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Abstract 

We have assessed the exposure of the Spanish population to natural 
radiation sources. The annual average effective dose is estimated to be 
2.38 mSv, taking into account contributions from cosmic radiation 
(13.8%), terrestrial gamma radiation (39%), radon and thoron inhalation 
(34%) and ingestion (13.2%). Cosmic radiation doses were calculated from 
town altitude data. Terrestrial gamma ray exposure outdoors was 
derived from the MARNA (natural gamma radiation map of Spain). Indoor 
gamma ray exposure was calculated by multiplying the corresponding 
outdoor value by a conversion factor, which was obtained by a linear 
least-squares fit of experimental measurements. Radon doses were 
estimated from national surveys carried out throughout the country. To 
assess doses by ingestion of water and foodstuffs we considered the 
results from a detailed study on consumption habits by age and 
geographical area in Spain, promoted by CSN, and average radioactivity 
values from UNSCEAR. 
 
1. Introduction 
 
For members of the public in general, exposure to ionizing radiation from 
natural sources largely exceeds that from man-made sources. The 
worldwide average for natural radiation exposure is 2.4 mSv/y [UN, 
2000], but for particular areas this value can be exceeded by orders of 
magnitude. 
 
The natural radiation background constitutes a reference level against 
which other exposures may be compared. An accurate characterization of 
the radioactivity background levels is useful to detect and evaluate the 
consequences of potential accidental or inadvertent radioactive releases, 
as was spotlighted after the Chernobyl accident.  
 
Furthermore, there an increasing concern about the risk to individuals 
exposed to very high levels of natural radioactivity. The European Union 
has taken concrete action to prevent such situations, by means of 
Recommendations and Directives, as the Directive 98/83/EC on the 
quality of water intended for human consumption, the Construction 
Product Directive (89/106/EC) or the Commission Recommendation on the 
protection of the public against indoor radon (90/143/EURATOM).  
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In this paper, we evaluate the natural radiation doses to the Spanish 
population. Depending on the available measurements or data, the 
calculations for the different contributions to the total effective doses 
have been performed by municipalities (which are the smallest 
administrative units); by provinces (second-level units); or on a national 
level. In all cases, the data have been combined in order to obtain 
population-weighted average values. Due to the lack of data, the 
estimations do not include neither the islands nor Ceuta and Melilla. 
  
2. Dose estimates 
 
Exposure to ionizing radiation has been divided into four categories: 
cosmic radiation; external gamma radiation; radon and thoron 
inhalation; and other internal exposures to natural radionuclides (intakes 
of natural radionuclides). The first three are evaluated by municipalities, 
which are the smallest administrative units. For the intakes national 
average are provided. 
 
2.1 Cosmic radiation 
 
When assessing exposure to cosmic radiation, two components can be 
distinguished: directly ionizing radiation and neutron radiation.  
 
The effective dose rate due to the directly ionizing component is 
estimated to be 32 nSv/h [UN, 2000] for latitudes between 30 and 50º N, 
- the Iberian Peninsula extends from 36º to 43º 47. The variation with 
altitude in the dose rate can be expressed as:  
 

ÊI(z)=ÊI(0) [0.21 exp(-1.649 z) + 0.79 exp (0.4528 z)], 
 
ÊI(0) being the dose rate at sea level and z the altitude in km. According 
to this parameterization, there is a difference of a factor 1.22 between 
the dose rate at sea level and at 875 m (corresponding to the 75th 
percentile for the altitude distribution of Spanish municipalities). 
 
The variation with latitude of the neutron component is more 
pronounced. UNSCEAR [UN, 2000] assigns a mean value of 5.3 nSv/h to 
latitudes between 30 and 40º N, and to those between 40 and 50º N, a 
value of 7.8 nSv/h. The variation with altitude can be obtained 
multiplying by a factor: exp(-0.00721 p), p being the atmospheric depth. 
The relation between altitude over sea level, z (km), and the atmospheric 
depth is, for p>230 g cm-2: Z=44.34-11.86 p0.19. Between sea level and 
875-m altitude, the difference in dose rate is a factor 2.1.  
 
For exposures inside buildings, doses are reduced due to the shielding 
provided by building materials. The exact value of the reduction factor 
depends on the type of building and on the materials employed, but in 
general a 0.8 factor can be considered [UN, 2000]. On the other hand, we 
have assumed an indoor occupancy factor of 0.8. 
 



 3

The doses from cosmic radiation for all municipalities in the peninsular 
territory have been estimated by substituting the corresponding altitude 
value in the equations above. These values were weighted by the 
population data from the 2001 census in order to obtain a nationwide 
average (0.33 mSv/y, with a range from 0.29 to 0.69 mSv/y).  
 

2.2. External Gamma Radiation Doses 
 
Most of the radionuclides from the 238U, 232Th and 235U decay series, as 
well as 40K, are gamma emitters. These radionuclides, ubiquitous in the 
environment, constitute an important source of exposure to ionizing 
radiation, accounting, on average, for 20% of the natural radiation 
doses. Outdoors, the soil is the main source of exposure, while indoors 
building materials are the main contributors.  
 
2. 2.1. Outdoor doses 
 
The natural gamma radiation map (MARNA), on a scale 1:200.000, 
evaluates the gamma radiation doses in Spain at a height of 1 m 
outdoors. It was developed by CSN and ENUSA using radiation data from 
the aerial and terrestrial measurements obtained in the national 
exploration plans for uranium (1968-1981) and measurements from 
specifically designed campaigns.   
 
We used the MARNA map to obtain the gamma radiation values for every 
municipality. We took the grid file from which the map had been obtained 
using a kriging algorithm, and interpolated the geographical coordinates 
of each site in order to obtain the corresponding gamma radiation level – 
a histogram of the exposures to the population is shown in Fig. 1. To 
convert the results, which are given in absorbed doses in air, to effective 
doses for adults, we subtracted the contribution of cosmic radiation and 
applied a factor of 0.7 Sv/Gy [UN, 2000]. The outdoors permanence 
factor was taken as 0.2.; the resulting nationwide average, weighted by 
population is 0.08 mSv/y. 
 
2.2.2. Indoor doses 
 
Gamma radiation doses received indoors are usually higher than those 
received outdoors, mainly due to the change in the geometry. In general, 
there exists a linear relationship between the doses outdoors and 
indoors, the ratio being 1.4 on average, although variations from 0.6 to 
2.3 have been reported [UN, 2000].  
 
Campaigns of indoors-outdoors measurements have been carried out in 
several areas along the country [Quindos, 1998]. A graphical 
representation of the data for every area shows a linear relationship in 
all cases. Combining all the measurements we have obtained a regression 
line of slope 1.199±0.013 and intercept 0.57±0.50. 
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The doses in every municipality have been estimated substituting in the 
regression equation the value of the external dose obtained from the 
MARNA map. The nationwide average, weighted by population is 0.85 
mSv/y. 
 
 2.3. Inhalation Doses  
 
Natural radiation doses received by inhalation are mainly due to two 
contributions: radon (222Rn) and thoron (220Rn). Other natural 
radionuclides give rise to negligible doses (<0.01%). 
 
2.3.1 Radon 
 
Radon is the only gaseous descendant in the 238U chain. This gas and its 
short-live descendants are responsible for about 50% of the natural 
radiation doses. Radon concentrations outdoors are much lower than into 
buildings, where it enters by diffusion or advection and tends to 
cumulate. Indoor radon levels depend on many factors, as 226Ra content in 
soil, permeability, constructive features, etc.   
 
Radon measurements had been made in approximately 350 municipalities 
throughout the country [Quindos, 1991], [Baixeras, 1996], [Amorós, 
1995]. From these data, we estimated for every province, the geometric 
mean value of the distribution of radon levels in dwellings.  
 
Some of the surveys have been mainly confined to single-family dwellings, 
while most of the Spanish population lives in multi-storey buildings. A 
survey in the cities of Madrid and Barcelona [Gutierrez, 1992] suggests 
that the average radon levels in apartments can be considered two times 
lower than in single family houses. For these cases, we used data of the 
2001 national census regarding the percentage of population living in the 
second floor above the ground or in a higher level, and applied a 
reduction of 2 compared to people leaving on ground or first floors. 
Taking these considerations into account, we estimated a geometric mean 
for the whole country of 39.8 Bq/m3.  
 
For dose conversion factors (DCF), there is not an international 
consensus. DCF values derived from epidemiological studies and from 
dosimetric considerations do not agree, varying in a range from 6 a 15 
nSv (Bq h m-3)-1. We have selected a value of 6.1 nSv (Bq h m-3)-1 proposed 
in the Spanish Real Decreto /2001. Another parameter to be considered is 
the equilibrium factor, for which we took a value of 0.4 for dwellings 
[UN, 2000].  
 
On the other hand, radon levels outdoors have been estimated from 
annual averages calculated from data recorded by the 25 automatic 
stations of the Radiological Surveillance Network, distributed all over the 
country [INT.04.05]. Considering an equilibrium factor of 0.6 outdoors, 
the nationwide mean effective dose is 0.03 mSv/yr.  
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2.3.2 Thoron 
 
Doses due to thoron and its decay products are much lower than radon 
doses. This is due to its short half-life and thus its much lower 
concentration in air. Thoron measurements are scarcer than radon 
measurements, and in particular in Spain there are very few data 
available. A typical value for the thoron/radon ECC ratio is 0.02 [UN, 
2000]. The values for the dose conversion factor are based on dosimetric 
models, since currently there are not epidemiological models available. 
We have considered a value of 37.7 nSv (Bq h m-3)-1. Using those 
assumptions and the average value of radon in dwellings, we have 
estimated the doses indoors due to thoron. The mean value for the 
country is 0.08 mSv/yr. The doses received outdoors can be neglected. 

2.4. Ingestion Doses 
 
On average, doses due to ingestion of natural radionuclides are not high 
(the world mean value is 0.3 mSv/a), although they exhibit a great 
variability due to different levels of background radiation, climates, 
harvesting practices, etc.  
 
Doses due to 40K ingestion are regulated by the homeostatic equilibrium 
of this element in the organism. For adults, the average content of 
potassium is 0.18%. Considering an abundance of 40K of 1.17 10-4, the 
effective doses are 165 µSv/a [UN, 2000].  
 
To estimate the doses due to ingestion of uranium or thorium series 
radionuclides, we have considered the average values of radioactivity in 
foodstuffs given in UNSCEAR. Data from consumption rates have been 
taken from a Spanish study [DOC.05.01] made by age group, population 
size and province. Six categories of foodstuff have been considered: milk 
and dairy products; meat; grain products; leafy vegetables; root 
vegetables and fruits, and; fish. The calculated mean dose for the 
Spanish population is 134.14±85 µSv/yr (the quoted uncertainty includes 
only variability in consumption rates, not in radioactivity contents); 64% 
of this total dose comes from fish consumption.   
 
Water ingestion can be also an important source of radionuclides into the 
body, especially when consuming groundwater. For supplies serving more 
than 20.000 inhabitants, the water origin is 76% surface water, 22% 
groundwater (including springs), and 2% other sources (basically 
desalinization). For locations with less than 20.000 inhabitants the 
proportions are inverted, with 22% surface water, 70% groundwater, and 
the remaining, unspecified. Besides, annual consumption of bottled water 
in Spain is estimated in 114 l per person, representing roughly 20% of the 
water intake. We neglected the doses due to surface water consumption 
and considered a mean effective dose of 30 µSv/y for people drinking 
bottled water or water from groundwater origin [Métivier, 1997], 



 6

excluding the contribution of radon. Under these assumptions, the 
average value for the country is 15 µSv/yr.  
 
3. Conclusions 
 
We have calculated a nationwide average effective dose from natural 
radiation sources of 2.38 mSv/yr. The different contributions to this 
value have been represented in Fig. 2: cosmic radiation (13.8%); 
terrestrial gamma radiation (39%); radon and thoron inhalation (34%), 
and; ingestion (13.2%). These doses are in good agreement with values 
reported for other European countries and with the worldwide average 
values proposed in UNSCEAR. 
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Fig. 1: Distribution of population with respect to the outdoor absorbed 
dose rate in air from terrestrial gamma radiation. 
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Fig 2: Contributions to the annual effective dose from natural radiation 

sources 


