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Abstract 

Radon-releasing mattresses were found to be manufactured using radium or thorium containing monazite, and a survey 

by the Korean Nuclear Safety and Security Commission found that some of these products exceeded radiation safety 

standards. Therefore, this study evaluates the radon distribution resulting from the radon released by such mattresses. For 

this purpose, Ansys Fluent computational fluid dynamics (CFD) codes were used to analyze the radon distribution in a 

general living space and to assess the radon exposure of residents. Drawings from the Korea Land and Housing 

Corporation were analyzed to determine the layout and geometry of a general residential space. The CFD simulation 

results were used to analyze the radon distribution in this space in terms of the ventilation direction and the distance from 

the source. The dose was evaluated to determine its radiation safety, and it was found to be less than 0.101 mSv/year; this 

value is below the International Commission on Radiological Protection’s recommendation of 10 mSv/year and the dose 

limit of 1 mSv/year for processed products in South Korea. The proposed method could be used to evaluate radon 

exposure in different environments to improve the safety of residents. 
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1. Introduction 

Radon has been designated as a carcinogen by the World Health Organization because its inhalation 

can cause internal radiation exposure in humans and lead to lung cancer 1,2. Radon is susceptible to 

diffusion because of its characteristics due to inert gas, and high radon concentrations can have 

detrimental effect to the human body 3-5.  

The radioisotopes 222Rn and 220Rn occur naturally through the decay of 238U and 232Th, respectively. 

These radioisotopes are present in rocks, and processing such rocks to make objects can expose humans 

to the radon that is then continuously released from these objects. In 2018, radon was detected in some 

mattresses in South Korea 6,7. A detector was placed near the mattress, the radon concentration was 

measured, and a scenario was outlined to evaluate the dose. As a result, it was confirmed that the 

evaluated doses of some mattresses exceeded the public dose limit of 1 mSv. Other mattresses 

manufactured in a similar manner were then investigated. These investigations revealed that the radon-

releasing mattress were manufactured using radium or thorium containing Monazite. Further, a survey 

by the Korean Nuclear Safety and Security Commission (NSSC) found that some of these products 

exceeded radiation safety standards. Therefore, the NSSC took measures to collect the mattresses that 

exceeded the safety standards. To avoid these problems and improve safety, the government is 

considering measures such as requiring the labeling of naturally radioactive products. 

Experiments have been conducted in closed spaces in radiation management areas; however, no 

clear spaces or exposure scenarios have been investigated for indoor residential spaces. Further, it is 

difficult to assess residents’ safety from radon because it is difficult to establish the distribution of 

radon sources clearly. If the behavior of radon can be modeled using computational fluid dynamics 

(CFD), it may be possible to simulate doses according to the radon release, ventilation direction, and 

residents’ locations in an indoor environment. Some studies have performed CFD modeling of radon 

release and accordingly calculated the radon distribution produced by a specific source 8-10. 

In 2018, the NSSC investigated and reported on the radiation safety of radium or thorium containing 

mattresses twice. First, the NSSC identified the causes of radon release from mattresses and related 



 

products. Second, mattress suppliers provided two samples that were expected to release radon to the 

NSSC. These were evaluated using the Durridge RAD7 radon measuring instrument. The 222Rn and 

220Rn concentrations at 2 cm, 10 cm, and 50 cm above the mattress surface were measured, and the 

annual internal exposure dose was calculated as equation 1 and 2. 

 

 𝐻 = 𝐶 × 𝐹 × 𝐷 × 𝑡 (1) 

where 𝐻 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑜𝑠𝑒 (𝑚𝑆𝑣) 𝐶 = 𝑅𝑎𝑑𝑜𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝐵𝑞/𝑚3) 𝐹 = Equilibrium factor 

𝐷 = 𝐷𝑜𝑠𝑒 𝑐𝑜𝑒𝑓𝑓𝑒𝑐𝑖𝑒𝑛𝑡 ( 𝑚𝑆𝑣( 𝐵𝑞𝑚3)∙ℎ)  

𝑡 = 𝐷𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 (ℎ). 

 

Radon's own exposure is not large, but major exposures are caused by radioactivity that occurs when 

polonium, lead, and bismuth which are daughter nuclides of radon are decayed. Because it is difficult 

to calculate the inhalation dose by directly measuring the amount of daughter nuclides with short half-

life, the concentration ratio at equilibrium between the parent nuclide radon and the daughter nuclides 

can be used. The Equilibrium factor is considered to account for the ratio between radon and radon 

daughter nuclides at equilibrium. The International Commission on Radiological Protection(ICRP) 

collected research data on the dose coefficient of 222Rn, They recommended that the effective dose per 

unit exposure at home as 1.2×10-5 mSv/(Bq∙h /m3) with an equilibrium factor of 0.4 for 222Rn 11. 

Similarly, United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 

recommended that the effective dose per unit exposure at home as 4.0×10-5 mSv/(Bq∙h /m3) with an 

equilibrium factor of 0.03 for 220Rn 12. In the previous and current studies, the dose of residents was 

calculated based on these assumptions. 



 

Table 1 lists the radon concentrations and doses evaluated in this study. Two scenarios were 

evaluated for dose assessment. In Scenario 1, a person lies on the mattress for only 10 h a day for sleep, 

and in Scenario 2, a person stays on the mattress for 24 h a day. The dose assessment results for 

Scenario 1 revealed a highest dose of 0.17 mSv/year at 2 cm above the mattress, where radon has a 

long dwelling time. Therefore, the survey results showed that the internal exposure did not exceed the 

recommended dose limit. 

From a height of 2 cm to 10 cm above the mattress, 222Rn decreased by 56%. However, from a 

height of 10 cm to 50 cm, the change in 222Rn concentration could not be distinguished clearly. It is 

difficult to derive the correlation between the 222Rn concentration and the distance because the 

fluctuation of the radon concentration is small compared to the fluctuation of the background in the 

measured results. 

The first survey was conducted for two more weeks, and the doses were assessed by analyzing the 

radon concentrations at a 2-cm height for 41 mattress models. As a result, 21 of 41 models were found 

to release radon in doses exceeding the recommended dose limit. Accordingly, the government 

implemented administrative measures for radon collection and disposal. Table 2 lists the measurement 

data of the 222Rn survey for some mattress models. 

In light of this assessment, the NSSC established guidelines for evaluating mattresses; however, 

these methods have limited survey points, making it difficult to determine the radon distribution in 

daily life. Therefore, mathematical analysis can be used to check the distribution of the radon 

concentration to cope with complex scenarios. 

The present study evaluates the radon distribution resulting from radium or thorium containing 

mattresses based on previous results of radon release from mattresses 13. For these evaluations, the 

Ansys Fluent CFD code was used to analyze the radon distribution in a general living space and to 

assess residents’ radon exposure.  

 

 



 

2. Materials and methods 

2.1 Simulation framework 

Radon is generated as it decays in the radium of the material in the mattress, and radon easily escapes 

and is released to the surroundings due to its inert gas properties. The model assumes that the air flow 

inside the room is continuous and incompressible 14. For this simulation, the continuity and momentum 

conservation respectively given by equations (2) and (3), in which the steady state is assumed, are used 

to analyze the air flow in the room 15. 

 

 ∇ ∙ 𝜌𝑢𝑖 = 0 (2) 

 𝜌(𝑢𝑗 ∙ ∇)𝑢𝑖 = −∇P + ∇ ∙ (𝜇𝑒∇ui) + Fi (3) 

 

where 𝑢 = 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (m/s )   𝑃 = 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 (𝑁/𝑚2)  𝜇𝑒 = 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 (𝑁 ∙ 𝑠/𝑚2)  Fi = 𝑏𝑜𝑑𝑦 𝑓𝑜𝑟𝑐𝑒 𝑣𝑒𝑐𝑡𝑜𝑟 (𝐹𝑥 = 𝐹𝑥 = 0, 𝐹𝑧 = 𝜌𝑔)  𝜌 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑎𝑖𝑟 (𝑘𝑔/𝑚3)  𝑔 = 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑢𝑒 𝑡𝑜 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 (𝑚/𝑠2)  

 

In Eq. (3), no body force acts in the x and y directions, whereas a body force acts in the z direction. 

The standard k–ɛ model was used to consider a turbulent airflow. Inside the model, the standard k–ɛ 

model is considered as in equations 4 and 5 16. 

 

𝜕𝜕𝑡 (ρk) + 𝜕𝜕𝑥𝑖 (ρkui) = 𝜕𝜕𝑥𝑗 [(μ + μt𝜎𝑘) 𝜕𝑘𝜕𝑥𝑗] + 𝐺𝑘 + 𝐺𝑏 − 𝜌𝜖 − 𝑌𝑀        (4) 

𝜕𝜕𝑡 (ρ𝜖) + 𝜕𝜕𝑥𝑖 (ρ𝜖ui) = 𝜕𝜕𝑥𝑗 [(μ + μt𝜎𝜖) 𝜕𝜖𝜕𝑥𝑗] + 𝐶1𝜖 𝜖𝑘 ( 𝐺𝑘 + 𝐺𝑘 + 𝐶3𝜖 + 𝐺𝑏) − 𝐶2𝜖𝜌 𝜖2𝑘     (5) 



 

 

Where 𝑘 = 𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑐𝑒 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦(𝑚2/𝑠2)  𝜖 = 𝑑𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒  𝐺𝑘 = 𝑇ℎ𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑘 𝑑𝑢𝑒 𝑡𝑜 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡𝑠   𝐺𝑘 = 𝑇ℎ𝑒 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑘 𝑑𝑢𝑒 𝑡𝑜 𝑏𝑢𝑜𝑦𝑎𝑛𝑐𝑦   𝑌𝑀 = 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑙𝑢𝑐𝑡𝑢𝑎𝑡𝑖𝑛𝑔 𝑑𝑖𝑙𝑎𝑡𝑎𝑡𝑖𝑜𝑛   𝐶1𝜖 , 𝐶2𝜖 , 𝐶3𝜖 = 𝑀𝑜𝑑𝑒𝑙 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠, (𝐶1𝜖 = 1.44, 𝐶2𝜖 = 1.92, 𝐶3𝜖 =  0.09)   𝜎𝑘, 𝜎𝜖 = 𝑡ℎ𝑒 𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡 𝑃𝑟𝑎𝑛𝑑𝑡𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑓𝑜𝑟 𝑘 𝑎𝑛𝑑 𝜖, 1.0, 1.3  

 

In addition, the convection-diffusion equation was used to simulate the radon dispersion, and it 

should consider the reduction in radon due to its decay. Accordingly, the movement of radon is given 

by equation 6. 17 

 

 
𝜕C𝜕𝑡 = 𝛻 ∙ (𝐷𝛻𝐶) − 𝛻 ∙ (𝑢𝐶) − 𝜆𝐶 + 𝑆 (6) 

 

where 𝐶 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑎𝑑𝑜𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑖𝑛𝑑𝑜𝑜𝑟 𝑎𝑖𝑟 (𝐵𝑞/𝑚3)  𝐷 = 𝐷𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑟𝑎𝑑𝑜𝑛 (𝑚2/𝑠  ) = 1.2 × 10−5 𝑚2/𝑠   𝜆 = 𝐷𝑒𝑐𝑎𝑦 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 (s−1) = 2.1 × 10−6/s   𝑆 = 𝑅𝑎𝑑𝑜𝑛 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (𝐵𝑞/𝑚3 ∙ 𝑠  ). 

 

For a steady-state simulation, 
𝜕C𝜕𝑡 = 0. The mass fraction of radon was predicted by solving all 

relevant equations and then converted to the activity concentration (Bq/m3). Ansys Fluent code was 

used for the CFD mathematical analysis to simulate the general room structure and evaluate the radon 



 

distribution. The radionuclide ratio at the source and the release rate inside the mattress were calculated 

by converting the results of the NSSC’s research 13. The radon activity concentration of 58.5 Bq/m3 

measured at the target’s surface was used as the ratio of internal nuclides, and the radon concentration 

measured at 2-cm height divided by 4πr was used as the radon emission rate. 

 

2.2 Mathematical modelling 

For modeling a general residential space, the geometric structure of a room obtained from the 

drawings of the Korea Land and Housing Corporation was analyzed. The room had dimensions of 3.85 

m × 2.9 m and a height of 2.8 m. The mattress had dimensions of 2.07 m × 1.7 m and a height of 0.3 

m, as shown in Figure 1. Figures 2 and 3 show the corresponding structure simulated in Ansys Fluent. 

The complete volume was meshed in Ansys Fluent using 135,459 structured tetrahedron cells with a 

minimum volume of 4×10−3 m3. 

In the simulations, the effects of ventilation must be considered. For this purpose, the inlet velocity 

is calculated as 15 

 

 𝑢𝑖𝑛𝑙𝑒𝑡 = λv𝑉𝑅𝑜𝑜𝑚𝐴𝑉𝑒𝑛𝑡  (5) 

where 𝑢𝑖𝑛𝑙𝑒𝑡 = 𝐼𝑛𝑙𝑒𝑡 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (𝑚/𝑠 )  𝜆𝑣 = 𝐴𝑖𝑟 𝑣𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (/ℎ )  𝐴𝑉𝑒𝑛𝑡 = 𝑉𝑒𝑛𝑡𝑖𝑙𝑎𝑡𝑖𝑜𝑛 𝑎𝑟𝑒𝑎 (𝑚2)  𝑉𝑅𝑜𝑜𝑚 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑟𝑜𝑜𝑚 (𝑚3)  

 

The ventilation rate specified in KSF 2921 (Ventilation Performance Test Method for Natural 

Ventilation Facilities in Korea) was 0.5 h-1; this value was used in the present study. The inlet velocity 

due to natural ventilation at the door was calculated to be 0.0027 m/s. The Reynolds number was 

calculated as 315; therefore, the fluid in this space has laminar flow. 



 

 

3. Results and discussions 

Figure 4 shows the velocity distribution in the room, and Figure 5 shows the distribution of radon 

concentrations at 2-, 10-, and 50-cm heights above the mattress analyzed based on the results of the 

Ansys Fluent simulation. 

  

In Figure 5, the (a) layout and (b), (c), (d) positions are shown to be the same. At 2-cm height, the 

radon distribution is apparent because it is close to the source. However, as the height increases, the 

radon concentration decreases, and the distribution is affected by the ventilation. 

For detailed distribution analysis, the distributions of the radon concentration in the middle of the 

mattress (y = 1.4 m) and outside the mattress (y = 0.2 m) were analyzed, as shown in Figures 6 and 7, 

respectively. 

In Figure 6, the edge of the mattress can be seen through a large change in radon concentration at 

both ends of the mattress. In addition, the radon is concentrated depending on the ventilation direction, 

and this tendency increases as the height increases. At x = 1.75 m and x = 3.25 m, the radon 

concentration fluctuation varies from 2.00 to 2.38 Bq/m3 at 2-cm height and from 0.29 to 1.25 Bq/m3 

at 50-cm height. The radon concentration increases from the starting point of the mattress, as shown 

in Figure 7. Unlike in Figure 6, the radon concentration does not show a large change with height, and 

the change tends to increase along the flow from the inlet to the outlet. These differences indicate that 

the ventilation direction and location need to be considered when measuring the radon release rate 

from the mattress. At 50-cm height, the concentration tends to increase again at x ~ 3.75 m after passing 

the mattress, which seems to be close to the source-outlet flow of radon in a room with high radon 

flux. 

Therefore, for dose assessment, the concentrations at 2- and 50-cm height were identified at six 

locations where the human head is expected to lie, as shown in Figure 8. The internal dose was 

calculated using Eq. (1) for Scenario 2 considering 24-h stay for a conservative assessment. Tables 3 



 

and 4 respectively show the dose assessments at six points at 2- and 50-cm heights. As a result, the 

concentration of radon was found to vary from 0.453 to 2.35 Bq/m3. At 2-cm height, the radioactivity 

at each location was not significantly different because the effect of the source was greater than that 

of the ventilation. Thus, assuming a long distance from the mattress, it may be reasonable to assess 

residents’ dose using this CFD code. The maximum dose was evaluated to be 0.101 mSv, and the 

International Commission on Radiological Protection’s recommended dose limit was 10 mSv; 

therefore, the evaluation result was lower than the recommended dose 18. In South Korea, the public’s 

radiation exposure via processed products is limited to 1 mSv/year. The evaluation results indicate that 

the internal dose will be lower than this standard if the level of natural ventilation is maintained. 

 

4. Conclusions 

This study confirmed the NSSC’s radon analysis results of 2018 for radon-releasing mattresses and 

analyzed the radon concentration in indoor environments using Ansys Fluent for a general residential 

space. Radon concentrations were assessed according to the head position on the mattress, and the dose 

was evaluated based on these results. In actual living conditions, the ventilation pattern in the sleeping 

environment may differ from the average one, and other mattresses reported to release radon as well 

as the interim NSSC announcement may have different results. 

These methods can be used to confirm the distribution of radon released from mattresses and be 

applied to other radon-releasing materials, including mattresses, to analyze the corresponding radon 

distribution and to assess residents’ dose. This analytical method can be used to determine the radon 

distribution in a complex space containing multiple radon emitters and to accordingly study and 

regulate indoor radon distributions. 
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Figure captions 

Figure 1 Actual figure of the mattress decided for simulation 

Figure 2 Geometry of general residential space 

Figure 3 Layout and coordinates of general residential space 

Figure 4 3D distribution of velocity  

Figure 5 3D distribution result of Radon concentration. (a) layout and 222Rn concentration at (b) 2 cm 

height, (c) 10 cm height, (d) 50 cm height  

Figure 6 Radon concentration at 2 cm, 10 cm and 50 cm height from mattress at the center of bed (y 

= 1.4 m) 

Figure 7 Radon concentration at 2 cm, 10 cm and 50 cm height from mattress at the outside of bed (y 

= 0.2 m) 

Figure 8 Selection of 6 points for dose assessment 

 

Table captions 

Table 1 Radon concentration measurement result of intermediate survey from NSSC  

Table 2 Measurement data of 222Rn survey for a some of the model  

Table 3 222Rn concentration and dose evaluation result at 6 points at 2 cm height  

Table 4 222Rn concentration and dose evaluation result at 6 points at 50 cm height   
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Table 1. 

Measurement 

Location 

Distance 

(cm) 

222Rn 

concentration 

 (Bq/㎥) 

222Rn 

Background 

(Bq/㎥) 

222Rn emission 

(Bq/㎥) 

Annual dose at 

Scenario 1 

(mSv/y) 

Annual dose at 

Scenario 2 

(mSv/y) 

height from 

mattress 

2 24.2 15.0 9.20  0.16 0.39 

10 14.0 8.83 5.17  0.09  0.22 

50 16.0 17.7 - - - 

Scenario 1: Assume 10 hours a day residence at the distance 

Scenario 2: Assume 24 hours a day residence at the location 

 

Table 2. 

Model 222Rn concentration (Bq/m3) Annual dose by 222Rn 

(mSv/year) 

Mattress A 35.13 0.39 

Mattress B 61.54 0.69 

Mattress C 68.08 0.76 

Mattress D 12.18 0.14 

Mattress E 1.08 0.01 

Mattress F 14.18 0.16 

 

Table 3. 

Position (m) 222Rn concentration (Bq/m3) Annual dose by 222Rn 

(mSv/year) 

Point 1 2.13E+00 9.01E-02 

Point 2 2.10E+00 8.90E-02 

Point 3 2.05E+00 8.69E-02 

Point 4 2.38E+00 1.01E-01 

Point 5 2.38E+00 1.01E-01 

Point 6 2.35E+00 9.96E-02 

 

 

 

 

 

 



 

Table 4. 

Position (m) 222Rn concentration (Bq/m3) Annual dose by 222Rn 

(mSv/year) 

Point 1 4.53E-01 1.92E-02 

Point 2 3.91E-01 1.66E-02 

Point 3 3.00E-01 1.27E-02 

Point 4 1.44E+00 6.08E-02 

Point 5 1.47E+00 6.21E-02 

Point 6 1.23E+00 5.19E-02 

 



Figures

Figure 1

Actual �gure of the mattress decided for simulation

Figure 2

Geometry of general residential space

Figure 3



Layout and coordinates of general residential space

Figure 4

3D distribution of velocity

Figure 5



3D distribution result of Radon concentration. (a) layout and 222Rn concentration at (b) 2 cm height, (c)
10 cm height, (d) 50 cm height

Figure 6

Radon concentration at 2 cm, 10 cm and 50 cm height from mattress at the center of bed (y = 1.4 m)

Figure 7

Radon concentration at 2 cm, 10 cm and 50 cm height from mattress at the outside of bed (y = 0.2 m)



Figure 8

Selection of 6 points for dose assessment


