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Abstract 
 
A new method to estimate the indoor gamma dose rate has been 
developed. This method is based on outdoor gamma dose rate 
measurements and a computational model that requires the knowledge of 
some structural and geometrical characteristics of the dwelling. It can be a 
very useful tool in situations in which it is impossible entering the 
dwellings to measure the indoor gamma dose rate, such as epidemiological 
studies and other surveys. To validate the method, estimates and actual 
indoor measurements have been compared for a sample of dwellings. In a 
first phase, indoor gamma dose rate estimates were obtained using the 
detailed dwelling information contained in questionnaire filled-in during 
the indoor measurements. This first comparison gave excellent results. A 
more general and less site dependent approach has now been 
implemented, assuming average values for many indoor parameters 
instead of using questionnaire data, in order to evaluate the predictive 
characteristics of this method for a practical use. In this paper, the new 
procedure is presented and the results obtained till now are summarized.  
 
 
1. Introduction 
 
Indoor gamma exposure is an important contribution to the total exposure 
of population to ionizing radiation (UNSCEAR, 2000). The main sources of 
such exposure are the building materials, especially in multi-storey 
buildings. Some buildings materials have a high content of natural gamma-
emitter radionuclides, e.g. alum shale, tuffs, pozzolana, etc. In Central-
Southern Italy, some of these materials (i.e. tuffs and pozzolana) are 
widely used, so that the average gamma dose rate in dwellings is above 
200 nGy/h (Bochiccho et al, 1996). For this reason, the Istituto Superiore di 
Sanità (the Italian National Institute of Health) has studied this issue since 
the 1980s (Risica et al, 2001). 
 
Sometimes it is not possible to measure directly the indoor gamma dose 
rate, because the dwelling is currently not occupied or the dwelling 
inhabitants refuse permission for measuring. This could be a problem for 
epidemiological studies or other surveys. In such cases, it is important to 
estimate the indoor value with adequate accuracy. To this purpose, a 
method (called “IN-OUT”) was developed, which combines experimental 



 

 

measurements carried out outside the building and computations, which 
require the knowledge of some structural and geometrical characteristics 
of the examined dwelling. 
The preliminary results of the IN-OUT method – obtained in the framework 
of an epidemiological study of childhood leukaemia, lymphomas, and 
neuroblastoma – have shown that such method can reach very high 
accuracy, if all the parameter values are available, some of which were 
obtained from inhabitants (regarding geometrical characteristics of the 
dwelling, such as the wall thickness and the room dimensions), whereas 
others (e.g. the building material density) were derived from previous 
measurements or data sheets. 
 
In order to evaluate how the IN-OUT estimates depend on the different 
parameters, an updated computational procedure was set-up. With this 
procedure, many elaborations with varying parameter values can be easily 
produced, allowing determining the most critical parameters. In this 
paper, previous studies on the method IN-OUT will be summarized, and the 
present/new computational procedure shortly described, together with 
some preliminary results. 
 
 
2. Previous studies on the method IN-OUT 
 
Methodology and the results of the method IN-OUT were described in detail 
in other papers (Bochicchio et al, 2004; Nuccetelli et al, 2005), and will be 
only summarized here. 
 
The procedure used in previous IN-OUT method to estimate indoor gamma 
dose rate required the following data: i) “outdoor” gamma dose rate 
measurement at contact of an external wall; ii) information of the 
analyzed dwellings, such as the number of main or external walls and of 
the partition walls, and room dimensions. Some more specific information 
concerning the gamma radiation field emitted by external walls would be 
necessary, but previous spectrometric measurements (Nuccetelli and 
Bolzan, 2001) have shown that generally, in the central part of Italy, it is 
possible to divide the different building materials into two groups: 1) tuff 
and stone; 2) concrete and bricks. 

 
The main procedure steps of the IN–OUT method can be described as 
follows (Bochicchio et al, 2004): 
(1) measuring the gamma dose rate close to an external wall 

representative of the selected dwelling, i.e. a wall presumably with the 
same composition and thickness of the main or the external wall of the 
rooms whose gamma dose rate must be determined; c 



 

 

(2) calculating the activity concentration of the gamma emitters present in 
the external wall by applying a computational code (Nuccetelli and 
Bolzan, 2001); 

(3) calculating the gamma dose rate in the centre of the room, on the basis 
of the actual or assumed geometrical, structural and radioactive 
characteristics of the walls, floor and ceiling, with the following 
assumptions: a) for the external or main walls the activity 
concentration of gamma emitters is assumed to be equal to that 
calculated in (2); b) for the partition walls the activity concentration is 
taken as the mean value obtained as in (2) for concrete/bricks walls, 
whereas the thickness and density are assumed to be 10 cm and 1000 kg 
m–3, respectively; c) for floor and ceiling the same activity 
concentrations and thickness of the partition walls are assumed, but 
different densities are used for buildings with different age. 

 
All calculations was done with the Mathematica@ software. 
 
The IN–OUT method was tested by comparing indoor gamma dose rates 
estimated with the described procedure and those directly measured in 
selected dwellings in the framework the SETIL study, the Italian 
epidemiological study on the etiology of childhood leukaemia, lymphoma 
and neuroblastoma (Bochicchio et al, 2004; Nuccetelli et al, 2005). 
 
For each dwelling, two rooms were generally considered. Geometrical and 
structural characteristic data of the selected dwellings were collected 
through questionnaires by trained interviewers, who also performed indoor 
and outdoor measurements of gamma dose rate, by means of a 3” x 3” 
plastic scintillators, that are very sensitive from ~50 keV to ~7 MeV, 
allowing to obtain accurate and precise results of gamma dose rate in a 
short time (generally less than 10 min). 
 
In Table 1, some results referring to a sample of 91 dwellings (48 in Latium 
and 43 in Campania) are reported (Bochicchio et al, 2004). The indoor 
gamma dose rate was measured in the center of the selected rooms and 
the average is used for this table. The outdoor gamma dose rate was 
measured at contact of the external wall at about 1.5 m from the ground. 
The crude ratio of the outdoor and indoor measured value is reported in 
comparison with the ratio of the IN-OUT model estimate and indoor 
measured value. The table shows that, on average, the outdoor measured 
value is an accurate estimate of the indoor value, but with a low precision, 
as given by the COV, which is 30% for the complete set. In comparison, the 
IN-OUT method represents a great improvement in the precision: the 
overall COV decreases to 11%. 
 

Table 1. Summary of previous results of the IN-OUT method within the 
SETIL study 



 

 

 
Measured gamma 

dose rate (nGy h–1) 

Outdoor value 
Indoor value 

IN-OUT 
estimate 

Indoor value
Indoor Outdoor

District Building  
material 

No. of  
dwelling

s 
AM SD AM SD AM COV AM COV

 Tuff/stone 26 227 60 254 91 1.12 30% 0.99  8% 
Latium Concrete/brick 22 133 52 138 50 1.11 40% 1.07 13%

 All 48 186 72 201 94 1.12 34% 1.03 12%

 Tuff/stone 19 188 24 193 28 1.04 17% 1.02 10%

Campani Concrete/brick 24 143 37 145 37 1.04 25% 1.04 10%

 All 43 163 39 166 41 1.04 22% 1.03 10%

 Tuff/stone 45 210 52 228 77 1.09 26% 1.00  9%

Total Concrete/brick 46 138 44 142 43 1.07 33% 1.05 12%

  All 91 176 49 184 76 1.08 30% 1.03 11%
AM = Arithmetic Mean, SD = Standard Deviation, COV = Coefficient of Variation = SD/AM 

At present, the data collection for the SETIL study was completed, and the 
final sample size includes a total of 212 dwellings in three Italian regions 
(74 in Latium, 81 in Campania, and 57 in Piedmont). The analysis of the 
complete set of data is in progress, utilizing the new computational 
procedure described in the next session. 
 
 
3. The new IN-OUT computational procedure  
 
The new computational procedure of the IN-OUT model has the following 
main differences with previous one:  

• the contribution of the outdoor soil to the gamma dose rate 
measurement at contact to the outdoor wall is taken into account. 
This contribution is evaluated on the basis of a gamma dose rate 
measurement at contact with outdoor soil through an iterative 
procedure; 

• for buildings built mostly with cement, the radioactive 
concentration of floors, ceilings and partition walls has been 
assumed to be equal to that of external walls, (but with different 
density and thickness), instead of the average measured 
concentration of cement external walls, as assumed in the previous 
procedure; 

• for buildings built mostly with tuff, the radioactive concentration of 
the partition walls has been assumed to be equal to that of external 
walls (but with different thickness), whereas for floors and ceilings 
the average measured concentration of cement external walls was 
utilized, as it was done in the previous procedure for all floors, 
ceilings and partition walls; 



 

 

• the computational procedure has been reorganized and rewritten to 
perform calculations for all the dwellings together, with the option 
to change one or more parameter values in order to carry out a 
sensitivity study, which is in progress; in the previous procedure, 
calculations were done dwelling by dwelling utilizing the detailed 
information reported in the questionnaire concerning the internal 
structure of the dwelling. 

 
Preliminary results of the new procedure applied to the 81 dwellings of 
Campania region are very similar to those reported in table 1 as regards 
the average ratio of IN-OUT estimate and the measured indoor gamma 
dose rate. The width of the distribution of this ratio is slightly larger than 
that reported in table 1, because, as reported above, with the new 
procedure the same indoor parameter values were applied to all the 
dwellings.  
 
 
SETIL Working Group: C. Magnani, G. Assennato, L. Bisanti, M. Cuttini, E. 
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