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Abstract

Organic carbon (OC) and elemental carbon (EC) concentrations were determined for PM o, PM, s and PM, , aero-
sols particles collected at Gosan Superstation on Jeju Island from August 2007 to September 2008. Aerosols were
collected on quartz filters for 24 hours and then OC and EC were analyzed by TOR/IMPROVED method. Mean
concentrations of OC and EC were 4.66 ug/m® and 1.69 ug/m?® for PM,, 3.95 ug/me and 1.69 ug/m?® for PM, 5, and
3.16 ug/m?® and 1.42 ug/me for PM, o, respectively. The concentrations of OC and EC comprised 16.4% and 6.0%
of PM, 22.9% and 9.8% of PM, 5, and 23.0% and 10.0% of PM, ,. OC and EC showed a clear seasonal variation
with the highest in winter and the lowest in summer. The correlations between the two were aso the best during the
winter (R?=0.87, 0.94, and 0.95 for PM,o, PM,5 and PM, ). The ratio of OC/EC exhibited the maximum (7.24)
during an Asian dust event due to an increase of OC, which was possibly derived from soil. The mass fraction of
both OC and EC was the highest in fall. When OC and EC concentrations were highly elevated, EC1 (the first EC
fraction determined at 550°C) and pyrolyzed OC (POC) were dominant subcomponents in winter and OC3 (the third
OC fraction determined at 450°C) and POC in spring.
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o)A 9lu}h(Ramanathan et al., 2007). 121} gh4
Aol 23 7153} 7] sfel] Fate] redxl up
-2 Ao} (IPCC, 2007).

El4Al 9ixl= &3] Elemental Carbon (F-7]gk4, ©]
3} EC)¢} Organic Carbon (§-7]18t4, ©]3} OC)= &
F=o}. ECx= Black Carbon (BC) 32 $71+) (soot)
olgti= el gleom F=z s dzel QA (bio-
mass)®] bz RE g7] Foz AY WEE
3 =gt SAEHRlE P4 S 2ok (Schmict
and Noack, 2000). ©]2|3t ECE= nv]|3itAd e} dls &
3= A4S 7IX3 3k (Han et al., 2007; Chow
etal., 2005). ECo} 72 W& F5shs vt 4at
B o|AbstRESe| o]e] 7]Fe] tsle) 7)o xr} 7}
o 24 o|c}(Ramanathan and Carmichael, 2008).
¥ ¥4 o)z 2k OCk 7] Foz A
e S S sley B Bsehiee
she] olH oz ANEIE ek R AFEA
o) W] oste] olxmow A= s OC,
Z Secondary Organic Aerosols(o]x} -#7]&k4, o] 3}
SOA)E F2 AR 719 f7Istae) Bshehigel
oste] 2 AAEE Aoz Feix doh(Ngetal,
2008; Dommen €t al., 2006; Guenther et al., 2006; Kroll
et al., 2006; Surratt et al., 2006).

g AR F2 PMy o3ke] mA§iAlel] 22
&1 A A FAH o=z wjE=EE= submicrometer ] 2F2]
oF 37%= x}A| 3k} (Yang et al., 2005; Andrews et al.,
2000; Gray et al., 1986; Shah et al., 1986). &1} &FA
A3 Akl dig elsi =& vl vt (Gard et al., 1998).
53] A #7154 F 24 10~30%2] 3HghEwt
o] urs)x glch(Simoneit et al., 2004).

A AT F2 AH9AQl 7133t gt vk
Azl A 5L ghetsly] QM WA i
A3 A S s FA o] F .23l Streets
et al. (2003)e &t F=r2] BC wi&a2 ofAlo}
u] Z2F (2.54Tgyr 9] 41.3%= SO, NHgel o]e] o}
Alob wiETF & F=o 7d=rt 7 2 Aol
ok o] = Mekzl gAlde Qidl 9F FALE
oA 74%= 7Pt e =3 F=42] OC &
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AFE A 7 BE SH2elAE HZ PMys
Sayde] #ol of el 9=y (Wang et
al., 2009; Moon et al., 2008; Lee et al., 2007) PAHs?9]
Z7o] o]folzl}(Leeetal, 2008). T2 71E A
FolA PMyost 22 vl gize] BEe w) g mlm)
shodet (Lim, 2009). 715w sle] BAPAIE AA
AAke) UAL wj$ wizkE @ o) (Brink et al.,
2009), 53] 712l 27t YAt 715 Eel]
A= ok 2 71 eldshr] flsiAE lum o3k
o) 1A @77k B4 olch
2 8] AE BEo] AAFHAARE A7k

N
a]

x~
S

20071 8Y X E| 2008 9Y7IA] AFx= A+
(33.17°N, 126.10°E, 70m ASL)|A] PMyo, PM,5,
PMigS S35kt oF 10m ze]e] A gl low
volume sampler (16.7 LPM)2 #AHztsigic). 8| Z 20
2 399 Fog #o]ZE(URG, USA)E o435}
o] Z} 10um, 25ume} 1.0um Al Al EL] A8F 37
mm Quartz DEjol] A #3893 2 (Pall Corp.) dry gas-
meter 2 =42 A3

As ARE 94 0944 oL 9A 094747
24717} 54k, 6e] & W AN ASE o= 5
31, 8k 09 ARl ASel: ke Alm A
o] Fol At PMyg, PMas, PMy & 3 Al EZ Sl 3
A AES AFstsler dE A& Hee = 19
ek,

ZH¥ Quatz BEl:= Az AF F 34 JF 2
#slelar DRI (Desert Research Ingtitute)ol 4] TOR/
IMPROVED (Theramal Optical Reflectance/lnterag-
ency Monitoring of Protected Visual Environments)
protocol ¥}H (Chow et al., 1996)o]] 23] ElAAl RS
235190 OCE ©h4l 71x] (OC1, OC2, OC3, OC4



AF= A PMyo, PM,g, PM, o & OCe} EC2] AlAdW W3} EA 569
Table 1. The number of sample sets of PM,,, PM, s and PM, ;, from Aug. 2007 to Sep. 2008.
Y ear 2007 2008
Total
Month Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.  Aug.
No. 1 0 5 4 2 5 3 4 8 4 1 2 2 41
Table 2. Summary of OC and EC measurements. 14
(Unit in pg/m?®) 124 . oC
PMio PMas PM, T 101 > .
ocC EC ocC EC ocC EC >
S 81 3
Mean 4.66 1.69 3.95 1.69 3.16 1.42 5
Max. 10.90 530 12.39 5.69 8.10 3.81 ® 61
Min. 0.77 021 0.47 0.21 0.57 0.19 S 4
SD 2.50 1.16 2.50 125 1.82 0.76 § g
8 4
- L]
0.
¢} POC)Z, ECx= A 7}A] (ECL, EC2¢} EC3) = -7 6 : EC
Ak #94e) OC RS Sl et Bisjed = 5- :
4% ¥ ECE 24 WA 47 24 a9 20C € ] ¢
o] A} OC1, 250°Cel|A] OC2, 450°Col]| 4] OC3, 550°Cq| < 2 s
- - S 31
] 0C4s] £H o] o] o7t OC4 24 #,pyrolyzed 3 :
carbonel] ¢|8le] EC7} #ejH71=)A] s 550°C  § 2]
ol A 2%2] kit 98%2] AF BV kA HEE 5 1
AREAZIS. o] w A EE whAE-E Pyrolyzed 0- .
Organic Carbon (G423 §-7]gk4, 3} POC)g}t i) s
1 % 550°Cef|x] EC1, 700°Cel|A] EC2, 850°Cel| A - . OCtoEC
EC33}2-5 7}z =431k, OC=0C1+0C2+0C3+ 6 i
OC4+POC, EC=EC1+EC2+EC3+EC4—-POC= # .
5+ .
)%t} (Chow et al., 2005). o - .
AaAee RS ex Ades, B9 4 € Y
A4S Ang A 102 BEe) 7R X
2 % 59 243 PMy,, PMys, PMy o3} vl ms}7) 2]
s1ske] 8% Hzaiel ALgsisc 1 .
0 .
PMlO PMZ.S PMl.O
3. 7Ed jl_l. 3‘:' _T'_’g Fig. 1. Concentrations of OC and EC, and the ratios of OC
to EC. A solid line within the box marks the median
value of the data. The bottom and top of the box re-
3.1 PM,,, PM,52} PM,,2| OCel EC present the 25" and the 75" percentiles. Whiskers
PM.. PM. = PM F =Tl 4 3 above and below the box indicate the 90" and the
10 PMas, PMyo 5 OC2] B 5 B6ug/m, 10" percentiles, and solid circles are outliers.
3.95 ug/m3, 3.16 ug/m3°] 93 EC H# 3=+ 1.69

ug/m?, 1.69ug/m®, 1.42 pg/me|gle} (& 294 12 1).
A Aoz 0Ce ¥=7} ECHT} 2.3~2.8u] H9k=

ST M

g, £3] PMyell4] OCe| =7} ECO) ¥ =xc) 2.8

u) skeh. kel vjgk OCsh ECo) ghepul= PMy,
ol 4] 16.4%3} 6.0%, PM, 5ol A 22.9%3} 9.8%, PM,
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ol A] 23.0%<} 10.0%= OC%} EC =% 22 91A
Ae] gkeka)z} Z)ok sk, ECell Blste] OCe| =
HAzxp7b ZA velgEd], ol 0Ce mi&d3t A4
FA o] ECell w|ste] tofslr] wj& Aoz 1+
Aeh 2, ECE #PAds o, A4 k) A5
A A F da FAeA ez YA,
OCt ECe} m]5=3h 4 Aol oste] A==
AA Yoz 1A oz 7] Fof| wiEEHE AE =
F soF Aol GRSt 7] FellM F3keh wb-gell
23te] 2218 o7 A= SOAS EJH3i}(Szidat
et al., 2009). =3 OCtx RE = Hl-S-8§ (Surface
resctivity)e] ok = 9l7] wjEel d7] Foll
o) 3ke} kg Wgsted o) Ak F % Q)
< 7lo]t} (Mariaet al., 2004; Russell et al., 2002).

E AFelre] PM,s2] OCel EC sx=x 539
Top Mun i A7 A HFellA 2= PM,s 52 OC
(49ug/m*) Bt Y31 EC(0.8ug/m’)Het= 2ul o]
2} =9kt (Hagler et al., 2006). EC2] A% »E 914
oA od=-2] Hawel w7 7|2 el A Z- = PMy,
EC (0~ 1pg/m®) B} =¢}c}(Jones and Harrison, 2005).
A2 PM;s % OC, ECo} v ugl & o, 314ke] 5=
b U2~U5 7 AT OCe] gule A1
HbH, ECe] gl oF 20 vo} OC/EC H|& 2w
7V 3=t (Park et al., 2001). 3 F=-2] =A<
¢l Pearl River Delta Regions} Xi'anol|A] &A% OC
o} ECH F=v ¥ d7elMEg 453 ot
PM,5 OC/ECE: 247 2 7o x2] OC/EC (2.3)%}
1] <=3}9]t} (Cao et al., 2003). = TAFS W] 3o] <l9]
Ml 299l M2 AAF AFelA|ut v wiA
717 efo]l Hlsle] ECO| FEi 3, OCECH: %
2o =AA AT fAtsdet mebd 1A sk
7k 53] ECx 9l%-e] A3E A 2 e A

o7 ®ald.

3.2.1 OC®} ECo| =& EXN

OCs} EC9| =5 ZAAsI = F 29 veotsla
A wA 7144 BAE A Rgeh (& 3). A OC
9} ECO] F=+ =9 = Iy T} T4
S AR 714 QAke] ogke] Z Zlo= vyt
N} BAS 272 3~5498 E,6~9YE 4=(9
Yolli= 2ol AR AF7) o] FoA] 5oz B
seth), 10~ 119 & 718, T3]3 12~298 Ae=

FE31ich OCel ECo] A 5=t PMygell
A 3.0~5.3ug/m3e} 0.9~2.2ug/mé, PM, 5ol A
2.2~4.9ug/m*e} 0.8~2.2ug/m?, PM, gl A] 2.1~ 3.8
ug/m®e} 0.9~ 1.7ug/m’= W33

%522 OCt EC= F2 Agel AZHUR +,
7He, AF €22 7 B30tk 53] PMyg, PMys,
PMy, ZE $17ox OCe} ECe] 4 Hi Hdsx
2% el ojEst Y Wk 459 dA=
vEsidlon o P4t HAdseet 4 A HANFS
o] 292 UA|EtAT AA| wighe] @ Aoz f1
3 A Fe M= AR AZF Hof Fe] 13.9m/s
5 {E 2ol 8098 29 AR vlghe]
stoh (A el 5, 2004). =3 AL} Fo] F
FAFelsl e, OCe ECO] F=7} 7HY %3
<& % OCel ECO| FHAizke]l #3531 19 21de
37t RS dagFor sl WA}
2HEAHY F23 FHAR o4
of ez JYehiAdx SO0 A= COst
Arstodet (Kim et al., 2008). &9 A, 484 ol
AE F 7 2 S AREE AAd St
A= o it s =r) 249 epstet(Lim, 2009).
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Table 3. Seasonal variations of meteorological parameters, OC, EC and mass.

Mass EC 0oc

Meteorological parameters
SN wp  ws  TEMP  RH RN o
(mode) (m/s) (°C) (%) (mm) 10

PM 25 PM 10 PM 10 PM 25 PM 10 PM 10 PM 25 PM 10

Winter  NW 98+44 7.4+28 60.3+133 31456 29.0+£16.7 20.3+115 163+88 22+16 22+20 17+12 53+3.0 49+36 38+22
Spring  NW 7.3+£43 133+31 6741105 09+26 352+143 194+73 151+74 18+10 18+09 15+06 51+27 41+24 32+20
Summer SE* 31£05 238+20 734+50 0.02+0.0 20.9+37 135+£32 123+73 09+02 08+01 09+03 30+05 22+02 21+04
Fall NE* 64+28 153+43 60.0+120 01+£03 206+96 129+98 94+65 15+09 15+09 1.3+06 43+18 38+14 31+13

* Air reached Gosan, passing through China and the Y ellow Sea.

o) 71274557 A 267 A 5%



AFE TAF PMyg, PMys, PM, o5 OCS} ECO] AAW w3} 54 571

4Tk OC/EC ¥]:&= shad ko] 7]<dof A3t A
EL% A &3k} (Cao et al., 2005; Chow et al., 1996).
OC/EC v|& 1) wiZsd; 2) o|2b4 sdAke] A 3)
depositions]] 23t OC/EC A /& =}o] (Cachier et al.,
1996)e] °ﬂﬂe ol 2 g FoA OC/ECY] 7]&
473 (PM o2 245 Z7)she
VI Ao 444 009 B

A\ A5k}, OCsh ECe] ARA = of &

33 mE A AR 43 53] A

} , B9 foz ARAS(RY7} Zih bl

OCse} ECe| W35S A-HERE Y] o&
e Esiel Asiusi

3.2.2 721 29| OC/EC H|
PM o, PM,s, PMy 2] 723 OC/ECS] AFtA| 4=
0.87,0.94, 0.952 A Jeh} (23 2) OCsl ECo

Winter
14
® PM,, y=1.74x, R?*=0.87 A
129 4 PM,s y=1.77x, R?=0.94 //
10] X PMio y=187x, R?=0.95 gy
_zZ “
= 81 [ J Pr
2 6
3 «;3/3‘ .
44 ,x‘%(
o] g/x‘
0 ! T T r r
0 1 2 3 4 5 6
EC (ug/m3)
Summer
14
® PM,, R?=0.51
129 A M, RP=0.21 A
10 X PMy, R?=0.11 ////’
< -

£ 8 s

= -

8 ° T
44 Pl ////__/___ _______ -7
2-,_4‘%

0 T r

EC (ug/m®)

W&l o] v FAHE A A8F T (Cao et al., 2005,
2003; Yang et al., 2005; Dan et al., 2004). €3] 74
OC¢} ECE F= wWiiddg A4 22 94 wl&
o 93t Aoz melth Yang et al. (2005)> 75}
sl 19z OCe} ECE SAsled, & AT
]A—]Q,]. 71—0] 7:]_57‘_‘,1 %57]_ 7].7(} =77 }2:-]'54'}"15 7};{1—
7t 8 PMygel] v]3he] A o2 2 PM,g9)
PMo9] ZF3A e 22 dAA OCSt‘r ECe] =}
Zd ol i} FAREE A ARk 3 PM el A= OC
s= Z7F2 <lsle] OCs} ECe| Al o] R} v}
Aok 12~29 714} BALS SA T o= A
T4 102 mis, & HF FHHEEE 189 miso|g]
ol ool Foll M Eoj o whE FHA|Fo] ks
uH e ol wiEde] fARRE F7)7) ofrlold Fe
A w27 ol FE RS 4 13, = A3} OCs} EC

o AR o] obdl Ao weldh
rin
14 Spring
121 e
° o =T
10 A 7~
g,é\ [ ] - ///
8 1 3 =
2 o 9 12
8 ? o
4y K xe
= M @ PM,, y=157x, R?=0.34
2 A PM,y y=197x, R%=056
0 “@° X PM;, y=2.65x, R*=0.63
0 1 2 3 4 5 6
EC (ug/m?)
Fall
14
12 s
10- ey
T T T
£ 8 S
) Eeta
o 61 d
o} ‘ M A
4.
& ® PM,, y=187x, R>=0.86
24, ,& A PM,s y=138x, R®=0.75
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0 T T r
0 l 2 3 4 5 6
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Fig. 2. Correlations of OC and EC concentrations. Dotted lines stand for linear regression fittings, of which slope and

R? values are given.
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Table 4. The averaged mass, nitrate, and sulfate concentrations and meteorological parameters for the upper 10 per-

centile of OC and EC episodes.

oc EC
PMy, PM;5 PM1,o PMy, PM;5 PM1,o
01-09 01-09 01-09 01-09
Date 02-20 02-20 02-20 02-20
MM-dd 03-11 03-11
(MM-dd) 04-26 04-26 04-26
04-23 05-21 01-03
Mass (ug/m°) 4458 29.36 23.05 47.58 33.36 24.32
Nitrate 5.06 2.82 1.82 4.88 3.10 212
Sulfate 9.41 9.13 8.08 12.31 1147 8.05
WS(m/s) 9.2 49 5.6 7.4
NE (25%) NE (25%)
WD NE (25%) NW (25%) NW (50%) NE (25%)
NW (75%) SE from SE from NW (75%)
continent (50%) continent (25%)
Temp. (°C) 105 122 10.7 9.8
RH (%) 57.2 62.1 58.1 54.4

A7) 9781 A1 269 A 55
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Fig. 3. Backward air-mass trajectories of the high OC and EC episodes (the upper 10 percentile) for 3 days (a) 2008-01-
09, (b) 2008-02-20 and (c) 2008-03-11, and 5 days (d) 2008-04-23.
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Fig. 4. 850 hPa weather map for 23 Oct. (left) and 4 Nov. (right).

Aol wist ECO dafnl: 1.2%= o EC T3
(6.0%)] w]3led Z Foz ZFolE HiH, PMy AF
of =3 OCe] vl 84%= s+ OC =)
(16.4%)° w]s}e] ZFAgo] Ao wbd PM,, OC
9} ECE ¥dt Fo2 ZFo]jEo] OC/ECH|:= 210
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