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ABSTRACT 

 
The titanium dioxide used as the white pigment in paints is produced from the processing of ilmenite minerals. 

As monazite, the main ilmenite radioactive contaminant, contains 1 to 20% thorium dioxide and also some 

uranium traces, so, eventually, wall paints can contain radioactivity. Activity concentrations of the naturally 

occurring radionuclides 
226

Ra, 
232

Th and 
40

K were determined in 15 brazilian economic wall paints samples, by  

high resolution gamma-ray spectrometry. The activities concentrations in the studied samples ranged from  

1.3 ± 0.2 Bq/kg to 23.4 ± 0.7 Bq/kg for 
226

Ra; from 2.5 ± 0.4 Bq/kg to 45.8 ± 1.5 Bq/kg for 
232

Th and from  

5.8 ± 2.1 Bq/kg to 157 ± 22 Bq/kg for 
40

K. The radium equivalent index, calculated from the 
226

Ra, 
232

Th and 
40

K concentrations, varied from 1.30 Bq/kg up to 95.9 Bq/kg, below the value of 370 Bq/kg recommended by 

OECD for a safety use in residential building applications. 

 

 

1. INTRODUCTION 

 

Naturally occurring radionuclides with half-lives of the same order that the age of the earth, 

like 
40

K and the radionuclides from the 
238

U and 
232

Th series, are the major source of 

exposure for mankind [1,2]. Buildings and houses are very important in human life, as quite a 

lot of the lifetime is spent at home and/or office. Virtually, every building material contains 

the natural radionuclides 
226

Ra, 
232

Th and 
40

K, so, knowledge of the levels of natural 

radioactivity in building materials is important for the assessment of population exposure to 

natural radioactivity. 

 

Several studies have been conducted to evaluate natural radioactivity in building materials 

such rocks, granites, marbles, sand, etc. [3-5], however, to date, there are no studies 

concerning the natural radioactivity that eventually the wall paints used internal or externally 

in buildings and houses used could contain. 

 

The basic raw materials for the production of almost all kinds of paints are made up of resins, 

pigments, solvents and additives. The pigments give the paint color, solvents make it easier to 

apply, resins help it dry and additives serve as everything from fillers to antifungal agents. 

The basic pigment is titanium dioxide, providing the whiteness and opacity of paints. 

Titanium dioxide is a simple inorganic compound, processed from ilmenite minerals, 

representing 92% of the world demand of titanium minerals [6]. As monazite, the main 

ilmenite radioactive contaminant [7], contains 1 to 20% thorium dioxide and also some 
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uranium traces, it is easy to assume that wall paints, as other construction materials, could 

contain natural radioactivity [8]. 

 

Several studies have been conducted to evaluate the occupational exposure of titanium 

production industry workers [9-11], but the natural radioactivity effect to the humans from 

the wall paints used in the buildings and houses remains still unknown. 

 

The use of titanium dioxide in Brazil is divided between 85.5% for paints, 8.6% for steel 

industry, 6.4% for iron alloys, 1.6% for electrodes and 0.8% for floors and tiles [12]. 

 

Brazil is one of the world top five markets for coatings, manufacturing paints in a variety of 

applications. There are hundreds of large, medium and small manufacturers spread 

throughout the country. The top ten manufacturers account for 75% of total sales [13]. 

 

 

2. EXPERIMENTAL 

 

Fifteen different brands of economic wall paints were kindly provided by SENAI (National 

Industrial Training Service) and ABRAFATI (Brazilian Coatings Manufacturers Association). 

Each sample was tightly sealed in a 100-mL HDPE flat-bottom cylindrical flask with screw 

cap and bubble spigot and stored for approximately 4 weeks, in order to ensure radioactive 

secular equilibrium [14]. 

 

All samples were measured during 150000 seconds with a coaxial extended range high-purity 

germanium detector (Canberra XtRa GX2520 detector), with conventional electronics and an 

EG&G ORTEC Spectrum Master 919 4-k multichannel analyzer. The spectra were analyzed 

with the WinnerGamma software [15]. The background radiation was determined by 

measuring an ultra-pure water sample and the detector efficiency curve was determined with 

a multi-element standard aqueous radioactive solution sample, both in the same geometry as 

the samples. 

 

The activity of 
40

K was calculated through its single gamma transition of 1461 keV. The 

activity of 
226

Ra was determined by the weighted mean of the gamma transitions of
 214

Pb 

(295.2 keV and 351.9 keV) and 
214

Bi (609.3 keV), as seen in Eq. (1), and the activity of 
232

Th 

by the weighted mean of the gamma-ray transitions of
 212

Pb (238.6 keV and 300.1 keV), 
212

Bi 

(727.3 keV) and 
228

Ac (338.4 keV, 911.1 keV and 968.9 keV), as seen in Eq. (2). All 

activities concentrations were determined without self-attenuation corrections [16]. 
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Where 

Ra
C 226  : 

226
Ra activity concentration (Bq/kg); 

Pb
C 214  : 

214
Pb activity concentration (Bq/kg); 
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Pb214σ  : Uncertainty of 
214

Pb activity concentration (Bq/kg); 

Bi
C 214  : 

214
Bi activity concentration (Bq/kg); 

Bi214σ  : Uncertainty of 
214

Bi activity concentration (Bq/kg). 
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Where 

Th
C 232  : 

232
Th activity concentration (Bq/kg); 

Pb
C 212  : 

212
Pb activity concentration (Bq/kg); 

Pb212σ  : Uncertainty of 
212

Pb activity concentration (Bq/kg); 

Bi
C 212  : 

212
Bi activity concentration (Bq/kg); 

Bi212σ  : Uncertainty of 
212

Bi activity concentration (Bq/kg); 

Ac
C 228  : 

228
Ac activity concentration (Bq/kg); 

Ac228σ  : Uncertainty of 
228

Ac activity concentration (Bq/kg). 

 

The Radium Equivalent Index was calculated using the 
226

Ra, 
232

Th and 
40

K activity 

concentrations, as seen in Eq. (3).  

 


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



++=

4810259370
370

40232226 KThRa
eq

CCC
Ra     (3) 

 

 

3. RESULTS AND DISCUSSION 

 

The activity concentration values of the considered natural radionuclides, for each wall paint 

brand are shown in Fig. 1 and the Radium equivalent index values are shown in Fig. 2. 

As seen in Figure 2, the radium equivalent index for all samples is lower than the value of 

370 Bq/kg recommended by OECD for a safety use in residential building applications [17]. 
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Figure 1: 
226

Ra, 
232

Th and 
40

K activity concentration values assessed for 15 brands of 

brazilian economic wall paints. 

 

 

 
 

Figure 2: Radium equivalent index values, assessed for 15 brands of brazilian economic 

wall paints. 
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In Table 1 the results for the natural radionuclides activities concentrations in brazilian 

economic wall paints are compared with activities concentration for common building 

materials. 

 

Table 1:  Natural radionuclides activities concentrations of wall paints and common 

building materials 

 

Activity concentration (Bq/kg) 
Material 226

Ra 
232

Th 
40

K 
Reference 

Wall paints 1.3 – 23.4 2.5 – 45.8 5.8 – 157 Present Work 
Concrete 1.0 - 1300 1.0 - 152 7.0 - 1450 [18] 
Cement 4.0 - 422 3.0 - 266 4.0 – 846 [18], [19] 
Brick 2.0 - 148 2.0 - 164 12 - 1169 [18], [19] 
Phosphogypsum 18 - 1406 2.0 - 118 0 - 569 [18] 
 

 

 

4. CONCLUSIONS  

 

Activities concentrations of 
226

Ra, 
232

Th and 
40

K in 15 brands of brazilian economic wall 

paints shows that, as expected because of the titanium dioxide, from the ilmenite, present in 

the white pigment, there is radiation, but at low levels. 

 

The radium equivalent indexes calculated for the wall paints are below the value of  

370 Bq/kg recommended by OECD for a safety use in residential building applications, so 

these wall paints can be safely used. 

 

As the economic wall paint samples have apparent densities between 1.15 g/cm
3
 and  

1.40 g/cm
3
, higher than the density of the multi-element standard aqueous radioactive 

solution sample used for the determination of the detector efficiency curve, attenuation 

factors for all samples will be further determined. 

 

Further, Standard and Premium wall paints will also be analyzed, for an extended evaluation 

of the radiation levels in brazilian commercial wall paints. 

 

The complete assessment of the natural radioactivity in wall paints will be achieved with the 

evaluation of the external hazard index (Hex), internal hazard index (Hin) and the gamma 

index (Iγ). 
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