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Abstract

The collection of fine particulate matter samples was made at Gosan site of Jeju Island, one of the background
sites of Korea, during a year of 2013, and their water-soluble ionic species were analyzed in order to examine the
chemical compositions and pollution characteristics. The concentrations of nss-SO,>”, NH,", NO;~, and K" had
occupied 66.0% of water-soluble ionic species in PM,,, especially 94.3% in PM, 5 fine mode, however the nss-
Ca®* and Na* showed high concentrations in PM;, 5 coarse mode. NO, /nss-SO,>” concentration ratios in PM,,
and PM, s were 0.30 and 0.13, showing less significant effect from automobile and local pollution sources. The
sulfate and nitrate compounds were presumed to be long-range transported to Gosan area by the relatively high
SOR and NOR values. The trajectory cluster analysis showed the higher concentrations of the major secondary
pollutants (nss-SO,*~, NO;~, NH,") and nss-Ca*" when the air masses had moved from China continent and

Korean peninsula into Gosan area.
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126.10°E, 72 m asl)el| 4] Sequential Air Sampler (APM
Engineering, PMS-102/PMS-103, Korea)$} | =2 I
¥ (Pall Co., Zefluor™, PTFE 47 um, 2.0 um, USA)E
Abgsbe] 20139 1932 2014 192717 39 7H
Aoz ARNSG AEA] 7] 4 MECH} 3
Bel APE AR ALkl 2713 21 A7
A& o7 167 L/ming A3}t A+717F ot
PM;, A8 24417 ©H91E 3 1263], PM,5s A 8%
% 1093] HF kAt o] F ZHpFe] 3mm o]l
73 dE A F AlmgE PM, 1113], PM, 5 963] o]
o AFHE Aae A Sekad dHEDY4
(SPL life Science, PS, 52.7 x 12.6 mm)o]] o] 3
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B o] slEused o] 483 F ¥4 A7t
2] —20°C YE31¢)| ¥ sl oh(Kim et al., 2014).
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&, AE7]e A 1417200 rpm) 5t 84 AEES
$2A75 82902 FAb7] LE] (Whatman, PVDE
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C-4-150 ¥2] 3k, 0.9 mL/min 54, 50 uL ¢ 32-3], 4.0
mM nitric acid §-2]o 9] 27 o7 BA s, 18|12
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£-3}o] Metrohm Metrosep A-SUPP-5 ¥-2] 2, 0.7 mL/
min 45, 50 uL $% %3], 1.0 mM NaHCO4/3.2 mM
Na,CO, 2]}, 200 mM H,SO, # =] A g o] =7
o2 BAT. & AT 484 ol AR 14

Aol 13} 2FEAT 2855 Ak 01,05, 10,
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NOAA/ARL (National Oceanic and Atmospheric Admi-
nistration/Air Resources Laboratory)ol|A] A 33}+=
HYSPLIT4 (HYbrid Single Particle Lagrangian Integrat-
ed Trajectory, Version 4) 29-& o]-83}9it}. 1AHA]
93 (33.17°N, 126.10°E)S &wbdo g 5d7te] 94
A AzE mAkd L, i k] =) 00 UTC (KST
09:00)2 &zt e g A3t} (Draxler and Rolph,
2013, http://ready.arl.noaa.gov/HYSPLITtraj.php). &
g e sk A ol (JH=F 300~ 1200 m) 32
9l 500m= AR5}, 394 NWS/NCEP (Na-
tional Weather Service/National Centre for Environmen-
tal Prediction)oll A #l]3-3l= GDAS (global data assi-
milation system)2] 1° x1° A= 7|AAEE o] &
&lo] AFE3}I o} (ftp://arlftp.arlhg.noaa.gov/archives/
gdasl).
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Table 1. Instrumental detection limit (IDL) and coefficient of variation (CV) for ion chromatography analysis.

Species NH,* Na*t K* Ca** Mg** NeAs NO;~ cr
IDL (ng/L) 54~9.6 3.1~9.0 8.1~13.0 24~17.7 44~11.9 1.5~42 1.2~7.0 1.2~3.7
CV (%) 04~1.8 0.8~2.8 0.8~3.2 0.2~5.6 0.8~1.8 0.1~0.7 0.1~1.8 0.2~0.8
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Fig. 1. Wind speed and direction between January and
December, 2013.
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=96)¢]51 1L, A}, A7, HHEE A 2’ veA] vd
23le] PM,y, PM, s 55 Zb7} 3544127 ug/m’ (n
=72), 15.1%+8.5 ug/m® (n=56) ] ¢ =}.

=3 AHA717F 5L PM i PM, 5 A8 (n=54)
9] AgPrri= 7t7t 3564109, 15.2+8.6 ug/m’=
PM,; A55: PM, 9 ¢ 42.7%% A8,
PM,o,s AF5EE 20.5+8.4 ug/m’= PM, o] <F
57.4%% A1) o] FW PM,, miAHA] 27
7123k 201593E] Al oA PM,5 Zr|A|= =]
373715 (43T 50 ug/m’, A 25 ug/m’)ell B)&)
AR Y o= w AR el M v ol u)L3)
v 2= wlo]A 2] PM, 195 ug/m’Bel= 550 A=
-2 4=Fo|t}(Park and Jo, 2013; Li et al., 2011).
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Fig. 2. Mass concentrations of PM,, and PM, ; at Gosan site during the study period.
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Fig. 3. Concentrations and PM,s/PM,,_, 5 ratios of major ionic species in PM,,, PM, 5, and PM,,, 5 particles at Gosan

site.
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AFHA717F 5L PMp PMy5 A8 FellA] o]
HAMA AlZ (n=54)7+& Ao =2 PMyy,s =LA
(coarse particles, 2.5 um<d, < 10 um)£} PM, 5 #]A] 4]
2} (fine particles, d,<2.5um)?] ¢]2EA Fxg 1
30 vlwaleh A7717ke] PM, o] &% =4 nss-
S0, >Cl">Na*>NO; >NH,*>K*>Mg>* > nss-
Cate] oz YaAom 23 23243} I A
Fo] ¥ =g vehisich 22y o] = iAt
o} mA AR 71 Aol A PMy,57F CI >
Nat>nss-SO,* >NO; > NH, " >Mg?* >nss-Ca** >
K* 2=0]31, PM, 57} nss-SO,>>NH,*>NO, >Na*
>Cl">K">nss-Ca’* >Mg?* =02 21§ =}ol| A
Aoz HPARE =7t 21, nAdAIAE 2
A} edEAe] prrt B 5L Bk 53] nss-
SO, 9] 7% mlA YAl M= 5.89 ug/m’ ot 2= <
bl ME 232 ug/m’2 wlA| YAk A 258 Ax T
2 5 EE JEM, NHY 9A] o9} w3t A
F= el oot = A4 SO,7 F nss-SO,2 o] 2}
3= WlEe] PMyg,s, PMysell Al ZH2t 85.3, 99.0% =
i dAred gell A S gAdRe] 7led=rt o & A5
< Btk
w3k I3 49] ZAztel zre] mAmAY] ZALX>
PM,,ell 4 nss-SO,2 39.9%, NH,* 11.4%, NO;~ 13.0%,
K" 1.7%2 F2 99A 719 AESo] AA 29 66.0%

E AH8siek 18 PM, ol A& nss-SO,*, NH,Y,
NO;~,K*o] 247} 63.2,20.9, 8.6, 1.6% = A A 2] 94.3
% AABFATE Wl PMygos 2 Al A & o
So] 242} 20.6,3.5, 167, 1.8% 2 AA| 9] 42.6%2 3}
Aste] WA= 2 Aolg nelch ® =]
nss-Ca’*& PM,g, PMys, PMo,5914 22 1.5, 0.6,
22%, A oF71 9] Nate 217F 145,27, 242% 2 =
7t HE AEES AR 4 HelA A o gl
xR ez A 58] ASA A7) 3
eb7bell 913k 9lelA 9 cdske] Z Hlo= gl
=k = 7k AR5 PM,5/PM,5 =4 B
3 2 A3} nss-SO,> = 2.5, NH, 2 5.0,NO; 2 04,
K*2 0.7, nss-Ca’*2 0.2, Nat2 0.1, CI™2 0.1, Mg**
o 0.19) w2 tehgleh o]ei% A3 el nss
SO,7, NH,*& F= mlA|JAle] #2383, NO; 2}
K& zde} mA] iAfell 1% F23R=A, nss-
Ca’", Na*, CI", Mg>" & g5 oA}l Bx3l=

A& pelw gk

3.2.2 D|MHA| 2% EM

£ Q1 B-A (factor analysis)S A A|8}ed mlAwH =] A
o] &Y 5A4E ARG 2N 54 =
273 (SPSS 12)& o] §3led AR 5 I
1 olem Ay, =idatel wA YRl A
Z2y 3708] QAAE FEshed w2 A (Varimax) 3
Aoz AE3ich = 29 A} o] YA}
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Table 2.

Fig. 4. Composition ratio of ionic species in PM,,, PM, 5, and PM,,_, s particles at Gosan site.

Rotated Varimax factor analysis for ionic species in coarse and fine particles.

Coarse particle (PM(.,5) Fine particle (PM,5)

Species

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
NH,* -0.13 0.95 -0.10 0.93 -0.15 0.13
Na* 0.92 -0.06 -0.27 —0.11 0.94 0.12
K* 0.29 0.08 —0.65 0.86 -0.06 0.16
nss-Ca** 0.06 0.11 0.88 0.09 —-0.46 0.71
Mg** 0.89 0.08 0.32 0.25 0.28 0.84
nss-SO,* 0.07 0.92 -0.09 0.82 —0.11 0.41
NO;~ -0.04 0.85 0.35 0.92 -0.03 -0.02
Cl” 0.90 —0.13 -0.32 -0.10 0.94 -0.13
Eigenvalue 2.6 2.5 1.6 3.0 2.1 1.5
Variance (%) 323 31.5 20.1 40.0 26.2 18.1
Cumulative (%) 323 63.8 83.9 40.0 66.2 84.3
< H33 A WA A 323%, F HA A NH,T, K'Y, nss-SO,27, NO;™ AJ#o] =2 Axzke
315%, A 8A QAR 201%8] AEHE WA T ehie} Q9 Jpe) Gl T AT nalch ¥
I R WA Aol dzAQ AR Nat, A AR 262%9] AHPE welw Ed 9%

Mg**, CI'7} &2 AAge el 2=z &
WA QlAbel| A= NH,*, nss-SO,*, NO;™ 5] <19]4
Q AEESo] B2 A Yepiglch Al WA <
Zpol| A nss-Ca’™ AJHgho] =2 A gh& vehd o

AJEel Na¥, Cl' o] %2 AAze Jepligich Al A
A QA= 18.1%2] A =S BT, nss-Ca*, Mg>*
Aol 2 AAE veRllo] Eo|Me] BAS

=99 24 B4 ey, o2 2QuA ARG 722 0T H¥TO) B

=3t w0 (PM, 9] A¥A ATINE B 79 FHH 2, 2R S 49
£ 3] dAE F2 UL o) 843% AWHE WA odape] sbg = heow <9H ol moF oda
aElm A A QAR 400%9) AWHEE AT, & wo] W Aew 2R T o)A dRelA
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20 W7 7]

2 YRe g Q914 71 e Aol 7}
4 Am oo g 20l 49 AT wol

W3 gl Aoz Bk,

3.2.3 NO;/nss-S0,2” s =H|

7] oo} 2 Zoj|A] NO; I} nss-SO2” AR =
Falel w Al ez 2As, gus XL—?
Z9l NO, ¢} SO,= R f =} spx|qt o
o) i Ede M2 He 54 vl d ‘ﬂ" o=
2]

%

£G4 dgpel 2 o] ¥l F&45 A
dle] o3sko] F& 2Ju)3lt} (Shen ef al., 2009; Yao
et al., 2002; Arimoto et al., 1996).

Cao et al. (2009)9]] 2]3}H NO,/SO,2 v)7} 1 |3}
o Aoz wAoPU AMuidiel 9T o
d 7d=rt & Aoz fMstar Qo = 39 A3}
o} Zo] & dAgelr A3 PM,y, PM,59 NO;/
S0, H=H]E= 727} 0.30,0.13 0.2 Vet on,
9] o2 A gLl vls PM3 PM,s 25 W& A
S Holx= o= 3RelFEgt LAS H|£3 u]|Z
Fusa z]ole] mAA DA A3 AS By
NO;/SO,> s=u]7} Aoz 2~59 W& o}
el 2 9le} (Ko et al., 2013; Kim e al., 2000), ¥hH ]
Z=12] Beijing, Shanghai, Hangzhou, Qingdao S-¢i] 4]
£ NO, /80,2 5wu]7} 1 olate] gt vehhe] 4
fRoz Mel To] 3zl 938 7)ed o] &
73EFE Holar gl

J{

w7 f ol gAz =AWk 20139 24 21

TAA G0 A A o] H NO; /SO, 5%
% el E*lxl@'ﬁr e
24l 7dEt oS Al 2
1}‘/} TR ol A “‘“E?f}** Exd AR
oJgFo]l 18] ZA| dvte AL n|dhe Aol
Wl el A 2A wiE" 7k2AF SO,8 NOE= &
2 7] FolA] Feehilge] ofgk sk e A
A}, AAlto g7 AstEY ag]a 34 AAle] 997)
2ol Fobeol o8] A 3
9% A A7 AALEN E9R) Lewerat,
2011; Hong et al., 2011). )23 SO,2| SO, & A o]
9} NO,2|] NO; 29] FHo] A= o292 4] (1), (2)
o] wia} 3FA1F3}-E-(SOR, Sulfur Oxidation Ratio)®} &
AAFsLE (NOR, Nitrogen Oxidation Ratio)E =A 3}
o 2k el 3 o] 7}53)t} (Squizzato er al., 2013).
£5) 50,014 S0, 2.2] Fatq Ag} 247 A0]
o8k S0, AL 5022l A v} w2
Qofu}7] wel] 7gke] A FARe wel SORe]
7}el= AskS weloh wrebr] SOR e Felshd 7+
HMew SO ANTYE Tetehed Bed 4u
= & 4§ o} (Park er al., 2011; Sahu et al., 2009).

:] u:‘— 71/\].

SOR=S§ nssSOfi/(S nssSO‘;Zi +S SOZ) ( 1 )
NOR=N No;/ N NO5 +N NOZ) 2)

Al A S 502 nss-SO7 2] B4, S ¢ E SO,9
£l ™, N yo, N037 5 N yo, = NOo| E429]
o}. Truex et al. (1980)2] HAFd] w2 Az} dE
Ao| we w=AXHe] AL SORL 0.1 o|3}2] 7he
Yepich 783 SOR:} NOR 7o) 7zt 0.25, 0.10

Table 3. NO;/SO,2” concentration ratios in PM,, and PM, ; particles at Gosan and other sites.

PM,, PM, 5
Site (Period)
NO;~ 50,2 NO, /S0, NO;~ S0 NO, /50,2

Gosan (This study) 2.68 8.96 0.30 0.80 5.95 0.13
Deokjeok“) (2005~2007) 2.4 6.0 0.40 1.7 5.4 0.31
Seoul (2003 ~2005) - — - 7.1 7.5 0.95
Los Angelesc) (1995) 11.55 5.19 2.2 8.47 4.63 1.8
Beijing® (2006) - - - 15.4 24 0.69
Shanghai® (2003 ~2005) - - - 6.28 10.39 0.60
Guangzhou” (2007 ~2008) - - - 4.68 8.27 0.57

9Kim et al., 2009; PKim et al., 2007; “Kim et al., 2000; “Zhou et al., 2012; *Wang et al., 2006; "Tan et al., 2009
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Table 4. SOR and NOR in PM,, and PM,; particles at Gosan and other sites.

SOR NOR
Site Period
PM, PM, PM,, PM, 5
Gosan, Korea (This Study) 2013.1~12 0.78 0.72 0.26 0.08
Spring 0.80 0.77 0.25 0.13
Summer 0.82 0.72 0.30 0.05
Fall 0.79 0.72 0.25 0.05
Winter 0.75 0.69 0.25 0.10
Seoul, Korea? 2009. 3 0.13 — 0.03 —
Kinmen, Taiwan® 2008. 3~2009. 2 0.20~0.51 - 0.10~0.41 -
Beijing, China®¥ 2006.3~12 0.4 0.14
2010. 1. 14~23 0.16 0.28
Guangzhou, China® 2007. 12~2008. 1 0.22 0.24

YLee et al., 2011; PLi et al., 2013; 9Zhou et al., 2012; YZhao et al., 2013; ©Tan et al., 2009
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Fig. 5. 5-Day back trajectories of air masses correspond-
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