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Abstract

The concentrations of atmospheric radon-222 and gaseous pollutants were
measured at the Gosan site in Jeju Island for 2010~2017, in order to observe
their time-series variation characteristics and examine the concentration
changes related to the airflow transport pathways. The mean concentration of
radon for the period was 2,392 mBg m®, and the annual mean concentrations
were in the range of 2,178~2555 mBg m ™. In seasonal comparison, the order
of the seasonal mean concentrations was as fall (2,892 mBqg m™®) > winter
(2,839 mBg m™®) > spring (2,192 mBq m ®)> summer (1,831 mBq m ). The
monthly mean concentrations were in the order of Nov > Oct > Jan > Dec
> Feb > Sep > Mar > Jun > May > Apr > Aug > ]Jul, resulting that the
highest concentration (3,012 mBg m™) on November was over twice as the
lowest (1,458 mBg m™®) on July. The diurnal variation of radon showed the
highest concentration (2,741 mBq m ) was at around 7 am. and the lowest
(1989 mBg m™® at around 3 p.m. revealing the higher concentration
increase during nighttime.

Based on the realtime monitoring of gaseous pollutants during 2010-2015,
the hourly mean concentrations of SO, CO, Os, and NOx were 1.3, 377.6, 41.1,
and 3.9 ppb, respectively. On monthly variations of the gaseous pollutants, the
mean concentrations of SO, CO, and NOx were the highest in January and
the lowest in July. Some gaseous pollutants (SO, CO, NOx) showed a similar
seasonal variation with radon concentration as high in winter and low in
summer, whereas the O3 concentrations had a bit different seasonal trend.

According to the clustered back trajectory analyses, the frequencies of
airflow pathways moving from continental North China, East China, Japan
and the East Sea, Korean Peninsula, and North Pacific Ocean routes were 36,

37, 10, 13, and 4%, respectively. When the airflow were transported to Jeju

_ix_



Island from continental China, the concentrations of radon and gaseous
pollutants were relatively high. On the other hand, when the airflows were
transported from North Pacific Ocean and East Sea, their concentrations were
much lower than those from continental China. In comparison by wind
direction, the concentrations of radon, SO, Oz, CO, and major ions in PMjg
and PM, were relatively high when the wind blows from the northwest
direction (225°-351°, China continent), showing a similar pattern of radon with

other air pollutants.
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Figure 1. Gosan station located at the western edge of Jeju Island, Korea.

1.2.1 Radon Detector System

7] gHE(*PRn) FEE 55 d337])E7]TF(ANSTO) A AA A oz A7,
AAE 17 % gEAE7](ED D500, 1500 L dual flow loop, two filter radon
detector)& AH&SIATH dEdE7IE 9 2717 FHE AX ¥ A R 59
e e A i A BAE g Aol N wEE dRdE S5
WAootk &9 x7E ZnS(Ag)et whEste] AES HAATIAL olE FHT

tol  AlFstes AAE don, Fi(sensitivity) 0.28~

0

g

I
[\
2e)

3o 2

b
0|

=
=

F

counts-sec /Bq m >, 72387 (detection limit) 25 mBq m ¢ 174 % gEHZ7

o] tH(Whittlestone and Zahorowski, 1998).



1.2.2 SOy Analyzer
o} a7t~ HE= Pulsed fluorescence SO» analyzer (Thermo Environment
Instruments Inc., model 43C-TL, USA)E Al&3sle] =Ae9 1, dlolE= Data

Acquisition System< ©]-&3d}lo] x| &% o7 =33}

1.2.3 NO/NO2»/NOy Analyzer
AA223E FEE Chemiluminescent NO-NO»,-NO, analyzer (Thermo Envi-
ronment Instruments Inc., model 42C-TL, USA)E AF&3}91 3L, Hlo]E+= Data Acgq

uisition System< ©]-&3dlo] &R o8 FH A

1.2.4 O3 Analyzer
Q& 5%+ UV photometric O3 Analyzer (Thermo Environment Instruments
Inc., model 49C, USA) & AME-3}% 3L, dl°]E = Data Acquisition System= ©]-&

shel gsrerh

1.2.5 CO Analyzer
AArslElA F %+ Nondispersive infrared CO Analyzer (Thermo Environment
Instruments Inc., model 48C, USA)E A}&3te A3} 1, dlole= Data

Acquisition System= ©]-&3lo] 3t

1.2.6 Calibration System

SO, NO/NOy/NOy, Os, CO Analyzerd] T4 248 F7|A= Multi-
gas Calibration System (Thermo Environment Instruments Inc., model 146, USA)<
Abgate] AT o] AlARE QEWALATE FAEO] lojA U FEe

L& TAAAE 4 33, O; Analyzere] Aol 7hsdh Al2~FloH.

i

1.2.7 PMyy Air Sampler
PMy WA A Al5e 245 4A 49 AHoly SAe PM) Sequential

Air Sampler (APM Engineering, PMS-103 & PMS-104, Korea)E A X 3}lo] =3



AT Air Samplerd 37]4%S MFC (Mass Flow Controller)7} ¥-2Hel 4%

AzEle Abgte] 2719 E FR AR A%H R 167 Liming FA 3k

1.2.8 PMys Air Sampler

PM.s Zv|AHA] A5 +& PMss Sequential Air Sampler (APM Engineering,
PMS-103, Korea)E A}&3dte] 233t Air Samplerd +7]#%<S MFC7F
te AE A 2gE ARREte] 27IHE TR AIMA AEHA SR 167 L/ming 4
Fich gt
Abo]l 7]Zboll &= URG AF2] Cyclone (Model URG-2000-30EH, USA), 3% Teflon
2838 3 (MeDO,

Jr
D

o

S A8 PMys MIAIEAl AlE= 20109 1258 2014 84

off
2R
o
oL

filter pack (URG 1274., 47 mm, USA)¥} ¥7]&<¢ =
VP0625-A1003-A, USA)E AH&3te] AAS L, 20149 8LFH 20154 12€
Aol 717kl PMys Sequential Air Sampler (APM Engineering, PMS-103,
Korea)E AH&3te] #3131

rr

1.2.9 Ton Chromatograph

vl A H R o] =84 o] A2 Jon Chromatograph (Metrohm, Modula IC,
Switzerland) & AH&-8le] EA1Ek9ITE F8 o] 2(NHY, Na', K, Ca*, Mg™) #4el&=
Metrohm 818 IC Pump<} 819 IC DetectorE AM&3F3131 Metrohm Metrosep
Cation-6-150 & &, +°](Cl, NOy, SO, F, CHsS03) % 7]2HHCOO,
CH;COO ) H#Ad= 881 Compact IC Pro¢t 819 IC Detector, Metrohm
Metrosep A-SUPP-16 #2]#-& A3t}

1.2.10 ICP-OES Spectrophotometer

ml AR o] 4437 (Al Fe, Ca, Na, K, Mg, S, Ti, Mn, Ba, Sr, Zn, V, Cr, Pb,
Cu, Ni, Co, Mo, Cd)<> ICP-OES (Perkin Elmer, Model OPTIMA 7300DV, USA)E&
Abgsle] BA1Ekdth ICP-OES (Inductively Coupled Plasma-Optical Emission
Spectrophotometer):= simultaneous mode, radial/axial plasma A&, 40.0 MHz

RF power, Segmented-array CCD (Charge-Coupled device) Detector -2+ 3 o]},



1.2.11 ICP-MS Spectrometer

e T der g7 v v EFAE=(Ti, Mn, Ba, Sr, Zn, V,
Cr, Cu, Ni, Co, Mo, Cd &)< ICP-MS (Perkin Elmer, Model ELAN DRC-e,
USA)E AFg3te] 243t o] ICP-MS (Inductively Coupled Plasma-Mass
Spectrometer)= 40 MHz RF power, DRC (Dynamic Reaction Cell), Quadrupole

Mass Spectrometer F-2F & o]t}

1.2.12 Microwave Digestion System
nAH A o] Pardite HEHE Ebedd JAAAA mlolazz) Fa FA=

SEA 7o, vfo]la Ry}l 73] FX&= olgE|ol MILESTONEARS] Model START DE
AF&-3193 Tt
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Figure 2. Radon detector system (ANSTO, D1500) installed at Gosan station.
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1958 20159 129704 4544 43 dolHE ol &ttt t7|ed=4
F X% v Thermo Environmental Instruments Inc.ollA] #|Zek NOx analy-

zer, SO, analyzer, CO analyzer, Os; analyzerE Al&3lo] =43tk NOx:=

2

shukHH (chemiluminescence), SOo= Ao A & 33E33H (UV fluorescence) & &

A

A3k, COE B2 A FH(ND-IR), 032 #2433 =H(UV photo-
meric method) 2.2 FA3IATE 2 AFoAe olgst WHoeR =43 FAF
{2 dolyE AR -FINA 28 (https://www.nier.go.kr/NIER/index.jsp,

https://www.open.gokr/)oll Al A& Wro} o] &3}¢] tHNIER, 2016).

3.2 PMyy, PMys AH 2 &4

3.2.1 PMyy, PMos A5 A3

PMy HlIAI®EAISE PMys ZHIAIHA Alge 4S04 fH AT
PM;, A&+ PMj, sequential air sampler$} ®|:Z2 FE(Pall Co., Zeflour™, 47
mm, 2.0 ym, USA)E AF&3te] 2013 1€5-H 20154 12€97h4] 3Y 7H4, 244]%F
GE F ol & AR 6167, YAEAE AR 617TE AASAG A=
NF F7) 4L MFC (Mass Flow Controler)7} §-2H8 &5 Al 2~#l8 AL&-31o

1 T8 A7HA AEH 02 167 L/ming A4 A5 HE= d7A
28 FH EZ Y4 (SPL life Science, PS, 60x15 mm)e] Yo] HXZE HY

2}
o7 WB3 AHRE AdgAdz &7 T dAACHAAN AXAZ F FA
[e=]

Ll
A\

g
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PMps Al&e ol 2 94 B48&cz Zesto] At 84 o4

He

B2 82 PM,;5 sequential air sampler®}t BlZ2 I ¥ (Pall Co., Zeflour™, 47 mm,
2.0 um, USA)E AH&ste] 2010 1958 2015 12€7b4] 39 7+4, 24 hr &
22 ZF o]l BEAE AMHFIT. A BEAL AEE v URG A Cyclone
(Model URG-2000-30EH), APM A} PM,5 sequential air sampler (APM

N}

Engineering, PMS-103, Korea) + 7}*]¢] samplerg ¥ ssto] AF&3slal, HZE
A E](Pall Co., Zeflour™, 47 mm, 2.0 pm, USA)E AF&3to] 2010 1Y€ 195-H
2015 1297b4) 6 7HA, 24 hr &9 2 F 164715 A A

PMi, PMys PIAIHA] A2 HEE ZHE HAACIE A ko] d w71
(72~96 AI7h) AxAZ £ A8 AF A $F9o FA zolE& FH4s)

WA A ooz ol wel ¥y 2

2
_Orl',
N,
ol
tjo
o

Figure 3. PM;o/PM>5 sequential air sampler (APM Eng., PMS-102, 103, 104).
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PM,y, PMy59] 484 o] &4 &2 Jon Chromatography (IC)H o 2 ¥A4]3}¢]t}.
oFol £ NH,', Na’, K', Ca*, Mg? & IC (Metrohm Modula IC, 818 IC Pump/819
IC detector)E& AF&3}e] Metrohm metrosep C6-150 #+2]# 0.9 mlL/min 3%, 25
L ¥4%9, 30 ~ 36 mM HNO3 &84 o= EAeAt. 4%
=& NH,, Na', K, Ca®, Mg®> ¢ 2% AccustandardAt] 1000 ppm FF8& NS
ARE3Ee] 0.1, 05, 1.0, 5.0 ng/mL F== 3|43 &4 o] &3t 245

S0l (Cl, NO;y, SO F, CHsSO;) 2 #714HHCOO , CH,COO)2 IC
(Metrohm 881 Compact IC Pro)E& A}-83Fe] Methrohm Metrosep A-SUPP-16
2%, 08 mL/min %, 100 L =Y 53], 75 mM Na,CO; €7 <, 200 mM
H,SO4 Suppressor &9 7o g BAEt F2 So](Cl, NO;, SO°)9
oA GAE 12 2552 (AldrichAF 99.99% KoSO4, 99.99% KNOs, 99.999%
NaCD& 1000 ppm #E& 4 =A% F o5 0.1, 05, 1.0, 50 ng/mL F =
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_12_



2= Al =7 A 73] {EESE dlolE el xFHAe W AS (CV,
coefficient of variation)& 7l4tsle] IstA ). o2 A F3gF IC 49 7|74

= AI(IDL)$F W5 A5 (CV)= Table 13 2t

o
rlr
e
rol

71714

A

¥ <% 2} (standard deviation) S = =T
W5 A 5= (coefficient of variation) CV = % % 100%

IDL = S x 3.143 (98% confidence level, n=7)

Table 1. Instrumental detection limit (IDL) and coefficient of variation(CV) for

IC analysis (n=7).

Species NH, Na' K’ Ca* Mg? SO

IDL (ug/L) 36~6.0 35~64 O57~73 47~167 44~94 32~48

CV (%) 1.3~21 10~19 17~24 14~49 14~29 13~15

Species NO3 Cl F HCOO  CH3COO CH3S03
IDL (ug/L) 49~81 1.7~15 ~2.9 ~41 ~2.8 ~2.7
CV (%) 1.5~25 04~04 ~2.9 ~3.0 ~18 ~1.7
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e

3.2.3 PMyy, PMys 9424

Stoll Al Hto 2 dust PMy, ZE S PMys; EHE wlo]a=zs AFEsHo =
A At & dAAES SR Y. dAE 32 US EPAC ‘Compendium
of Methods for the Determination of Inorganic Compounds in Ambient Air
(Method 10-3)" WHol]l wet wiolazs FalHoer dLAdEs &30
(Mainey and William, 1999). A&ZHEZ ZA 2 F HIZIE(PFA,
polyfluoroalkoxy) &71e i1, o7]e 555% HNO3/16.75% HCl &34F 10 mLE
7k & mpolaARIE ARSIl AAGES S§EAIZT mlolAEIE 1000 W
RF powerE ZAlste] &%= 15 & F<F 180CE A5A7]

al
B HANZ F AN QA vrelasst FaE v g FAE

Sh

(Whatman, PVDF syringe filter, 045 mm)Z E84 UAE AE &, 3%
HNO3/8% HCl &34F 5 mLe} 2545 7hsle] §3&2t~2a 25 mL7F ¥ =5
3] A 5ttt

AL ICP-OES & ICP-MSE AH&38te] Al Fe, Ca, Na, K, Mg, S,
Ti, Mn, Ba, Sr, Zn, V, Cr, Pb, Cu, Ni, Co, Mo, Cd A&S ®A3sr}
ICP-OES #4 Al ZFdAd=d A48 EFF8&H2 AccustandardAhe] ICP-§
1000 pg/mL &85 10¥) &3] 100 pg/mL &3 AFE&HS s £ o5 001~

100 pg/mL W9le] &0z sMate] zARAT. o u HHLuE v s

g
(matrix) E3E Axstar] A AR AR FPA ST STW § 3%
HNOy/8% HCIE A8tk ICP-MS 24 A BEA434 A8 BEsoe

Perkin ElmerAte] 10 pg/mL Multi-Element Solution 3 (Ag, Al, As, Ba, Be,
Bi, Ca, Cd, Co, Cr, Cs, Cu, Fe, Ga, In, K, Li, Mg, Mn, Na, Ni, Pb, Rb, Se,
Sr, TI, U, V, Zn)¥} 10 pg/mL Multi-Element Solution 5 (B, Ge, Mo, Nb, P,
Re, S, Si, Ta, Ti, W, Zr) §94& FAPoz &3 F 1~500 ng/L HH=
s ste] ARgatoAth oleldt W o R 208 daAES ICP-OESS ICP-MS&®
A 71712713 71713 &3 Al = Table 2, Table 33 22t}
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Table 2. Instrumental conditions and detection limit (IDL) for ICP-OES
analysis.

Instrument: Perkin Elmer, Model OPTIMA 7300DV

Plasma conditions: RF Frequency = 40 MHz,
RF power = 1.40 kW
Gas Flow rate: Carrier gas = Ar 0.65 L/min,
Auxiliary gas = 0.2 L/min
Coolant gas = 15.0 L/min
Sampling conditions: Pump Rate = 1.5 mL/min
Nebulizer: Ultrasonic (CETAC Tech., U-5000AT)

Detector: Segmented—array Charge—-Coupled device Detector

Wavelength Detection Limit Wavelength Detection Limit
Element Element
(nm) (ug/mL) (nm) (ng/mL)
Al 396.153 ~0.0007 Fe 259.939 ~0.0015
Ca 396.847 ~0.0022 Na 589.592 ~0.0030
K 766.490 ~0.0035 Mg 285.213 ~0.0012
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Table 3. Instrumental conditions and detection limit (IDL) for ICP-MS analysis.

Instrument: Perkin Elmer, Model ELAN DRC-e

Plasma conditions: RF Frequency = 40 MHz,
RF power = 150 kW
Gas Flow rate: Carrier = 0.9~1.05 L/min,
Auxiliary = Ar 1.2 L/min,
Coolant = 15.0 L/min
DRC parameters: NHj reaction gas flow = 0.1~0.6 L/min
Sampling conditions: Sampling depth = 7 mm from work coil,
Sampling cone = Nickel, 1.1 mm orifice diameter
Skimmer cone = Nickel, 0.9 mm orifice diameter
Nebulizer = cross—flow type
Sampling uptake rate = 0.4 mL/min
Detector: Photomultiplier tube (PMT)

Element Mass  Detection Limit Element Mass  Detection Limit

(amu) (ng/L) (amu) (ng/L)
Ti 48 ~0.0942 Mn 55 ~0.0314
Ba 138 ~0.0942 Sr 88 ~0.0942
Zn 64 ~0.2198 \% 51 ~0.0942
Cr 52 ~0.0628 Pb 208 ~0.0628
Cu 63 ~0.0628 Ni 58 ~0.0942
Co 59 ~0.0628 Mo 98 ~0.0314
Cd 111 ~0.0942

_16_



A5 HAIA S Z 500 mb W offfFelA olFH™, F= 700 mb Woltt 850
mb W] & migke] o sFH= Ao deA Aok E=ZF 700 mbek 850

= 7 de FHE Ay drh
2 AFNAE d7] gE 2 e dEde] §9 R ols AR FAS AT
qdAAH BEHE E9d 1EE 200 mE 2RI, FEANE dg G v

00 UTC (KST 09:000= AAstAo. AA4EA As5+= 755 NOAA/ARL
(National Oceanic and Atmospheric Administration/Air Resources Laboratory)2]
HYSPLIT 4.0 (HYbrid Single Particle Lagrangian Intergrated Trajectory) F &<
o] &3} tHSong et al, 2017).

NF FR47 242 9@ A BAL AF

H

T AEA] < (33°17'N,
126°10'E)& =FAFoz 12043k 94 d25 ZAskdaL, 9444 24
A3E VxR AATPEAS dAst 779 FdAd2E LF 35 ek ol
AHgE 717 A5+ "= NCEP (National Center for Environmental Prediction)<]
TR 7] EA(MRF)Q GDAS (global data assimilation system) U o|lEZ
3} tH(Draxler and Rolph, 2013).

™
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1. t7] 2= AA<E

Jm

3

L1 2HE 24 2 54

111 2= 2

A} HFALS F (natural  radiation nuclides)2 $-2H&(U), E&(Th), #&Ra),
Z2Zw(Po) & 40oFo] EAlstH ol dAHo] FHE A AAAEZ YA

FEIY WARAE =2 dyAe] dAHa-ray, B-ray) E= AR -ray)=
0¥ AREA, 2F S)E FE Al AFste]l Az Sl dAE LA
A1 21 EH(NCRP, 1987).

A3t 2 (a-ray)= T2 U, ®Ra, **Rn, “Poo WAMY B3 Al #EEH,

W EFY AH(B-ray)= “Ra, “H, "C 59 &3 A WEHT @A -ray)2 YK

5ol A BE Al BEET. A A F oReRE A 4849
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IS o] FA Y= HAMAY dF2 $FA VYU FAY A zZte] v ¥oe] H&=
WAL A AEo] AtHR.W. Perkins, 1965 ; C.M. Lenerer, 1978). AtA WAL &
AAL Fol= ZERa) ¥ F7(PRa, *Ra, “Ra, “Ra)t 2H=[Rn) Al F57

(*Rn, *Rn, *Rn)7} EAgth. 135 w717 o A4 Fae dAg 2
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A5 A9ed 38299 Wzl E bW R B84 7AEA TFol 9sA
AWz O SHFEL WA FFE(Po, MPo T)oz F kel Hlo]
=3 9t} Figure 4% UL Az ZFo =z dlo] npxute 2Yppoz W=
et AES vUEbd Aot

A WA T b & BlE&S AA sk A2 #=(55%) o] th(Figure 5).
FES AT, B, AskE B)ol g BEsa g WAy JAz U
AL ool A #Rac] AL Al A3k n A A 2HE(*PRn)o]
A2 =t (Almeida R.M et al, 2004).

ol FYARE EFALETh AzdFH)d4 AAHE EZ2*Rn)Y
FElFALFU Az F)dA B E GE=C"Rn)o] Utk AW ol B9
AAES w717} zhzb 555, 396 22 #@HE(*PRn)e 3.82 & Wikl H] &
) $ ol AEY 7] Folle BE*FRn)e] iR EAgte] B4 gES @
= #Rng 3 ghEe] "eFor: w7 &S “¥Po (31 #), #Pb (27 B,
2MBi (20 ), ?MPo (0.0001 %) So] dar, Fitol Phbs& AAH HFTHoZ AT
Wpphz W) 7kt (Zock C et al, 1996; Kendall GM et al, 2002).

J

,, | [ra®a |
a1

®222Rn (radon) ; 3.8 days half life, from 233U

Figure 4. The decay chain of uranium-238 and ambient radon progenies.
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Nuclear
Medicine, 4%

Medical X-rays
Consumer

Products, 3%

Other, <1%
—-Occupation 0.3%
—Fakkiyt < 0.3%
—Nuclear Fuel Cycle 0.1%
-Misc. 0.1%

Figure 5. Sources of radiation exposure

(NCRP, 1987 ; USEPA, 2007).
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112 =9 54 9 faA

AdEd= FA4FHA o, FASGAFAETARC; International Agency for

Research on Cancer)oll A+ 19 U EZAZ FAIIS WHF QAo Xzl

aga FE7)e FEAE ] dozE FeH R do FA FFE ol T A e
HAAA AAFAY 7[Ho 2 WjEHAR diE2 593 HA arays H=35H

farstH(H Y% 5, 2009; Miles, 1988). Al ®.71 7] 7-(WHO,
20000 AE9 & AMFEFE =7 100 Bq m”? (27 pCi/L)oldd o A+

(4 pCI/L)E AlQkstal Sl o] FxoA A4 s =5d 4% Hgoz AT
g 9y 52 oF 1~ 2%2 FAFsa Aok 2003 g &
H AP AE ghE =E2 0 o] Qe FoeR Ruyn JrHHAIER F, 2009
US EPA, 2009).

Mo PRSI FAR o), AU ghs 2AME 1980 FH ekl o,
H 7 A 3709] Zone(Zonel-high risk area, Zone2-medium risk area, Zone3-low
risk area) &2 TiEE FAF FEo] diE FAFS NzkE FAHoR F 10%0
Fukets 7hSel Wi 2AE FREHJATHUS EPA, 2008). =3+, 7S o g
B7He Sg 71xAR gE AFdelA 1989\ H-E 1992 Atolel] A FAFA

(USGS, United States Geological Survey)? #x= gt=xelXd Hrr 53
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Aok ek AR T T o8] kel @k ARIZF]=(A Citizen' Guide to
Radon) ¥ AW #t=Aaw #d AE Wkt di=yl FH7F A540=
o] Foj A i gt}

m=o] AuighEs 24715 4 pCrLel™, 4 diAl71E2 4,000 pCi/L(F78 -
T A9 FAHg A ~" o] MMM(Multimedia Mitigation) 2~ 2138 =8
Ao ot ol AL A AZAA(BGS, British Geological Survey) <2}
WARA 5 9191 3] (NRPB, National Radiological Protection Board)E A1 =,
1980 -8 AA7tA ALHow A=Azt FdEL glow, F 45WH)
o] Am7t FFH U= AdEHolth A EAHL 5 km AR}, WA A9
10 km ZAA9 % #EE % (Radon Atlas)E 214 321 T (NRPB, 2000).

AdehE 227152 54 pCi/L (200 Ba m?)olm, gk Ao ¢x3
AL A, 457 e 4 dusta o 2o A, g AL
2172 (NIRS; National Institute of Radiological Sciences) % -3} 8HEA] Al H
(JCAC; Japan Chemical Analysis Center)ell €&l 199413 ~19961 &<t 89971 <]
AHEAZE FAE AT 2004 o] Fol= aEE TRl i FAbel] FHFskaL
A=, 24 FEE AT 200070 7Sl dE 2AME Tl e A olth
z9del A, AligtEs: #YrIEEFARRDS BY, 7EFEe Fee
108 pCi/L ( 400 Bg m®), Al3FF8e] 493 54 pCi/L (200 Bq m ))& 433kl
At

EY 7t gEFErE 270 pCi/Ll oY v+ =W 7]+ (radon protection
leve)S 1,350 pCi/L ©o]A¥Y uwli= g=<¢kd 7] <= (radon safety level)S 2 -83}iL
Gt HExALE o Fsteta vk Alast

S F9, 0008% o F, FFe AdEAL FFATE AU FERAL

r>~
Lo
)

o

gom, B 9 AZFA A

kr

Seluete] ehE welel W@ /R dEe AAgdagase (ARTy
H
I=]

S 3 @FRe CAvE ARy, olth TARFURAA A
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Table 4. Types of ambient radon detection system.

Passive Type Active Type
Alpha Track Detector Scintillation Cell
Activated Charcoal Adsorption Pulsed Ionization Chamber
Electret Ion Chamber Silicon detector

7] 59 g Ay Ask 3t vl ot E0 9E weE SA ok
st7] wjol ol A= HEVIE B8R dvh EF3 A8 7]F(ANSTO)
oM = olefe i E gEAETIE AAA AA, AAsta Aok g
(World Meteorological Organization)9} GAW (Global Atmosphere Watch) #34E
FTAHOZ MAAFR] = FAYS FE5te] 95t JATHW. Zahoro -wski,
2004; Y. Igarashi, 2004). ANSTO®IAM Al#ak o= HE71= 83 34

AEwAe olgsta A AAter ALK RUEHO] Jhed AlAdE ol
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1500 L radon detector
——— e — Exhaust 12-15 85-264 VAC

Valve
' K voc l-————-l 50-60Hz
H 1 32mm PVC pipe > Barometer CRe0O A
i ' -I—D— data logger supply
1 aisal, H
i : Vaisala T/R |'— IMnIet
: ' Velody — ast
i Probe VII Control
: [ Somm PV e U th«lar Head HY/ PC
i ead Cap PAD
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...... - filter
External flow . Flow
loop blower Denim meter
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Electrical Line U
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Figure 6. Schematic diagram of the radon detector setup.

S92 Cape Grim #342(40°41'S,144°41'E, 94 m)©= =52 99| El=njyo}
Bz A8t g AXFF F=42Z CSIRO (Commonwealth Scientific and

Of

Industrial Research Organization)®} 7177 (Bureau of Meteorology)®] & -&
o7 Aysle] 935t rl. Cape Grim T4 A= 19763 F-¢ o] AF3}

das B3a gom 1 9 dojzEe wREd 4F v ededse 34

3 9tk 53] ANSTOOIM = radon detector® A |3te] vl ake] *?Rn wj7
TEE AAte R F43ta 9tk

T3 ANSTOO M= AAA ez 7bg u7Eel AW SEdE7E AAdow
A A skl AAAZC =2 MEYAE $98t Jduh. E3] 2H=(**Rn)
HE715 9ol Mauna Loa, 59 Cape Grim, FolZe]7}a3+¢ Cape
Point, =27 E#W=2] Angus, €¥2] Sado Island, 7| =r2] Seattle, 3¢ Hok Tsui
58 HEFEY FAHer AMErL =& 167 WA BZ2(Figure 7)oM) 29

S AAZ ZUH s A th(Zahorowski et al, 2004).
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ANSTO high sensitivity radon detectors for atmospheric research
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Figure 7. ANSTO’s radon measurement network in the WMO/GAW stations.

W74 A Qe Fnek gt =(**Rn) 5 & 308 1Ao7 AAZF A3 9on
Ho] QAEYL o] g3l Lo folEE 3 4 = 1PE #gE
AE7 Azde AAgom st #esta vk e AE7E 1
HE4AE 053] 319to]2] Mauna Loa, ¥¥9] Sado Island, "= 2] Seattle,
~FEWNE9 Angus, 7 Hok Tsui 5 FAZOE AWE7} =& Fouj7

5 ZgadlA HE Fol ok AReIAE BB FEAS/E AAH o

O

A, AZstal 9len, 53] Nagoya W 5olAl Electrostatic Radon Monitor

(ERM)E AAH oz AZ#tete] o] &-83tal A tH(Yoshioka, 2000).

Ul A= 2001 Ao AFE aAFHZFAo ANSTOON A A <3t
£

2007 1= 24 ¥ 273%2 = HE71(22 DIS00)E AHgsto] =ul 7]
<o T MAsES Ao S5t glon, B Aol s o Ala"ES
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L14 A=A Al ) Ak g =
o

=
Aol ool AFH AAYAY Bl EASL FEE 1 o shtelr]

2

Eok ) Aekrd g gl gk AT A sy wAeh sk A9
AstE] ZAAgAbg Edo] tigh dRAGoAe] A7 FaH o] gtH(Cho et
al., 2011; Jeong et al., 2011; 2012; 2013; Ju et al., 2013). =W A3} &=
bk 4 pCi/LFH #Har 40,010 pCi/LY W2 WS BRI, Hdghd 5
2+7y 1,862 pCi/Let 920 pCi/Lel A tH(Chol et al., 2007). A g o2 thE <
Hlal #Fg U Ase 238 pCi/LE JUlAoz vhe srE 1o
&2 ArH(Table 5).
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Table 5. ’Rn concentration measured in the groundwater from each geology.

“*Rn (pCi/L)

Geology (No. of samples)

Mean Med. Max.
Granite (238) 2,595 1,516 25,092
Sedimentary rock (165) 926 520 11,986
Metamorphic rock(133) 1,752 1,010 11,384
Ogcheon metam. rock(69) 2,020 938 40,010
Jeju volcanics (10) 238 205 528
Total (615) 1,862 920 40,010

T g WAbs FdEEe 497 + 54 pCi/L (n=3)2 A3} 9]
=2

U3 T, 2016) o= v g A (Envi

rlo
S
o
fu
BN
>
A,
32

juy)

ar
17 % Site® 2001 d5-E 201674 SA g Fit dheses

S WA EEE YER L dTh
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12 AFAY 7] 2= v=

gh=2 A RAA, Asty, ASAA, G4, B SolM WEH = A
sRrel EAg. 2y ste o BgAola HlEdxE Ao &aHA &7
ol 7] Tom WA SitHe SAS Uit aga JAdew EA6H]
ol 7l FollA 7175 BhaL olsste] Vlde] v £ wel & FEAE
Btk dubxom wAyr|de] A zpol7] wiiel gl o]Ed Tl Hls)
ol AAE F717F 2~30 O £& FEE Hole ZoE A v
(Choi et al, 2009; Bonotto and Padron-Armada, 2008).

7] T g Ay Ask g3t vl s=rF A utr] mjEel] ofF

2]

aFEe] HAEVE olgdte] 4 + Utk ANSTOOA = 9]

(AN

Ao AFE AAFH A= 2001d 2HEH AHEHORE gE FEE FA4
sk Qo™ A (Aerosol Characterization Experiment)-Asia X213 9] <3}
o8 #AZE At

AFE AR Ho A 2010~2017de ZAA 8d &<t ghEsieEs AATOR

A
& EE Table 6°] YEFUHATEH AFE LAEA] o] A
ghe AIZHE Hirs s 239241222 mBg m” (0065 pCi/L)= vi$- wA UEbskT
o] Tk 20139 11€¥ ~ 2014 3€ol 43 felvhet Ay HitsE 1064 Bg m”
(29 pCi/L)ell nlall digf 44.68] W& FFolth & 57| AFA 9 A=
F% 884 Bg m”® (24 pCi/L)dl wvl&] 37.08] w& F£FS Kol thHlee et
al, 2016). nAA el Axd 7] FEFEE 20159 > 2011d > 2010d >

r o
H
e
o

2017\ > 20161 > 20129 > 2013¢d> 2014 =o® 20159 ghEsErt
2555 mBq m %2 7P =i Aidow wre wwE v 20149(2,178 mBg m®)
of s 1.20) =] AolE YERATE

Zle] A9 = dolHE gy Adet Aa e AR FAHHL
AL, 7] FE FA AFE A HdaEo]l AA &) uEbA ol & 1999 12¢
FE 20029 199l 5% 3 Electrostatic Radon MonitorE Ab&3le] A& A%
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ANA SAT Aot Bl AHKIm et al 2007). ©o] Al7]9] M&A9 T

TEE 7,62044,110 mBg m*2 A o] wsf 328 ¥ S Hola

e oa AAXAF}] FEE v Ay ARG HFEFETE
&t elo] Mauna Loacl B8] 2358 AE AA =& 5 HYTh a8 &3
o

Hok Tsuiktte oF 23] & T%E H Yt (Chambers et al, 2009; Zahorowski
et al, 2005). 1LAkA] o] stefo] Mauna Loadl Hla| €4 ¢ & & Y&
AL 3F9to] Mauna Loa #=49 97} %7} 3,397 mol YAstar 9

HEoziy e dojd FAgAGela Aol ez Mo 7] widd

Ao JWekHAh agla gEe] F7IEtE T 7] wFo] Mauna Loa #2409
Hlsl Aol 7PgA f1x1g AR o] dHAoR & w58 Hol& AL

SHAIRE =Rl TF9] King's Park Meteorological Station, ©]&g]o}e]
L'Aquila, Fvlyol P54 Bucharest # 9ol H]d| mAX] o] glE=Fk
747k 39, 41, 168M O B wiAA e SAS YT Qi Ao 2AEAT
(Pitari et al, 2014; Zoran et al, 2013; Chan et al, 2010).
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Figure 8. Variation of daily radon concentrations during 2010-2017.
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Table 6. Statistic summary (yearly mean, standard deviation, and distribution)

of hourly radon concentrations (mBgq m*®) measured during

2010-2017.
Year Mean SD 90th 75th 25th 10th
2010 2,510 1,420 4,355 3,396 1,520 632
2011 2,927 1,356 4291 3,334 1,626 737
2012 2,319 1,169 3,852 3,050 1,505 899
2013 2,249 1,148 3,765 2,936 1,471 862
2014 2,178 1,041 3,514 2,769 1,456 996
2015 2,995 1,177 4,111 3,222 1,732 1,199
2016 2,364 1,128 3,857 2,938 1,624 1,081
2017 2,405 1,203 3,970 3,040 1,618 979
Mean 2,392 1,222 3,982 3,089 1,562 937
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Figure 9. Comparison of radon concentrations for the study period.
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Table 7. Comparison of radon concentrations between Gosan and other sites.

Site C?;%egtﬁt;?n Periods

Seoul, Korea" 7,620+4,110 1999. 12 ~ 2002. 1
Sado Island, Japan” 2,005£261 2002 ~ 2004

Hok Tsui, Hong Kong® 5,580+626 2002 ~ 2004
Mauna Loa, Hawaii® 102 2004 ~ 2010

Hong Kong? 9,300 2007. 11 ~ 2008. 10
L'Aquila, ITtaly” 9,700 2009. 3

Bucharest, Romania® 40,260+7,540 2011. 1 ~ 2011. 12
Gosan, Jeju Island 2,392+1,222 2010. 1 ~ 2017. 12

VA& E, 2007; PChambers et al., 2009; ¥Zahorowski, W et al., 2005; YChan et al., 2010;
YPitari et al., 2014; “Zoran et al., 2013.
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Table 8. Variations of monthly mean concentrations of radon during

2010-2017.
Concentration (mBg m ™) Concentration (mBq m ™)
Month Month
Mean  Median S.D. Mean  Median S.D.
Jan 2,866 2,698 1,203 Jul 1,458 1,114 1,262

Feb 2,113 2,980 1,089 Aug 1912 1,705 1,349

Mar 2,016 2,385 1,032 Sep 2,701 2,611 1,198

Apr 2,031 1,944 781 Oct 2,996 2,852 1,118

May 2,047 1,887 962 Nov 3,012 2,913 1,151

Jun 2,096 1,908 1,083 Dec 2,843 2,669 1,104

Table 9. Variations of Seasonal mean concentrations of radon during

2010-2017.
Concentrations (mBg m ®)
Statistics
Spring Summer Fall Winter
Mean 2,182 1,831 2,892 2,839
Median 2,047 1,671 2,782 2,671
S.D. 953 1,265 1,167 1,149
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Figure 10. Comparison of monthly radon concentrations.
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Figure 11. Comparison of seasonal radon concentrations.
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=
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=
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Table 10. Variations of hourly radon concentrations.

Concentration (mBg m™)

Concentration (mBqg m™)

Time Time

Mean  Median S.D. Mean  Median S.D.
00:00 2,957 2,448 1,239 12:00 2,159 2,081 1,102
01:00 2,587 2,476 1,263 13:00 2,065 1,988 1,059
02:00 2,610 2,512 1,262 14:00 2,011 1,922 1,041
03:00 2,631 2,939 1,264 1500 1,989 1,876 1,045
04:00 2,670 2,542 1,288  16:00 2,000 1,887 1,063
05:00 2,704 2,580 1,311 17:00 2,033 1,906 1,072
06:00 2,736 2,606 1,324 1800 2,108 1,968 1,117
07:00 2,742 2,611 1,337 19:00 2,203 2,058 1,143
08:00 2,698 2,979 1,321 20:00 2,280 2,155 1,138
09:00 2,586 2,483 1,277 21:00 2,356 2,252 1,148
10:00 2,422 2,322 1,214 22:00 2,437 2,325 1,172
11:00 2,274 2,184 1,149  23:00 2,502 2,401 1,199
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Figure 12. Comparison of hourly radon concentrations at Gosan site.
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shi-o] AR A Zolv F3ts AbstE 5o FHE Wi, P AlFAIgHo]
179 Az oA vk 28ar o]t edEHdES BE U~ km 7HA]
FA olwatr] witel A =IHEAAlE Avkyk AT (A F, 2006;
M. Zhang et al, 2004, P. Pochanart et al. 2004).

=5 WNE Fob Aol AT S olelF dFe A% AHHew

5 =1
v . edete] B84 AN AAAE Fule grledEd BEwy
ofyel eJF=HEH FdH= FY ols drledEHd da] WHs] ZAbe

Fa7F Avk(e] &3] =, 2007).

sHobA e dr|ed=d AAY ols@RE qrEstaL oldd e FEeks
=ost7] fste] @A FAgelE dreded FEATAILTP, Long
-range Transboundary Air Pollutants in Northeast Asia)e] 3% 1 U
2004l 49 o] oo Fw oid, A 7], AFE ik T 359
H 8/ A At el AE B AT 7] A EZE (SO, NO;, O3 PMy,
PMos) s &5 FA% AdE Hxeqrh oo m=w 1998 ¢k 3 sk §-g
et FJAx = AA SAksE 465000 B T oF 20 %0l slldehE 93,509.7 =0l
THOZRE e R o)Fe Aoz WIS E, 2004).

s

Pk A%How A A
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ZAow B T oly3 Y dEdY AY o dAXS EYEHG] 9
sto] oA Qb E YA% At T %

715 o] &% Aalet 5S et T (AEA T, 2006). EF AF= LAt
A A= 1991 9€ 9 PEM-West A, 19941 2€¥€°] PEM-West B, 2001 <]
T3 ¥ ACE-Asia, ABC 59 =4 ¥EZ2ZAES F3] trjedEde FAe
ol dATE FIHe Yt Atmospheric Brown Clouds Gosan Campaign,

2007; 7433 =, 2007; 78 T, 2006; &FF T, 2006; Kim et al, 2005; Hue

-bert et al, 2003; Tu et al, 2003; Bates et al, 2002). o] #AF% 1i=H
Z2olA FA43 g71d diolE = olgst €44 vrledEde] 9SS HIksH]

A% 7 ZAEE FEsA 28 S Aok

22 71 ed=d v 2 AAG W3t

<=

2010 -5 20156 7bA] 637 =3
SO, CO, O3, NOx A#E9 1A% 1+4 5 =(NIER, 2016)5 00 UTC 7|22
deletlal, 1 23S Table 110 WebldT AF= a2bA 99 k=, SO,

CO, O3, NOx AE =9 HisEs 27F 24044 mBg m™>, 1.3 ppb, 377.6 ppb,

rigl
o,

Ferlol A SA43 ZAY Ld=d

, O A el iAo m vrobA kit AR ANt FAE UER Sl
ofggt U WAL oldelol L'Aquila Aol FSAHZE AP =3t O
APe AekS Rolal Qlth(Pitari et al, 2014). ¥ CO, SO,
AFom o Agtehol]l EA detwtom, gk Wshel FARgH
HE S Hola g Aoz ZFAME I tH(Figure 20).

“Rn WH7)= 3829 AE 2 F2 w71 A(NOx, SO, CO, 03 5)3 v 53
718 el t7] old2&3 % A S B th(Zahorowski et al,
25, YA E Qg ete] shetAow

280l A4S YY) Wiz o2y VAN SdEAe FAT FFE

>



717k 243 = Fx9t 7/ Figure 21 o YERASITH 193 o] =3 7]

el AT PGEFEE A wE/ AN Fs] Agsel Aen B3

Table 11. Concentrations of daily mean radon (mBg m™) and gaseous
pollutants (ppb) during 2010-2015.

Species Mean S.D. g 750 25t 10t

Radon 2,400.4 1,011.3 3,709.1 3,009.6 1,756.1 1,154.0

SO 1.3 1.7 3.2 1.7 0.3 0.2
CO 37176 330.9 859.1 439.6 187.0 122.7
O3 41.1 154 60.6 50.8 31.3 20.8
NOx 3.9 19 6.2 4.8 2.6 19

_48_



8000

2010 2011 2012 2013 2014 2015
;')\ 6000
1S
O
[an]
E
c 4000
0o
<
IS
3
© 2000
o
O
0 b - — 4 T 1 -
Q Q Q N N @ N2 N o % u 3 3 o )
A N N N N A A A N N N N A N N
S’DQ 5\5(\ %04 ?9\ %‘Z:Q ((60 30\ 0‘?)0 @Qﬁ OC} @d\ ?‘\}g S’DQ 5\§\ $OA

Figure 14. Daily variation of radon concentrations at Gosan site
during 2010-2015.
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Figure 15. Daily variation of O3 concentrations during 2010-2015.
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Figure 16. Daily variation of CO concentrations during 2010-2015.
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Figure 17. Daily variation of NO; concentrations during 2010-2015.
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Figure 18. Daily variation of SO» concentrations during 2010-2015.
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Figure 19. Monthly variations of radon and gaseous pollutant concentrations
during 2010-2015.



Table 12. Hourly mean concentrations of radon and gaseous pollutants during

2010-2015.
Concentration (mBg m™, ppb)

Time

Radon CO SOz O3 NOx
00:00 2,544.3 388.2 1.3 40.3 3.8
01:00 2,974.1 391.1 1.3 40.2 3.6
02:00 2,598.1 3914 1.3 40.0 3.5
03:00 2,622.2 393.3 1.3 39.5 3.5
04:00 2,664.3 1.3 39.2 34
05:00 2,700.2 389.0 1.3 38.8 3.4
06:00 2,7134.5 389.0 1.3 38.2 3.6
07:00 2,741.1 389.6 1.3 375 39
08:00 2,688.8 381.8 1.3 37.2 4.2
09:00 2,570.5 377.2 14 38.0 4.4
10:00 2,405.3 373.5 14 39.4 4.3
11:00 2,261.6 366.0 14 41.0 4.2
12:00 2,149.7 360.5 14 42.6 4.0
13:00 2,060.6 360.2 14 44.1 3.8
14:00 2,0175 361.0 14 44.8 3.8
15:00 2,006.5 363.1 14 45.2 3.8
16:00 2,019.1 366.4 14 45.3 3.9
17:00 2,059.9 371.8 1.3 44.9 4.1
18:00 2,138.2 377.0 1.3 44.3 4.2
19:00 2,231.2 383.8 1.3 43.3 4.3
20:00 2,301.8 386.4 1.3 42.5 4.2
21:00 2,371.2 387.6 1.3 41.6 4.1
22:00 2,443.9 388.8 1.3 41.0 4.0
23:00 2,499.2 388.8 1.3 40.7 3.9
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gaseous pollutants during 2010-2015.
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Table 13. Monthly concentrations of radon and gaseous pollutants during

2010-2015.
Concentration (mBq m™, ppb)

Time

Radon CO SO, O3 NOx
Jan 2,853.6 653.8 29 38.4 3.9
Feb 2,777.4 485.0 2.2 42.2 4.3
Mar 2,637.7 433.6 15 51.3 4.2
Apr 19714 391.2 1.2 59.0 4.1
May 2,073.9 307.2 1.2 53.8 4.2
Jun 2,070.8 281.6 0.7 43.5 3.9
Jul 1,451.5 192.2 0.7 28.4 3.1
Aug 1,705.1 217.8 0.8 26.9 3.2
Sep 2,683.3 280.9 0.7 41.2 3.8
Oct 3,032.7 362.6 1.0 43.9 4.1
Nov 3,031.4 350.6 1.3 36.8 4.2
Dec 2,852.3 514.1 1.8 33.7 3.9

Table 14. Seasonal concentrations of radon and gaseous

pollutants during

2010-2015.
Concentration (mBq m ™, ppb)

Seasonal

Radon CO SO, O3 NOx
Spring 2,179.3 380.4 1.3 54.7 4.2
Summer 1,748.0 232.6 0.7 33.0 34
Fall 2,914.7 331.6 1.0 40.7 4.0
Winter 2,832.1 553.6 2.9 38.0 4.0
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Table 15. Concentrations of CO, SOs, O3, and NOx corresponding to high
(25%), medium (50%), and low (25%) radon levels.

Conc. (mBg m™®) Conc. (ppb)

Level

222Rl’l CO SOQ 03 NOX
High (25%)

3,714.6 502.1 1.7 416 4.8
(n=510)
Medium (50%)

2,358.7 3755 1.2 442 4.0
(n=1011)
Low (25%)

1,164.2 254.5 0.8 34.8 2.9

(n=510)
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=) 2 Yeya k. WHOOIA &= 2013del 7] Al
AAE 1w TdEd= A AT(EA, 2017, WHO, 2014).

AukA o 7 n A H R = 7984 2 7 (Aerodynamic particle diameter, Dp)oll
w2} A TSP (Total Suspended Particulates), PM;, (Particulate Matters with
aerodynamic diameter less than 10 um), PMys (Particulate Matters with
aerodynamic diameter less than 2.5 ym)& T+% 3 Qo d S, 2014). o] &3k
WA= Aol wel F ujEdd =g, set4 S4do] t=a A 2 A 9

PMj "AA = 2 BEY, 19, 7144 4382 SaliA Addr. a8

A ofsh REVIAA Y 2 T E7IA BE deky
A, Argh Ak, A e A= Aoz Busa ivk(Canova
et al, 2012; [Faustini et al, 2012; Ostro et al, 2009; Colais et al., 2012;
Katsouyanni et al., 2009). ¥t 2 o] 22 PMost AFAAIA SolA] &=
TS 8 H-sue HE A FAFSH, sESIF AMYE SUH d¥=
= Ao® d# A AUrth.(Song et al, 2016; Yang et al., 2011; Kang, 2009).
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9%, 718t 6% Az d&Fs v Aoz YeEpgei($AY, 2017).

SRl Aol drloded MERE F53 R ol FAloln, 53

o2 ool 9] T0~80%E
Ao vehta givh wepa] BAF Fatel 1A S-#vtete olelgt
A ols SAEZHY] IS A/ L JrHe|FE 5, 1997, Wang et al, 2013).
Loz de 2A GFS mAIL Tk
F2 3~49°] 30~50%, 5¥l 20~30%= EHo| HFHd FAL Htoe 7S,
ALHo = MMs vz oA 5 2002 A&
39 200l HAG Fate] Ag SARAA J1FH ATRSF 71E T ARG FH
FEQ 2712 ug m, 119 11del= #o] ofd AHe] #AZd 34 5 7 A

& FEQ AR 1664 ng m 7 MEEAA 7557 % frh(dgal, 2011).

A1, 2012). 283 2010

X
=

3.2 PMy, "lAH A 24

32.1 PMy o]=4& 5%

F ol WIWskA A st

AHEE BH, 2013 190 wo]ge] PMas H=7F 993 ug m°, 1096 atdulA
o] FE7F 1,000 pg mP Sutatd A Hu vEE V|2 £ S8 8
ol =W 20139 =H5-E 10€E7HA] T A9 Wit 2RI AUt ATYR
52 wholl FHtoh WIS vepdlal gloh #ol A, &

7 10~209 = 2012 ¥ 5~109 7 38
HA A o] o m Flo AFAAo] ALow AFH L Qv
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2 ATE FYF AFE 14 A9

o

$ A 2011l 133l A 2012w o]
283%], 2013l 303]9] AFAd7F #EHJL HAA o w T FAE YEW L
Atk S 714 B A ok 2011~2013d 7| 1te] 1€¢ 183, 29 113],
12€ 93] & F= Asdol AFdYo] Wol] Ut Ao= yEua v ol
g olfre AsE el wWE SO, B EF Tk A=l 93 NO, wiE% 57t
7F 52 949 Aew FAHEGHCIEA, 2014 Wang et al, 2014).
MR A 2010 1€ 19 F-E 20159 12€¢€ 3197HA4] AFAT F
616702l A8l el FEA ol2AHES EAFAL, o7IoAM nss-SO& 9
nss-Ca> = H]8]d(non-sea salt) %X =2, ‘[nss-SO04] = [SOF4T1 - [Na'l x
0.251'¢] 27 ‘[nss-Ca’'] = [Ca®] - [Na'l x 0.04'¢] 2o o) A4tst$ith(Ho
et al, 2003; Savoie et al, 1987).
PMyy "lA®H =] o] o] 24 H-o] A3}Z Table 16% Figure 23] YEFHATE

N
N
[y
k]

N

9

AR L nss-SOL > NO; > NHy > ClI° > Na™> Mg? > nss-Ca?” > K &
o2 ¥L7}b =gkt o] F nss-SO°S AEo] 75 ug mPE MY 28 HEE R

AL, SOL AA Fwe 935%E AAEE Ao R AT nss-SO ¢ 3
o]zt ©dEA AE2A NOy, NHi¢o] =& »52 Yt} o5 & NOy &

2

42 ng m?°e] FEE HQov, o= daitstEo]l & doj2E: e AT
2do] HE F2 U9 ERE 72 A8 dxAgelN B4R A2
TS AT TopAlotdlE FAR Al HAdel ol diakshEe] wjE ol

7t = FAlo 7|eleteE AoR At tH(Van derA et al, 2008; Richter
et al, 2005).

723 NHS S 31 pg m?e 525 mith o7l $ gryole oF 90%%
7] 5o F2HH.S0., FAHHNO;), A2HHCD T3 wH8-3te] R #(NH,) ol
ANZEZ HEHH, ¢F 10 % & OH #uZ= dE i (Warmeck, P, 1988). t7]
URF Gatol, dAitol2T ¥ whgste] AR H(NHHSO,), A4
25 (NHANOs), @8t =sw(NHCD 59 23 t7|ed &4 S At (Adams, P.
J et al, 2001). 2831 H]FY X9 HF5 AFLEr} 2l
Ms7h s ¢ oslen, 2 fkel e = dde] Sle o=

B ¥ Jt(Masiol et al, 2012; oA S, 1999).
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Table 16. Ionic concentrations of PM;, aerosols.

Concentrations (ug m™)

Species
Mean S.D. 9ot 751 25t 1ot
NH, 3.1 2.9 6.2 40 1.3 0.8
Na' 2.1 1.8 46 2.7 0.8 0.4
K’ 0.4 09 0.7 04 0.2 0.1
nss-Ca’’ 0.5 1.1 09 05 0.2 0.1
Mg?' 0.9 2.6 0.8 0.5 0.2 0.1
nss-S0,% 75 59 154 10.6 40 2.5
NOs 4.2 5.2 8.8 49 16 0.9
Cl 2.5 4.4 5.8 3.0 0.7 0.3
20
1 el
—~ 154
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NH,* Na* K+ Ca?* Mg?* $02 NO; CI

Figure 23. Comparisons of ionic concentrations in PM;jo aerosols.
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Table 17. Monthly ionic concentrations in PM;jy aerosols during 2010-2015.

Concentration (g m™>)

Month nss—

Ca2+ l\/[gZ+

NH,' Na' K’ NOs Cl

Jan 3.4 24 0.5 0.5 0.3 8.0 5.5 3.1
Feb 3.8 2.2 0.5 0.7 0.3 8.6 6.1 2.8
Mar 4.9 3.4 0.5 1.2 0.4 10.5 9.5 41
Apr 3.5 2.8 0.3 0.6 0.3 9.5 54 2.8
May 3.9 1.5 0.3 1.0 0.3 11.1 4.6 14
Jun 3.8 14 0.3 0.3 0.2 10.1 3.3 1.0
Jul 2.1 2.7 0.2 0.2 0.3 7.6 2.2 24
Aug 2.0 2.2 0.2 0.3 0.3 6.7 2.1 2.0
Sep 2.3 16 0.2 0.3 0.3 6.8 2.6 16
Oct 2.3 24 0.3 0.4 0.3 6.6 3.5 2.7
Nov 2.2 24 0.4 0.9 0.3 6.8 3.5 3.0
Dec 2.6 2.8 0.4 0.5 0.4 7.1 4.2 3.8

40

I MH4+
[ Ma+
I K+
[ Ca2+
30 - . Mg2+
[ S042-
. NO3-
/1 Cl-
I Others

Concentration (g m_3)

Jan Feb Mar Apr May Jun Jul AugSep Oct Nov Dec

Figure 24. Monthly comparisons of ionic concentrations in PM;jy aerosols
during 2010-2015.
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Table 18. Seasonal ionic concentrations in PMjy aerosols during 2010-2015.

Concentration (ug m™)

Season
+ + N nss-— 9+ NSS— B _
NH4 Na K Ca Mg SOZ NO3 Cl
Spring 41 2.4 04 0.9 0.3 10.5 6.1 2.5
Summer 2.6 2.1 0.2 0.3 0.3 8.1 2.5 2.0
Fall 2.3 2.2 0.3 05 0.3 6.7 3.2 25
Winter 3.2 2.5 0.5 0.6 0.3 7.8 51 3.3
I Spring T
~ [ Summer
O? 15 - I Fall
& 1 Winter _
o)) _
=
c
2 10 -
©
<
)
2
o 5
(&)
0 . L
NH,” Na* K' ca’* Mg* SO,> NO, CI

Figure 25. Seasonal comparisons of ionic concentrations in PMiy aerosols
during 2010-2015.
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Table 19. Elemental concentrations in PM;, aerosols.

Concentration (ng m™)

Species

Mean S.D. 90™ 750 250 10"
Al 597.5 2,113.5 961.3 463.1 86.7 42.9
Fe 469.0 1,346.9 871.3 394.3 84.9 42.1
Ca 411.4 1,142.7 716.9 372.2 86.3 42.5
Na 1,202.7 1,287.5 2,7126.2 1,490.1 451.5 220.3
K 256.0 554.4 486.8 265.6 66.9 34.0
Mg 2794 584.6 523.2 276.8 85.2 48.5
S 1,472.2 1,408.3 3,007.5 19174 694.8 292.8
Ti 19.8 43.5 40.4 19.7 4.7 19
Mn 12.8 314 25.2 12.3 2.6 0.9
Ba 4.1 8.7 8.1 4.0 1.1 0.6
Sr 3.8 9.2 6.7 3.7 1.0 0.5
Zn 34.0 61.1 69.4 35.9 7.9 3.2
\Y% 6.9 135 12.9 8.3 2.1 1.0
Cr 8.8 21.6 17.8 6.4 1.3 0.6
Pb 16.3 29.0 35.0 17.1 4.0 1.8
Cu 4.9 16.6 9.3 4.0 1.2 0.6
Ni 9.6 23.2 17.6 7.4 19 0.8
Co 19 115 1.0 0.3 0.1 0.1
Mo 1.7 7.3 1.2 0.5 0.2 0.1
Cd 0.5 0.7 1.2 0.7 0.1 0.0
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Figure 26. Elemental concentration comparison in PMjy aerosols.
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Table 20. Monthly elemental concentrations in PMjy aerosols during 2010-2015.

Month

Concentration (ng m™)

Al Fe Ca Na K Mg S
Jan 528.3 391.0 466.1 1,373.1 299.2 2705  1,279.7
Feb 414.8 496.0 4923 1,164.1 328.8 286.4  1,483.0
Mar 1,009.6 950.8 8123 17324 458.9 4799  1,905.8
Apr 5359 445.8 402.2 1,285 242.5 276.1 15747
May 14726 1,173.3 872.8 812.2 490.3 493.0  2,036.7
Jun 314.0 249.9 165.7 597.9 144.6 1254  1,668.8
Jul 1074 104.6 81.3 1,1665 7.7 1482  1,282.2
Aug 1334 123.9 1286  1,164.0 113.0 163.3  1,195.7
Sep 167.7 174.2 152.5 954.7 133.8 143.8  1,046.3
Oct 264.5 257.1 218.3  1,401.0 189.3 2224 1,255.8
Nov 687.3 518.0 6915 14815 308.2 3932 14919
Dec 1,030.6 422.1 2889 14312 190.4 2504 11,2295
Concentration (ng m®)
Month
Ti Mn Ba Sr /n \Y Cr
Jan 229 10.6 45 3.4 59.0 4.7 6.8
Feb 154 5.8 74 4.3 37.3 3.7 8.0
Mar 38.3 24.6 85 8.1 54.3 6.8 6.3
Apr 19.7 15.1 5.3 29 47.1 6.6 89
May 37.2 29.3 6.8 6.0 46.0 8.3 15.0
Jun 12.5 7.0 2.0 15 22.8 115 8.0
Jul 5.7 2.6 14 1.1 33.6 9.2 6.7
Aug 94 3.8 1.3 1.9 16.0 7.1 3.7
Sep 94 6.4 2.5 2.7 16.1 4.1 3.7
Oct 15.3 9.1 2.8 3.1 20.1 6.0 9.0
Nov 254 16.9 4.0 5.4 34.2 5.5 7.1
Dec 176 10.7 3.0 3.6 25.9 7.8 17.3
(continued)
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Concentration (ng m )

Month
Pb Cu N1 Co Mo Cd
Jan 16.7 2.9 5.8 0.3 0.5 05
Feb 154 2.3 6.9 05 0.5 0.3
Mar 36.1 9.7 5.3 7.6 1.3 05
Apr 18.0 13.2 95 2.3 19 0.7
May 29.6 6.4 25.7 6.8 6.5 0.7
Jun 95 34 14.8 2.3 3.8 04
Jul 6.5 2.1 5.2 0.2 04 05
Aug 7.7 3.6 45 0.2 0.3 0.6
Sep 9.7 2.2 46 0.2 0.3 0.7
Oct 125 35 6.1 0.3 0.4 0.6
Nov 154 3.7 54 0.4 0.4 04
Dec 13.2 3.9 11.9 0.4 1.1 0.3
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Figure 27. Monthly comparisons of elemental concentrations in PMjy aerosols
during 2010-2015.
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Table 21. Seasonal elemental concentrations in PM;jy aerosols during

2010-2015.

Concentration (ng m®)

Season
Al Fe Ca Na K Mg S

Spring 1,073.3 898.0 7160 11884 407.8 4245 1,864.6
Summer 185.3 159.8 127.2 978.6 116.1 1465 1,376.0
Fall 366.1 313.3 3439  1300.8 210.0 2524 1,269.1

Winter 696.8 433.4 402.7  1336.6 264.2 2670 1,319.1

Concentration (ng m®)

Season
Ti Mn Ba Sr Zn \Y% Cr
Spring 32.2 23.8 6.8 5.6 48.4 7.4 10.9
Summer 9.4 4.6 15 1.5 23.3 9.1 6.0
Fall 16.7 10.8 3.1 3.7 23.2 5.3 6.9
Winter 185 9.3 4.7 3.7 395 5.6 11.3
Concentration (ng m>)
Season
Pb Cu Ni Co Mo Cd
Spring 27.8 9.3 156 5.7 3.8 0.6
Summer 79 3.1 8.1 0.9 1.5 0.5
Fall 12.6 3.2 5.5 0.3 0.4 0.6
Winter 14.9 3.1 8.6 0.4 0.7 0.4
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Table 22. Ionic

concentrations in PMss aerosols.

Concentrations (ug m ™)

Species
Mean S.D. 90t 750 25th 101
NH,' 2.7 2.2 55 36 1.2 0.7
Na* 0.3 0.3 0.7 0.4 0.1 0.1
K 0.2 0.2 0.4 0.3 0.1 0.1
nss-Ca®’ 0.1 0.2 0.2 0.1 0.0 0.0
Mg? 0.1 0.1 0.1 0.1 0.0 0.0
nss-S0,% 7.2 55 14.2 95 35 2.0
NO; 1.7 29 4.4 2.0 0.2 0.1
Cl 0.2 0.3 0.4 0.2 0.0 0.0
15
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Figure 29. Ionic concentration comparison in PMs5 aerosols.
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Table 23. Monthly ionic concentrations in PMsys aerosols during 2010-2015.

Concentration (ug m®)

Month nss— nss—
+ + + 2+ - -
NH4 Na K Ca2+ Mg SO427 N03 Cl
Jan 3.0 0.4 0.3 0.1 0.1 74 2.5 0.2

Feb 3.2 0.4 0.4 0.1 0.1 7.2 3.3 0.2
Mar 3.8 0.5 0.3 0.2 0.1 8.1 4.8 0.4

Apr 3.1 0.4 0.2 0.1 0.1 79 2.5 0.2
May 3.3 0.2 0.2 0.2 0.1 9.3 1.3 0.1
Jun 3.2 0.3 0.2 0.1 0.0 8.8 1.0 0.1
Jul 2.0 0.3 0.1 0.1 0.1 6.2 0.2 0.1
Aug 2.7 0.3 0.1 0.1 0.1 7.8 0.6 0.1
Sep 2.1 0.2 0.1 0.1 0.1 5.8 0.8 0.1
Oct 2.1 0.4 0.2 0.1 0.1 6.1 0.8 0.2

Nov 2.1 0.2 0.2 0.1 0.1 6.0 1.2 0.2
Dec 24 0.4 0.3 0.1 0.1 6.2 1.8 0.3
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Figure 30. Monthly comparisons of ionic concentrations in PMss aerosols
during 2010-2015.
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Table 24. Seasonal ionic concentrations in PMs5 aerosols during 2010-2015.

Concentration (ug m™>)

Season nes_ Sy
+ + + 2+ - -
NH4 Na K Ca2+ Mg 50427 NO3 Cl
Spring 3.4 04 0.2 0.1 0.1 85 2.7 0.2
Summer 2.7 0.3 0.1 0.1 0.0 77 0.6 0.1
Fall 2.1 0.3 0.2 0.1 0.1 6.0 09 0.2
Winter 2.8 04 0.3 0.1 0.1 6.9 24 0.3
15
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c
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0 U ER eml s e ] d=gh
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Figure 31. Seasonal comparisons of ionic concentrations in PMs5 aerosols

during 2010-2015.
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Table 25. Elemental concentrations of PMs5 aerosols.

Concentration (ng m )

Species

Mean S.D. 90 75" 250 10"
Al 81.4 182.1 176.0 64.7 13.7 4.9
Fe 74.5 1359 164.6 76.6 158 7.8
Ca 53.6 112.8 82.3 92.7 16.2 8.2
Na 163.0 164.9 376.4 202.7 61.8 26.1
K 81.9 109.3 182.8 102.3 178 4.3
Mg 35.0 69.9 81.2 384 6.3 2.9
S 855.4 917.3 1,840.7 1,080.0 288.3 1294
Ti 2.5 4.8 9.7 2.5 0.4 0.1
Mn 3.0 5.1 79 3.2 0.4 0.1
Ba 0.9 15 2.2 1.0 0.2 0.1
Sr 0.6 1.0 1.2 0.7 0.1 0.1
Zn 8.3 17.1 214 9.0 0.1 0.1
\Y% 3.5 3.0 71 4.2 1.7 0.9
Cr 2.5 13.2 3.1 16 0.2 0.0
Pb 5.7 8.1 159 6.1 11 0.4
Cu 0.9 1.2 2.2 1.0 0.2 0.1
Ni 1.8 5.4 3.2 1.8 0.3 0.1
Co 0.1 0.2 0.2 0.1 0.0 0.0
Mo 0.2 0.2 0.5 0.3 0.1 0.0
Cd 0.4 0.5 1.0 0.6 0.1 0.0
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Figure 32. Elemental concentration comparison in PMss aerosols.
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Table 26. Monthly elemental concentrations in PMsys aerosols during 2010-2015.

Concentration (ng m®)

Month
Al Fe Ca Na K Mg S
Jan 1719 123.8 89.9 199.7 105.5 46.9 593.6
Feb 119.8 108.7 157.1 161.8 107.8 45.6 588.4
Mar 128.1 61.1 47.8 106.8 147.5 15.7 801.5
Apr 475 60.4 38.0 176.2 52.4 36.3 506.8
May 259.3 216.6 148.6 163.7 185.7 1195 1,352.2
Jun 60.0 39.5 32.8 107.2 63.6 176 786.0
Jul 65.9 36.8 30.1 239.9 35.2 32.7 849.1
Aug 23.8 374 19.0 100.7 36.1 204 1,030.0
Sep 299 26.3 20.0 79.8 27.1 10.1 613.5
Oct 42.8 90.1 42.5 184.1 103.1 34.4 939.8
Nov 79.2 61.0 45.2 238.7 92.2 34.3 849.0
Dec 46.8 76.0 48.2 254.1 101.6 29.1  1,095.7
Concentration (ng m®)
Month
Ti Mn Ba Sr /n \Y Cr
Jan 4.2 4.6 1.6 0.8 9.0 2.4 0.7
Feb 0.3 0.5 2.0 1.1 1.1 0.9 0.1
Mar 0.5 0.5 09 0.5 1.8 2.7 04
Apr 4.8 5.7 1.0 04 16.3 4.6 1.6
May 109 8.1 24 1.6 32.7 6.0 1.3
Jun 14 14 0.6 0.3 6.3 4.3 1.1
Jul 1.2 1.1 0.3 04 3.0 5.0 1.8
Aug 1.2 1.8 0.4 0.3 5.9 3.3 1.1
Sep 0.8 14 04 0.2 1.5 2.5 9.8
Oct 2.4 4.0 0.6 0.5 75 4.1 2.2
Nov 2.7 3.6 0.8 0.5 9.3 3.2 44
Dec 2.1 3.7 1.0 0.7 7.6 2.8 1.1
(continued)
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Concentration (ng m®)

Month ] Cd
Pb Cu N1 Co Mo
Jan 9.6 0.9 1.2 0.1 0.2 0.3
Feb 5.2 0.1 0.2 0.1 0.1 0.2
Mar 10.1 0.2 0.3 0.1 0.3 0.5
Apr h.8 14 1.8 0.1 0.3 0.7
May 105 2.0 3.2 0.1 0.2 0.5
Jun 3.7 0.5 1.1 0.1 0.2 0.2
Jul 2.2 0.4 14 0.0 0.1 0.2
Aug 4.0 0.7 1.2 0.0 0.2 0.5
Sep 2.1 0.8 45 0.1 0.3 0.6
Oct 5.3 1.1 1.7 0.1 0.3 0.7
Nov 49 1.0 2.6 0.1 0.2 0.3
Dec 95 1.1 1.1 0.0 0.2 0.3
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Figure 33. Monthly comparisons of elemental concentrations in PMsjs
aerosols during 2010-2015.
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Table 27. Seasonal elemental concentrations in PMss aerosols during

2010-2015.
Concentration (ng m>)
Season
Al Fe Ca Na K Mg S
Spring 163.4 128.3 88.9 150.0 134.9 66.2 961.5
Summer 477 38.0 26.8 138.6 45.8 225 895.6
Fall 477 60.1 35.3 161.6 73.5 25.8 801.4
Winter 110.0 101.3 89.8 212.0 104.5 39.6 790.2
Concentration (ng m®)
Season
Ti Mn Ba Sr /n Vv Cr
Spring 6.8 5.2 1.6 1.0 19.1 4.6 1.1
Summer 1.2 15 04 0.3 5.3 4.1 1.3
Fall 19 3.0 0.6 04 59 3.3 55
Winter 2.5 3.4 15 0.9 6.5 2.2 0.7
Concentration (ng m®)
Season
Pb Cu Ni Co Mo Cd
Spring 9.1 1.3 2.0 0.1 0.3 0.6
Summer 34 0.6 1.2 0.0 0.2 0.3
Fall 4.1 1.0 2.9 0.1 0.3 0.6
Winter 85 0.8 09 0.1 0.2 0.2
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Figure 34. Seasonal comparisons of elemental concentrations in PMsj;
aerosols during 2010-2015.
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Table 28. Concentrations of major ionic components in PMjy aerosols corresponding
to high (25%), medium (50%), and low (25%6) radon levels.

Conc. (mBg m™) Conc. (ug m™®)

Level

22Rn NH, Na® K’ résa% Mg? ggiz, NO; CI°
High (25%)

3,714.6 34 26 04 08 04 87 55 28
(n=510)
Medium (50%)

2,358.7 33 22 04 05 03 79 46 25
(n=1011)
Low (25%)

1,164.2 22 22 02 03 03 64 23 23

(n=510)

Table 29. Concentrations of major ionic components in PMss aerosols corresponding
to high (25%), medium (50%), and low (25%) radon levels.

Conc. (mBg m™®) Conc. (ug m®)
Level
2Rn NH,” Na' K résa%? Mg?* ggj; NO; CI
High (25%)
3,714.6 30 04 03 01 01 78 23 0.3

(n=510)

Medium (50%)

2,358.7 28 03 02 01 01 72 18 02
(n=1011)

Low (25%)

1,164.2 22 03 01 01 01 60 08 01
(n=510)
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Figure 35. Ionic concentration comparison in PM;y and PMss aerosols

corresponding to high, medium, and low radon levels.
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Table 30. Concentrations of radon (mBq m™®) and gaseous pollutants (ppb)

according to the cluster back trajectory analyses.

Pathway Radon SO, CO O3 NOx
Cluster 1 (n=738) 2,659.3 1.6 462.0 43.0 3.8
Cluster 2 (n=744) 2,546.0 1.2 365.6 45.6 4.3
Cluster 3 (n=197) 1,193.2 0.8 226.7 22.8 3.0
Cluster 4 (n=268) 2,444.6 0.8 3174 411 4.2
Cluster 5 (n=82) 1,475.6 0.6 2434 31.9 2.7
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Figure 36. Cluster back-trajectories of air masses corresponding to radon

monitoring data during 2010-2015.

_92_



42 715 FHAd =Y BEd vAEA FE v

AT kAol 20108 1958 20159 1297b4] 7] eh=3 PMy,,

1z

A1718] PMio, PMzs 84 ol24&9] X9 HdS 45 vludte] Table 3190
LER 2L Tt

Table 319 A41¢} 2ol 7]57F7F T 55 (Cluster DA 71/7F 92 o 2+
T/t 26593 mBg mU® M E=oka, A& 9 F8(Cluster 3ol 71771 #9)
2w 1,1932 mBq m*® FE7F @& AEgS Yednh o8 BeE vk

PMy, PMys 584 ol 2AEEH Al A3 nss-SO7 9 =& PMyp "A

i

0

HA = Cluster 2 (102 pg m>) > Cluster 1 (64 pg m>) > Cluster 5 (6.2 pg m*°)
> Cluster 4(6.0 uyg m™) > Cluster 3(4.8 ug m?)&0] i, PMys+= Cluster 2 (9.3
pg m°) > Cluster 5 (83 pg m®) > Cluster 1 (6.1 yg m™) > Cluster 4 (55 pg m*)
> Cluster 3 (44 pg m®) 22 PMy, PMys BF F2E5HA 71F7F 4942
o F=7F =k

NH, AE 3 nss-SO04L ¢ 2o Agorm Bgow Cluster 2 (4.2 ug m™)
> Cluster 1 (2.7 ng m™®) > Cluster 4 (2.3 uyg m*) > Cluster 5 (22 ug m*°) >
Cluster 3 (20 pg m)aoldal, PMys Zu AW A Cluster 2 (36 pg m?°) >
Cluster 5 (2.8 uyg m?®) > Cluster 1 (24 pyg m?®) > Cluster 4 (20 pyg m?®) >
Cluster 3 (15 pg m®) #2028 =& =52 el

NO;” A= nss-SOs, NHy 9 A A &S Yelden, PMy, PMys 7
n| A 2] o] A = Cluster 2 > Cluster 1 > Cluster 4 > Cluster 5 > Cluster 3
O 2 PMpo¥d PMas WIAIRA RS H 23k A3Fs Yetdd. weA ols

A4 719 ARES FIUF FYAWS ANG FIEEAG A7

2L

=
Hu
=
2
N
S
N
L
Ho
rl
i)
3

o

_98_



nss—Ca®" A& A PMy, PMys HIAIHA A 7] F7F F=FE 5 (Cluster 1) A

) %7t 247 06, 0.1 pg m ® = FAF

Z =3 nss-Ca® AJEo] BF Bk
WEe=A G AR oA A sh

=]
=

(o)}
H

o
T

jruge]

-

T

o)
He

o)

4}

2 Wol 25

Aoz

t:yl,

ol =

.

]
_ﬂy|
el

=
B2

fi%e)

E

ol
i

4

o

719 FYHZEE PMy ,PMys VAl =] <
Table 32, Table 33°] WERHAATE PM;, 7] Al A] ol A

B (Cluster DollA 7157F 92 u) 760.0 ng m°=

(Cluster 5)olA F92 o ¥%7F 1784 ng m°C&2 ¥e o2 g} =

Fe, Ca, Mn, Ba, Sr AE &2

o

2 A

0|

o]/
HH

HF 5 (Cluster 4),

ki3

i (Cluster 3),

9

5

AA R

]
A

ox

ol

o 200 olFe] Fwpel

3f

(Cluster 5)°l H]

i
i)

jpuze]

S

S, Zn, Pb, Ni

7t e ez vEut 2oy

ol
% (Cluster 4ol 7177 949 ol &7} 1,655.2

He=
Aé‘f':e

A

944 7]

]

o

ATk E Fa

]

=

o
o

0SS

)

J)J

o
;.OO
J_AO

_94_



Table 31. Concentration comparison related to -clustered back trajectory
analysis of ionic components in PM;y and PMs5 aerosols.
PMjo (ug m™) PMs5 (ug m™®)
Radon

Pathway (mBgq m®) NH, 2587 NO. DSSC o NpLt DSST NO. DsS

4 Ca2+ 3 5042* 4 Ca2+ 3 80427
Cluster 1 2,659.3 2.7 0.6 46 6.4 2.4 0.1 2.0 6.1
Cluster 2 2,546.0 4.2 0.5 51 10.2 3.6 0.1 2.1 9.3
Cluster 3 1,193.2 2.0 0.2 2.1 4.8 1.5 0.1 0.4 44
Cluster 4 2,444.6 2.3 0.2 2.8 6.0 2.0 0.1 09 55
Cluster 5 1,475.6 2.2 0.3 2.7 6.2 2.8 0.1 0.4 8.3
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Table 32. Concentration comparison related to clustered back trajectory
analysis of elemental components in PM;j, aerosol.
Concentration (mBq m®, ng m™)
Pathway
Radon Al Fe Ca Na K Mg S
Cluster 1 2,659.3 760.0 5391 5006 13404 2831 3264 1254.1
Cluster 2 2,546.0 696.7 6065 5014 10999 3150 3094 1,914.0
Cluster 3 1,193.2 18.6 1241 1029 10222 1066 1412 1,037.3
Cluster 4 24446 2374 2024 1649 10635 1298 1641 1,206.3
Cluster 5 14756 1784 1451 1935 16552 1448 2276 1,411.3
Concentration (mBq m >, ng m®)
Pathway
Radon  Ti Mn Ba Sr 7n Pb Cu Ni
Cluster 1 2,659.3 222 150 41 4.2 409 173 4.2 85
Cluster 2 2546.0 224 156 5.7 46 383 204 6.8 11.9
Cluster 31,1932 94 34 1.5 14 179 127 3.2 7.0
Cluster 4 24446 14.2 6.4 2.2 2.3 17.1 7.6 3.2 9.3
Cluster 5 14756 122 44 18 20 Y2 79 34 51
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Table 33. Concentration comparison related to clustered back trajectory

analysis of elemental components in PMs5 aerosol.

Concentration (mBq m®, ng m®)

Pathway
Radon Al Fe Ca Na K Mg S

Cluster 1  2,699.3 1072  &.7 513 1521 706 309  633.6

Cluster 22,5460 79.2 91.1 676 1668 1143 436 1,060.3

Cluster 31,1932 744 246 325 1716 240 263 4919

Cluster 4 24446  62.0 45.2 296 1486 508 260 3215

Cluster 5 14756 263 34.7 317 2476 682 337 9974

Concentration (mBq m®, ng m™)

Pathway
Radon Ti Mn Ba Sr /n Pb Cu N1

Cluster 1 26593 28 3.5 1.0 0.6 7.0 5.5 0.8 1.2

Cluster 2 25460 31 3.5 1.1 07 120 78 1.0 1.9

Cluster 31,1932 09 0.8 0.4 0.3 6.2 2.0 0.5 0.7

Cluster 4 24446 1.8 2.0 0.5 0.3 4.3 3.4 0.8 3.2

Cluster 5 14756 08 0.7 0.5 0.5 2.7 2.8 0.4 1.3
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Table 34. Concentrations of radon (mBgq m™) and gaseous pollutants

(ppb) corresponding to the wind directions.

Species 225°~350° 350° ~40° 40° ~135° 135°~225°

“Rn 2,024.0 2,112.3 24519 1,841.1
SO, 16 1.2 0.8 1.0
O3 42.6 471 41.4 33.1
CO 418.8 385.9 281.2 324.3
NOx 3.8 4.46 4.45 3.6

East Sea/Japan
selSector3

Figure 37. Four sectors according to the wind directions;
Sector 1 (225°~350°), Sector 2 (350°~40°),
Sector 3 (40°~135°), Sector 4 (135°~225°).
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< NOx >

Figure 38. Scattergrams of radon and gaseous pollutants corresponding

the wind directions.
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Table 35. Ionic concentrations (ug m ) of PMjy and PMy5 corresponding to

the wind directions.

PMo PMss
oo
PECIES oome 3500 40°~ 135~ 2050 350°  40°~  135°~

~350°  ~40°  135°  205° ~30°  ~40°  135° @ 225°
Mass 498 392 346 289 234 197 178 150
NH, 34 31 2.9 2.2 31 25 26 20
Na' 28 21 19 2.0 04 03 03 03
K* 04 03 0.3 0.3 03 02 02 o0l
nss-Ca¥ 06 03 0.3 0.3 01 01 0.1 0.1
Mg 04 03 0.3 0.2 01 01 00 01

_ 2

nssSOF g4 73 78 59 78 64 71 52
NOs 50 48 33 2.8 21 18 08 12
cr 32 22 18 2.2 02 02 01l 0.2
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(continued)

- 103 -



< S04 >

Figure 39. Scattergrams of PMjo ion concentrations corresponding to the wind

directions.
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< Mass > < NH; >

(continued)
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< SO >

Figure 40. Scattergrams of PMsy5 1on concentrations corresponding to the wind

directions.
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Table 36. Elemental concentrations(ng m™) of PM;y and PMss corresponding

to the wind directions.

PMio PM>5
SPeCies oot T am0e A0~ 13~ 295~ 350° 40~ 135~
350°  ~40° 135°  2%5° 350°  ~40° 135°  2%5°
Al 8883 4037 3914 3582 8883 4037 3914 3582
Fe 6113 3474 3198 2363 6113 3474 3198 2363
Ca 5525 2824 2081 2316 5525 2824 2081 2316
Na 14872 10111 1099 8841 14872 10111 1099 8841
K 3361 2137 1702 1518 3361 2137 1702 1518
Mg 3663 2106 1966 1684 3663 2106 1966 1684
S 16671 13118 1520 10468 16671 13118 1520 10468
Ti 244 155 154 146 244 155 154 146
Mn 169 115 82 16 169 115 82 16
Ba 52 35 26 31 52 35 26 31
Sr 49 29 25 22 49 29 25 22
n 433 330 198 207 483 330 198 207
v 74 54 79 52 74 54 19 52
Cr 97 65 84 84 97 65 84 84
Ph 215 151 94 126 215 151 94 126
Cu A7 79 36 40 A7 79 36 40
Ni 94 77 15 97 94 77 115 97
Co 04 18 14 19 04 18 14 19
Mo 14 15 24 20 14 15 24 20
cd 05 06 07 05 05 06 07 05
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< Mo > < Cd >

Figure 41. Scattergrams of PMjy elemental concentrations corresponding to

the wind directions.
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< Mo > < Cd >

Figure 42. Scattergrams of PMs5 elemental concentrations corresponding to

the wind directions.
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