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ABSTRACT

Objectives: The adverse health effects attributed to exposure to radon have been well known over the world. However, the efforts
for prevention and mitigation of radon have not been taken in Korea so far. The purpose of this study was to evaluate the
effectiveness of mitigation methods applied for various types of houses and public buildings with high level of radon.

Methods: Based on the results of "National Radon Survey"performed by the National Institute of Environmental Research(NIER)
in 2010-2012, we selected 30 candidate buildings consisting of 20 houses and 10 public buildings with greater than 148 Bq/m' of
radon level. We measured the concentration of radon in 30 buildings, using E-PERMs and RAD-7 during January to March of
2013. More than five E-PERMs and one RAD-7 per house were installed for seven days. Ten houses and five public buildings
were finally chosen to be mitigated after mainly considering the level of radon and the location of buildings nationwide. Three
mitigation methods such as Sealing, two types of Active Ventilation(window-shaped and wall-typed ventilations), and Active Soil
Depressurization(ASD) were applied, and the concentrations of radon were measured before and after mitigation, respectively. To
evaluate the effectiveness of mitigation methods, reduction rates of radon were calculated and Wilcoxon's signed-rank test was
performed.

Results: The mean concentration of 15 buildings just before radon mitigation was 297.8 Bq/m’, and most of the buildings were
located in Gangwon, Chungbuk, Chungnam, and Daegu areas(73.3%), and built in 1959-1998. The level of radon decreased from
48% to 90% and kept the below recommendation limit of 148 Bg/m' after installation of radon mitigation. Among mitigation
methods applied, the reduction rate(58.7-90.4%) of radon attributed to ASD was the greatest than that of other methods, followed
by Active Ventilation(48.4-78.4%) and Sealing(<22%). The effectiveness of radon reduction by window-shaped Active
Ventilation(63.2-75.2%) was relatively better than that of wall-typed Active Ventilation(48.4-54.3%).

Conclusions: The results of this study indicate that ASD could be more effective for radon mitigation. Moreover, our findings
would be background information in future for making the strategy for radon mitigation nationwide, as well as for developing
Korean-version of mitigation techniques according to types of dwellings in Korea.
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List up the candidate buildings to be mitigated from results of
Naticnwide Radon Survey (2010-2012) in homes, Korea
(n=30)

I

Radon measurement
and
examination of buildings characteristics

Check the recommendation
level of radon

(148 Bq/mi)
<148 Bq/m
=148 Ba/mi Exclusion
Selection of buildings
to be mitigated
(n=15)
Choice for one of
mitigation methods
' |
House Public building
(n=10) (n=5)
! | T
| | ]
Sealing Active ventilation Active Soil
Depressurization
02 (n-5) (n-10)

[ I J
1

Radon measurement
before & after mitigation

Comparison/evaluation of
radon mitigation

Figure 2. Strategy for radon mitigation by types of houses and
public buildings
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Figure 3. The mean concentration of airborne radon in 30 facilities including dwellings and public buildings. The dotted line indicates the
recommendation limit of exposure to radon, 148 Bq/m'’

Table 1. Characteristics of selected 15 buildings to be mitigated

ID Location Building materials Year in construction Use of groundwater = Rock type Type of building
B GW’ Red-colored brick, Cement 1995 X Granite Single house
block
GW Soil 1963 (6] Granite Single house
E B’ Soil 1959 X Non granite Single house
G JB Cement, Soﬂ_, Red-colored 1994 X Non granite Single house
brick
H pJf Concrete 1997 X Granite Row house
J CB' Soil 1976 X Granite Single house
L cN!  Red-colored brick, Cement 1996 0 Granite Single house
block
Red-colored brick, Soil, . .
N GW Cement block 1998 (6] Granite Single house
q Prefabricated panel, . .
P DG Concrete, Soil 1991 X Non granite Single house
o Red-colored brick . .
Q GB Cement block 1997 X Non granite Single house
a CB Cement 1976 X Granite Public building
b CB Cement 1969 X Granite Public building
f GW Cement 1984 X Granite Public building
g CB Cement 1997 X Granite Public building
h GG Cement 1992 X Non granite Public building
‘GW: Gangwon, ' IB: Jeonbuk, ' DI: Daejeon, "CB: Chungbuk, 'eN: Chungnam, "DG: Daegu, “GB: Gyeongbuk, "'GG: Gyeonggi
= FEF 9E A F8 el AY9S AT wol AAH Ao b}E}‘*ﬁ}(Seo et al, 2012). 5
T, S & U, AR, AT T A=l AR & 10329] 739 @=Eo] FAFH 90%E ZWOP
o] Qlow, AHjdom A, FHAIG Ao Hom, % —»’?‘rﬁE% tfto] 199849 o] zdef A|ofxl
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Table 2. Reduction rates of airborne radon by mitigation methods and two different methods for radon measurement(Unit: Bq/m’)

& 2" measurement(E-PERM) 2™ measurement(RAD - 7)
ID  measurement Before After Reduction P-value Before After Reduction Mitigation method
(E-PERM) mitigation mitigation rate(% mitigation mitigation rate(%
g g g g
B 45624833 543.6+£451.1 673+443  87.6  0.028 2342+141.1 11574684  50.6 ASD (Under floor)
C  1459+18.1 191.6+188 79.0+37.9 587 0043 1218+764 667420 452  ASD(Under heating floor)
E 21204241 3088+757 1411139 543 0043 1844+1065 507+392 676 ‘xctive Ventilation
(Wall-typed)
G 366.1+111.5 23724287 40.6+7.1 829 0043 105.1+833 61.3+425  41.7  ASD(Under heating floor)
H  2295£200 22774572 1054£204 537 0043 208.1+121.0 969+51.8 534 ‘ctive Ventilation
(Wall-typed)
I 3239+647 251.8+69.7 81.8+454 675 0043 1764+96.5 660+41.8  62.6  ASD(Under heating floor)
L 2403+17.1 362.6+1923 57.6+143 841  0.028 132.7+80.7 478+313 640 ASD(Under floor)
N 513941441 399.0£92.0 5434363 864  0.043 2228+1492 77.7+57.1 651  ASD(Under heating floor)
P 2273477 2413:733 12464183 484 0043 1903£1209 71.6+476 2.4  Active Ventilation
(Wall-typed)
Q 2383+419 223.6+67.1 21.5+86 904 0043 1513+714 674+51.0 555  ASD(Under heating floor)
a 258442185 23614651 586251 752 0018 2088+127.9 600+31.1 713 Active Ventlation
(Window-shaped)
b 308.0+184.7 253.0+53.6 99.9+13.0  60.5  0.028 247.4+1169 119.3+619 51.8  ASD(Under floor)
£ 23414682 19864280 7304241 632 0018 277841496 478258 g8  ctive Ventilation
(Window-shaped)
g 239942153 221.6+382 64.1+27.6 711  0.005 2784+1634 849+542  69.5 ASD(Under floor)
h  5157+37.7 47784755 1032+17.6 784 0005 179.1+121.1 722+432 597  ASD(Under floor)

*ASD: Active Soil Depressurization
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Reduction rate (%)

(ASD)

(ASD)
Adtive Ventilation

Adtive Ventilation

Adtive Soil Depressurization
Adtive Soil Depressurization

E-PERM RAD-7

Figure 4. Different reduction rates by mitigation and measurement
methods. Data for reduction rates of the sealing method
were excerpted from the results of “Standard of radon
analysis and mitigation for dwellings” performed by
Korea Environment Corporation(KECO) in 2012

(a)

Reductionrate (%)

Public
building

Public
building

Public House House

building

Public
building

ASD Active Ventilation ASD Active Ventilation

E-PERM RAD-7

1 ®

Reductionrate (%)

Under floor ASD
Under floor ASD

Window-shaped
active ventilation

Under heating floor ASD
Under heating floor ASD

E-PERM RAD-7

Figure 5. The comparisons of reduction rates; (a) by houses and
public buildings; (b) by ventilation types condition of
under floor
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