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Abstract. Naturally occurring radionuclides in building materials are one of the sources of radiation exposure of 
the population. This study was undertaken with the purpose of determining radioactivity in some Cuban building 
materials and for assessing the annual effective dose to Cuban population due external gamma exposure in 
dwellings for typical Cuban room model.  Forty four samples of raw materials and building products were 
collected in some Cuban provinces. The activity concentrations of natural radionuclides were determined by 
gamma ray spectrometry using a p-type coaxial high purity germanium detector and their mean values are in the 
ranges: 9 to 857 Bq.kg-1  for 40K; 6 to 57 Bq.kg-1 for 226Ra; and 1.2 to 22 Bq.kg-1 for 232Th. The radium equivalent 
activity in the 44 samples varied from 4 Bq.kg-1 (wood) to 272 Bq.kg-1 (brick). A high pressure ionisation chamber 
was used for measuring of the indoor absorbed dose rate in 543 dwellings and workplaces in five Cuban 
provinces. The average absorbed dose rates in air ranged from 43 nGy.h-1 (Holguín) to 73 nGy.h-1 (Camagüey) 
and the corresponding population-weighted annual effective dose due to terrestrial gamma radiation was estimated 
to be 145 ± 40 µSv. This dose value is 16% higher than the calculated value for typical room geometry of Cuban 
house. 
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1. Introduction 
 
Human exposure to ionising radiation is probably the scientific subject that attracts most public 
attention. Since radiation of natural origin is responsible for most of the total radiation exposure [1], 
knowledge of the dose received from natural level of radioactivity is very important in the discussion 
not only of effects on health, but also of the incidence of radiation from man-made sources. The main 
components of exposure due to natural radiation are cosmic rays, terrestrial gamma rays, decay 
products of 222Rn and 220Rn and natural radionuclides in the body taken through the diet, with most of 
the exposure resulting from living indoors. Measurement of concentration of radionuclides in building 
materials is important in the assessment of population exposures, as most individuals spend 80% of 
their time indoors. The population-weighted average of indoor absorbed dose rate in air from 
terrestrial sources of radioactivity is estimated to be 84 nGy.h-1 [1]. Indoors elevated external dose 
rates may arise from high activities of radionuclides in building materials. Large-scale surveys of 
concentrations of radioisotopes in construction materials were summarized by the United Nations 
Scientific Committee on the Effects of Atomic Radiation [2] but very little information was found on 
the situation that  exists in Cuba. Consequently, this study was undertaken with the purpose of 
determining radioactivity in some Cuban building materials and for assessing the annual effective dose 
to Cuban population due external gamma exposure in dwellings for typical Cuban room model. 
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2. Materials and methods 
 
2.1. Samples 
 
A total of 44 samples of 7 different materials were collected for the measurements of activity 
concentrations. The materials were obtained from suppliers and factories or gathered directly in the 
demolished houses or buildings in construction. Solid samples such as concrete, brick, wood and 
gravel were crushed into about 2 mm particles, dried, and stored in a sealed Marinelli beaker for a 30 
day ingrowth period. The container were shipped to the Center of Radiation and Hygiene Protection or 
to the Laboratory of Environmental Radioactivity located in Cienfuegos for the determination of 
natural radionuclide concentration by gamma ray spectrometry.   
 
2.2. Measurement of the activity concentrations 
 
Determinations of the activity concentrations of  226Ra, 232Th and 40K isotope  were performed by a 
HpGe detector type-p, coupled to a SILENA multichannel buffer. The spectrometer was calibrated 
against reference material with known activity concentrations of above mentioned natural 
radionuclides.  The energy resolution of the 1332 keV line from 60Co was found to be 1.9 keV at full 
width at half maximum, with a relative efficiency of 32% for 137Cs. 226Ra and 232Th were assessed 
through the photopeaks of their daughters: 214Pb (259 keV, 352 keV) and 214Bi (609 keV, 1775 keV); 
228Ac (911 keV) and 208Tl (583 keV, 2615 keV). 40K was measured directly from its 1460 keV gamma 
ray line. The same geometry was used for each sample which was counted from 60,000 to 80,000 s. A 
computer program, matching recorded photopeaks to a library of possible isotopes, was used for 
spectrometry analysis. In order to determine the background distribution due to naturally occurring 
radionuclides in the environment around the detector, an empty container was counted in the same 
geometry as the samples. 

 
2.3. Gamma ray dose rates in buildings 
 
In order to evaluate the contribution of the terrestrial component of gamma radiation indoors, 
measurements of indoor gamma radiation were made with a portable Reuter Stokes Environmental 
Radiation Monitor (RSS-112), which consists of a high pressure ionization chamber and an 
accompanying electrometer, both designed for long-term monitoring out-of-doors. At each house, ten 
readings at 10s time were carried out at 1m above the floor  in the centre of the room. Provinces 
selected for the study represent over 51% of the Cuban population. At the same time these cities have 
the largest number of housing units, representing 54% of the total in the country, and are located in 
areas with marked geologic differences.  
 
For the assessment of the ionising component of cosmic radiation, some measurements were 
performed on board of a wood and plastic boat in the middle of four deep artificial basins through the 
country and in two Bays located in Provinces of Camagüey and in Holguín [3-4]. The readings 
fluctuated between 24 and 49 nGy.h-1 with an average value of 31.8 nGy.h-1at sea level. The 
population weighted average absorbed dose rate in air is 32.3 nGy.h-1 and  were  corrected   due  to  
internal   background  of  the   chamber (1 nGy.h-1), contribution of  cosmogenic radionuclides (0.2 
nGy.h-1) and the contribution of 40K in the sea and basin water (20 and 5 Bq.l-1, respectively). 
 
A group of  543 houses, workplaces and shops, built with materials produced in Cuba, and located in 
Holguín, Las Tunas, Camagüey, Ciego de Ávila and La Habana provinces, were surveyed with the 
ionising chamber RSS-112 to measure the absorbed dose rate in air. Readings were made in the center 
of the living area at height of 1 m above the floor. To compare the values of measured absorbed dose 
rates indoors with calculated using activity concentrations of natural radionuclides in building 
materials, the Mustonen's room model (4m × 5m × 2.8m) of density 2.35 g.cm-3 concrete with wall 
thickness of 20 cm was used [5]. 
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3. Results and Discussion 
 
3.1. Building Materials 
 
Special emphasis has been placed on selecting the most common building materials that are being 
used in above mentioned provinces. Mean values of the measured concentrations have been calculated 
for all the collected samples and are given in Table 1. The average values of 226Ra vary from 6 to 57 
Bq.kg-1, 232Th concentrations vary from 1.2 to 22 Bq.kg-1 whilst variation in the 40K activities ranges 
from 9 to 857 Bq.kg-1, with the lowest concentrations measured for these radioisotopes in wood. It has 
been found that the observed 232Th activity is smaller than 226Ra concentrations in each sample. 

 
Table 1: Mean specific activities of natural radionuclides in some building materials used in the 
construction of dwellings in Cuba and their calculated radium equivalent specific activities. 

 
Mean specific activity ± S.D (a),  

Bq.kg-1 
Radium equivalent, 

Bq.kg-1 Material No. of 
samples 226Ra 232Th 40K Range Mean ± S.D. 

Cement 8 23 ± 7 11 ± 3 467 ± 85 61-97 74 ± 12 
Concrete 8 25  ± 10 12 ± 7 595 ± 166 55-109 87 ± 19 
Brick 9 57 ± 16 12 ± 10 857 ± 759 68-272 140 ± 68 
Sand 5 17 ± 4 16 ± 6 208 ± 104 38-69 55 ± 14 
Gravel 5 20 ± 3 13 ± 9 134 ± 70 31-61 49 ± 12 
White Cement 4 45 ± 10 22 ± 12 99 ± 27 58-118 83 ± 27 
Wood 5 6 ± 3 1.2 ± 0.7 9 ± 3 4-15 8 ± 4 

    (a) S.D. – Standard deviation 
 

To represent the specific concentrations of 226Ra, 232Th, and 40K a single quantity, which takes into 
account the radiation hazards associated with them, a common index has been introduced and is called 
radium equivalent activity (Raeq). It is defined as [6-7]: 
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Where ARa, ATh and AK are the specific concentrations of 226Ra, 232Th, and 40K, respectively. It may be 
noted that 238U has been replaced with the decay product  226Ra. While defining Raeq activity by 
Equation 1, it has been assumed that 370 Bq.kg-1 of  226Ra, 259 Bq.kg-1 of 232Th and 4810 Bq.kg-1 of 
40K produce the same gamma doses. The maximum value of Raeq in building materials must be less 
than 370 Bq.kg-1 in order to limit the annual effective dose to 1 mSv for the general population [6]. 
The Raeq  values using Equation 1 have been calculated and the values obtained are presented in Table 
1. As can be seen, for all materials studied in this work, the Raeq values are well bellow the upper 
limit. 
 

3.2. Indoor gamma radiation 
 
The results of the measurements carried out in buildings of Holguín, Las Tunas, Camagüey, Ciego de 
Avila and La Habana are shown in Table 2. The minimum values were recorded in Holguín, a 
province of more than a million inhabitants. A mean value of 43 nGy.h-1 with standard deviation of 3 
nGy.h-1 was obtained. The maximum values belong to Camagüey (785 800 inhabitants) characterized 
by granite schist and quartz. The highest mean value of indoor gamma radiation in dwellings of 
Camagüey may be accounted for by the highest radium equivalent index (Raeq = 272 Bq.kg-1 ) found in 
one red brick produced locally. It is reasonable to suppose that the contribution from widely varying 
levels of terrestrial radiation can strongly affect the count rates taken indoors. For instance, terrestrial 
radiation obtained through the Beck's formula [8], as can be seen in the Equation 2, for soil samples 
collected in Camagüey, range from 3 to 131 nSv.h-1. Furthermore, the kind and structure of the 
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dwelling may bias the effects of the geological features of the ground beneath the buildings. The 
Beck's equation is given by the relation: 
 
H = 0.296C(226Ra) + 0.48C(232Th) + 0.031C(40K)                                                                                 (2) 
 
where H = the dose equivalent rate (nSv.h-1) at one meter over an infinite hemisphere of material in 
which natural radionuclides 226Ra, 232Th, and 40K have concentrations C(in Bq.kg-1). 
 
Table 2: Gamma ray dose rates in buildings of Cuba and estimated indoor effective dose from  
external terrestrial exposure. 
 

Measured Absorbed 
Dose  

Rate Indoors, (nGy.h-1) Province 
No. 
of 

houses Range Mean ± 
S.D. (a) 

Estimated Terrestrial 
Gamma Absorbed 
Dose Rate ± S.D., 

(nGy.h-1) 

Annual 
Effective 

Dose ± S.D., 
µSv 

Camagüey 202 45 – 103 73 ± 9 47 ± 9 231 ± 45 
Holguín 99 32 – 47 43 ± 3 17 ± 3 83 ± 14 
Las Tunas 69 49 – 70 59 ± 3 33 ± 3 161 ± 15 
La Habana 70 37 – 59 47 ± 4 21 ± 4 103 ± 18 
Ciego de Ávila 103 30 – 68 57 ± 6 32 ± 6 155 ± 28 
CUBA 543 30 - 103 59 ± 14 34 ± 14 167 ± 69 

Population-weighted Annual Effective Dose ± S.D., µSv 145 ± 40 
  (a) S.D. – Standard deviation  
 
In order to compute the effective dose to Cuban population due to terrestrial gamma radiation, the 
value of absorbed dose rate in air from cosmic ray must be subtracted. Measurement of indoor 
absorbed dose rate inside dwellings ranged from 30 to 103 nGy.h-1, with  average value of 59 nGy.h-1 
(Table 2). It has been estimated that 42.3 % of this value is due to cosmic radiation and 34 nGy.h-1 is 
due to natural radionuclides contained in building materials. If the value from the cosmic radiation is 
subtracted, the indoor absorbed dose rate range from 5 to 78 nGy.h-1. 
 
External exposure arising indoors were also estimated adopting the coefficient of 0.7 Sv.Gy-1 
recommended by UNSCEAR [1,9] to convert the gamma absorbed dose rate in air into effective dose. 
For calculating, average absorbed dose rates were utilized together with an occupancy factor of 0.8. 
The values obtained for the five provinces, listed in Table 2, range from 83  µSv.yr-1 (Holguín) to 231 
µSv.yr-1 (Camagüey) and are lower than 309 µSv.yr-1 obtained for the former German Democratic 
Republic [10], 570 µSv.yr-1 reported for Jamaica [11], 470 µSv.yr-1 estimated for Jordan [12] and 209 - 
400 µSv.yr-1 reported for Nigeria [13]. 
 
The external absorbed dose rates in indoor air and the corresponding annual effective dose due to 
gamma ray emission from the radionuclides in these building materials, were evaluated using the 
procedure and data provided by other investigators.  
 
The annual indoor effective dose can be derived from the formula [14]: 
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where   E =  annual  effective   dose  resulting  from gamma emitters in the building materials (µSv); k 
= p.T.b.10-3; p = fraction of time spent indoors (occupancy factor); T = 8760 h per year; b = 
conversion factor of absorbed dose rate in air to annual effective dose, Sv.Gy-1; ARa, ATh and AK are 
the specific  concentrations  of  226Ra, 232Th, and 40K, respectively in the type i of building material; 
qRa, qTh and qK = dose coefficient (nGy.h-1 per Bq.kg-1) converting activity concentration of 226Ra, 
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232Th, and 40K in building materials to absorbed dose rates in indoor air, mi = mass fraction of the type 
i-th material in the reference room. 
 
Table 3: Values of the conversion coefficients to assess the external dose for different concrete 
room models. 
                   

Conversion coefficient, 
nGy.h-1 per Bq.kg-1 Room geometry, 

Wall thickness 

Wall 
density 

(g.cm-3 ) 226Ra 232Th 40K 
Reference 

4 × 5 × 2.8 m3, 20 cm 2.32 0.914 1.105 0.0776 [15] 
4 × 5 × 2.8 m3, 20 cm 2.32 0.792 0.889 0.0700 [16] 
4 × 5 × 2.8 m3, 20 cm 2.35 0.922 1.096 0.0806 [5] 
6 × 4 × 3 m3, 20 cm 2.32 0.620 0.890 0.0540 [14] 
9 × 5 × 2.5 m3, 20 cm 2.35 0.764 0.893 0.0658 [17] 
5.6 × 3.1 × 2.5 m3, 14 cm NR (a) 0.795 0.892 0.0704 [18] 
3.6 × 3.6 × 3.0 m3, 10 cm 1.73 1.297 1.705 0.1050 [13] 

(a) NR – Not Reported 
 
The choice of q conversion coefficients is the most important factor for assessing of the external dose 
from building materials. Because the gamma radiation from walls is strongly dependent on the wall 
thickness and on the density of building materials, a standard room must be assumed to estimate the 
absorbed dose rate. Coefficients calculated by several different methods have been reported by 
Stranden [15,17], Koblinger [16,19] and Mustonen [5] for “standard” room (4m × 5m × 2.8m) of 
similar size, wall thickness, and wall density as the room examined in our prototype house. Table 3 
shows some typical values of these coefficients for different model rooms. The room in the Cuban 
typical house has dimensions of  3.8 × 4.8 ×3.0 m3 and has walls just over 20cm thick with density 
about 2 g.cm-3. Koblinger's analysis [19] suggests that these differences in size and wall density are no 
likely to make significant difference in the exposure or, by implication, in the effective dose at the 
center of the two rooms. 
 
Table 4: Parameter values used in calculating the effective doses given in Table 5 for typical Cuban 
room geometry(a). 
 

Specific dose rate, 
nGy.h-1 per Bq.kg-1 Structures in a building causing 

the irradiation 226Ra 232Th 40K 
Floor, ceiling and walls of concrete 0.92 1.10 0.080 
Floor and walls (wooden ceiling) 0.67 0.78 0.057 
Floor (wooden house with concrete floor) 0.24 0.28 0.020 

                                 (a)  Dimensions of the room prototype  4m × 5m × 2.8m, 
                         Thickness and density of the structures: 20cm, 2350 kg.m-3 (Concrete). 
 
For typical Cuban house built basically of brick, concrete and wood with a mean concentration of   
226Ra, 232Th, and 40K given in Table 1, the mean values of the annual effective dose are estimated to be 
between 55 and 400 µSv for adults, 60 and 440 µSv for children and range between 70 and 510 µSv 
for infants using Mustonen’s conversion factors (Table 4); occupancy factor, 0.8 and conversion factor 
of absorbed dose rate in air to effective dose of 0.72, 0.8 and 0.93 Sv.Gy-1 for adults, children and 
infants, respectively [9] as is listed in Table 5. 
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Table 5: Estimated values of the mean absorbed dose rate in air in various type of buildings for Cuban 
typical room geometry. 
 

Material, [%] Type of 
building Concrete Brick Wood Cement Sand 

Absorbed dose 
rate ± SD,  

nGy.h-1 
Concrete 85 0 0 5 10 78 ± 10 
Bricks 0 65 20 5 10 47 ± 4 
Wooden 0 0 85 10 5 11  ± 7 

 
 
If we have taken into account population and house distribution by type of house and building 
geometry, then we can estimate the population-weighted annual effective dose due to natural 
radioactivity in building materials, which range from 4 µSv (wooden houses) to 108 µSv (concrete 
houses) with a total value of the annual effective dose calculated to be 125 µSv as can be seen in Table 
6. 
 
Table 6: Weighted annual effective dose indoors due to natural radioactivity  in building materials for 
Cuban typical room geometry. 
 

Annual Effective  
Dose ± S.D., [µSv] Type of 

building 

House 
Distribution, 

[%] 

Population 
Distribution, 

[%] 
Infants (a) Children Adults 

Population-
weighted 
Annual 

Effective 
Dose ± S.D., 

[µSv] 
Concrete 48.2 54.2 510 ± 65 440 ± 60 400 ± 50 108 ± 15 
Bricks 23.3 20.1 310 ± 30 265 ± 20 240 ± 20 12 ± 3 
Wooden 28.5 25.7 70 ± 45 60 ± 40 55 ± 35 4 ± 3 

TOTAL (rounded) 125 ± 15 
(a) Distribution of Cuban population by age: 75.3 % adults, 13.95% children and 10.75% infants. 

 
In general, there is a good agreement between estimated (145 µSv) and computed (125 µSv) 
population-weighted annual effective dose. Its small difference (16%) probably means that the 
distribution of radionuclides in the building materials is, as a rule, not uniform.  
 
4. Conclusions 
 
Mean values of radium equivalent activity of building materials samples ranged from 8 ± 4 Bq.kg-1 
(wood) to 140 ± 68 Bq.kg-1 (red brick) well bellow the value 370 Bq.kg-1 to avoid radiation hazards, 
because for this value corresponds the annual effective dose  of 1mSv.  
 
The population weighted annual effective dose due to terrestrial gamma radiation indoors was 
computed to be in the range 125-145 µSv taking into account room geometry of Cuban houses. This 
range is less than the average external annual effective dose of 410 µSv from natural indoor radiation 
sources of terrestrial origin assessed by UNSCEAR [1]. 
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