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This study mea sured the in door ra don con cen tra tions at 23 ad min is tra tive of fice build ings in
Gyeongju, Ko rea, which con sists of 23 ad min is tra tive dis tricts. Us ing the Ko rean geo log i cal
in for ma tion sys tem, the type of bed rock un der the ad min is tra tive of fice build ings was iden ti -
fied and clas si fied in 3 ma jor types: gran ite, sed i men tary rock, and sed i men tary rock-based
fault. The changes in the in door con cen tra tions at the 23 ad min is tra tive of fice build ings were
an a lyzed ac cord ing to the type of bed rock. As a re sult, the ra don con cen tra tion in the ar eas
with the gran ite bed rock was gen er ally higher than that in the re gion of two other types of
bed rock. In ad di tion, the ra don con cen tra tion was eval u ated ac cord ing to sur face area and
con struc tion tim ing of the build ing. The in door ra don con cen tra tion gen er ally in creased
with de creas ing sur face area of the build ing, par tic u larly in gran ite dis trib uted ar eas. For a
build ing aged more than 15 years, the ra don con cen tra tion in the build ing in the gran ite area
was much higher. For the build ing aged 1 or 2 years, the ra don con cen tra tion was high re -
gard less of the type of the bed rock due to ra don em a na tion from the build ing ma te rial, such as 
con crete.
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IN TRO DUC TION

Ra don is a nat u rally oc cur ring ra dio ac tive gas,
which de cays into ra dio ac tive par ti cles that can be
trapped in hu man lungs when in haled. As they break
down fur ther, these par ti cles re lease small bursts of en -
ergy. This can dam age the lung tis sue and lead to lung
can cer over the course of one’s life time [1]. Ra don is re -
spon si ble for the ma jor ity of the pub lic ex po sure to nat -
u rally oc cur ring ra di a tion. The United Na tion Sci en tific
Com mit tee on the Ef fects of Atomic Ra di a tion
(UNSCEAR) re ported that ra don and its prog e nies
cause on av er age a ra di a tion dose of 1.3 mSv per year
and 79% of the ra di a tion dose is due to the in door ra don
in ha la tion [2]. There fore, each coun try makes na tional
sur veys of the ac tual ra don con cen tra tion and im ple -
ments ra don man age ment mea sures to pro tect its cit i -
zens [3-6].

Gyeongju is lo cated in south east of the Ko rean
pen in sula and is ap prox i mately 360 km away from Se -
oul. Gyeongju was a cap i tal of the Silla dy nasty which
was a king dom main tained over 1,000 years and had

great his tor i cal her i tage. In Gyeongju, the per cent -
age of old build ings is rel a tively high be cause the
de vel op ment and con struc tion of new build ings is re -
stricted due to her i tage list ing. Old build ings are
more likely to have high in door ra don con cen tra tion
be cause those build ings have many path ways for ra -
don to per me ate the in door space from the ex ter nal
en vi ron ment. In ad di tion, var i ous types of bed rock,
such as gran ite, sed i men tary rocks, and sed i men tary
rock-based faults, are dis trib uted in the un der ground
ar eas of Gyeongju. There have been no mea sure -
ments and anal y sis of the in door ra don con cen tra -
tions, par tic u larly in the ad min is tra tive of fice build -
ings, con sid er ing these his toric and geo log i cal char -
ac ter is tics in Gyeongju.

There fore, this pa per pres ents the re sults of
measuring the in door ra don con cen tra tions at 23 ad -
min is tra tive of fice build ings in or der to de ter mine
the re la tion ship be tween the in door ra don con cen tra -
tions and the type of bed rock un der each build ing. In
ad di tion, this study ex am ined how did the sur face
area and the con struc tion tim ing of the ad min is tra -
tive dis trict of fice build ing af fect the in door ra don
con cen tra tion.* Cor re spond ing au thor; e-mail: jhmoon86@dongguk.ac.kr



MA TE RI ALS AND METH ODS

As shown in tab. 1, Gyeongju con sists of 23 ad -
min is tra tive dis tricts. In this study the in door ra don
con cen tra tions in 23 ad min is tra tive dis trict of fice
build ings were mea sured, the ex am ple ones of which
are shown in fig. 1. The rea son that the ad min is tra tive

dis trict of fice build ings were se lected as a mea sure -
ment point is that many peo ple move in and out of the
build ings and doz ens of work ers re main in the build -
ings for 8 hours more per day. In ad di tion, it is rel a -
tively easy to iden tify the char ac ter is tics of the build -
ings, such as con struc tion tim ing or build ing ma te rial.
The age struc ture of the build ings was more than 10
years on av er age.

From June to De cem ber 2010, the mea sure ments 
were made at points where the in door ra don con cen -
tra tion was ex pected to be the high est in each build ing,
such as a base ment stor age area or ma chin ery room
that has been un used for a long time or is poorly ven ti -
lated. The type of bed rock un der the 23 ad min is tra tive
dis trict of fice build ings was ex am ined to de ter mine
the re la tion ship be tween the type of bed rock and the
in door ra don con cen tra tion in the build ings. Fig ure 2
shows the geo graph ical lo ca tion of Gyeongju in the
Ko rean pen in sula and the mea sure ment points in each
ad min is tra tive dis trict in Gyeongju. Ta ble 1 in cludes
the num ber of the float ing pop u la tion, sur face area,
and the con struc tion tim ing of the ad min is tra tive dis -
trict of fice build ings.

A geo log i cal map un der each mea sure ment point
was ex am ined us ing the Ko rean geo log i cal in for ma tion
sys tem de vel oped by the Ko rea In sti tute of Geoscience
and Min eral Re sources. Ta ble 2 lists the bed rock dis tri bu -
tion un der the mea sure ment points in the ad min is tra tive
dis trict of fice build ings. Ta ble 2 re veals de cades of sed i -
men tary rock-based faults. The gran ite ex ists un der the 4
ad min is tra tive dis trict of fice build ings: Sannae-myon,
Hwangseong-dong, Cheonbuk-myon, and Seondo-dong.
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Ta ble 1. Over view of the ad min is tra tive of fice build ings in Gyeongju

Administrative district Point Establishment Surface area [m2] No. of staffs No. of residents

Eup

Gampo

Eup office

1991 472.91 23 7,240

Oedong 2009 110.34 34 18,959

Angang 1956 795 49 34,211

Geoncheon 1986.03.27 1.209 25 11,152

Myeon

Naenam

Myeon office

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

Gangdong 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

Dong

Dongcheon

Dong office

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

Hwango 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

            Fig ure 1. Ex am ple of the ad min is tra tive
            com mu nity of fice build ings in Gyeongju



These gran ites are known to have formed mainly dur ing
the Ju ras sic or Cre ta ceous pe ri ods. The ra don con cen tra -
tion in gran ite rock masses is higher due to their high ura -
nium con tent [3]. This pa per shows the ex am ined in door
ra don con cen tra tions ac cord ing to the types of bed rock
un der the ad min is tra tive dis trict of fice build ings, which
are cat e go rized in 3 main types; gran ite, sed i men tary rock,
and sed i men tary rock-based fault. 

A RAD7 de tec tor (Durrridge Co.) was used to
mea sure the in door ra don con cen tra tion be cause it al -
lows con tin u ous mea sure ment. Fig ure 3 shows the
struc ture of the RAD7. 

The ex per i men tal pro ce dure for the in door ra don 
con cen tra tion was shown in fig. 4 and as fol lows:
– be fore the mea sure ment, the de tec tor was purged

for 15 min utes,
– the ra don con cen tra tion in the air out side the

build ing was mea sured for 5 min utes,
– for the mea sure ment in side the build ing, the de -

tec tor should be in stalled at the cen ter and 1.5 m
high from the floor of the build ing,

– at the mea sure ment point, the mea sure ment was
made con tin u ously for 48 hours, and

– if  the  in door  ra don  con cen tra tion  ex ceeded
148  Bq/m3 or was found to be an ab nor mal value, 
mea sure ment was re peated and an a lyzed.
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  Fig ure 2. The mea sure ment
    points in each ad min is tra tive
  area in Gyeongju

Ta ble 2. The dis tri bu tion of bedrocks un der each
 ad min is tra tive area in Gyeongju
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Fig ure 3. The struc ture of a ra don detector

Fig ure 4. The mea sure ment procedure



RE SULTS  

Fig ure 5 shows the in door ra don con cen tra tions at 
each in ter val for each ad min is tra tive dis trict of fice
build ing ac cord ing to the type of bed rock un der the
build ing. As shown in fig. 5, the in door ra don con cen -
tra tions in the gran ite re gion were gen er ally higher than
those in the re gion of the other bed rock types. That is,
the fre quen cies ex ceed ing 148 Bq/m3, which is an ac -
tion level rec om mended by the U.S. En vi ron men tal
Pro tec tion Agency (EPA), in the re gion of gran ite were

larger than those in the other re gions. For the re gion of
gran ite, the range most fre quently mea sured was
125~225 Bq/m3 and the max i mum con cen tra tion was
387.1 Bq/m3. In com par i son, for the re gions of sed i -
men tary rock and sed i men tary rock-based fault, the
range of ra don con cen tra tions most fre quently mea -
sured was 2.8~70 Bq/m3 and the fre quency ex ceed ing
the EPA ac tion level was low. 

Fig ure 6 shows the rep re sen ta tive sta tis tics of
the in door ra don con cen tra tions, such as the arith me tic 
mean, geo met ric mean, max i mum value and min i mum 
val ues, ac cord ing to the type of bed rock. The in door
ra don con cen tra tions in the build ings in the area
whose bed rock is gran ite were 125~188% higher than
those in the build ings in the ar eas whose bed rock was
sed i men tary rock or fault. For the two re gions ex cept
gran ite, the dif fer ence be tween the ra don con cen tra -
tions was ap prox i mately 28%. As dem on strated in a
pre vi ous study [3], the ra don con cen tra tion in the area
where the gran ite was dis trib uted is higher than that in
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Fig ure 5. The in door ra don con cen tra tion in the
ad min is tra tive of fice build ing in Gyeongju ac cord ing to
the type of bed rock

Rock Arithmetic
mean

Geometric
mean Maximum Minimum

Granite 121.3 83.6 387.1 7.5

Sedimentary
rock 42.1 33.9 33.9 2.8

Fault 23.9 45.1 167.5 4.1

Fig ure 6. The rep re sen ta tive sta tis tics of the in door
ra don con cen tra tion mea sure ments ac cord ing to the
type of bed rock



the area where the other types of bed rock were dis trib -
uted be cause the em a na tion rate of ra don from gran ite
is higher than that from sed i men tary or vol ca nic rock.
[7] The in door ra don con cen tra tion may be in flu enced
by the in flow of ra don gas from the soil to the build ing.

Figure 7 shows the in door ra don con cen tra tions
ac cord ing to the sur face area and con struc tion tim ing
of the ad min is tra tive dis trict of fice build ing. The in -
door ra don con cen tra tion gen er ally in creased with de -
creas ing sur face area of the build ing, par tic u larly in
the gran ite dis trib uted ar eas. Re gard ing con struc tion
tim ing, for a build ing aged more than 15 years, the ra -
don con cen tra tion in the build ing in the gran ite area
was much higher. As the build ing ages, cre vasses will
form on the floor or wall of the build ing, which can al -
low the pas sage of the ra don from the soil. The con -
cen tra tion of ra don gas in side the build ing will in -
crease with time. On the other hand, for a build ing
aged one or two years, the ra don con cen tra tion was
high re gard less of the type of the bed rock. This ap -

pears to be due to the ra don em a nat ing from the con -
struc tion ma te rial of new build ings, such as con crete,
be cause most of the build ings newly built in Ko rea
have been con structed us ing con crete. It was also
found that the ra don con cen tra tion in the con crete
build ing was higher than that in the build ing made of
other ma te ri als [8]. 

Fig ure 8 shows the pro jected an nual ef fec tive
dose to staff work ing in the ad min is tra tive dis trict of fice 
build ing due to in door ra don in ha la tion ac cord ing to the 
type of bed rock. To es ti mate the ra di a tion dose due to
ra don and its prog e nies, it was as sumed that the an nual
work ing time for a worker was 2,000 hours (40 hours
per week, 50 work ing weeks). The ra di a tion dose can
be es ti mated us ing the work ing level (WL), which is a
mea sure of the at mo spheric con cen tra tion of ra don and
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Fig ure 7. The in door ra don con cen tra tion ac cord ing to
the area and con cen tra tion time of each of fice build ing

Ad min is tra tive district

Rock Point mSv per year

Granite

Sannae 0.711

Hwangseong 1.702

Cheonbuk 1.079

Seondo 0.194

Sedimentary
rock

Seo 0.375

Yangbuk 0.217

Gampo 0.137

Yangnam 0.582

Hyeongok 0.133

Oedong 0.335

Fault

Angang 0.696

Wolseong 0.135

Geoncheon 0.397

Dongcheon 0.321

Naenam 0.663

Bodeok 0.11

Gangdong 0.259

Hwangnam 0.258

Jungbu 0.303

Seonggeon 0.533

Yonggang 0.54

Hwango 0.157

Bulguk 0.39

Fig ure 8. The pro jected an nual ef fec tive dose of the staff
in each of fice build ing



its prog e nies. 1 WL is de fined as any com bi na tion of
short-lived ra don daugh ters in 1 L of air that will re sult
in the ul ti mate emis sion of 1.3×105 MeV of al pha par ti -
cles en ergy. This cor re sponds to an at mo spheric con -
cen tra tion of 3,700 Bq/m3 of 222Rn (100 pCi per li ter) in
equi lib rium with its daugh ters [9].  Us ing the in door
equi lib rium fac tor (0.4 rec om mended by UNSCEAR),
the an nual ef fec tive dose can be cal cu lated as fol lows
[10, 11]

WL = Ft ´ CRn/100 (1)

where CRn is the av er age ra don con cen tra tion in each
build ing.

If the ex po sure re sult ing from in ha la tion of air
with a 1-WL con cen tra tion for a pe riod of one work ing 
month (170 hours) is 1 WML (work ing level month),
the ac tual ex po sure can be cal cu lated as

WLM = WL ´ ex po sure time (hours)/170 (2)

Us ing  the  ef fec tive dose con ver sion fac tor of
5.4 mSv per year/WLM, then the an nual ef fec tive dose 
(AED) can be es ti mated as

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

The an nual ef fec tive doses for the re gion of
gran ite were pro jected to be 2.4~3.1 times higher than
those for the re gions of other types of bed rock. In par -
tic u lar, the an nual dose for the Hwangseong-dong of -
fice build ing was es ti mated to be 1.702 mSv per year.
This was at trib uted to the of fice build ing be ing old be -
cause it was con structed in 1988 and the mea sure ment
point was in a sealed area with wa ter but no ven ti la -
tion. From some ref er ences [12, 13], the rea son why
the an nual ef fec tive doses for the of fice build ings of
the Angan-eup and Naenam-myon were higher than
the other of fice build ings re gard less of the type of bed -
rock could be in ferred such that the two build ings were 
older than the other of fice build ings in Gyeongju and
the hu mid ity in the two of fice build ings was 30~40%
higher.

CONCLUSION

The in door ra don con cen tra tions were ex am ined 
in 23 ad min is tra tive of fice build ings in Gyeongju. The 
mea sure ment val ues were pro cessed into the fre -
quency and mean ra don con cen tra tion in each build ing 
ac cord ing to the type of bed rock: gran ite, sed i men tary
rock, and sed i men tary rock-based fault. For the area
whose bed rock was gran ite, the num ber of mea sure -
ment points whose ra don con cen tra tion ex ceeded the
ac tion level rec om mended by the U.S. EPA was much
higher than those of the other two ar eas. In ad di tion,
the in door ra don con cen tra tion in creased with de -
creas ing area and in creas ing age of the of fice build ing.

The im por tance of sur vey ing and man ag ing the
ra dio ac tiv ity due to nat u ral oc cur ring ra don is well

known. There fore, it is nec es sary to ex am ine the dis tri -
bu tion of bed rock un der the build ing as well as the
em a na tion rate of ra don from the build ing ma te rial be -
fore its con struc tion, and pre pare mea sures to re duce
the in door ra don con cen tra tion. This data is ex pected
to be used as ba sic data for es tab lish ing a na tional ra -
don man age ment sys tem.

 REFERENCES

[1] ***, United Na tions, U. N. Sci en tific Com mit tee on
the Ef fects of Atomic Ra di a tion, Source Ef fects and
Risks of Ion iz ing Ra di a tion, 1988 Re port to the Gen -
eral As sem bly with An nexes, New York, 1988

[2] Clouvas, A., Xanthos, S., Takoudis, G., In door Ra don
Lev els in Greek Schools, Jour nal of En vi ron men tal
Ra dio ac tiv ity, 102 (2011), 9, pp. 881-885

[3] Anastasiou, T., et al., In door Ra don Con cen tra tion
Mea sure ments in Cy prus Us ing High-Sen si tiv ity Por -
ta ble De tec tors, Jour nal of En vi ron men tal Ra dio ac -
tiv ity, 68 (2003), 2, pp. 159-169

[4] Cho, B. W., et al., A Pre lim i nary In ves ti ga tion of Ra -
don Con cen tra tion in Ground wa ter of South Ko rea,
Ko rean So ci ety of Soil and Ground wa ter En vi ron -
ment, 12 (2007), 5, pp. 98-104

[5] Hess, C. T., et al., The Oc cur rence of Ra dio ac tiv ity in
Pub lic Wa ter Sup plies in the United States, Health
Phys ics, 48 (1985), 5, pp. 553-586

[6] Otton, J. K., Zielinski, R. A., Been, J. M., Ura nium in
Holocence Val ley-Fill Sed i ments, and Ura nium, Ra -
don, and He lium in Wa ters, Lake Tahoe-Car son
Range Area, Ne vada and Cal i for nia, USA, En vi ron -
men tal Ge ol ogy and Wa ter Sci ence, 13 (1989), 1, pp.
15-28

[7] Lee, H. M., et al., Dis tri bu tion of Some En vi ron men tal
Radionuclides in Rocks and Soils of Guemjeong-Gu
Area in Busan, Ko rea (in Ko rean), Jour nal of Pet ro log i -
cal So ci ety of Ko rea, 17 (2008), 3, pp. 179-190

[8] Fuci}, A., et al., Radiochemical In door En vi ron ment
and Pos si ble Health Risks in Cur rent Build ing Tech nol -
ogy, Build ing and En vi ron ment, 46 (2001), 12, pp.
2609-2614

[9] Cember, H., John son, T. E., In tro duc tion to Health Phys -
ics, 4th ed, McGraw Hill Med i cal, 2009, pp. 324-325

[10] Kang, S. A., Han, D. H., Kim, C. Y., A Study on the Cor -
re la tion be tween the Vol ume of In door Space and the
Mea sured Con cen tra tion of In door Ra don (in Ko rean),
Jour nal of the Ko rean As so ci a tion for Ra di a tion
Protection, 32 (2007), 3, pp. 97-104

[11] Bondansky, D., Over view of In door Ra don Prob lem, in:
In door Ra don and Its Haz ards, Uni ver sity of Wash ing -
ton Press, Se at tle, USA, Lon don, 1989

[12] Udovi~i}, V., et al., Ra don Time-Se ries Anal y sis in the
Un der ground Low-Level Lab o ra tory in Bel grade, Ser -
bia, Ra di a tion Pro tec tion Do sim e try, 145 (2011), 2-3,
pp. 155-158

[13] Kim, D. S., et al., Con cen tra tion Dis tri bu tions and a Re -
duc tion Strat egy of Ra don in Se oul Met ro pol i tan Sub -
way Sta tions (in Ko rean), Envinews Mag a zine Cen ter,
1993

Re ceived on Au gust 9, 2011
Ac cepted on No vem ber 4, 2011

C. H. Park, et al.: Ef fects of Bed rock Type on the In door Ra don Con cen tra tions ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2011, Vol. 26, No. 3, pp. 226-232 231



C. H. Park, et al.: Ef fects of Bed rock Type on the In door Ra don Concentrations ...
232 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2011, Vol. 26, No. 3, pp. 226-232

^an Hi PARK, So Jong XANG, [in Xae KIM, Xu Hjun MUN

UTICAJ  STENOVITOG  TLA  NA  KONCENTRACIJU  RADONA  U 
ADMINISTRATIVNIM  USTANOVAMA  GJEONGXU  OBLASTI  U  KOREJI

U ovom radu prikazano je merewe koncentracije radona unutar 23 administrativne
ustanove u oblasti Gjeongxu u Koreji, koja je podeqena na 23 okruga. Koriste}i se geolo{kim
informacionim sistemom Koreje, odre|ena je vrsta stenovitog tla ispod ovih zgrada i izvr{ena je
podela na tri osnovna tipa: granit, sedimentnu stenu i sedimentnu stenu sa pukotinama. Prema
vrsti tla analizirana je promena koncentracije radona u zgradama. Koncentracija radona u
oblastima sa granitnim tlom bila je vi{a nego u oblastima sa drugim vrstama tla. Pored toga,
koncentracija radona je procewivana prema povr{ini i vremenu gradwe zgrade. Koncentracija
radona je rasla sa smawewem povr{ine zgrade – naro~ito u oblastima sa granitnim tlom, a kod
zgrada starijih od 15 godina, bila je znatno vi{a. U zgradama starim jednu do dve godine, usled
emisije radona iz gra|evinskog materijala kao {to je beton, koncentracija radona bila je visoka
bez obzira na vrstu tla.

Kqu~ne re~i: ra don, administrativna zgrada, Gjeongxu, raspodela tla


