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Abstract

Concentrations of the atmospheric radon and gaseous pollutants were measured at the Gosan site on Jeju Island
from 2010 to 2015, in order to observe their time-series variation characteristics and examine the concentration
change related to the airflow transport pathways. Based on the realtime monitoring of the atmospheric radon and
gaseous pollutants, the daily mean concentrations of radon (**Rn) and gaseous pollutants (SO,, CO, O,, NO,) were
2,400 mBq m™ and 1.3, 377.6, 41.1, 3.9 ppb, respectively. On monthly variations of radon, the mean concentration
in October was the highest as 3,033 mBq m™, almost twice as that in July (1,452 mBq m™). The diurnal variation of
radon concentration shows bimodal curves at early morning (around 7 a.m.) and near midnight, whereas its lowest
concentration was recorded at around 3 p.m. Several gaseous pollutants (SO,, CO, NO,) showed a similar seasonal
variation with radon concentration as high in winter and low in summer, whereas the O, concentrations had a bit
different seasonal trend. According to the cluster back trajectory analysis, the frequencies of airflow pathways
moving from continental North China, East China, Japan and the East Sea, the Korean Peninsula, and North Pacific
Ocean routes were 36, 37, 10, 13, and 4%, respectively. When the airflow were moved to Jeju Island from conti-
nental China, the concentrations of radon and gaseous pollutants were relatively high. On the other hand, when the
airflows were moved from North Pacific Ocean and East Sea, their concentrations were much lower than those from
continental China.
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HES AAANA 7P de #xste A
A2 gAY EYA BEd. 19
Woba sl o R = Hsh A S
B H7] 2o Eezs BTt
ot e 8 594 EE FE(PRn), EE(*Rn),
o}El=("Rn) Fo| YL, ©] F *Rnol| &5t 737} 7}
Z 2A Jeua gk EEL EE('Th)Y] g3
o) A w77} 54522 Fh GElE A
S2HE (PU)9 gl ofsf AP ¥I7F 392
2 Ul FobA] o]F F AEY 7] =& o Rt
ol¢} & =2 L (U 1 A A
¢ 25 (*Ra)9] a-5 2 YPEH JhiHez 71 5
7471 (3.82Y9)E zrE=t}(Whittlestone and Zahorowski,
1998). 22] 1 thE Fodase vlsf 7pg g &=
she gAY A 2A2 4ve] a-galet 4vl
o p-3HE AA HAFHe2 Mpbom ysiEc
(Moon et al., 2009; WMO/GAW, 2004).

e 93 9 Z 2 AA|HThe F2 2hE AdF
*Po, *Poo] a-g ol oJaf WAYstH, AR &7
7 =E Al 220] &4E 0 HYS fEdshe A
2 4A Stk E 2= 53 Ao B E= &
AHFE IAEHE A7) AstE W YAlolth.
HA F7]o EAsH= WA, B AT, 571 S
e oo]2E FH= Fo JFET olg 5 ¢
£ g AAEAY 71 o2 ST fEE
23 BHOIN aray® BES A0 A
£-9F3tth (Choi et al., 2009; Miles, 1988). IS u|=+ 3
734 (EPA)T} NAS (National Academy of Sciences)o]|
olabel ko] gl Felol olo] % wA ok wy
E2 Holx, = tiF &2 A7 15,000~25,000
Wl wg A ARTE BaED glehUs
EPA, 2003; NRC, 2000).

WMO/GAW (World Meteorological Organization/
Global Atmospheric Watch)o A= tH=g 9 =9
2ol ZFAA A&HH o2 pejst=g FstaL ot
&S 8t F8 YA EFE= PRa, ¥Kr, *Pb,
Be 0] 9JtH(WMO/GAW, 2001). 0] & *Rn& 2}
Al g8 #Edt= F8 AP 2EE UA =
Z PAAFEFS 50% oJAS AFA| gt} (Almeida et al.,
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2004). 2007 Fr=- AR bR 7| Aol A =91 AR
A= FrHe 2ARE A3, AAASARd Holl 2% &
g 37 F gZ fFaMFE 299 mSviyolH, o] F
= EYof 23 RuZo] 1.35mSviyE AA 9] 45%
AT E Ao AL g2 ZALE G THMST, 2007).
SE e SHE Belsh gAE F2 Ayt A
s 3702 ez ogolAT Ui, ok o]
29 Fulg BhES wUEYST BT AT AT
£ A9 o 2ol xA] Rekw 9} PES F7)ch ov)
U BAYN AREo] A4S o £ FES B
o3 golshl AAZ FATCl AL ekt
(NIER, 2009; MOE, 2007). T tj7] £ojA&= H|2F
32 sr HEEHU e or EEY0 74 24
ol2hal WA SHIEIE olF B4E melh ojza %
ARG 7)2R Aol BES 2B 24 2R
2 $457] 91at @77} ololA T ek Rne]
71 3829 Az 29 f7]LEEA (NO,, SO,
CO, O, ) Hl&3t & Uehdt(Zahorowski e
al.,2004). = gl =2 G F=, 2=, DA
T AT A EF0lTA dojREolu Tt &
d=29 FAY % AS Tofste o AFE A
BEA (tracen) 9| E4& 2531 Qo
g % LEEEY IFE Yol T2 e
R Qlok. webA] s X oA 7] 2ER &
A FA 2UEPE S s AAY % 2
4 FHARZ 837 A A+E 2N Zavt
ot d7] 39 SHE s=5 AWd At F37tel g
7] w2l ob =] HEVIE e i 3
Z3 98} 7)4 7] 7L (ANSTO, Australian Nuclear Sci-
ence and Technology Organisation)o| A+ 17 = 2t=
HE71E AAF ez AZst ok a8 =8
WMO/GAW #HE2E S422 A4 300 A &
ARE FE5H] t7] B2 AEH ez 2YE s
a1 @Itk (Zahorowski et al., 2004). ZU A= AF=
A Fe| SEAE7IE ARG 2001d 2FE H|
ZFo| 7] 2= AKFeR RYEFE 23 o
FZole d59 AIF7IRAS FRu7| A= IFE
HERE7E AASt AN LS sk At
2 dFoAs Sl MiAAGY AFe S L
oA 2010~2015d] A3 tf7] e FEE 712

K
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2 e AAE Wt E4S 2ARIIT 28 o]
AIE BT TL AGAM S 71AE . HE
Ao FEHsiel A3 vwst E 7R U=
HE B VA Lded RS AAANA
e 2y 2=g 2 9Ed A7 ols FAHAR
2837 A%t 7hedE HESHLAL s

2. 917wy

2.1 2= H 7MY 2E=EE £H

7] 2= 2010 17E 2015 129714 =W
AR A9l ARE TAEHAB3TN, 126.10°E)9]14
S5 2he sEe 2357|579 (ANSTO,
Australian Nuclear Science and Technology Organisa-
tion)o| 4] A A o2 A, A2 17= HEHST]
(249 D1500, 1500 L dual flow loop, two filter radon
detector)5 AHESHY] 302 HAC = HAAZE SA5A
th 371 FUTE AR 10m Fol2 AT A7 50
mm HDPE (high density polyethylene) o] =5 A&
sto] 3715 FUSHHL, 7] f+5-E oF 60L min'o]
HegE 245G adE . =S 9 37
7t EEE AR A Y2 9 e B A UF
oA BAPE ke AdFA WEE duPRE EH
st WA oltt. AR} ZnS(Ag)et RHS5Ho] A

< TSt o]F FAFHTL R AETI AFsie
£ AA=o] glon, FETAE oF 25~30mBg m™o]
T} (Whittlestone and Zahorowski, 1998). d|o] g AA-&
4 13] F712 5A7F Bt AAstEon, 4488 &
E3.& ?Ra(18.5+4% kBq, Pylon Electronic Inc., &
gl RN-2000A, Canada)E AMg-3t% T}

E HE719] ¥hE (background) g2 ek 371 5
712 3719 95 AdE AHelA 7171 A9 ut
T FEE 24X Bt F7sto] Akt old vt
L AE71Y 22 o 23" *Pb(¥H7] 22.3
W) T &2 ke AsFo] ol met Azto] ik
of weh AA ] Fsdhs B EH

7147 L4EZ (NO,, SO,, CO, 0y) F=&= T3+
FYaATste] 20109 192 20159 12971
AFE TAEH LN ZH GoleE ol gateit.
7] X% u]= Thermo Environmental Instruments
Inc.9| 4] A|ZF8t NO, analyzer, SO, analyzer, CO analy-
zer, 0, analyzer 242+ AF8519] 245}tk NO &= 3}
S (chemiluminescence), SO = AFQJA &3-57
H (UV fluorescence) 2.2 &4 3} 11, CO= vH|EAL &
AE3H (ND-IR), 052 4] MF =R (UV photomer-
ic method) 2 2 &3¢t o]2|gt W o2 I3
HetYoA &% HolEE AREF/HAILH (https:/
www.nier.go.kr/NIER/index.jsp, https://www.open.
gokr/)o| A A|F qo} o]- &5 TH(NIER, 2016).
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Fig. 1. Overview of the Gosan station and installation of the radon detector (ANSTO, Model D1500).
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2.2 GHH 24

7] ge 2 71 dEEY £ 2 ol5H = 3
<= 9% A7 2A4S 22 128 2mz AAs
R, S AIREE g gk wf 00 UTC (KST 09:00)
2 AAsth. JA4EA A== = NOAA/ARL
(National Oceanic and Atmospheric Administration/Air
Resources Laboratory)2] HYSPLIT 4.0 (HYbrid Single-
Particle Lagrangian Intergrated Trajectory) @& o]-&
SFATH(Song et al., 2017). 123 HAF F4L2 A|F
= IAR|Y (33°17'N, 126°10E)S =ZA|HSZE 120
AZke] S9E A2 BASIAT, 97 B4 AE
Nzz AREUELNS ANste] 7R sUdH2E
FABRAT. oltf A8F F)4 AR 6% NCEP
(National Center for Environmental Prediction)] 3+
2 713249 (MRF)Ql GDAS (global data assimilation

system) H|o|E] & ©]-8-5} I th(Draxler and Rolph, 2013).

3. 24t ¥ nF

3.1 IAX|Y 2tE s

AFE LA G0l A 2010~2015T HA 610
ot EhE BT E XIS R 5, A= Bt
ZE E 1o Yt AIFE AR G AA gE
BHEEEE 239441236 mBq m™ (0.066 pCi/L)2
£ A Uehydth o] =L 201349 119~20149 3
ol 2% SVt AY 5% 1064Bgm™ (2.9
pCi/L)oll H]3j| thef 44 41 F2 =Fo|th E FUY|
FAFAG Y] AY 2HE FE 884Bqm” (2.4 pCi/L)
of HFAE 36.98) F2 =EE Kol 9tk (Lee e

=
[¢)

e
[¢)

Table 1. Statistic summary (yearly means, standard devi-
ation, and distribution) of hourly radon concen-
trations (mBq m—) measured at Gosan site bet-
ween 2010 and 2015.

Year  Mean SD 90th 75th 25th 10th

3,356 1,520 632
3334 1,626 737
3050 1,505 899
2936 1471 862
2,769 1456 996
3222 1,732 1,199

2010 2510 1420 47355
2011 2,527 1356 4291
2012 2319 1,169 3852
2013 2249 1,148 3765
2014 2,178 1,041 3514
2015 2555 1,177 4,111

3999 3,119 1546 914

Mean 2,394 1,236

D71 A A 34 A A2 &

al., 2016). TAR| o] ATH gi7] B EwX 2015
W>20119>20108>20128>2013¢ > 20149 &
©2 201590 2,555 mBq m~& 7}& =31, Atja o
232 =5 Ui 20149 (2,178 mBg m )] B3
139 =] 2ol g Liehpgict.

o] A% e Blojele gae et A5 B2
< FHeE SHHL QA W7 v= 34 2= A
o] Wi Eo] A Yot wWEkA o]E Kim er al. (2007)
0] 19999 12¥95¢ 2002 1€ 553 Electrostat-
ic Radon MonitorE ARt A& JEolA S4T
A} vwstgeh o] Al719 MEAY FE FEE
7620+4,110 mBqm™ 2 TAX o] H]a] 3.8 &
S2e Ho|T otk B3t 9% AT FES
Mg AL AR e BE FEo} aefol
Mauna Loao] 8|l 2438 A= 34 & £F2 2
Aot 28y £F Hok TsuiRthes oF 234 W2 5=
£ H itk (Chambers et al., 2009; Zahorowski et al.,
2005). aAbA] o] eto] Mauna Loao] H]3 &4 ¢
2 EE et A2 sh2}o] Mauna Loa B34
o] 9127} 1= 3,397 me] AL QI3 hF o2
g ] "ol FAXFo|aL AfHo| stz K
o 7] gl Aoz wotEn. T8y ghEo] 37
Hop 747 wiZoll Mauna Loa #&4xof |3 2| &H
of 7MA §AF LA Fo] HdHHer £& F=
g wol Aoz Azdt sAw EHX e F2
9] King’s Park Meteorological Station, o|&g]o}2]
L’ Aquila, Zufyo} & 4~%=92] Bucharest X|go] H|
3 AR H 9 BhE FEE 7242 3.8,3.9, 1818 o &
o wAAe] BYS YT gk Aos A
c} (Pitari et al., 2014; Zoran et al., 2013; Chan et al.,
2010).

3.2 2= 5= AAIE EY

3.2.1 2H 9 A HE o HE}
2010~2015d9] ZA3 gt =5 dE2 Hudh
275 9 29 YeEHHSIT 280N sEe AE
FEE YR AT FoE 1FES Ak AY
FA| HIHE Est7] sto] SEwT 90, 75,25, 10
£ FEF A Hlwg Adto|tt. FA717HY
499 = H=+E Oct>Nov>Jan> Dec > Feb> Sep

—
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Fig. 2. Composite monthly mean and distributions of
daily-mean radon at Gosan site between 2010 and
2015.
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Fig. 3. Box and whisker plot of the radon concentratios
by season.

>Mar>May > Jun> Apr> Aug >Jul®] &2 109
o] 3033 mBqm 2 7} 11, 7€) 1452mBq m™
2 7P 23t o] # g ARFE 2001~2007df 14k
EA 204 & ANSTO =271 (29 D150)E
ARgste] A% Aot Bl Wt HEs HAt
(Kang et al.,2012). =3t 99 Tt= 525 90 94
oF 10 B2 T8t Le=d AFE Al AlA
9 wis 54S vlwsheich 1 A3 iR HEg §
Arg H3E HES UL, 90 29199 e 7Y,
10 #9540 gt Folof tha O AFS
Bt

AT 7179 AE HadsEe 7HEE] 2915mBg
mP2 7P =91, o E AL 2832mBgm7, &
2,179mBq m™, & 1,748 mBq m™ £22 Etth(a
% 3). ol AT AW FE S} Ho|B Holk AL
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Fig. 4. Diurnal variations of hourly mean radon concen-
trations by season.

EAAE FFol FRE olF= 7H ASH b7
Qol tjgel Gol T ACE AR} whlo] ofF
o= d5 AETY JFoR FYoERE o5
3717 9 E 7] gl w27 RA UEid Ae=
ZAE L B3 7] £ (mixing depth)?] Eo]=
7173 A% (planetary boundary layer)©] o FAre]o]
AT A BA 5t FUT QRIS o1
U W TS =0l YuistH, 71 EEY F
2, 24, 3|4 o) 2% 9L st} (Kim et al., 1985;
Duckworth and Sandberg, 1954). A&Y tf7] £
L gAR o2 2T} AROlE 71 20| WobX EgT
EoI7b WolAl= whd, &3 dgole d7l ¥y
Eol7l Addor A yehdt wabA di7] F9
ALY 2= T OB EF Y Folo w8t
o AL 7o) B £ sEE Kol B3 9§34
ot we FES SASH Ao 2RH.

3.2.2 7t s W3}

A 712 BHE T Uzt wst E AEE A7
& vwstgla, 1 A3E 39 4o YEpfich 1
do| Autel o] gEL 24 749 2,741mBg m~ R
IR F /MY B BEE BYN, 2% 3479 2,006
mBq m~& 7MY 3E =& Uegit BE 529
U7+ WstoiES vlwa] HH, ob AIZHRE A4S
FETF RotA]7] Al&ete] 23 3X AR st
Al A Azbe| =7t AAEste] dhel FAR &
7F 2o & FAIE EAT o2 g WstieS o]g
oF L’Aquila X oA 743 A|7HE 2t 529 #s)
ol 9 Atsl AL Hol1 Qlrh(Pitari et al., 2014). g}
=2 T2 44, BEYolA HEEE AP EAR
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Table 2. Concentrations of daily-mean radon and gaseous pollutants at Gosan site during 2010 ~2015.

Species Unit Mean S.D. 90th 75th 25th 10th
Radon mBq m™ 24004 1011.3 3,709.1 3,009.6 1,756.1 1,154.0
SO, ppb 1.3 1.7 32 1.7 03 02
(6[0) ppb 377.6 330.9 859.1 439.6 187.0 1227
0O, ppb 41.1 154 60.6 50.8 31.3 20.8
NO, ppb 39 1.9 62 48 26 19
S BESEA B g BYHozEs . ww 7
T, -e- Radon-222
Tha B B4 Btk 2y sstderE Y <o, 60
7] oM e Ao whgAo] WobA ofp g £ 50 &
S g
AW BAOITh WA ehES) U W ) B T [, T geety -
S 2000 &
19 WEA 7|95 AoR Ut E EYN & : 0 3
ol YH7F BE ol R Aot e B E  H 0 &
Stoll 714 ok o] AAETA ol2A = o] go]  § 10
~
ool 7] e FELE Wil o5 #UsHA AHEE 500 s
o - - ——CO
g oA "t webd ouje] Egtu o E@w S0, e . 2
~ -\ fa¥ Pig
goloh ZolAA Hek. 2et ol ol ofele B |77 0 e T e 2
AR si7tolol AT BAl ol G, o) By § [T e e T R
g 3 5
AREgo] dojuhA| P Hol g EFT Eol= 3
= Q
g@%e| olrth wopAA "Hoh(Kim er al., 1985). 2 ¥ , S
- &) g
weba kol Bkt Ade GAE o] ehEo] & g

A7) we] v SRS HolA| Hrh. uhde] ofzt
o EFI 0|7t RopA A 1 eEo] S
FEE Mok AOR 24U} oNY Azt o

9. A4 ok} nbatA R BTl g
o wet 2ol SAHAL YEHUA B=
= 9oslm gk Aoz waH

AEas A SHEY A, M b=t 2
Aolg Holx] AT lFos Agel s WA o
2 Ajolg HolT itk AL W)L Folt Lwwis)
7t 2 2ol BolA| grm thy] B Aol A
o2 Ath uebd SEY Az Hr), Ha HEA 2
Zol Holx| ¢ Bk T ol Wtk Fokzh
LEATL 2 BAE Holk B W Beuel B4
W 47k 2 WSS melth teh oSt SE
o Hth, Ak A ALl W3 o 2 Hol Hol

3 LS & 4 AtH(Chambers et al., 2016).
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D71 A A 34 A A2 &

200 —/—————F—T—"—T—"—T—T—T 7T TT 7T T 1
01234567891011121314151617181920212223

Hour of composite day

Fig. 5. Diurnal variation of the hourly mean concentra-
tions of radon and gaseous pollutants at Gosan
site during 2010 ~ 2015.

SO,, CO, O; 5T H|s% ¥izt71E Yeha 7] o
o2& E §ARE =L Bt} (Zahorowski et al.,
2004). 18]11 Bof LFEA] 41 F&, 25, YAEF
o= ¢HPste] et or B 4ES ‘%EMM
2o dojEEo|u 7tAAt e dEd Y AAY 5
S Fostr] fF AAEE R &80l 7}-—0}‘:}
20109 5E 201597k 6W7F A s oA
3t 714 L E=24 SO, CO, 0;,NO, 4EE9] 1
A7t 748 %% (NIER, 2016)2 00 UTC 7|&2.2 A g
SHAT, 2 AT E 20] SRAAT AFE 24
9] 2, SO,,CO, 0;, NO, 4259 Fdses &
2} 2,400.4mBgq m™, 1.3 ppb, 377.6 ppb, 41.1 ppb, 3.9
ppbolth =3 2= 9 7IAY LHEZY] It F

=X
=
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=W3}E 39 Sef v wshgich. 1) Aute} o) o

2 oA A B2 FEE BT, 25 AR
of & F=& Ueislth 2 0,2 2% ATt
o =7} 14 3, 28 Aol Ao vo}
A BlETE AR Ak 242 dehlld ol
AU7F ASPY L oo} L'Aquila A FollA ZHgt
AZFE BHET} O, W3k 2Al9kE GARE AFE wol
3 o} (Pitari et al., 2014). ¥1H o] CO, SO,, NO, A
=2 HAFLE oA Azt A4 yegoen, g
= W3k} {AREE HiES Holil e ALE RAME
oI},
E3 67t BT 74 LdEdY FEHIE
Y2 vwstg, 1 2345 19 69 eI 1
it Zo] 247|719 49+ FHE sEE 7R &
5000
% 2010 | 2011 | 2012 | 2013 | 2014 | 2015
%400() -o- Raflon-222
£ 3000 - {?\&
£ o
£ 2000 { ' XFL
ﬁ h
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S
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8
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Fig. 6. Monthly variation of the daily mean concentra-
tions of radon and gaseous pollutants during the
study periods.

=7t M3 F718E] AlAEte A FECde &2
07t A5 dole WotAle FAIE RHEHoR Hojx
3 9let. 71831 €O, SO, NO, 425 Al FEH o=
T Apol= QAR AAH 2 ke fARE A
Wt Elg Hole AR AT I3y 052
oj¢t Wi 2 £} o FHof FUIska 7R A&
€ RO FAE Eola Utk olA ™ 2= 0,9
Tt AR Hog Hglele FAlE oo It wst

oAM= &AL 4 Agen, gt F=H} A &
Heket FAH o2 Heshes deE Holi gt

3.4 7|7 RUZEYE sk H3

e etH oz EgAoletA 7] FolA whs
ol §aL, =0l A §7] 2ol HEol Y& AR A
= Bt a2 BT ehitolA HAtewY B
o ol AAHAH oz WAYEL7] wzo] s th7]olA
Hoh &2 df7]ofA 38 ol & wEF EUh
T 7| s EAStY ti7] FolA 71RE B ¥
g o]Edt= St BEAE vEhdoh mhEba R &R
A @Agstel di7|2 WEE e 9Edn %/\}?l BEE
o]Fsta o] £ o] &sHH HES I EE
A pF FAAR S8 ¢ A 2o o]HE A
Eo] wol o]Fo|X| 1L Qlth(Zoran ef al., 2013; Zaho-
rowski et al., 2004). £3] 2+=9] tj7] & 49| NO,,
50,,C0, 0, 53} Hl%:3k1 ofolzZe] th7] ARAIZE
B fAP) HRe olg 2R et Hat
HEZL das] 2l

2 ATONE A R4S Boio] BhEe] 3
ol A= 2xsyck. 2010 197 20159 129
74 BhE 24717 1% ol5S A7H BAYeR
ZAFSHE L) u)]= NOAA HYSPLIT 4.0 2437} NCEP
9] GDAS 71/} HlolEE ©]&3to] 120A]7to.2 KA}
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Fig. 7. Cluster back trajectories of airflow transport pathways corresponding to radon monitoring days at Gosan site

during the study periods.

Table 3. Concentrations of radon and gaseous pollutants corresponding to cluster back trajectory analyses.

Pathway Radon (mBq m™) SO, (ppb) CO (ppb) O; (ppb) NO, (ppb)
Cluster 1 (n=738) 2,659.3 1.6 462.0 430 38
Cluster 2 (n="744) 2,546.0 1.2 365.6 45.6 43
Cluster 3 (n=197) 1,193.2 0.8 226.7 228 30
Cluster 4 (n=268) 24446 0.8 3174 41.1 42
Cluster 5 (n=82) 1475.6 0.6 2434 319 2.7
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