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Abstract

The realtime monitoring of radon(**Rn) concentrations for three years of 2006~
2008 has been carried out to evaluate the timely variational characteristics of
the background level concentrations of atmospheric radon at the Gosan site, Jeju
Island. The mean concentration of radon for the studying period was 2,965
mBq/mB, and the annual mean concentrations of each year were in the range
of 2768~3,124 mBq/mB. In seasonal comparison, the order of the seasonal mean
concentrations was as winter(3578 mBg/m’) > fall(3,351 mBg/m’) >
spring(2,832 mBg/m”)>  summer(2,073 mBg/m’). The monthly mean
concentrations were in the order of Jan > Feb > Oct > Nov > Dec > Mar
> Sep > Apr > May > Jun > Aug > Jul, and the highest (3,713 mBg/m")
on January was almost twice as the lowest (1,946 mBg/m®) on July. The
hourly concentrations in a day showed the highest (3,356 mBag/m”) at around 7
am. and the lowest (2574 mBg/m®) at around 3 p.m.,, and increased again
during nighttime. From the backward trajectory analyses for a continental fetch
of radon, the high 102 concentrations of radon matched very much with when
the air mass were moved from the north China and the Korean peninsula to
Jeju area, whereas the low 109 concentrations have correlated with the air
mass movement from the North Pacific Ocean. In comparison by air inflow
sectors, the radon concentrations were relatively high on Sector 1 (225°~337°,
China continent) and low on Sector 4 (135°~225° north pacific). The radon
concentrations have been compared with those of some air pollutants, and
they showed a similar pattern with SO; and NO, as high in winter and low
in summer, whereas a bit different trend to the Os; concentrations. The hourly
variation of radon concentrations was quite similar to that of CO as high at

7~8 am. and low at 2~3 p.m., whereas very opposite to that of Os.
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Figure 1. Gosan measurement site located at the western

tip of Jeju Island, Korea.
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(1) Radon(**Radon) Detector System

gE A7 A4 E SAHS 93 7% FHE &5 ANSTO(Australian

Nuclear Science and Technology Organisation)oll Al AAZ o= AA, A 2gt
Azdls ARRSEIT o] AEVIE ZHE AN §F AdE e FEHEEE
Sl A R FYE e A oA AEE deExEcRREH el
dad27F ZnS(Ag)et wbgskel  wAd AR s

Agsls Waolt), g HE7]E= 2006 1958 20073 7€ 714 7= (Sensitiv
ity)¢} 78t (Detection Limit)7} ZF2ZF 0.21 counts-sec '/Bgm °, 90 mBg/m® 21
1% ZBeE AEV7E AFEEYEY. 283 20079 TEHEEH 2008 12€7HA| =
oRTE ¢ A=A ZE 0.28~0.29 counts-sec /Bgqm ®, &34 25 mBg/m’

o AzEe mASH LA WA se] ZYsHArh

Figure 2. 700L-radon detector installed at Gosan site during January 2006
~ July 2007.
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D1500

Figure 3. 1500L-radon detector installed at Gosan site during July 2007~
December 2008.

(2) SO2 Analyzer

ofgatrt~ EAHE ®A7]7]= Pulsed fluorescence SO» analyzer® W=y
Thermo Environment Instruments Inc.] =4 43C-TLS AM&stth &4 4
olHE (F)E 2 Data Acquisition System (Model TDL-1000)S Al-g3te] 4
sttt

(3) NO/NO2»/NOx Analyzer

ArrkslE A48 #47]7]= Chemiluminescent NO-NO>-NOy analyzer =

v]= Thermo Environment Instruments Inc.®] =49 42C-TLS AF&3ith. =

O
£ =38 EA7]7]|= UV photometric O3 Analyzer® W)= Thermo

Environment Instruments Inc.ol A #|zsk 24 49CE A3ttt =4 HolH
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= ()9 Data Acquisition System (Model TDL-1000)S AF-&3Fo] 4= 3
At

(5) CO Analyzer
A3 EF A (CO) =48 #47]7]+= Non-dispersive infrared CO Analyzer &

Thermo Environment Instruments Inc.®] 22 Model 48CE A}-&3F3it}

o
H

A\
o

do]lH = (F)EA9 Data Acquisition System (Model TDL-1000)< AM-&

stol g sk,

(6) Calibration System

SO, NO/NO2/NOy, O3, CO Analyzer® 7 A (calibration) & ZF7l4~% v
Thermo Environment Instruments Inc.ol 4] A2} Multigas Calibration System
(Model 146)& AFg3to] ZAstA . o] A]2=®lE Ozone Generator”} -2+ o
A A Fo eES WA 5 93, O Analyzer®] HAE Zhestes

F4510] ek,

(7) PMyp Analyzer

10 pym ©°]3te] VMU T FAHS 91 PMy Analyzer= "= Met One
Instruments Inc.2] B-Ray Particulate Monitoring System (Model BAM 1020)<
LSt Al F7] F99S d¥ MEDOAF (Model BX-127 Pump 230, 60

L/min) X&HZE AL L, &2 16.7 L/mine] ¥ =% =43t

e wd 388 Ane dol, As7] 5 AMEste] 3, g 7o
A ZEskdth AHeld o] A= E oS AESte] wiEf 25T HEE
FASAIL, oS CarrierAbe] & CX-351F9 Al71Ake] =9 PA-A74GY3
S AFESFATh 220 V ¥ 110 V AP YFENT(5)e] UPS (Model Finups
Duss-603 Model UX-210T)& AH&3te] =3t B4, dtdet, Noise 5o WA

S e AAGI AR A9e FTFSA

(o
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Z}= F % do]El= Radon Detector Systemo] W% Campbell ScientificAt
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2) PMy HlAHA 5% =4

PMiy MAHA = AR/ A BTl SAH3 AyE o] &3kt PMy
2 B-RayE ©]&3%F Particulate Monitoring System= AF&3}o] 2006 19 5-H
2008 12€¥€7HA] 1A tA o2 AE SAHSIAT. PMy PlIAIRMA = S 959

PARE HA A (cyclone) S A A8kl dA=2717F 10 pm o)) AAE AA AT
A YA e 8 a4 AE e BAM Filter Tape (roll tape, 30 mm x 10 m)
o 1AZF & vAAAE - 3 of7]9 B-Ray (Kr-85 B-source)E& ZFA}s+

a2, AR EH] AT Fo AFAT] zZelE v wd= W (Lenard's law) o &

Table 1. Specifications of SO,, NO/NO2/NOy, O3, CO and PM;, analyzer.

Components  Analyzer Ranges ;i);ti(zctlon Linearity Theory
Th Model
435?1?15(3(10 ) 00 10 web Absorpti
-~ sorption
SO, (60 sec £1% P
Fluorescence (ppb) ) 190~320 nm
avg. time)
SOy analyzer
Th Model .
» grmo ode NO+O5—NO, +0;
50 ppt NOy —>NOz+h
NO-NO. Chemiluminesc  ~500 bp 2 N
NO ence (onb) (120 sec +1% (>600 nm)
* bb avg time) 2NO;+MO —
NO-NO2-NO
3NO+MoOs3
Analyzer
Thermo Model
49C Pulse Ultra
o Violate ~2000 10 oob +1% Absorption
! Fluorescence (pph) PP e 254 nm
Method 03
Analyzer
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Thermo Model

48C
~100 Absorpti
CO Non-Dispersive 0.2 ppm £1% sorption
(ppm) 4.6 uym
Infrared Method
CO Analyzer
Met One Model
PM Bz—iM T(();o - 9 g/t 2 B-Ray
- T m .
] (mg/m’) e ng/m’ Absorption

PMiy Analyzer

3) =4 Hel#e 4

SOz NOy, 03, CO & 7t L9EZ 559 PMy WAHUA 5%+ Data
Acquisition System (Thermo Environment Instruments Inc., Model 146)& AF-&

sto] A|EH oz dolHE FHsAt. SO, NOx, O, CO 7123 =252 74

HEE b2 Ao 54 HelHE AAstal, PMy MAWA sEs 143
Az dolHE sk adlal 7t =l 24 ARl ek PMy AIRA

A2 o2 500 mb Wel ofegfZoA olExm, FE 700 mb Holt} 850

Q_Iﬂ

AAZ ol5e urh & mAsE F34719 vig o5 A
W B S e 282 AUn ok g B AT E a3 B 9@
Zud 152 850 mb Wl 1500 m 2 AAERT, FUAZLS P IAe] )

00 UTC (KST 09:0005 ol&stidtt. A4 42 m=s g7 = (NOAA,

_10_
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National Oceanic and Atmospheric Administration)o| A #|-&3sF+= HYSPLIT4
(HYbrid Single-Particle Lagrangian Integrated Trajectory) R @& o] 83} %t}
ae]a A A(B3°28 "N, 127°17 ' E)e =FAH R 5978 A4A4 B=E
BAYEIRaL, 7174 A=+ va NCEP  (National Center for Environmental
Prediction)?] <% 7|2 2(MRF)2l GDAS (global data assimilation
system) HOHE o]&3tAth o W A7 &3} HA e vpAY @AM Aol
FNL (Final Run meteorological data) A5+ 1Y 43] 6A17F 7+24 (00, 06, 12,
18 UTC)e] 2" S ol dolA o, A3t 71dAset 1 vy 643 &
kel AR erAtg R FAE o] AHaLE A, 2010, 71739

2003; Draxler, 1996).

{0

s, 2008, AW,

.
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e AAMS 862 FA, 73, T EE4d V1A =dolH, Al
A WA AFolth FHES A dXoly EY Fo $dw(TU, U), EF
(*?Thye] olg] @Ale BH#4L AXE RAdA APdh AAAe Fo
= Zo st “Rn(radon), “Rn(thoron), **Rn(actinon)e] A 7}#|elH, F=
PRnz EA§. PRne EF(232Th) B3 o] F7A19 224Ras A A
WA W77 5452 WS- Aok ® PRne $FEEPU)Y B3 AYER
PRas A AW, v-3717F 39% 2 ofF oA t7] FAe L v
th 28y PRn o] T F9ead vl 382449 A4 1w E UEhd
o aga BE P 99 FolA bg 9 REsW, A4d gapa
Tl 7 e BES AAFGEE B, 2009 US EPA 2007)(Figure 4)(S.
Whittlestone et al., 1998). W3 ““Rnt 382449 w712 A} 4H o] Uapi
Ho} 4] WEIENE JdoA HEHoz A ppoz A3 H(Figure
5)(E7]& %, 2009; US EPA 2007).

(= 5, 2009; Vogiannis and Nikolopouls, 2008; Vinson et al., 2008; Font
et al., 2008; Bonotto and Padron-Armada, 2008; Font and Baixeras, 2003). 2}
=0 A WEY = WA 2 ST @9 Bg (1x9 1709 A& o] 53E e
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WA A7) EE CEFE 1 gol 129] WZaE WA b2 vehge, 1 Ci
= 37x10° Bgo]t}.

238
U
4.41x10%y
Y any
B4 N B4p, N 234U
24.1d B-ray 1L17m | B-ray 2.45x10°y
Y anay
230Th
7.54x10%y
Y anay
22611a
1600y
Y anay
222Rn
3.82d

Figure 4. The U decay chain.

222Rn
3.82d

J a-ray
2 18P0
3.05m

J a-ray
IE — [ g | s [ ep,
28.6m B-ray | 19.7m | B.ray 1641s

| a-ray
210Pb — 210Bi — 210P0
22y ﬁ-my 5d B-my 138d

¥ a-may

206
Pb

stable

Figure 5. The “*Rn decay chain.
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WA = gheE(radon) S AIA R A7 FH(WHO)Ol o8] & dso= #Hd=
e QEEARE FAEHY o, FA|YATFME(TARC; International

Agency for Research on Cancer)ol A& 19 HadEdE FAIPS vHE A9

i
i
flo
_|>i
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f
o
rlr
i
i
Y
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ofN
[40
-
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lo
9
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o
lo
uy
9
o
ol
rlr
o
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o

293 53700 FRATe] olojzE Fu A A FRAG ol F e

ANH oz HAAdS FEIHHLZE 5, 2009; Miles, 1988). A7l ¥ 7] +(WHO,
20000 AE] gE AFEF = 100 Bg/m® (2.7 pci/L)ol Y o 24 2%
= HE A askal gtk o=k US EPACIAM = A ZA 148 Bg/m? (4
=9 A dAgoz A

el vt oF 21,0009 ¢ &
Az %, 2009; US

H

pci/L)E AlSratar lar, o] FieolA A E<t
AF FES oF 1~ 2%E FAsa Utk 2003
APREAR Y 2heE wmE:d BEo] e Ao Hawal Utz
EPA, 2009; 2006).

e SRS FAgR o8, Al ghE ZAFE 1980 F-El sl

o HI7A], 370 Zone(Zonel-high risk area, Zone2-medium risk area,

o

ﬂ

Zone3-low risk area)o. @ FEEH FAF FEo| ta FAFES} WS F4HoE
°F 10%¢°l &9rsh= Zhsoll ik 2AE A HATUS EPA, 2008). B9, 7
U 2= H71E A 71225 g H 2o A 1989 F-E 19921 Alolo] A& %
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AbA (USGS, United States Geological Survey)d] dx= fE=Xdld H77t 5
AE ek T3 FAHAH T odfetEo] B3 AR ZFo] = (A Citizen' Guide to
Radon) B AWl =4 H o AAE E3tsto] =yl SH7F A540=
ofFojA L vt "= Aughes 2X7IES 4 pCi/leld, 4 dAVIES
4,000 pCI/L(FAF = A9 FAH A 2~" o] MMM (Multimedia Mitigation)
Z2ads F3E Ago ot F=e A, AD2A(BGS, British
Geological Survey)2} HAFA RS 9] 91 3] (NRPB, National Radiological Protection
Board)& F$Alo®, 198078 dAA7HA AHAom AUeheszAzt 5
Ko, F 45RH o]} ARV FEEHO A= AHolth 1E=AYE 5 km
Az, YHAAHE 10 km AAEE d=dEE(Radon Atlas)E A skt
(NRPB, 2000). AWghE 227152 54 pCi/L(200 Bg/m’)ol¥, 1% oo
AAGF A= A5, BF7F ¢ SHS Anstay Aok A9 A5, THEA
o]l 8ted 2 (NIRS; National Institute of Radiological Sciences) % -3} s}&
2 M E (JCAC; Japan Chemical Analysis Center)ell 2J8f] 19943 ~1996\d &<t
89970 el A z=AE A E AT 2004 o] Foll= arE= ThSol g Akl
FTotal =, ZF A2 AZF 200070 7FSel W 2AME el e AR
oty 29 de] BF, Agt=sr dErIE(dFARRhS Bd, 7IEFH A5
= 10.8 pCi/L(400 Bg/m?), 21 glo] 9= 54 pCi/L(200 Bg/m)= A A st
Atk EG7FE=] gEwErt 270 pCl/L o449 Wi 2ol 7]+ (radon

PH

protection level)<, 1,350 pCi/L ©]/¢d = =<2t 7]+ (radon safety level) &
Agetal o, ER B ASEA A EYVEE gEXALE st
Aaek Zdol A, 200005 o] §, Y=ol AHEAL FEdTE AW 2=
ZAZE R HA o, AYARAI LY Vs HEee] EYUrE geAE 24
W g=AEE A AT 53], AlA 5
S AT FATIES AREstete] AEetal s AAolH, ASHA B4
7h2 BhEZANE o F-sheka Tkl E =, 2010).

FEvEtel A= 1989l ‘Aot &t AV dax] dATeR = H
171FE 148 Ba/m® (4 pei/L) = AL, 19961 “Alat A& a3 714 #e
b

" E FES odEAR FAST 2003d0E “TEo] A o Al
—_ 15 —_
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F71A BEYR] AFow gEY Anr)FES 148 Bg/m® 4 pei/L)E A

, 2009; 278 -, 2003).
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(alpha track detector), & & F 2% (Activated charcoal adsordtion devices),

G

el
ol

X7

X
I
vzl
_ZTI

o
o
Jjo

.

R

H (electret ion chamber) 5 ©]

al

(Pulsed ionization chambers), A2l &% 2] (Silicon detecter) 5©| ©]-8%

9l tH(Table 2).
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(ANSTO, Australian Nuclear Science and Technology Organisation)l] 4]

1832 WMO(World

i glek

A, A=et

s AAA
Meteorological Organization)®} GAW(Global Atmosphere Watch) #3524

=7

Nfo
il

12 QtH(W. Zahorowski, 2004;

S

bl &9

Y. Igarashi, 2004). ANSTO®|A A=}

o]t}. Figure 69

b A2

-
s

o 7}
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WEsha, o AAsh ZnS(Ag)7t Mol MAHE MBS FFHBOE FE3
o Asste HuA AW Qs ol geka A

Fo BE MAFEE YANOE FHsT Yov], B AFgME o] Asus
o) galel BES A% wUH AT
Table 2. Classification and measurement principles of radon detectors.
Type Detector Principle
Passive  Alpha Track Detector Zgayg AEZA JEFHO U
Type (o 44 =) A2k v AS AT
Activated Charcoal ggdeto g il gErbAE FESH
Adsorption T AAE o FAupds A

(& &E3)

Electret Ion Chamber el gl

SRl
(Z=A 9k 2] 8)) AE 2 ol HALE A5k
Al
Active Scintillation Cell ZnS(Ag) 343} Izt wkg-
Type (AgAH=) o2 WA 3 HEFS FouTdoez
A4
Pulsed Ionization Chamber @3t 141 g5 Al A"
(o] 231 =) AAES A7) A0 B~ FHE
Hksto] A
Silicon detector 2200Ve] =2 HAYAE o] 83}
A A=) T ¥ AEFs AITHEYI

¥ £33t A
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sample
Low flow external flow loop * thoron delay volume

second filter
(wire screen)  High flow intemal flow loop first filter
: 4
signal to -— external blower
data logger

PMT and /\ \\ «— */;’\_* exhaust

HV discriminator / X
ZnS scintillator radon delay mixing intemal
volume volume  Dlower

Figure 6. Schematic diagram of dual-flow loop two—filter detector
manufactured by ANSTO (Whittlestone and Zahorowski, 1998).

=
Al gal5A @] ] WA FWHE olF 54 etk e 73
o5 FAR W o7 FAA /RS Bn el o] FT F vk E F/w

7t moldE o 9 wxE Yeua, 7| H(ar

2 AFo A& 20060 19FE 2008 129714 & 33 A &HH o2 g5
L5 AN RUEY 31, o] AdEFYH S AR AAA 2= v E
il o] A3}E Table 3~43 Figure 7~8°] YEFHA
FEE 2965 mBa/m's YERAL, A 7)3he] A
= 2954+1200 mBg/m’'Z F # ol 2 AolE HolA okt

H

u
e
o,
£
off
k1
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T3 AF7|zke] AAxd Fx(Table 3, Figure 8)& 200613l 3124 mBg/m’,
2007l 3007 mBg/m’, 20083l 2768 mBg/m’Z =7} A fZAadte &S
wola ek ® dxW FEE 909 AEFA (90" percentile) ¥ 103 A EFA (10"
percentile) 2 &3] HlwE Ao A= POHAEIY Fr AWz AH
AL FAZ wlon 10HABYS 337 W Aol JEA g Ao

ZAE AT olH Y] ARER FE7F 2ad AT ol 2007d 79l ek

b

HU

oh. Ak el A 2001 ~2006 =48 ol de] ARE KW, 2673~3124 mBg/m’

o WglolA Arwe 2 Aol molx }W Ao el gl
¥

A 52007 )0] 1999 129H-¥H 2002 1€l S%3 Electrostatic Radon
Monitorg AR&3te] A& A& (FdFd )l waf Bkt
(AEA 5, 2007). o] 21719 AeAY e FEE 76204110 mBg/m’el <
olaL glom, ofo] Hla] AEA L 26¥) AL ¢ W WA sEE LERY
I ek S o HAA G FrE B, d¢o] Mauna Loax 146 mBg/m’,
2] 1 o] Sado Island® 2555 mBg/m’, &3 Hok Tsuix 5580 mBg/m’E e
tHChambers et al., 2009; Zahorowski et al, 2005). ©]& IAFX| S 3} v]us] H
W Hok TsuiEtlE 198 A= Yoy}t Mauna Loa®t Sado Island®. th= Z+zb
20, 128 A= ¢ ¥ % Hola v 28y Mauna Loa #3549 44
3397 m el f1Aeta la, WFomFE "W "ol HAA o7 wiEd

G FRwreR 5 oA9E wustrle ofde et Iy T

>
e
o
rol
iR
&
XS
=)

il
f

o

King’s Park Meteorological Station®]t} o]&g]ole] EA1X|¢l Milan #9
(Milan University)oll H]3]A = A4kA]Ho] zbzh 311, 328] ¢ w2 i 74 %] 49
545 el e AoE ZAE AT
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Table 3. Yearly mean and median concentrations of radon at Gosan site

during 2006~ 2008.

Concentration (mBg/m®)

Year
2006 2007 2008 Overall
Mean 3124 3007 2768 2965
Median 2939 2879 2707 2827
S.D. 1621 1571 1286 1506
9000
MA
E
2 6000 —
M
g
p—
: I
= Il d 01l

Figure 7. Variation of daily radon concentrations during January 2006~
December 2008.

_20_

@ jeju



6000

£ 4000
o

£

Figure 8. Comparison of radon concentrations for three

ears b_g&ween
2006 and 2008. %

Table 4. Comparison of radon concentrations betwee hﬁ:\%ﬁ ites.

Site Concentration . h\\\
(mBg/m”) “ﬂ%

Seoul, Korea" 76204110 «.%ﬁh
Sado Island, Japan2) 25556+261

Hok Tsui, Hong KongZ) 5580+626

Mauna Loa, Hawaii” 146+97

Hong Kong4) 9300

Milan, Italy” 9500

Gosan Site (this study) 29541200 2006. 1~2008. 12

VA& 5 2007; “Chambers et al., 2009; ?Zahorowski, W et al., 2005; Chan et al., 2010;
5)Sesama, 2003.
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71 A= +4, il 8o Fa3st d3s I (HeE 5, 1985 Myrup,
1980; Duckworth and Sandberg, 1954). Ald® 7] g5 Hnls] HH tfA]
A

qoz 7o AL 70| obd 3

Table 5. Monthly mean concentrations of radon at Gosan site.

Concentration (mBg/m®) Concentration (mBg/m®)
Month Month

Mean Median S.D. Mean Median S.D.
Jan 3713 3372 1439 Jul 1946 1575 1664
Feb 3642 3406 1519 Aug 1997 1559 1689
Mar 3078 2956 1182 Sep 3007 2913 1238
Apr 2932 2782 1177 Oct 3543 3297 1366
May 2493 2356 1009 Nov 3496 3356 1403
Jun 2266 2072 1339 Dec 3398 3235 1430

Table 6. Seasonal mean concentrations of radon at Gosan site.

Concentrations (mBg/m®)

Statistics
Spring Summer Fall Winter
Mean 2832 2073 3351 3578
Median 2696 1819 3195 3333
S.D. 1152 1577 1360 1468
— 2 3 —
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Table 7. Hourly mean concentrations of radon at Gosan site.

Concentration (mBg/m”)

Concentration (mBg/m’)

Time Time

Mean Median S.D. Mean Median S.D.
00:00 3183 3038 1557 12:00 2660 2567 1319
01:00 3209 3092 1567 13:00 2574 2483 1309
02:00 3231 3069 1565 14:00 2542 2450 1313
03:00 3243 3122 1563 15:00 2536 2426 1338
04:00 3268 3128 1562 16:00 2567 2420 1390
05:00 3288 3135 1543 17:00 2604 2477 1389
06:00 3332 3220 1580 18:00 2677 2571 1399
07:00 3356 3253 1595 19:00 2752 2637 1429
08:00 3309 3167 1570 20:00 2842 2716 1463
09:00 3139 3004 1514 21:00 2958 2813 1513
10:00 2959 2842 1478 22:00 3049 2893 1526
11:00 2783 2722 1393 23:00 3141 2990 1554

6000
mf‘\
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= 4000

M

g

) ——a
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(@)

Figure 13. Hourly comparison of radon con
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7] FolAY ol AEE Hefetr] % FA A (tracer)2o] €8S HET g
7} A tH(Zahorowski et al., 2005; 2004).

webA] B Ao A= 9 4 (backword trajectory analysis)S &3}
=] §9 A=E 2Hs9h 20060 1958 20089 1297b4 =43 =
tlolBl & o] &3ste] o] T dHT w7l =& A9 10%¢ ddH R vt
S 59 10%E A o® g4 E4e AAlste] 73] olF A4S FALS
Ak ol F A AFEE THOE FRHAGE doE T (Sector I), Rk
E(Sectorll), ¥ 2 F3ll(Sectorll), & EE F(SectorlV)e] 47] F+9-& il
AAA A4 2HE VxR AFER Y VG olsHARZE AT

AAAH AL waa Y 7] = (NOAA, National Oceanic and Atmospheric
Administration)ol 4] A &3t+= HYSPLIT4 (HYbird Single Particle Lagrangian
Integrated Trajectory) R @S o]&stAth. T3k JA A Ao A& F3F, &
4 25+ NOAAC HuE FNL (FiNaL run at NCEP) A= GDAS (Global
Data Assimilation System)< ©] &3ttt & Tt SoA] LA 7|l edEH
o A, e 49 ool el =ddithe= HE geksto] JAA EAe B

APAIZEE 5A(120413h e Ak, 4 Ao FHEe aHE3°28 N,
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Figure 14. gyctional classification

jectory analysis bas

30 -
AH A AFE o]&ate] B AT
A EEb =S A9 10%(10871) 9] 9
(108712 H3ts=E 823 mBg/m’e] At
o 6uf o] AFolE vhERUISATE.
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e

ﬁ Latlugl@(ON)
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(Korea)

SectorIll
(Japan&
East sea)
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(North

pacific)

of Northeast Asia for backward

ed on Gosan site.

A+ Holy Fo

a, k¢l 10%

| 7F2e] & 1,07470
= 5155 mBg/m’e] 3l

sk we 49l 10% Ao 20 ompazdieaa ® an s
Sector I &2 5B ¥l sk Adg dFE 7F7E g tsdA AFA
o2 7|7F7F olsd¥es & F UMY 2¥ SkctorII, SectorIll
SectorIVell A= Z+zF 20(2270), 3(37)), 2(2 ’H)%Qﬁ%‘ EIRSR=3 T 7
T Hit s+ Sector I, Sectorll, SpctorIll’} SectorIV 7} 5220, 7,
4703, 5234 mBg/m’e] At} 1311/}15 torlVe] 749, W=7} 23] o o EE:?} '
B A&

Afestel faE) Al G A TAT g o
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Ao FaFnt webA ol & AlQstH AA SR Sector I L ZHFE 7] {7} o]
SAS W Mg =& sEE Ui Ado® dudd. E=g A9 10% 1
T Ao AAE BEXE AR 2 23, 53 9%007H), A5 6%671), 7HeE
31%(347K), A&4d 54%(B87/N=E Er=el 85% AR=7F 7, AZdd FT 5]
&S AT F U E AEE HiFEs Aol 5251 mBg/m’ =R
7Fd =11, o EFH o] 4753 mBg/m’eE w$E FXE vEhyd

Abe] shel 10% Asims deR 79 oledRE ZAtd & A
66%(7170)7F SectorIVoll Al AW AL, thA A o Hejgd ] affolA AFA]
Aoz 7|§F7F olFste AEE HIAT Iyl YA Sector I, Sectorll,
Sectorllol A o] YW= 242 26(2871), 4(47H), 44M)%E ERA AT o] o
ZF 2 Pt s S Sector I, Sectorll, SectorIl, SectorlVZF ZFz} 989, 1394,

%% SectorII 7} 1394 mBg/m’® 7} =11,

!

1115, 710 mBg/m’%, 73t H
SectorlVell A4 710 mBg/m’2 7Fd & S B th(Table 8). 3t 10%°l thdk
AdE A=s= 54 8%97), 52 83%(907), 7F=4 6%(671), A3 3%(3
ME g oFdd 92 s Bt a8 AdE Fdsss HAEEol
1439 mBa/m'Z 7H¢ =& g Beow, ofFHo] 756 mBg/m'®E 7Y Ut

422 JERITH Table 9).

rlo
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Table 8. Sectional radon concentrations in accordance with high and low 10%

of radon levels.

Concentration (mBg/m®)

Radon Level
Sector 1 Sector I SectorIll SectorlV

High 10% 5220 4970 4703 -
Low 10% 969 1394 1115 710
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radon levels.

Table 9. Seasonal radon concentrations in accordance with high and low 10%

of radon levels.

Concentration (mBg/m®)

Radon Level _
Spring Summer Fall Winter

High 10% 4926 4753 0128 5251

Low 10% 1176 756 987 1439
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Table 10. Yearly mean concentrations of SO at Gosan and other urban areas.

Concentration (ppb)

Gosan Seoul Busan Daegu Incheon Gwangju Deajeon Ulsan

2006 2 5) 6 6 7 4 4 7
2007 2 6 6 6 8 4 5) 8
2008 2 6 6 5) 7 4 4 8

Table 11. Yearly mean concentrations of NO; at Gosan and other urban areas.

Concentration (ppb)

Gosan Seoul Busan Daegu Incheon Gwangju Deajeon Ulsan

2006 4 36 23 23 29 24 20 22
2007 4 38 22 24 31 23 19 23
2008 3 38 22 24 30 22 20 24

Table 12. Yearly mean concentrations of O3 at Gosan and other urban areas.

Concentration (ppb)

Gosan Seoul Busan Daegu Incheon Gwangju Deajeon Ulsan

2006 39 18 24 20 20 21 18 21

2007 37 18 24 21 22 22 17 21

2008 43 19 26 23 24 23 23 23
— 38 —

@ jeju



Table 13. Yearly mean concentrations of CO at Gosan and other urban areas.

Concentration (ppm)

Gosan Seoul Busan Daegu Incheon Gwangju Deajeon Ulsan

2006 0.6 0.6 0.4 0.6 0.6 0.7 0.7 0.4
2007 0.5 0.7 0.4 0.7 0.6 0.6 0.8 0.4
2008 0.5 0.6 0.4 0.6 0.6 0.5 0.6 0.5

Table 14. Yearly mean concentrations of PM;y at Gosan and other urban

areas.

Concentration (ug/m®)

Gosan Seoul Busan Daegu Incheon Gwangju Deajeon Ulsan

2006 40 60 39 95 68 95 49 o2
2007 47 61 o7 o3 64 o2 49 o3
2008 ol 95 ol o7 o7 50 45 o4

(2) d71ed=4de] AA4 W3t
AT kA ol A 2006~2008 0l A& dh=d 7] 2 d =4 (S0, NO;,
03, CO, PMip)¢] =& 4+, 00 AEd, 109 AegLd2 FiEste] o5 4
Hl 3Lt} Figure 18~Figure 232 o]gl3k o8] o dEHS] sLoWsts ¢
HE Hugh AAE 2 Zojty 2R A3E WY g € wRe giAA
o= 1~2¢o 7} EA AEstn 7~89d @ FEE Hola itk g1
Hat, 0HAEY, 109 AEd 25 w43 Wt FAE et sl
T3 SO Jan > Feb > Dec > Mar > Nov > Oct > May > Apr > Jun

> Jul > Sep > Aug 22 =& »u2 Yl 2 19y 299 74z
4.09, 3.73 ppb= 7} =i, 893 999 Z+7; 0.84, 0.89 pphE 2 FEE 4

EfUidch ole gt dd AAE Wsts ehme] gl Wskel vt ¥ om o=
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~9¥o] e WIS UEhlE Ao wob oleld FYAVS T swHH F
3L Q. NOoi= Jan > May > Dec > Apr > Feb > Nov > Jun > Jul > Mar
> Aug > Oct > Sep €22 =2 S Hon, 190 504 pphE 7MY =1L
9¢o] 280 ppb= 7H& W2 gh= WERAIL of 1.8 2] Zo]E H AT E NO;
o] 90HMELYL FE7F g, SO.¥ A 197 2€96] & Z o2 Hol o] A]Y]

of hEonR e o5 sFel FFOR o5 A AREC FA FEI A4S

A&S vt Wl Oz 44, 54, 10€, 114
o ¥& FEE Hola 1~2, 7~8dd W& $55 HY v 28y v
d AAE WEtFolE YEdt £ uE AEed gd g9, 903 AlE,
109 A et 25 ofF A WEt dHE RBole 5AS U & CO=
Jan > Nov > Apr > Aug > Mar > Feb > Sep > Jul > Dec > Oct > May
> Jun £22 %2 22 vt 2ega 194 063 ppmeE HE =2 vk
2 1By a, 699 047 ppmoe® 7Pg e £XE JEdgon tha B3 s
4 st eSS Bk = o8 AEEl va dde, 0 AEY, 109 AE
dol Az 2ot SAAYA FAIE F4sk=tl odwol AUAT PMie Apr >
Mar > May > Feb > Nov > Dec > Oct > Jan > Jul > Jun > Aug > Sep
TOR B2 TEE Bt afa ghEst vSszskAl 29l 4650 ug/m’® G
Ao il 8¥el 3382 pg/m’Z Mg W AgS Btk 1y g, SO,

393 49l PMy s%=7F 22t 6147, 71.95 ng/m*7HA]
=4 Aestl HAa sE=9 18~210 A= Aolg HIAvh ol FIFdF 4

B ESFol A Ao Zpol= UAARE M2 HES W

olaL Tt olFJ 4~5del PAT edEZ wEIF FAA st AL
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Figure 18. Monthly comparison of radon concentration at Gosan site.
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Figure 19. Monthly comparison of SO; concentration at Gosan site.
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Figure 20. Monthly comparison of NO: concentration at Gosan site.
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Figure 21. Monthly comparison of Os concentration at Gosan site.
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Figure 23. Monthly comparison of PM;j, concentration at Gosan site.
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Figure 24. Seasonal comparison of hourly radon concentration at
Gosan site.
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Figure 25. Seasonal comparison of hourly SO: concentration at
Gosan site.

=

(@ \

& 4

- A

Figure 26. Seasonal comparison of hourly NO2 concentration at
Gosan site.
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Figure 27. Seasonal comparison of hourly Os concentration at
Gosan site.

0.7

0.6

===

Figure 28. Seasonal comparison of hourly CO concentration at
Gosan site.
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Figure 29. Seasonal comparison of hourly PM;o concentration at

Gosan site.
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Table 15. Concentration of air pollutants corresponding to high (25%), medium

(50%), and low (25%) radon levels.

Season Radon 3 SO2 NO2 O3 CO PMlo3
(mBag/m”) (ppb)  (ppb)  (ppb)  (ppm)  (ng/m’)

high 4413 2.7 4.4 477 0.6 89.8

Spring  medium 2678 19 4.1 52.1 0.6 56.6
low 1522 1.3 3.2 49.7 0.5 43.7

high 4296 1.2 47 34.5 0.6 41.9
Summer medium 1882 1.2 3.2 35.4 0.5 35.1
low 421 1.0 2.6 184 0.5 21.5

high 5114 2.2 4.4 42.0 0.6 50.7

Fall medium 3214 1.7 3.2 43.5 0.6 39.2
low 1821 1.2 2.1 38.8 0.5 33.0

high 5997 5.3 6.8 33.4 0.7 59.6

Winter medium 3407 3.6 4.0 36.3 0.5 43.6
low 1943 1.7 2.7 36.0 0.5 30.7
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Table 16. Seasonal and sectional concentrations of air pollutants.

Season Sector =02 NO: s o o
(ppb) (ppb) (ppb) (ppm)  (ug/m’)

Sector 1 2.6 3.8 50.4 0.6 70.4

Sector 2 2.0 3.4 48.7 0.6 67.6

Spring Sector 3 1.7 4’7 45.3 05 53.6
Sector 4 1.7 4.0 52.5 0.5 4.5

Local 2.2 5.0 49.4 0.5 56.3

Sector 1 1.2 2.5 37.1 0.6 38.9

Sector 2 1.2 3.5 38.8 0.5 36.8

Summer  Sector 3 1.0 4.1 32.7 0.6 34.4
Sector 4 1.2 3.2 26.3 0.5 33.7

Local 1.1 4.2 31.5 0.5 33.4

Sector 1 2.0 2.6 46.8 0.6 59.0

Sector 2 19 2.7 44.5 0.6 42.1

Fall Sector 3 1.7 3.7 40.5 0.6 35.8
Sector 4 1.2 3.2 35.2 0.5 39.2

Local 15 3.9 39.6 0.6 41.0

Sector 1 4.8 4.4 43.6 0.7 61.2

Sector 2 3.7 3.5 36.1 0.6 45.3

Winter  Sector 3 2.9 6.0 31.0 0.6 36.6
Sector 4 2.7 5.3 37.3 0.6 43.5

Local 45 6.2 35.9 0.5 50.8
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