annual effective
dose which equals 1mSv. Similar limits for housing apply in
Norway, while in Lithuania and Finland limits for raw and
construction materials relate only to activity index f.

The limit values for the remaining applications in the con-
struction industry are:

1.f,= 2 and f,= 400 [Bq/kg] regarding the industrial waste
used in surface objects constructed in the built-up areas,
or designed for built-up areas in the local urbanization
plans, or for leveling of such areas;

2.f,= 3,5 and f,= 1000 [Bq/kg] regarding the industrial waste
used in surface parts of the objects not mentioned in point 1
and for leveling of the areas not mentioned in the above point;

3.f,= 7 and f,= 2000 [Bq/kg] regarding the industrial wa-
ste used in the underground parts of the objects mentio-
ned in point 2, and the underground constructions, inc-
luding railway and road tunnels, excluding the industrial
waste used in underground mining pits.

The gamma dose rate at the height of 1 m over the unlimi-
ted flat surface of the terrain of the average density of r = 1,6g/
cm’ is determined semi-empirically by the formula (3) [2]:

D =0,043S, +0,43S,,+ 0,66 S, [nGy/h] (3)

where S, S, , S, —activity concentration in [Bq/kg] of respectively
“K, *Ra (in radioactive equilibrium with daughter nuclides) and
*%Th (in radioactive equilibrium with daughter nuclides).

In addition, the absorbed dose rate at 1 m above ground
level, road or facility should not exceed 0.3 uGy/h for the ap-
plication of industrial waste to the levelling and the construc-

tion of roads, sports and recreational facilities.

2. Equipment and method

Most laboratories use the MAZAR analysers of the new ge-
neration or the AZAR ones of the older generation with the Nal
(TI) detector to determine the qualification coefficients f, and f,

DOI:10.12845/bitp.44.4.2016.12

in Poland. These are three-windows analysers which determine
the concentration of radioactive *K, **Ra and **Th. The win-
dows of analyser are K, ?*Ra and **Th in the ranges of 1.26
MeV to 1.65 MeV, 1.65 MeV to 2.30 MeV and 2.30 MeV to 2.85
MeV respectively. The efficiency calibration of the detector was
performed with the use of volume standards *K, *Ra and **Th
and a standards matrix (for background). The standard source
are Marinelli beakers of 1.5 dm’ volume and they are made for
most laboratories by the Central Laboratory for Radiological
Protection in Poland. The density of standard sources is equal 1.6
g/cm’, while the density of samples of raw and building materials
are within the range 0.6 to 2.0 g/cm’. In order to minimize the
outside gamma background, the detector is placed in a shielding
house made of 50 mm lead. Shredded and screened through a 2
-millimetres-mesh sieve samples are packed into Marinelli be-
akers of 1.5 dm’ volume and sealed. The samples are measured
after the time elapse to establish the radioactive equilibrium be-
tween *°Ra - 2Bi and *Th - ***T] after about 2 weeks. All me-
asurements were made in the same geometry and once.

3. The results and discussion

The qualification coefficient f, is representative for spe-
cifying the content of natural isotopes in the test material,
because it contains natural radioactive isotopes, which are
mostly in the earth crust such as “K, **Ra (represent **U
series) and **Th (represent *?Th series). Other natural ra-
dionuclides have minor significance.

Since 1990, there has been an increase in the number of
qualification measurements of the natural radioactivity of raw
and building materials, because of the economic development
of the country. However, during the recent years the number
of the natural radioactivity tests has been reduced, due to the
wider usage of the construction materials of foreign origin,
which are not subject to the mandatory testing in Poland.

The values of f and f, for different raw and building mate-
rials (carbon, ash, cement, concrete and ceramics) are shown
on Fig. 1 to Fig. 10 as a function of time.

Average values of the activity coefficients f, and f, for car-
bon are in the range of 0.15 to 0.43 (Fig. 1) and 14.7 Bq/kg to
44.2 Bq/kg (Fig. 2) respectively. In the whole period of time
the values of f and f have not been exceeded. The difference
between the minimum and maximum of f, and f, increases
with the number of samples, which may be caused by me-
asurements of materials of various geological origin (place of
coal mining).

== The number of measured samples
——The average value of f1
—=—The minimum value of f1

0,8 The maximum vallue of f1

0,6

The value of f,

0.4
02

/t\/i

0 | [ I |

The value of f; for carbon

r 120
- 100
- 80
r 60

- 40

L\

The number of measured samples

F20
N

II ad)

1981 1984 1987 1990 1993

1996

1999 2002 2005 2008 2011

Fig. 1. The value of f, for carbon at different times
Source: Own elaboration.
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The value of f, for carbon
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Fig. 2. The value of f, for carbon at different times
Source: Own elaboration.
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Fig. 3. The value of f, for ash at different times
Source: Own elaboration.
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Fig. 4. The value of f, for ash at different times
Source: Own elaboration.
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3. The value of f; for cement - 250
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Fig. 5. The value of f, for cement at different times
Source: Own elaboration.
The value f, for ceramics
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Fig. 6. The value of f, for cement at different times
Source: Own elaboration.
The value of f; for concrete
35 [ 450
- 400
3
= The number of the measured samples
~—==The average value of fl 350 3
25 «=+=The minimum value of f1 g‘
——The maximum value of f1 P30g
= =
@
s 3 5
E r 250 §
z £
2 @
R f0 =
<
g
L/ - 150 E
1 =
=
F10 2
V =
0,5 |
/\ 1 %
"‘L’\/ w ,
1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011

Fig. 7. The value of f, for concrete at different times

Source: Own elaboration.
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The value of f, for concrete
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Fig. 8. The value of f, for concrete at different times
Source: Own elaboration.
The value of f, for ceramics
25 ¢ 600
C=The number of measured L 500
24 samples
~+—The average value of f1
S
- 400 =
halp I8 :
5 8
B T
= F300 5
> &
D @
=
= VA2 :
=)
I 200 5
=
| E
05 o
I 1 I I P 100 S
ol I
o =0 | = e 1 ] ! . 0. 0
1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012
Fig. 9. The value of f, for ceramics at different times
Source: Own elaboration.
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Fig. 10. The value of f, for ceramics at different times
Source: Own elaboration.
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Average value of the activity coefficients f, for ash is above
limit value f,, = 1.0, but below permissible value (f, < 1.2) if
we want to use them for the construction of dwellings (ex-
cept 2011). Average value of the activity coefficients f, and
f, for ash ranges from 0.99 to 1.26 (Fig. 3) and 102.4Bq/kg
to 135.1Bq/kg (Fig. 4) respectively [3]. Maximum value of f,
was above the limit value for the construction of dwellings
almost every year (Fig. 4). Although after 1991 the number of
measurements of samples significantly increased, the average
value of the activity coefficients f and f, for ash remains at
a relatively constant level, which can be caused by constant
concentration of natural radionuclides in the ash.

Average values of the activity coefficients f, and f, for ce-
ment are well below limit values in the period of 1979-2012.

DOI:10.12845/bitp.44.4.2016.12

The range of average value of the activity coefficients f, and
t, for cement is from 0.26 to 0.60 for f, (Fig. 5) and from
34.3 Bq/kg to 82.6 Bq/kg for f, (Fig. 6).

Average values of the activity coefficients f, and £, for con-
crete are in the range from 0.52 to 0.81 for f, (Fig. 7) and from
50.3 Bq/kg to 84.8 Bq/kg for f, (Fig. 8) and ratio £, to f, rema-
ins almost equal 100.

Average value of the activity coefficients f, and f, for cera-
mics are in the range from 0.26 to 0.80 for f, (Fig. 9) and from
33.0 Bq/kg to 76.7 Bq/kg for £, (Fig. 10).

The table 1 shows the average value of the qualification
coefficients f, and f, and a dose rate for the selected mate-
rials. The level of the qualification coefficients f, is exceeded
only for the ash, but the dose rate is still below 0.3 uSv/h.

Table 1. Average dose rate with min and max value for selected materials in the period 1979-2012

. Average f / Average f,/ Average dose rate / Range of average dose rate
Material Range of averla of Range of average f, [nGy/h]
8 g5 (Bq/kg] Y
Carbon 0.24 26.2 31.8
(0.15 +0.43) (14.7 + 44.2) (19.5 = 56.2)
Ash 1.08 119.2 140.8
s (0.99 = 1.26) (1024 + 135.1) (128.0 + 152.7)
Cement 0.38 48.9 50.5
(0.26 + 0.60) (34.3 + 82.6) (36.9 + 78.5)
Concrete 0.66 70.3 86.5
(0.52 +0.81) (50.3 + 84.8) (67.1 = 105.5)
Ceramics 0.62 52.6 81.0
(0.26 + 0.80) (33.0 + 76.7) (34.2 + 104.8)

Source: Own elaboration.

4. Conclusion

The qualification coefficients f and f, are almost constant
only for ash taking into account the entire period of the mo-
nitoring of the raw and building materials. It means is im-
portant to control all of them. The highest level of the quali-
fication coefficients f, and f, are for ash and the lowest is for
carbon - it is due to the process of the concentration of the
radionuclides caused by the combustion process.

The concentration coefficient for the combustion is 4.5 on
average. Higher values of qualification coefficients f and f,
characterize the materials containing considerable amounts
of industrial raw materials such as ash or slag.

The level of qualification coefficients f, and £, for the cera-
mics is approximately twice as low as for the ash. The average
values of f, during the study period since 1979 have not exce-
eded (except for ash in 2011) the limit for the applications in
the construction of dwellings (f, < 1.2).

Although the average value of qualification coefficient f,
for ceramics and cement is at similar level, the average value
of f, for ceramics is almost 2 times higher, because concentra-
tion of “K dominates in natural activity.

The analysis of the number of values higher than the li-
mits for the activity coefficients f, and f, for dwellings and
public constructions in 1979-2012 shows that the trend of the
average values of the activity coefficients f, and f, has rema-
ined constant for the last years.

The article was written within the project “An IT tool for
assessing a risk of accidents in industrial companies posing
a threat outside their areas” financed by the National Centre
for Research and Development.
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