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Abstract

Analysis of Reduction Effect of Indoor Radon 

Concentration by Active Soil Depressurization

(ASD)

DaGyo, Yun

Dept. of Environmental Health

The Graduate School of Public Health

Seoul National University

Radon has been reported as a major cause of lung cancer following 

smoking as a natural radioactive gas (WHO, 2016) and has been proven 

through numerous epidemiological studies. The annual average concentration 

of radon in domestic housing is 88Bq/m3 (National Institute of Environmental 

Research, 2010), which is higher than the OECD average indoor radon 

concentration (39Bq/m3), and deaths from lung cancer in Korea are also on 

the rise. Therefore, research is needed to reduce concentration by blocking 

inflow of radon gas into the room, but if we look at the current status of the 

research, research on reducing method based on radon status is insufficient.

The purpose of this study was to apply the Active Soil 

Depressurization("ASD") to 30 high-concentration houses with indoor 

concentration of radon above 300Bq/m3 and analyze the reduction rate of 

radon due to negative pressure to secure basic data on efficiency analysis in 

ASD.



The study found that the efficiency of reducing radon by applying ASD is 

88.9% on average, and that the efficiency of reducing radon is high even for 

houses with high concentration of radon. The negative pressure before 

application of the ASD was in the range of -0.1(Pa) to -140.1(Pa), after 

application the negative pressure range was increased from -0.4(Pa) to 255.0(-

Pa), and increased 2.6 times by means.

The correlation coefficient between the increased multiple of negative 

pressure and radon reduction efficiency of ASD application was 0.688, the 

significant probability was 0.000, and the correlation coefficient between 

negative pressure was 0.980 and the significant probability was 0.000, 

indicating a very strong positive correlation.

In the future, it is expected that ASD application will be active for efficient 

radon reduction and steady management of houses with one or less floors 

exposed to high concentration radon. As there exists a correlation between 

negative pressure and radon reduction efficiency, further research is needed to 

present guidelines for each stage of application of ASD in order to increase 

accessibility to ASD application and maintain consistent reduction efficiency.

Keywords: Radon reduction, Indoor radon, Active Soil, Indoor Radon 

measurement, Depressurization(ASD), Radon and negative pressure 

correlation

Student Number: 2017-27295
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1. Introduction

1.1 Background

Radon gas, a naturally radioactive gas that is colorless, tasteless and 

odorless, breaks down into radioactive particles that can enter the body 

through breathing. When they are absorbed and decomposed into lung tissue, 

they release explosive energy from alpha rays, which causes lung cancer when 

exposed for a long period of time.(Sethi, El-Ghamry et al. 2012) According to 

the WHO(World Health Organization), radon is the second cause of lung 

cancer in the general population after smoking. In 1988, the WHO-affiliated 

Institute of International Cancer (IARC) classified radon and radon particles 

as carcinogens in the first group.(WHO 2009)  The International Cancer 

Institute reports the incidence of lung cancer is at the top of the list around the 

world(Ferlay, Soerjomataram et al. 2015) with South Korea ranking 4th with 

50.4 out of every 100,000 people. According to the Health and Welfare 

Ministry's national cancer registration statistics for 2016, Lung cancer patients 

are1.2 percent of all cancer patients (a total of 229,180 people).(Welfare 

2016)Also, according to statistics from Statistics Korea on the cause of death 

in 2018, lung cancer is the highest death rate at 34.8 per 100,000 people. The 

death rate from lung cancer has been on the rise every year since 1983.(Korea 

2018)
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Figure 1. Lung cancer incidence rate per 100,000 people(1983-2018)

Radon exposure is mainly indoor, which has been investigated as an 

important cause of lung cancer.(Pershagen, Akerblom et al. 1994)

Radon occurs in soil or rock and accumulates in confined spaces adjacent 

to the earth's surface, increasing maximum indoors.(Durrani 1997)Soil is a 

major source of radon for buildings, including homes.(Nazaroff 1992) In 

addition drinking water sources are taken from aquifers in the strata 

containing granite and other radium, and the use of water can be another 

major cause of indoor radon. And masonry building materials are usually be 

an important radon source in a very solidly built house.(Bruno 1983) In this 

study, the main exposure of radon, soil, was studied intensively.

According to the data from the National Institute of Environmental 

Research, indoor radon concentration of single houses nationwide in winter 

was found to be much higher than the average 105.6Bq/m3 in apartments 

(63.8Bq/m3) or in row houses (72.4Bq/m3).
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Figure 2. Winter Indoor Random Concentration of Houses in Korea(2012-2018)
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Therefore, in terms of prevention of vaginal tract, the management 

measures for detached houses adjacent to the surface are important in order to 

minimize human exposure to radon in indoor space.(Zielinski, Carr et al. 2006, 

Chen and Ford 2017)Since July 2019, the Environment Ministry has 

strengthened the standard for indoor radon concentration from 200Bq/m3 to 

148Bq/m3.

The easiest way to reduce radon is ventilation, which is the easiest way to 

reduce radon without installing additional equipment. However, typical radon 

reduction is variable and temporary. In addition, There is a problem of losing 

energy in the room.(EPA 2016) Therefore, ventilation alone is not enough to 

reduce radon, so it is necessary to reduce indoor radon through 

construction.(Rahman and Tracy 2009)

Among the construction methods, one of the most popular methods is 

known as Active Soil Depressurization(ASD), where pipes are installed in 

home foundation floor slabs through which fans draw radon-containing soil 

gas from under the house and discharge it out. The system further reverses the 

pressure difference between the houses and the soil, further reducing the 

amount of radon entering the house. This is in contrast to a "passive" system, 

in which radon-containing soil gas is pulled up through a pipe stack instead of 

using a fan, relying on a stack effect (also known as a communication effect). 

(Canada 2016)
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Figure 3. ASD after application
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According to the EPA of the U.S. Environmental Protection Agency, the 

mechanical radon reduction efficiency of sub-slab depressurization is 50 to 99 

percent.(EPA 2016) Active soil depressurization is an important factor in 

most facilities, especially when a pressure reduction of 50% or more is 

required.(Henschel 1993) ASD is the most commonly used method of 

removing or reducing pressure-type radon entrances to buildings with ground 

or concrete slabs. In ASD, small fans usually draw soil gas from under the 

slab through plastic pipes that penetrate the slab floor. This dirt gas is released 

outside. Soil pressure below all parts of the slab is reduced below the air 

pressure on the interior surface of the slab, making it ideal to eliminate the gas 

inflow from the pressure-type soil through the slab floor.(Fisk, Prill et al. 

1994)(Rahman and Tracy 2009)

According to a domestic advance survey, a total of 38 papers were written 

on radon before 1990 and after 2010, with most of them related to the Indoor 

Air, with only one paper related to Radon redirection.(Min, Hyun et al. 2016)

The research on Radon reduction is very insufficient, and the consistency 

of construction criteria for ASD application is limited, such as relying on the 

contractor's experience, so basic data on the reference conditions are required.
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1.2 Objective

The purpose of this study is to obtain data on setting the standard for the 

appropriate negative pressure range and measurement distance when ASD is 

applied to existing houses. The focus is on the relationship between negative 

pressure and radon reduction efficiency before and after the application of 

ASD.
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2. Experiment subjects and methods

2.1. Study area

In 2016, the Ministry of Environment set the recommended radon standard 

for indoors quality of houses in the “Indoor Air Quality Control Act” to 

200Bq/m3 and established a legal basis for radon management. Since July 

2019, the recommended standard for radon indoors in houses has been 

strengthened from 200Bq/m3 to 148Bq/m3, but there are no criteria for 

judging whether to implement radon reduction construction. The criteria for 

application of ASD in this study were established based on high concentration 

buildings of 300Bq/m3 or higher, which is more than twice the domestic radon 

recommendation standard of 148Bq/m3. In addition, the criteria for houses 

exceeding 300Bq/m3 were relatively located in contact with the soil, and a 

total of 30 houses were selected below the first floor (including the

grounding), which is more easily exposed to radon.

Table 1. Regional and radon concentration values

Administrative district No.

Gangwon-do 8

Gyeonggi-do 5

Gyeongsangbuk-do 3

Jeollabuk-do 8

Jeollanam-do 1

Seoul 2

Busan 1

Incheon 1

Chungcheongnam-do 1

total 30
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2.2. Measurement

2.2.1. Indoor radon measurement

In this study, the device for radon measurement was first measured with a 

fast readable passive detector, E-perm (Rad Elec Inc., USA). As a result of the 

first measurement, the points with the highest concentration were verified and 

the final value was determined. Verification measuring equipment used a 

detector RAD7 (Durridge Radon Inc.,USA), which is an active type that can 

be continuously monitored over time.

2.2.2. Indoor radon measurement

In this study, indoor radon concentration was measured before and after 

ASD application. Before application of ASD, the final concentration value 

was calculated through the first screen test. The measuring points were 

selected by section, including living room and room, but excluding kitchen 

and bathroom that could be affected by the external environment. The 

measuring equipment used E-perm, and the voltage of the electronic device 

was measured with the reader after checking the internal filter for damage 

prior to the measurement. Zero and span calibration were performed for the 

reader used for calculating radon concentration by using standard electronic 

before voltage measurement. In order to verify the validity of the data and to 

calculate the final representative concentration, the highest concentration 

among the points was identified and measured under the same conditions 

according to the sub-test method(ES 02901. 1a) of “The Indoor Air Quality 

Test Standard”(Environment 2018)
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The measurement conditions were carried out with the Indoor completely 

sealed, and the measuring position was installed at least 1m from the doors 

and windows, at least 30cm from the outside wall without windows, 50cm 

from the height, and at least 10cm from other objects.(EPA 1993)The 

measurement was performed for three days (72 hours) after excluding kitchen 

with ventilation and bathroom with moisture effects. 

Radon concentration in indoor air was measured to measure radon 

reduction effect after application of ASD. For the measurement method, 

RAD7, a type-approval equipment, was used in accordance with the sub-test 

method of radon continuous measurement method in indoor air of the "The 

Indoor Air Quality Test Standard"

The measurement location was performed for the same 3 days (72 hours) at 

the confirmation measurement location for selection of ASD targets, and the 

measurement conditions and the measuring instrument installation location 

were carried out the same as before application of ASD.

2.2.3. Negative pressure test

Negative pressure test was conducted for application of ASD to check the 

ventilation of soil and to see if negative pressure could be formed in the soil 

under the foundation floor slab of the house. For accurate negative pressure 

measurement, the site was visually inspected for cracks in the interior floor 

and corners where radon gas could enter the soil.

A vacuum cleaner similar to the FAN to be installed in the room to which 

the ASD will be applied was installed on the intake side, and in the space of 
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the room was drilled the furthest position relative to the inlet. With the 

operation of the vacuum cleaner, the negative pressure was measured by 

inserting a micro- manometer into a hole in the location drilled with a drill. 

For accurate negative pressure measurements, the vacuum cleaner inlet was 

sealed once more with silicon material.

After application of ASD, the pressure field extension (PFE) was tested 

with a micro-manometer with the installed FAN in order to verify negative 

pressure formation inside the soil.

Figure 4. Post perforation scene

Figure 5. Negative pressure measurement
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3. Result and Discussion

3.1 ASD Application Results

This study focuses on the analysis of the relationship between radon 

reduction efficiency and negative pressure before and after application of 

ASD, with the aim of obtaining data to identify and provide conditions for the 

reduction of radon when ASD is applied to housing.

In order to achieve the research objective, radon concentration and negative 

pressure measurements were made before and after the application of ASD. 

Radon concentrations were conducted during the relatively high winter 

months (From November to February).

ASD was applied to one-story buildings (including the ground) which are 

easily exposed to radon gas in the soil, and radon reduction efficiency was 

measured before and after application. The indoor radon concentration of 

buildings before ASD was selected for 30 high-density homes that exceeded 

the national recommended standard of 148Bq/m3 (more than 300Bq/m3).

IDs were given from the lowest initial radon concentration. The minimum 

radon concentration in houses before ASD is 359.4Bq/m3 and the maximum is 

1397.0Bq/m3, with an average of 614.4Bq/m3. Even considering the high 

concentration of houses, the average was more than four times higher than the 

recommended standard.

Negative pressure measurements were conducted by drilling the farthest 

away from the location where the inlet of the fan is installed, and the distance 

between the inlet and the measurement location is approximately 2m.
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Table 2. Data before and after applying ASD

No. Location Foundation

Floor 

space

[m2] 

Before 

mitigation

[Bq/m3]

After 

Mitigation

[Bq/m3]

Recommendation 

standard excess 

rate1) [%]

Reduction 

Efficiency 

[%]

Total average 614.4 59.1 315.1 88.9

1 Gyeonggido Strip 90.0 359.4 36.0 142.8 90.0

2 Gyeonggido Strip 114.5 369.6 52.0 149.7 85.9

3 Jeollabuk-do Strip 37.7 373.8 43.0 152.6 88.5

4 Jeollabuk-do Strip 82.2 378.7 39.0 155.9 89.7

5 Jeollabuk-do Strip 42.9 387.4 44.0 161.8 88.6

                                        
1)Recommendation standard = 148Bq/m3(Ministry of Environment)



14

No. Location Foundation

Floor 

space

[m2] 

Before 

mitigation

[Bq/m3]

After 

Mitigation

[Bq/m3]

Recommendation 

standard excess 

rate1) [%]

Reduction 

Efficiency 

[%]

6 Jeollanam-do Strip 75.4 393.5 97.0 165.9 75.3

7 Seoul Strip 119.3 406.0 58.1 174.3 85.7

8 Seoul Strip 64.0 411.1 76.3 177.8 81.4

9 Gangwondo 413.3 34.2 179.3 91.7

10 Busan Mat 82.7 429.9 75.8 190.5 82.4

11 Jeollabukdo Strip 87.6 437.8 69.0 195.8 84.2

12 Gangwondo 440.0 57.3 197.3 87.0
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No. Location Foundation

Floor 

space

[m2] 

Before 

mitigation

[Bq/m3]

After 

Mitigation

[Bq/m3]

Recommendation 

standard excess 

rate1) [%]

Reduction 

Efficiency 

[%]

13 Gangwondo 461.8 93.5 212.0 79.8

14 Jeollabuk-do Strip 98.6 499.1 68.0 237.2 86.4

15 Jeollabuk-do Strip 91.7 505.4 50.0 241.5 90.1

16 Gangwondo 529.5 79.4 257.8 85.0

17 Gyeonggido Strip 64.6 579.4 136.0 291.5 76.5

18 Gyeongsangbugdo 583.8 37.7 294.5 93.5

19 Gangwondo 596.6 55.7 303.1 90.7
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No. Location Foundation

Floor 

space

[m2] 

Before 

mitigation

[Bq/m3]

After 

Mitigation

[Bq/m3]

Recommendation 

standard excess 

rate1) [%]

Reduction 

Efficiency 

[%]

20 Incheon Strip 91.2 610.6 28.0 312.6 95.4

21 Gyeongsangbugdo Mat 75.6 654.7 27.0 342.4 95.9

22 Jeollabukdo Strip 68.2 691.1 24.6 367.0 96.4

23 Gangwondo Strip 121.3 756.5 80.8 411.1 89.3

24 Gyeonggido Strip 73.7 784.8 40.0 430.3 94.9

25 Gyeonggido Strip 63.0 804.7 94.3 443.7 88.3

26 Jeollabuk-do Strip 64.6 905 33.4 511.5 96.3
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No. Location Foundation

Floor 

space

[m2] 

Before 

mitigation

[Bq/m3]

After 

Mitigation

[Bq/m3]

Recommendation 

standard excess 

rate1) [%]

Reduction 

Efficiency 

[%]

27 Chungcheongnamdo Strip 70.0 941.1 63.0 535.9 93.3

28 Gyeongsangbugdo 1148.7 74.5 676.1 93.5

29 Gangwondo Strip 70.0 1,181.0 67.0 698.0 94.3

30 Gangwondo 1397.0 38.3 843.9 97.3
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3.2. Descriptive statistics before and after ASD application

3.2.1. Reduction rate of radon

Prior to application of ASD, the indoor radon concentration of the house is 

a high concentration building with 148Bq/m3, at least twice the recommended 

domestic standard of 300Bq/m3.

Representative points were set based on the bulkhead to calculate radon 

concentration values before applying ASD. The point with the highest radon 

concentration was identified by type approval equipment and the final 

concentration value was calculated. After application of ASD, the final radon 

concentration was measured at the verification measurement site.

The minimum value of radon measured after application of ASD was 

24.6Bq/m3, the maximum value was 136.0Bq/m3, and the mean was about 

12.5 times decreased to 59.1Bq/m3.
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Figure 6. Radon concentration before and after application of ASD
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As a result, the radon concentration of all houses after application of ASD 

was 100% satisfied with the recommended standard, the average radon 

reduction efficiency according to ASD application was about 88.9%. In 

addition, the efficiency of ASD was shown in the 50 to 99 percent reduction 

efficiency range of Sub-slab Suppression (Sub-slab depressurization) 

mentioned in EPA's guidance.(Min, Hyun et al. 2016)

Therefore, it was confirmed that ASD has high reduction efficiency in high 

concentration houses with radon exposure. It was also consistent with the 

range of 58.7% to 90.4% of radon abatement efficiency of ASD known from 

previous studies.(Lee, Ryu et al. 2014)
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3.2.2. Negative pressure test results

Success of ASD application was checked by negative pressure 

measurement, and negative pressure formation was checked with PEF test.

The negative pressure before ASD application ranged from -0.1Pa to-

140.1Pa, and after application the negative pressure range increased from-

0.4Pa to -255.0Pa. Compared with before and after, the increase rate of 

negative pressure increased by an average of 2.6 times from 0.4 times to 6.7 

times. However, some areas (No.2, No.8, No. 10, No. 12 and No. 25) saw a 

decrease in negative pressure after application of ASD. The location of 

application of ASD was changed differently from the plan, so the negative

pressure test points before and after application of ASD were measured 

differently.
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Figure 7. Negative pressure measurement before and after application of ASD
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3.3. Correlation between radon reduction rate and negative pressure

3.3.1. Increased negative pressure and reduced radon efficiency

To determine the correlation between radon reduction rate and negative 

pressure, Pearson's bivariate correlation analysis was performed using the 

SPSS(Python 2.7 for IBM SPSS Statistics Subscription) statistical program. 

The negative pressures differed in initial concentration values, and the 

correlation between radon reduction efficiency and the multiple of negative 

pressure increased before and after application of ASD for the same reference 

setting was analyzed.

As a result of analyzing the correlation between the negative pressure 

increase multiple and the radon reduction before and after ASD application, 

the correlation coefficient was 0.688 and the significance probability was 

0.000.

Figure 8.Relationship between Negative Pressure and Radon Reduction 
Efficiency after Application of ASD
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Table 3. Correlation Analysis Results

Radon 
concentration

before 
mitigation

Radon 
concentration

after mitigation

Radon 
reduction

Negative 
pressure before 

mitigation

Negative 
pressure after 

mitigation

Negative 
pressure 

multiplier

Radon 
concentration

before mitigation

1

Radon 
concentration after 

mitigation

-.038 1

Radon reduction
.587** -.780** 1

Negative pressure 
before mitigation

.128 .054 .018 1

Negative pressure 
after mitigation

.110 .144 -.062 .980** 1

Multiple
.410* -.602** .688** .162 .035 1

*. p<0.05 

**. p<0.01 
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The correlation between the increase of the negative pressure before and 

after the application of the ASD and the reduction efficiency indicates that the 

higher the negative pressure increase, the higher the reduction efficiency. In 

addition, by predicting radon reduction efficiency with increased multiple 

after negative pressure measurement, it is possible to calculate the reduced 

concentration value without measuring the indoor radon concentration.
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3.3.2. Correlation between negative pressures

The correlation coefficient between negative pressure before and after 

application of ASD was 0.980 and significant probability was 0.000, 

indicating a very strong correlation.

Figure 9. Relationship between negative pressure before and after application of ASD

Therefore, the negative pressure before and after application of ASD has a 

strong correlation, so when estimating reduced radon concentration after 

negative pressure measurement, an accurate increment factor can be set.
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3.3.3. Correlation between Reduction Efficiency and Negative 

Pressure by Fan Capacity

The fan capacity for ASD was 50W, 90W based on the pre-pressure 5 (-Pa). 

The correlations were divided into two groups: 16 with 50W fans and 14 with 

90W. In the case of 50W, the correlation coefficient between radon reduction 

efficiency and negative pressure increase multiple was 0.499. In case of 90W, 

correlation coefficient was 0.822 and significant probability was 0.000. 

As a result, when 90W fan was used, the correlation between the negative 

pressure increase multiple and the radon reduction efficiency was relatively 

higher.
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Table 4. Correlation Analysis Results

Radon_reduction_50W Radon_reduction_90W
Negative_pressure_multiplier_

50W
Negative_pressure_multiplier

_90W

Radon_reduction
_50W

1

Radon_reduction
_90W

.290 1

Negative_pressure 
_multiplier_50W

.499* .063 1

Negative_pressure_
multiplier_90W

.430 .822** .068 1

*. p<0.05 

**. p<0.01 
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Figure 10. Negative pressure multiplier and radon reduction efficiency (90W fan)

Figure 11.Negative pressure multiplier and radon reduction efficiency (50W fan)
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4. Conclusions

Through this study, the relationship between radon reduction efficiency and 

negative pressure was analyzed in order to obtain basic data on application of 

ASD, one of the technical radon reduction methods. As a result, the 

correlation between the negative pressure ratio and the reduction efficiency 

after ASD application was 0.602, and the significance probability was 0.000. 

It is expected that the two results will provide a significant increase in 

negative pressure  before and after application of ASD, and that the 

increased multiple will predict the efficiency of radon reduction. Therefore, 

the radon concentration value can be predicted after the application of ASD 

only by the reduction efficiency without measuring the radon concentration, 

and can be used as a basic data for determining the success or failure of ASD 

application. In addition, the concentration of indoor radon in housing after 

application of ASD decreased by about 12 times, showing on average 

reduction efficiency of about 88.9%, confirming that radon reduction 

efficiency through application of ASD is high in housing exposed to high 

concentration radon.

This study has great significance in that it provided basic data to explain the 

criteria for applying ASD, which is the most actively used construction 

method for radon reduction in foreign countries. As the indoor radon 

concentration of houses with one or less floors is high in Korea, it is expected 

that ASD application will be active for continuous and consistent management 

of radon exposed to high concentrations of radon.

In order to increase access to ASD and maintain consistent reduction 

efficiency, additional research is needed to provide guidelines for ASD 

application.
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APPENDIX

Measuring instrument

The E-perm consists of a covered chamber with 210mlcapacity and a 

voltage charged Electret, and the surface of the Electret is made of Teflon-

FEP (Fluorinated Ethylene Propylene copolymer) film with a thickness of 23 

mm. The inside of the chamber is equipped with filters to remove dust, etc. 

The measurement principle of E-perm is that when radon enters the chamber 

in the air and collapses, ions and electrons are generated. 

In this study, a standard electronic calibration was performed before voltage 

measurement to increase the accuracy of the radon concentration, and the 

charge amount of the filling film was read using the electret voltage 

reader(Rad Elec Inc., USA) to convert the radon concentration.

RAD7 is an alpha detector using chamber-type semiconductors that can 

measure radon particles in alpha particles. The principle of measurement is to 

use a high potential difference (2,200V) between the container wall and the 

silicon detector in the specimen measuring device to cause radon gas to 

collapse. Radioactive particles(positive charges),radon Decay products, 

produced by radon gas decay are collected and measured on the surface of the 

silicon.



32

Table 5. Initial data subject to ASD

No. Location

Negative pressure

[-Pa] Fan size

[W]Before 

mitigation

After 

mitigation

1 Gyeonggido 9.2 16.6 50

2 Gyeonggido 1.5 1.1 90

3 Jeollabuk-do 112.2 255.0 50

4 Jeollabuk-do 21.3 57.4 50

5 Jeollabuk-do 5.9 20.5 50

6 Jeollanam-do 9.6 11.9 50

7 Seoul 140.1 245 50

8 Seoul 8.2 4.6 50

9 Gangwondo 6.1 39.1 50

10 Busan 1.4 0.5 90

11 Jeollabukdo 4.8 10.1 90

12 Gangwondo 9.6 7.8 50

13 Gangwondo 4.1 4.7 90

14 Jeollabuk-do 26.8 54.3 50

15 Jeollabuk-do 126.1 248.0 50

16 Gangwondo 1.9 2.6 90

17 Gyeonggido 6.3 8.3 50

18 Gyeongsangbugdo 1.4 3.2 90
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No. Location
Negative pressure

[-Pa] 

Fan size

[W]

19 Gangwondo 1.6 3.8 90

20 Incheon 2.7 10.2 90

21 Gyeongsangbugdo 0.1 0.4 90

22 Jeollabukdo 9.6 57.8 90

23 Gangwondo 23.8 18.7 50

24 Gyeonggido 0.7 4.7 90

25 Gyeonggido 1.0 0.7 90

26 Jeollabuk-do 6.0 24.0 50

27 Chungcheongnamdo 38.0 72.2 50

28 Gyeongsangbugdo 57.2 112.4 50

29 Gangwondo 5.9 34.5 90

30 Gangwondo 0.5 2.5 90
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국문 초록

토양가스배기법(ASD)에 의한 실내

라돈 농도의 감소 효과 분석

윤 다 교

서울대학교 보건대학원

환경보건학과
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연구배경: 라돈은 자연방사성 가스로 흡연에 이어 폐암의 주요 원인

으로 보고되었고(WHO, 2016) 수많은 역학 연구들을 통해 사실이

입증되었다. 국내 주택의 연평균 라돈 농도는 88Bq/㎥(국립환경과

학원, 2010)으로 OECD 평균 실내 라돈 농도(39Bq/㎥)에 비해 높은

수준이며, 국내 폐암으로 인한 사망도 증가 추세이다. 라돈의 인체

노출은 주로 실내에서 발생하며, 실내로 유입되는 라돈 가스의 80

∼90%가 토양에서 기인하며,실내의 토양에 대한 라돈 농도는 최대

치로 증가한다고 보고되었다. 이에 실내 라돈 가스 유입을 차단하여

농도를 줄이기 위한 연구가 필요하지만, 현재까지 연구 현황을 살펴

보면 라돈 현황 위주의 연구로 저감 방법에 대한 연구는 부족하다.

목표: 실내의 라돈 농도가 높은 건물(1층 이하)을 대상으로 토양가

스배기법(이하 “ASD”)을 적용한 후 음압에 따른 라돈의 저감율을

분석하여, ASD에 효율성 분석에 대한 기초 자료를 확보하고자 한다.

연구방법: 실내 라돈 농도가 300Bq/㎥인 고농도 주택 30곳을 대상

으로 ASD 적용 전, 후 라돈 농도와 음압을 측정하였다. 실내 라돈

농도 측정은 ASD 적용 전과 후 동일한 위치에서 각 3일(72시간)을

측정하였으며, 음압은 저감 시공 완료 후 라돈 저감 장치인 Fan을

가동한 상태에서 진행하였다. ASD 적용에 따른 라돈 저감 효율과  

음압 간의 상관 관계를 살펴보기 위해 SPSS 통계프로그램을 활용

하여 분석해보았다.
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결과: ASD적용에 따른 라돈 저감 효율은 평균 88.9%으로 ASD가

라돈 농도가 높은 주택에도 저감 효율이 높음을 확인하였다. ASD 

적용 전 음압은 0.1(-Pa)에서 140.1(-)Pa 범위였고, 적용 후 음압

범위는 0.4(–Pa)에서 255.0(-Pa)으로 모두 증가하였으며, 평균으로

2.6배 증가하였다.

ASD 적용에 따른 음압의 증가 배수와 라돈 저감효율 간의 상관계

수는 0.688, 유의확률은 0.000으로 상관성을 보였고, 음압 간 상관

계수는 0.980, 유의확률은 0.000으로 매우 강한 양의 상관성을   

나타내었다.

결론: 본 연구를 통해 라돈 고농도 건물에 대한 ASD 저감 효율과

음압에 따른 라돈 저감 효율의 관계를 확인하여, ASD적용으로 실내

라돈에 고농도로 노출된 주택도 권고 기준 이하로 저감 시켜 관리

할 수 있음을 확인하였다. 또한, 음압 증가 배수와 라돈 저감 효율

과 관계를 통해, ASD 적용 후에 저감된 라돈 농도를 예측해 볼 수

있을 것으로 보인다.

앞으로 고농도 라돈에 노출된 1층 이하 주택의 효율적 라돈 저감과

꾸준한 관리를 위해 ASD적용이 활발해 질 것으로 기대된다. 음압과

라돈 저감 효율과의 상관성이 존재하는 만큼 ASD 적용에 대한  

접근성 높이고 일관성 있는 저감 효율을 유지하기 위해선 ASD  

적용 단계별 가이드라인 제시를 위한 추가 연구가 필요해 보인다.

keywords: 라돈 저감, 실내 라돈, 활성 토양, 실내 라돈 측정, 감압

(ASD), 라돈 및 음압 상관성
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