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ABSTRACT  

The second largest cause of lung cancer is related to radon (
222

Rn) and its progenies in our 

environment. Building materials, such as concrete, contribute to the production of radon gas 

through the natural decay of 
238

U from its constituents. The Swedish Cement and Concrete 

Research Institute (CBI) has examined two identical concrete recipes where only an additive, 

X1002 Hycrete hydrophobant corrosion inhibitor was added to one of the recipes as a mean to 

lower the radon exhalation rate. Measurements were performed with an ATMOS 33 ionizing 

pulsation chamber at four different occasions for each recipe during 12 months. The results 

indicate a reduction of the exhalation rate by approximately 30-35 %, meaning roughly 2 mSv per 

year decrease in effective dose to a human.  
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1 INTRODUCTION AND BACKGROUND 

1.1 Ionizing radiation and health 

The second largest cause of lung cancer is due to ionizing radiation generated by radon and its 

progenies [1]. The EU legislation, its Construction Products Regulations [2] and the EU´s Basic 

Safety Standards (BSS) directive [3] currently put a strong focus on ionizing radiation of building 

materials and safety for the public. In 2018 the implementation of the current BSS should be 

fulfilled in the European countries national legislation. 

 

The Swedish bedrock contains in some cases high levels of 
238

U [4]. Bedrock, as crushed 

aggregate, often constitutes 70-80 weight % of a concrete recipe. In the natural decay of 
238

U the 

progeny 
226

Ra reduces to 
222

Rn. 
222

Rn is more commonly known as radon. Radon is a noble gas 

that is easily breathable and as such it is inhaled and continuous alpha decay of 
222

Rn to 
218

Po as 

well as 
214

Bi liberates alpha-particles that stick to the internal organs and cause immediate 

ionization of human cells within the body through their continued decay [5].  

 



The idea rose from observing an experiment using a hydrophobant admixture where water droplets 

stayed on the concrete surface. The hindrance to allow transport of water droplets into the 

concrete, may also have a direct effect of the diffusion rate within the concrete, since diffusion is 

considered being the driving force of radon gas exhalation?  

 

1.2 Regulations for buildings, earlier works and current study 

In Sweden, a national threshold level of radon gas is set at 200 Bq/m
3
 for habitants in dwellings, 

equivalent to 6-7 mSv per year effective dose [6]. 

 

Measures to reduce the exhalation rate of radon from concrete as a building material have only to 

some extent been studied. Chauhan & Kumar [7] showed the potentials of reducing the radon gas 

exhalation rates from concrete using rice husk. Also Yu et al. [8] and Taylor-Lange et al. [9] 

demonstrated the possible influences of reducing the exhalation rate of radon gas from different 

concrete surfaces using alternative binders, such as fly ash or metakaolin.  

 

In this research a study of an additive (hydrophobant), X1002 Hycrete, as an alternative to reduce 

the radon gas exhalation from the concrete surface was examined. 

 

2 METHODOLOGY 

2.1 Radon exhalation rate and radon gas measurements 

The principle makes use of a “closed system” as radon builds up within a sealed alumina container 

[10]. The radon gas exhalation rate, E (Bq/m
2
h) can be calculated knowing the initial conditions of 

the radon gas concentration in a given space (volume). The equation for the linear regression 

model [11] can be described as: 

 

 𝐸 =
{(C−Co)× 𝑉}

𝐴 𝑥 𝑡
 (1)  

 

where: E = Exhalation of radon gas (Bq/m
2
h), C = Concentration of radon gas measured by the radon gas 

monitor (Bq/m
3
), C0  = Background concentration of radon gas at initiation (Bq/m

3
), t = time of duration (h), 

A = Effective surface area of the sample (m
2
), V = Volume of the container including hoses.  

 

The final calculation of radon gas in air within a room is according to guidelines in the Swedish 

legislation, Swedish National Board of Housing, Building and Planning [12]; 

 

 𝐶𝑚 =
1

(𝜆+𝑛)
 𝑥 

𝐸 𝑥 𝐴

𝑉
 (2) 

 

Where, Cm = concentration (Bq/m
3
), 𝜆 = radon decay constant, n = circulations of air/hour, E = Exhalation 

rate of radon gas (Bq/m
2
h), A = surface of exhalation within the room (m

2
) and V = Volume of the room 

(m
3
).  

 

In the current study a ventilation rate of 0.5 circ./h of air in the room was adopted. The exhalation 

rate, E, used for calculation of the radon gas level within a room was approximated using the last 

three readings from each measurement series. 

 

2.2 Assessments 

The concrete recipes contained identical constituents (aggregates, cement, water) where the only 

difference was a contribution of an additive (Hycrete) to one of two recipes. Identical concrete 

cubes (150 × 150 × 150 mm) were cast and stored in a conditioning room at 23°C and 50 % 

Relative Humidity (RH) between all measurements. The measurements were conducted during a 



12 month period encompassing four separate measurements for each concrete recipe. Table 1 

presents the recipes and proportions used.  

 

Table 1 – Recipes and proportions (in kg/m
3
 and weight %) of the different constituents in the 

assessed concrete specimens.  

Constituents Standard recipe Standard recipe + 

additive 

 kg/m
3
 Weight (%) kg/m

3
 Weight (%) 

Cement, CEM II 350 15.3 350 15.3 

Crushed aggregate, 0/8 (75 wt %) 1285 55.8 1279 55.9 

Crushed aggregate 8/16 (25 wt %) 428 18.6 426 18.6 

Water 227.5 9.9 221.1 9.7 

Air 
0.01 

(~1.5%) 
0.01 

0.01 

(~1.5%) 
0.01 

Superplasticizer (sikament 56) ~1 - ~1 - 

Additive, Hycrete X1002 -  6.4 - 

Total 2291  2287  

w/c ratio 0.65  0.65  

 

3  RESULTS 

Figure 1a presents the measured radon exhalation rate of the two concrete recipes investigated. A 

distinct difference in exhalation rate is evident. A gross reduction of 30-35 % using an additive 

could be estimated. Figure 1b presents the approximate difference in radon gas within a room (3 × 

4 × 2.5 m).  

 

Figure 1a. The radon exhalation rate as a 

function of Relative Humidity (RH) of the 

concrete samples investigated. The error         

bars are ± 5 % [10].  

 

Figure 1b. The difference in radon gas within a 

standard room using a ventilation rate of 0,5 

circ./h. 

4 CONCLUDING REMARKS 

The effect of using an additive may have a strong impact on the radon gas exhalation rate of 

building materials such as concrete and consequently the radon gas level within a room. Chauhan 
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& Kumar [7] demonstrated a similar effect using an alternative binder such as rice husk ash in 

different concrete recipes. In the current study a reduction of 30-35 % of the radon gas exhalation 

rate from the concrete using an additive estimates a reduced effective dose to the human organs 

from 5.5 mSv per year to roughly 3.5 mSv per year. This shows the significance of reducing radon 

levels in building materials as a way to effectively reduce the final total dose to humans. Further 

and more comprehensive studies are needed as to confirm and validate the initial assessments.  
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