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This study measured the indoor radon concentrations at 23 administrative office buildings in
Gyeongju, Korea, which consists of 23 administrative districts. Using the Korean geological
information system, the type of bedrock under the administrative office buildings was identi-
fied and classified in 3 major types: granite, sedimentary rock, and sedimentary rock-based
fault. The changes in the indoor concentrations at the 23 administrative office buildings were
analyzed according to the type of bedrock. As a result, the radon concentration in the areas
with the granite bedrock was generally higher than that in the region of two other types of
bedrock. In addition, the radon concentration was evaluated according to surface area and
construction timing of the building. The indoor radon concentration generally increased
with decreasing surface area of the building, particularly in granite distributed areas. For a
building aged more than 15 years, the radon concentration in the building in the granite area
was much higher. For the building aged 1 or 2 years, the radon concentration was high re-
gardless of the type of the bedrock due to radon emanation from the building material, such as

concrete.
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INTRODUCTION

Radon is a naturally occurring radioactive gas,
which decays into radioactive particles that can be
trapped in human lungs when inhaled. As they break
down further, these particles release small bursts of en-
ergy. This can damage the lung tissue and lead to lung
cancer over the course of one’s lifetime [1]. Radon is re-
sponsible for the majority of the public exposure to nat-
urally occurring radiation. The United Nation Scientific
Committee on the Effects of Atomic Radiation
(UNSCEAR) reported that radon and its progenies
cause on average a radiation dose of 1.3 mSv per year
and 79% of the radiation dose is due to the indoor radon
inhalation [2]. Therefore, each country makes national
surveys of the actual radon concentration and imple-
ments radon management measures to protect its citi-
zens [3-6].

Gyeongju is located in southeast of the Korean
peninsula and is approximately 360 km away from Se-
oul. Gyeongju was a capital of the Silla dynasty which
was a kingdom maintained over 1,000 years and had
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great historical heritage. In Gyeongju, the percent-
age of old buildings is relatively high because the
development and construction of new buildings is re-
stricted due to heritage listing. Old buildings are
more likely to have high indoor radon concentration
because those buildings have many pathways for ra-
don to permeate the indoor space from the external
environment. In addition, various types of bedrock,
such as granite, sedimentary rocks, and sedimentary
rock-based faults, are distributed in the underground
areas of Gyeongju. There have been no measure-
ments and analysis of the indoor radon concentra-
tions, particularly in the administrative office build-
ings, considering these historic and geological char-
acteristics in Gyeongju.

Therefore, this paper presents the results of
measuring the indoor radon concentrations at 23 ad-
ministrative office buildings in order to determine
the relationship between the indoor radon concentra-
tions and the type of bedrock under each building. In
addition, this study examined how did the surface
area and the construction timing of the administra-
tive district office building affect the indoor radon
concentration.
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Table 1. Overview of the administrative office buildings in Gyeongju

Administrative district Point Establishment Surface area [m’] No. of staffs No. of residents

Gampo 1991 47291 23 7,240
Oecdong 2009 110.34 34 18,959

Eup Angang Eup office 1956 795 49 34211
Geoncheon 1986.03.27 1.209 25 11,152

Naenam 1988.04 833 18 6,142

Sannae 1988.09.06 634.67 17 3,561

Yangnam 1995.09.19 1,259.42 18 7,131

Yangbuk 1989.12.21 120.06 27 4,558

Myeon Gangdong | Vyeon office 1990 1,477.53 19 8,705
Seo 1974 690 20 4,166

Cheonbuk 1993 3.047 25 6,140

Hyeongok 1998.05.07 452 20 13,658

Dongcheon 1987.08.26 806.65 15 26,957

Seonggeon 1995.09.05 484.11 26 18,605

Seondo 2010.03.08 1,485.72 22 13,891
Yonggang 1996.10 1,326.4 15 16,424

Jungbu 1994.08.05 1,507.71 20 7,232

Dong Hwango Dong office 1996.12.26 890.55 18 5,007
Bodeok 1988 199.32 15 2,278

Hwangseong 1988.02.03 421 18 30,364

Bulguk 2009 1.913 14 8,996

Wolseong 1970 1.045 15 6,646

Hwangnam 1993 504.54 14 3,572

MATERIALS AND METHODS

As shown in tab. 1, Gyeongju consists of 23 ad-
ministrative districts. In this study the indoor radon
concentrations in 23 administrative district office
buildings were measured, the example ones of which
are shown in fig. 1. The reason that the administrative

(a) Bodeok-dong office building

(b) Hwangseong-dong office building

Figure 1. Example of the administrative
community office buildings in Gyeongju

district office buildings were selected as a measure-
ment point is that many people move in and out of the
buildings and dozens of workers remain in the build-
ings for 8 hours more per day. In addition, it is rela-
tively easy to identify the characteristics of the build-
ings, such as construction timing or building material.
The age structure of the buildings was more than 10
years on average.

From June to December 2010, the measurements
were made at points where the indoor radon concen-
tration was expected to be the highest in each building,
such as a basement storage area or machinery room
that has been unused for a long time or is poorly venti-
lated. The type of bedrock under the 23 administrative
district office buildings was examined to determine
the relationship between the type of bedrock and the
indoor radon concentration in the buildings. Figure 2
shows the geographical location of Gyeongju in the
Korean peninsula and the measurement points in each
administrative district in Gyeongju. Table 1 includes
the number of the floating population, surface area,
and the construction timing of the administrative dis-
trict office buildings.

A geological map under each measurement point
was examined using the Korean geological information
system developed by the Korea Institute of Geoscience
and Mineral Resources. Table 2 lists the bedrock distribu-
tion under the measurement points in the administrative
district office buildings. Table 2 reveals decades of sedi-
mentary rock-based faults. The granite exists under the 4
administrative district office buildings: Sannae-myon,
Hwangseong-dong, Cheonbuk-myon, and Seondo-dong.
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These granites are known to have formed mainly during

the Jurassic or Cretaceous periods. The radon concentra-
tion in granite rock masses is higher due to their high ura-
nium content [3]. This paper shows the examined indoor
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under the administrative district office buildings, which

are categorized in 3 main types; granite, sedimentary rock,

and sedimentary rock-based fault. Detect 48 h
A RAD?7 detector (Durrridge Co.) was used to
measure the indoor radon concentration because it al-
lows continuous measurement. Figure 3 shows the Data analyze
structure of the RAD7.
The experimental procedure for the indoor radon

concentration was shown in fig. 4 and as follows: Figure 4. The measurement procedure

— before the measurement, the detector was purged
for 15 minutes,

— the radon concentration in the air outside the — at the measurement point, the measurement was
building was measured for 5 minutes, made continuously for 48 hours, and

— for the measurement inside the building, the de- — if the indoor radon concentration exceeded
tector should be installed at the center and 1.5 m 148 Bg/m’ or was found to be an abnormal value,

high from the floor of the building, measurement was repeated and analyzed.
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RESULTS

Figure 5 shows the indoor radon concentrations at
each interval for each administrative district office
building according to the type of bedrock under the
building. As shown in fig. 5, the indoor radon concen-
trations in the granite region were generally higher than
those in the region of the other bedrock types. That is,
the frequencies exceeding 148 Bg/m?, which is an ac-
tion level recommended by the U.S. Environmental
Protection Agency (EPA), in the region of granite were
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Figure 5. The indoor radon concentration in the
administrative office building in Gyeongju according to
the type of bedrock

larger than those in the other regions. For the region of
granite, the range most frequently measured was
125~225 Bg/m® and the maximum concentration was
387.1 Bg/m?®. In comparison, for the regions of sedi-
mentary rock and sedimentary rock-based fault, the
range of radon concentrations most frequently mea-
sured was 2.8~70 Bg/m® and the frequency exceeding
the EPA action level was low.

Figure 6 shows the representative statistics of
the indoor radon concentrations, such as the arithmetic
mean, geometric mean, maximum value and minimum
values, according to the type of bedrock. The indoor
radon concentrations in the buildings in the area
whose bedrock is granite were 125~188% higher than
those in the buildings in the areas whose bedrock was
sedimentary rock or fault. For the two regions except
granite, the difference between the radon concentra-
tions was approximately 28%. As demonstrated in a
previous study [3], the radon concentration in the area
where the granite was distributed is higher than that in
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Figure 6. The representative statistics of the indoor
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Figure 7. The indoor radon concentration according to
the area and concentration time of each office building

the area where the other types of bedrock were distrib-
uted because the emanation rate of radon from granite
is higher than that from sedimentary or volcanic rock.
[7] The indoor radon concentration may be influenced
by the inflow of radon gas from the soil to the building.

Figure 7 shows the indoor radon concentrations
according to the surface area and construction timing
of the administrative district office building. The in-
door radon concentration generally increased with de-
creasing surface area of the building, particularly in
the granite distributed areas. Regarding construction
timing, for a building aged more than 15 years, the ra-
don concentration in the building in the granite area
was much higher. As the building ages, crevasses will
form on the floor or wall of the building, which can al-
low the passage of the radon from the soil. The con-
centration of radon gas inside the building will in-
crease with time. On the other hand, for a building
aged one or two years, the radon concentration was
high regardless of the type of the bedrock. This ap-

pears to be due to the radon emanating from the con-
struction material of new buildings, such as concrete,
because most of the buildings newly built in Korea
have been constructed using concrete. It was also
found that the radon concentration in the concrete
building was higher than that in the building made of
other materials [8].

Figure 8 shows the projected annual effective
dose to staff working in the administrative district office
building due to indoor radon inhalation according to the
type of bedrock. To estimate the radiation dose due to
radon and its progenies, it was assumed that the annual
working time for a worker was 2,000 hours (40 hours
per week, 50 working weeks). The radiation dose can
be estimated using the working level (WL), which is a
measure of the atmospheric concentration of radon and
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Figure 8. The projected annual effective dose of the staff
in each office building
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its progenies. 1 WL is defined as any combination of
short-lived radon daughters in 1 L of air that will result
in the ultimate emission of 1.3-10° MeV of alpha parti-
cles energy. This corresponds to an atmospheric con-
centration of 3,700 Bg/m? of >*2Rn (100 pCi per liter) in
equilibrium with its daughters [9]. Using the indoor
equilibrium factor (0.4 recommended by UNSCEAR),
the annual effective dose can be calculated as follows
[10, 11]

WL = F, x C,/100 (1)

where Cy, is the average radon concentration in each
building.

If the exposure resulting from inhalation of air
witha 1-WL concentration for a period of one working
month (170 hours) is | WML (working level month),
the actual exposure can be calculated as

WLM = WL x exposure time (hours)/170 (2)

Using the effective dose conversion factor of
5.4mSv per year/WLM, then the annual effective dose
(AED) can be estimated as

AED = WLM x 5.4 mSv per year/WLM  (3)

The annual effective doses for the region of
granite were projected to be 2.4~3.1 times higher than
those for the regions of other types of bedrock. In par-
ticular, the annual dose for the Hwangseong-dong of-
fice building was estimated to be 1.702 mSv per year.
This was attributed to the office building being old be-
cause it was constructed in 1988 and the measurement
point was in a sealed area with water but no ventila-
tion. From some references [12, 13], the reason why
the annual effective doses for the office buildings of
the Angan-eup and Naenam-myon were higher than
the other office buildings regardless of the type of bed-
rock could be inferred such that the two buildings were
older than the other office buildings in Gyeongju and
the humidity in the two office buildings was 30~40%
higher.

CONCLUSION

The indoor radon concentrations were examined
in 23 administrative office buildings in Gyeongju. The
measurement values were processed into the fre-
quency and mean radon concentration in each building
according to the type of bedrock: granite, sedimentary
rock, and sedimentary rock-based fault. For the area
whose bedrock was granite, the number of measure-
ment points whose radon concentration exceeded the
action level recommended by the U.S. EPA was much
higher than those of the other two areas. In addition,
the indoor radon concentration increased with de-
creasing area and increasing age of the office building.

The importance of surveying and managing the
radioactivity due to natural occurring radon is well

known. Therefore, it is necessary to examine the distri-
bution of bedrock under the building as well as the
emanation rate of radon from the building material be-
fore its construction, and prepare measures to reduce
the indoor radon concentration. This data is expected
to be used as basic data for establishing a national ra-
don management system.
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Yaun Xu [TAPK, Co Jour ITAHT, lllnn [Jae KUM, Ily Xjyun MYH

YTUIIAJ CTEHOBUTOI' TIIA HA KOHIHEHTPAILINIJY PANOHA Y
AIMUHUCTPATUBHUM YCTAHOBAMA T'JEOHITIY OBJACTH Y KOPEJA

Y oBOM pajly MpPHUKA3aHO je MEPEHE KOHLEHTpalWje PajoHa yHyTap 23 agMHUHHCTpaTUBHE
ycranoBe y obnactu [jeonrny y Kopeju, koja je nogerbena Ha 23 okpyra. Kopucrehu ce reomnomkum
uHpopmamonuM cuctemoM Kopeje, onpebeHa je BpcTa CTEHOBUTOT TJ1a MCIIOJ OBUX 3TPajia X U3BPIIICHA je
mojiesia Ha TPY OCHOBHA THIIA: IPAHUT, CEAMMEHTHY CTEHY U CEIIMEHTHY CTEHY ca myKoTuHama. [Ipema
BpCTH TJIa aHAJW3UPAHA je NPOMEHa KOHIEHTpaluje pajoHa y 3rpajgama. KoHuneHTpanuja pagoHa y
obyacTUMa ca FpaHUTHUM TJIOM OUNa je BUILIA HEero y obJlacTUMa ca ApyruM Bpcrama Tiaa. [lopen Tora,
KOHIIEHTpallja pajloHa je mpolehBaHa IpeMa MOBPIINHE U BpeMEHy Ipajiie 3rpafe. Konnenrpanuja
pajioHa je paciia ca cMambCH-EM MOBPIINHE 3TPajie — HAPOUUTO Y 06JIacTIMAa ca TPAHUTHUM TJIOM, a KOJ
3rpajia ctapujux of 15 ropmHa, 6mia je 3HaTHO BWINA. Y 3TpajamMa CTapuM jefHY /10 IB€ TOJINHE, YCIeN
eMucHje pajiona 13 rpabeBuHCKOr MaTepujaa Kao MITo je 6eTOH, KOHLEHTpalyja pajjoHa Ouia je BUcoka
0e3 o03upa Ha BpCTY Tia.

Kwyune peuu: paoon, admunuciipaiiugna 3zpaoa, I jeonzuyy, paciiooena iina




