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Abstract

The concentrations of organic and elemental carbon were determined using fine particle samples collected from
Kosan, Cheju Island during the summer seasons of 1994 and 1995. The daily mean concentrations of organic and
elemental carbon for each measurement period were 3.74 and 0.27 pg/m? in 1994, while those of 1995 were 2.36
and 0.10 ug/m?, respectively. The concentrations of organic carbon were higher than those commonly observed
from clean areas around the world, but those of elemental carbon were lower than, or comparable to, other clean
areas in the world. The resulting ratios of total carbon to elemental carbon at this site were thus higher than those
seen from other metropolitan and non-polluted regions abroad. In addition according to our analysis, the 1994
measurement period can be classified into two periods: enhanced (July 20 and August 1) and reduced levels (August
2 and 9) of the carbonaceous species. The observed difference between two periods may be in part accounted for by
the air trajectories representing each period. During the former period, the air masses from the Asian continent and
Japan were dominant, while the air masses from the North Pacific Ocean came during the latter period. OC/EC ratios
at the site were calculated to predict the possible formation of secondary organic aerosol. Based on our
observations, we suggest that the formation of secondary organic aerosol might be an important pathway to the

production of organic carbons.
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1. M =

971 F A gAML A, Aabd 53t
A wA JAE PAEE F83 HrledEAol
o A BkA= 34 §7)ek4 (organic carbon,
0C)3} YUAA ebh (elemental carbon, EC), 28] 3L
eFAbe] (carbonates) &2 1}E 4> Qlv) o] & {7t
A R VAU AR fEE A B3
o g Bol os) YA W W, 44
gt ory sgas dad o4 o7 Fo
= A3 e YA LBl B =
ok = Ao A s sbn] thHEBo] 2um o] AF Zuy
QArgelel] S3m 9 YA 24 ) A
7)ed= 1% o] 5}to] o} (Cadle ef al., 1980).

e =AAAY WrledEE Ak F2
23 3o st HAUEE HA olelzd AP
9] 10~20%%, vl YA AP 5o 40%Z 2445}
B Y2 BAe F9 TAAREITGMEE F
1996; Hamilton and Mansfield, 1991; Gray er al., 1986;
Magcias ef al., 1981), AR He] G7letdel LAA]
ko] FEE 47 v|AYdRt Azexel 11%2}
0.3% (¢F 10ng/m*) J =Z 2}X]3}c} (Heintzenberg,
1989). fr7lstaet A4 "t EAIRYS AA
Zrie] F2 JleEhe, 9 i) o3 FFF
= AFE Halorle] F83 HEE s (Gro-
blicki et al., 1981). x}eF wi7t29} 7| 5h Fol &
A F71UAREE EdelE 4o 7
o] ¢lx}T R 7x¢]a1(Pierson ef al., 1983; Pitts,
1983), A wtar FEAYAA LdAol e
Aoz B3H ul 9l (IARC, 1980). opabr oS
APt 97 F AFH FEAeld Hs|
A3est o] Fopx) 1 gl

Frlekae 4AHY w9 o 50~80% A&
AR s, F2 7] Feoll ARSA 7=l o
# o) Fat= Tk I g To2 AAHE o
2 F719AEZA Y 247 FHE 9l (Chow er
al., 1994; Malm et al., 1994; Gray et al., 1986; Macias
et al., 1981). L&} 4=} F71ekhe) o)z f7]ek
po) EANES A A9 ALY B4 AR
4 gele] det e 7)ol dsiile % =
9} 3x]7} )} (Turpin ef al., 1991). THo = EF

<

G RG] A 137 A3 %

3T, A was 4 fUiskAY FHA(tra-
cen® o|&3le] 7] F F7)skae] AT WA
g8 =R (OCEC)E AAS2H 47]2
PRt 93 IR o)A BAELAE 7}
53t #-E& AM43l7]% 8o} (Turpin and Hunt-
zicker, 1995; Chow er al., 1993; Turpin et al., 1991).
el ATAEE F7lskash Wa wae) A
A& v3sla, B7) 8] OC/ECZ)E Ak sdAbel wfat
OC/ECR} zxm o)z} 7| YA7) &4 3kl 814
o}, Turpinz} Huntzicker (1995)%= 1987\d ¥ Cali-
fornia & 7[7d ZAF (SCAQS)ol| Al o]z} 7] A}
FES Ao FEN) 2HY A71UA
80% ©)Ato] o]zFYALH-E Bl Turpin et al.
(1991)¢] Los Angeles Basinel| A 33}l @A o] gl=
A7) 24% OCECE UxEEAe] OC/EC
uoh 24, 249 dARlAke] OCECS 72|
Y2y oF §7194 ¥EE Yot
He AESQe o B Aol spel 483
2= F714ARE] oF 50%7} oA AT o]
FolM A8 Q3 OCECE 14~249) 9T
79, o] Zhe o|Rd] Los Angeless] chefet o]
3 A7)z A $98 AFAR2YE T ghol
o} (Gray, 1986; Gray et al., 1986; Conklin er al., 1981).
Chow et al. (1993)-2- =3} California®] San Joaquin
Valleyoll A PM2.5¢8} PM102 x)Al5lal o] A B3
A sk Eg BT ol B AAE B,
PM2.5 % OCe]| o3t Z&kA:(total carbon, TC)L]
8] (OCITO)E S48} M| SAA oA AAbat Az,
H]ZA| R o] OC/TCPF EAIA] Aol A Hep 10~
15% =3kct. OC/TC7} 0.67 etk &+ (=, OC/EC
2o @), 2R 0CE A5 WAE 2
AT 2 % gleh W EA AL OCTCH o
EZ A2 EAXHo] BlEA|X| Y3} v]REle] TCx
=71 9 7] "@Folth o]2g u] (OC/EC ==
OCTO)E a3ts) 9ol UrhhEe] OCECE
WA 27, 7127 EEY] ot MEA, =
2 2989} G Soll mhe} Adelslmz, A3 v
£ ZA3Nok dch AaA sae Eokelut =R
A, FHEEN M= MEHAY F2 HAH
ekl 28 7] Fo2 wiEE, A eAx= EC
| A& 2] Z)ed =t F I 90%e Fate}(o]F
Z. %, 1995; Hamilton et al., 1991; o] vl 3] %, 1987).
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olglgt frrletael UaA s o g¥AaQ

A7l ed @ A2 vebdeh o] F Aol

s AR =2 322N AIRE 3T
_]

=4, ML AY o5 F AFo] FAAF(light ext-
inction)ol] ®]X)+&= L
Aol Ao Bk F7)eka 9 danskast

% 30~59%, d¥iA Aol WA= F7)eAT)
20~30% = A]Xg%l-oﬁoﬂ 7eda= Ao ?}‘XE]%‘:}

(FAF 5 1994).

G2 e 9EASA mavIAR dAME 'k 94
o2 A G EE wjEd ARl AAE o] F3}
o B4 =AY 7] F T=E AFAE T
oAtk Okita er al. (1986)% 4E2] F HAGqA 5
NT Z25S Bl g AT AH dre=Ey
B o] Es] & A EBA EAE A A
f71 2 AaA sk de] HddA dseE ¥
2 FAWE FHie AL 2ok =3 1991d=
1992 3] Az B AAHA G Hr]egEA
o ¥EE AT A o 71 T YA '

o G Z 4 9L Ao} (Hatakeyama, 1993,
1995). o]uto) = Laus} Khalil (1993)- )3} a4k
AN ZRY lel2E F dadRel AT A9l
29399 7]eJ=E CMB (Chemical Mass Bal-ance)
2dE o]gd EAsE, AR 2 A4 E
203 Eopy B0 §AN AR Aea ¢
A A o] EFozH, et ofe]2ES FAY
4 gloalal A slg]rt. =3l Parungo et al.(1994)
L BA# Fe] AYAY, a3 F5FE 2 A
gge ol M U EYstEs = S4A5
2 3719 GHAA AArS vtz FSelA LAy
& AR BATHRe) o) AL Ak Y)wo] o
3 TFF e Mg ez FA8 o5 I F
A5}l et
FHolMe ARGl Mg 7] F2 oflel2E
folRkast WA BAE ol F(1986)0]
38 vl 913, AA A Al Ao o]xl 3
(1987)e] JAS &g EFA A mAIAS
AR 7S BAF 51994 AME A2
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ke K He) w7 FTel FRopAo} A e
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33 Qi gk, o] AgelA Hr|egEA L]
Zefol] T3 AF-Eo] e AYHT U (P
F X 1995, 1996a, 1996b, 1996¢c; Al TF =, 1994;
AR 5 1994 FHA 5 1992). 28, Al S5
A GAAGEA Fo| e iyEE FF 2AME
Al e olA A fdw. dFHE I ed 7Y
(KIST) 87 FAE M= 2t 199433 19959
57|12t F AFE TAESH DA w[A YRl
< FAIA

o] e, 1) At 2zt B FAHAAAE
Az ulwste] oA R (PM2.5) Fo eAslAe)
AR ATEAE ASE, 2) 98 dTFAEe]
e} Aol M 3 ghaZA Ao uFoEN A
FE TAA G 'Are] EE A& =N
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R E et

VS|
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o o]l el A YT IASHLE AFE
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e AFme ME Toln, AL TFe elv} 7|4}
() 33°17'N, 574 126°10 Byl A AMZE w3}
o2 70m gz ol FHA F9]9 iy 32
ARG 3 AFEHS] 2579 23k NOx2| &<
g ol AR WAL FAH R LFYeE
FE g AR Bl g3k min]g e
e e (A & 5 1994 218 5, 19964, b).
gt AFubE-2 25um F5e] 27 E e
A}o)Z-E (URG AL URG-2000-30EN)o] 47 mm 4493
A AFF ol (WhatmanAl, QM-A)E A g UE
Eo]2 AFsle], &4 9ARE ogd oA 947}
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AREEt R RAZ AR AFFole 850°CH =
(furnace)ol| 2] 1A] 7} 308 53t e 4], AEF0]q
Z3d Z4F #71EAE daATE AMYAAE
AR R 2 ATl L9HA 42 7
Re A ER] 4o Yol HEE HeolZ2 F3l,
dFulE 5Y2 AN APAAAE —18°C o] 3]
WEA, 223 HA M d5E AL Bl
Hastodoh 24 o] Bd AETol e s Ed
e Y3 g Heojz2 Bat 7, ¢FulE 54
2 AN des A E2AA] Basiedart s
FHE7|ed T FAATAE YFAE A9 ¥
AA7EA Bastgleh 2R ASEE JFAL
EREe e A2 BIA #YEA] e
712 FEA S AAE7] Agteth U
ghao] 7S o B@gAdolnzg 44 &AH
2l Al RAE &5 EAU) 5 3HEA
of opet F71EHe] EASYARL FEelvt Fiel
o8 &A% 4 9]t} (McDow and Huntzicker, 1993).
Faz o3 Habye 198034 olw) A
kAol o}

AETold 2AE g i ML A8 A=
£ BlueiceE AF Bzt o] njFos ¢4
ol vl 5] EMAEZ|HQA Atm AAAPA F-
Mt ok BAE - A AAsh (selective
thermal oxidation method)o]], AF3}Ew] 24 MnO,
Z o]&3t} (Fung, 1990). #Ax7A 2= Dohr-
mann carbon analyzer (DC-50, DC-52)Z A|& 24
o] dutl zAog uly AL T Mueller ef al.,
1982), 71712} calibration-& $]3} potassium hydrogen
phthalate standard carbon solution (KHP)S A}-&-31}
MnO= A9 AtE &S 47] S8 i A A
L2 wgde. FAH EBHLEZ A7 &)
850°Cell A W3] ZAHE MnO,7} o] gl
platinum boate]] ©]=ZEx+$]e] Z-< (graphite)2 ¢
a2, 500°Cel| 4] 800°C7tA] &£EE E=3A] ZdAR
7} MnOyol| 23 © o] A3t A] e I 2=
£ 27| 4 £x& siglok AaE o8 4713
2R ALmAE e =22 v
AR E BhEsle], BE f7]Ed 0] AStEWEA &
ANaE AR de 2EF HE FH-exE F
At £ FAwe] A9 (precision)s AE
F A} (sample standard deviation) 2 FA| & 4~ 9]

il
B

g 1 EAEGIA A3 A A3 =

o FFHAE= 11set] duplicate sample-2 F-A] 3}
o FaledA T} (Youden, 1977). o] uj, TC, OC =
ECe] ®Zsal 7h2 0.43,0.57 2 0.620]0ch &=
3k OC¢} ECe] W54 (coefficient of variation):=
77}t 3%9) 8% v} A B E (accuracy)E HEF o] 9]
9l em? 7 0.3 puggldl, o] $%]+= KHP F8-94-&
calibration3}7] €&l &42] source® AM&-3F wjs}
YT holet Zevh AA A7) T &4 E 2
g A AFFeled AW ETY (non-
homogeneous)&}7] wj-Fel), A E= o Hr} v
A g Qe 71718 HEdAE 0.03pgelx, AlA
A7l A 8] HAEdA 52 0.02ug/mie]el
A S ] 2ofkstd, 3 A3
0.07cm22) WA oz Atghye] 1~37)¢] A=
1F=}, 0] A| &3 platinum boato]] o] MnO,3}
&34 8 3, 0.02N HCI 30plE 7}3l2 120°Co]
Algel| EFH COp, 8, 718} &8k FHUA
18-S U A &E 525°CHR] sHgE
7] ' AR 7] BA] 850°Cell A A4
2F MnOxE o] &38le] 3] AbspA| AT 2h Ab
shAl ol A} A S COr= CH .2 HBE S o
71-& HD (flame ionization detector)7} #%% Dohr-
mann carbon analyzer 2 23]3}9]v}. 71&2] thermal
technique methodel] 2]3F lAAlE2] =AA], A
F71ebar) A F A A2 el25lE o
A Eg AEErl A¥eE TAF dsled, 53
AHE2 ool i HEHE BAS e wxE A
23} H(Wolff er al., 1991; Adams et al., 1989,
1990). & Aol A4E WL J1E BAuEe
A FE WA AR, FUlkAe} oA w9
gt Aol 7ot

g e

2 du T

A

A

R

tm

3. dn o g

3.1 77k Bt 55

7 £A717 F OC ¥ ECo| U5 =dsis
29 1e] ANk 27 19) @elA] 1994 79
o] OCs} ECx 2 750l 7] dAs, o] o F
A E2] Ab3A 4= (correlation coefficient, r)¥= 0.96
(p<0.00) 22 v F2 whde] 8Uo= A= 4t
98 AgE depied, ARA s 0.09 (p<0.05)
2 o) w2’ 19 (b)elA 19959 OC |
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Fig. 1. Trends of daily mean concentrations of OC and EC during the two separate measurement periods,
1994 and 1995.
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Table 1. Carbonaceous species of fine particles for the measurement periods at Kosan, Cheju Island.*

Mean * Standard Deviation of the Mean (ug/m?)

(Range) OC/EC TC/EC
oc " EC TC
4.58+0.49 0.38+0.06 4.96+0.55
1) - - -
1994 Jul (1.34~7.26) (0.10~0.79) (1.45~8.05) 136 146
2.36+0.16 0.084:0.02 2.4440.16
2} - - -
1994 Aug (1.65~2.88) (0.02~0.16) (1.76~2.90) 39:5 605
1994 Tot 3.74+0.39 0.2740.05 4.00£0.44 311 32.1
236+0.29 0.1040.03 2464031
» * * * . A
1995 Ju (1.31~5.01) (0.01~0.39) (1.35~5.40) 46.3 413

* OC : oranic carbon, EC : elemental carbon, TC : total carbon
Y July 20~ August 1

» August 2~9

3 July 20~ August 1

1995:dell ®ls] o A Jebdeh EC ¥ 94
199430} 199592} o] %A ZH =g} 1994
7¥el= OC 2 ECe] WEZa FJF5wr) vhgol
84 A3 He} 4 ek

8, 1995119) 42 19943 799 A3} 7)
Zhel Y, o=yl = I B3 8Y 4
o} v]28t $£F0|¢lvh EC & 0OCe ¥=1= 1994
Q79D 1995) 19941 8Ye] oz nlL3A
UERgeh

£ lollA 199439 &4 & 793 8YR FEI
AL ALE F(19960)9] F7)2] IH=EA (back

trajectory analysis)Z Z}of] w2 7]o|t}h &, JTALR] A
o 2= 377t FE s 7 9B F &
A& Afdhs 712k 7Y 209~8Y 197 By
ek Ake AFse 8¢ 2999 F J|gker
R 4 Ud 7 7179 OCH EC o= &
Zhel7b oledl, A5 ARE T2 F9 OC H=
= 458049 pug/m3ql Wiy, §-A]2 A53R g2
37] %2 OC EE 236+0.16 ug/m’ 2, 74 B}
of ol AX v 19959 A A9} 7] fAls}
o} ECE Z7)7} A& A3t 79 0.38+0.06
pugmiel i, sofS AH3 8Yol= 0.08+0.02 ng/
m=z 749 ¢F 20% $Folgdrh = 1994 79
TAEA] A 8] gtiswr A5d e 3} s
£ R3St SR E A= Bt SRl wA "
OC g EC7} TAkx]|Hg o2 o]EHe] o o} A
L2, TAA Qo] A5 wel FFol} B £

FHAN71EAR A A 13H A3 =

AFA DA dr]edEde] AA o) ge] 43
F e USE ¢ ek HuEg A 7
717F Avke 1994 849 OC 9 EC %3 1995
e wEo mif v A AL F 1A
galdh 4= glom, ulebr] 7 7)zbe] 7| A o]
AR Aoz yzbst, et A Es $AE 99
ME 19959 F37) 7kl HENE 3719 445
Mg alstedof & Alojct

3.2 El4& =& HlD

A7k ENRE F7le] M dAE oC |
ECY $=EEE AFRE 2 Fasith dgutst
W R AT 2HE e} vwd P o
A Q9] ehieEl TSP Fo] g whiidio]7)
] F-o] o}, Wolff er al. (1986)-& tA]oke] x| q)
Lewes, Delawareol| A 19821 o] 23} 19831 A L-o)
Zq o vAiA F eSS S 1 A
5 2o, oA A (Dp<2.5um) & OC ¢ ECe
%l 29 (2.5<Dp<l0um) F9) ESHT)
7—}7% 3w, 9w} =A vebydet =gl OC9) ECo 9

7 A =FE9}7 (mass median aerodynamic diameter)
< 9F 0.4umeAT} Appel er al. (1983)- ) A4} b4
AR F2 Y74 3.5um o2 EAs, 1 Fo
NE d32e] Tum olshel Aoz FAsjeich o}
2tr, B ATl M Okinawae}l Naganool|x] 24
8k TSP % OC 9 ECZ A|Fo|A] =38t PM2.5 &
OCs} ECe} 94l ¥ 2 $E2 ulwsly
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o}.
A6 Laugl Khalil (1993)) QFAzE v,
AAEA A w58t 7] 7F ol A e oFaiAbel
A ZA5 oA UYAQum o3 F OCo FEE
0.2~0.95 ug/m?, ECY) F=% 0.05pug/m’ o st}
o] TE9} IAM e FAAAE vals B, A
Ar9) 19949 8Y OC & 1.65~2.88 ug/m*l 3,
199539) OC 3%+ 1.31~5.01 pg/misdA] ©) 3 F
oM &g FrEc IQ ¥o ol He] ECE
19943 8¢ o 19959 A ZAZk Laugt
Khalil (1993)2] ZA7ke] & o] Z Molz] ger).
o)ule]l Parungo et al. (1994)] 19931 7~9Y o
Beijing#} o§7]A 40km Hoj#l H4I#] West Mou-
ntainell A ZA g B7tEyE= b7 261 ug/m?
171 pg/m*a ek 7)o wjs] 2AY] EC FRE
HEA F719 S st B2 19949 Tl =
Parungo et al.2] Aol v AR £k} 28}, Par-
ungo er al.(1994)°] FF=s| M A £t
BTl JF 035ugm’E 1Ak 199413 749
EC 3x¥c 23 vk 477 oM /b o
2 2YEE Hel 1994 849 TAAY EC 5%

= o HAZ Xgez Ad#A ¢lE Hawaiid
Mauna Loa Observatoryej 4l &# 3t 43 E451
B=%9l 1~30ng/m? (Bodhaine et al., 1992)2} v
s ok 2.7w) A% &} Okita et al. (1986)& 3|
Ho2RE o 1,200km o] BelA dE FH T
8ol 2]A8t Hachijo Islandefl A 1981 1€l &5
A (TSP) & 'aA S A3 o A9
OC 3% 3.1ugm'E 1994 3:Akx|de] AFF
OC &%, 3.74+039 ug/m’ o= ozt 23 19951
B o) ®3 ECE e 08ug/miE TAMR Y
o] BE &A7|ztel] ®ls] ¥} o] A Hachijo
Island7} Y& Ao} FH-2) F8 F4 B =AA
AL AR Tl o dF}E Wek] dFo
4 o

¥ 29 32 AFx AR 0C 9 EC 34 EH
Z 959 A& A FAg 0CH EC ZHA
9} vlazg Zo|ct o 2lgk Wlm2FE 1Ake] EC
=) 8 AAAYGL] EC vEo A FF
o]A|7h OC Fxx v& AARGE Hu o
g A = Aok 2HAAM W (circle)2 FdFE,
B} (bar)x> FEHYE vtehdo) 19863 19949 6
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Fig. 2. Organic carbon concentrations in Cheju Island and other places. Numbers in parentheses are the years
of measurements. Circles and bars represent average concentrations and ranges, respectively. Particles
at all measurement sites are PM2.5, except but Okinawa and Nagano, in which TSP was measured

oo =
=E2F S

(Cheju: this work; Seoul(94):

1994; California and San Nicolas: Chow et al., 1994,

Marblemount: Malm et al, 1994; Denver: Countess ef al, 1980; Seoul(86): 0|2i3] &, 1986; Okinawa

and Nagano: Hatakeyama, 1993).
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Fig. 3. Elemental carbon concentrations in Cheju Island and other places. Numbers in parentheses are the
years of measurements. References are the same as those in Fig. 2.

o) A-g2] v]A YA (PM2S) ®has 2= OC7h
272k 8.6ug/ms 9.97 g/, EC7F 242} 2.9 pg/m? s}
7.57 pgimPol ™ (FAF &, 1994; o]913] Z, 1986),
19941995 W7 TAK Y OC ¥ ASx|d
OC =%529] 30~35%¢9] sF3LZ EC 5= 2~6%
o sigatct uie webd, saAdEe] A/AHFA
o =% H|7} OCE ~3¢] ¥lde] ECE 16~400]
o}k EC 559 M/AFAY nl7t o|A™ & e
el = 22 ECe A g #A) e
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Fig. 4. Ratio of total carbon to elemental carbon (TC/EC) in Cheju Island and other places. Numbers in
parentheses represent the years of measurements. References are the same as those in Fig. 2.
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