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Abstract

Carbonaceous compounds in the atmospheric particulate matter with an aerodynamic diameter of less than or
equal to a nominal 10 um (PM,,) were analyzed for the samples collected during the period of August 2006 to
August 2007 at Jongro in Seoul. A total 18 dicarboxylic acids (DCAs) and levoglucosan, as well as organic carbon
(OC), elemental carbon (EC), and water soluble organic carbon (WSOC), were analyzed. Distinctive seasonal pat-
terns of the concentrations of OC, EC, and WSOC including levoglucosan were observed with the highest concen-
trations in winter and the lowest concentrations in summer. In addition, OC, WSOC, and most of DCAs showed
also higher concentration in summer than in winter. Using the seasonal patterns and relevant indicative ratios
(WSOC/EC and OC
were elevated in winter, and (2) the formation of secondary OC increased due to the prompted photochemical reac-

/OC,,) of the carbonaceous compounds, it was verified that (1) primary emission sources

sec

tion in summer. Results from this study also suggest that some organic compounds were likely attributed to long-
range transport.
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A7F Eds] AP oAgTt. nAHA(PM, )= A
Brl4, Ba4E 28D FROR TRH
I F gaARY] EES AA ks 714422 vlAl
A HA AFo] 20 ~80%% AAISHH oF 1,0009] F
o] &= M f7IHEEE T4l rh(Ackerman
et al.,2004). A& A At A doll 24 th7] F w|
ARAE TS B4R R 4L of= A=
A3P=]o] A|9H(Han and Kim, 2015; Hong et al.,
2008), F-71/3&l gt A= 7184 (organic car-
bon, OC)2} YAaEtA (elemental carbon, EC)o] & L&
of gt F= ST o|FA s B, NE F714E=el
o EUA 2L A2 g Aol

AEE 1000%0] Wi A77F AZeL 3 A
5ol A5H7 gzl ol|A] ARgFol 21, o]
weh Be ool ovled el WEEZ ATHSL,
2010; Kim, 2006). £3] 3H=2 olg F7<] dj7] A
270] ko MBse F39 £ 2o AAskn
o, 712 dE2 ] AAY olF Y EF ALY
718 o] & S v THKim, 2006). A'F 30 o]
24 ALY d71dE BEsh] g8l 12 A7l e d=E
4 wiE Aol gt g2 AFo] APHU e (Kim
and Yeo, 2013), AZ1=19] th=A| 9} H]w s g wf of
7298 S} o} %o,

HAHA] 5 f714859 Ede 24 A9E W&
AT Ao A5 29 D), 1T AL v
HA(plant wax @} 7F F)22 s 4= Q1AL o5 1X
HiEYoz B3t 13} vigdezRE wEd &

7122 ti7l SAA Bee we F3 23k L d=

i)

= s = gt £33 drjedEd9 FAE
o] F AL A= nAIHA 9 Fstdo] F FIFS
0] 2] 7] &= FFeh(Kim, 2006). wekA] B A H =] 9] s}ekz
ol gt A= AE d7] 5 EAste PlAIEA Y
WS, A4 I8 2 §4 293 ZAT olFe 9t
TS gt AEE AT 5= 7] el w$-
Z a5}t

2 gl ME 2006 8EFE 2007 8o AH
238t mlHA A EC, OC 18] WSOC (water
soluble organic carbon)E £43}% 11, 2 18%2] DCAs
(dicarboxylic acids)®} levoglucosang 712 I ZulE
2 u)/AZE A 7] (gas chromatograpy/mass spectrom-
etry, GC/MS)E o]&3sto] B4, FFEA shlct. wlA|
HA W gadR2n i f714E s AdA W
T Folet 3ty B4 4% B8 AZolA AHE
AR {71879 T 22T T2 V)oY 2 o
7] & 54< whofstal 9 F FF¥= glstara} gt

2. 5% Y 2
2.1 A=

E 17 20] 20069 $YEE 20074 §$¥7HA] mE=
922+ AA PM, AF7F Y=L, o] AR EA
EC, OC 183 WSOC% & 19%9] §7]45o| 24
HAth AR HE AL BHAGHEA] T2 94
5 A, Aedigty EAYEw 24, 3.75°N, 127.00°
E, 214 17m)oll A 12417 5%t 39 7HE e g X3 x
ot 16 AAAF 7] (Kimoto, model 121 series)S
ARE-3} A, 203 mm X 254 mm A G A1 o] IR](What-
man, 1851-865)2 o|-&3}o] 2|5t S 7001/
mino® WSt L&, AaEct 2L TR
= A& T2 $EFl AT AL 71AE A

Table 1. Seasonal variations of measured PM,, mass concentration and ambient meteorological parameters during the

sampling period.

Periods Number of samples ~ Mass concentration (ug/m®) ~ Temperature (°C)  Relative humidity (%)
Spring 2007.03 ~2007.05 15 160.6+2414 11+7 57+14
Summer  2007.06 ~2007.08 19 29.3+18.7 24+3 74+11
Fall 2006.09 ~2006.11 33 50.7+33.6 1347 59+ 14
Winter 2006.12 ~2007.02 25 6491448 2+4 57+12
Annual 92 68.3+112.1 1249 6114
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( J‘N,

e e ARSSHAITHKMA, 2011). 7] A28 A
sl A Azl F2E e F7lES A
f13te] 450°Cofl A 24417t FQF & ABRAE ARESH
Aot o7 ARE QFE AJIA = B F AAHA] &
Hde Hasslr] Yl dFulE Aol 2H5H 717
B4 A7HA] —20°Cof| A HEstt.

N

2.2 NEEN

A 24 WS Lee er al. (2014)0] 71&5 it
24 1S s At PM & 33 oA
oM F7IHEES HER2MET HE-E(G: 15 V/V)
oo 30& F¢ = Aol 2A FEsH¢ich A &
FolA Fegs st s FEA 100 g 3
Mo FFEEH (succinic acid-d6, myristic acid-d27,
levoglucosan-c13)2 Y35t A4 ¥=7|(Zymark
Turbo Vap 500)& ©]-&38}o] 40°Cof|A] 100 mL7}A] &
=319t 525 &L Teflon filter (ID 25 mm; pore
size 045 pm)S o] gsto] AAE &, oA HESE=2H
e} F4H3: 15 V/V) B 30mLE §EAIY] & A
F%7](N, evaporator) & ©|-&3te] ZF Fu¢l 05+
0.1mLE FF3to] EA5¢ch 25, AAE Al 500
uLE 38 E2(REACTI-THERM #18822 Heating
module, Thermo Scientific)ol|A] 75°Col|A 15A|7F &
ot 1%2] TMCS (50 uL)2} pyridine (50 pL) 2.2 FAI %
N,O-Bis (trimethylsilyl) trifluoroacetamide (BSTFA)2}
HESAIA frEA| s} sHET

GC/MS (gas chromatography/mass spectrometry,
Hewlett Packard 7890A GC/Agilent 5975 MS)Z % 19
Aol A f714ES E4830 GC Z¥2 DB-

Table 3. OC EC temperature programs used in this study.

SMS (30 m long X 0.25 mm ID X 0.1 pm film thickness,
diphenyl-dimethyl polysilozane phase capillary col-
umn)2 AFESIF oW, A& 1 uLE spiltless ZEZ F
A3}t GC FY++ 2=+ 240°C 282 ion source
2k 230°CE 2HF BAEHIT B4 F5S Ak
levoglucosan®} & 18%9] DCAsQ] Hd 3|l¢+&3 3
SUA A dde FrHEes JAYPsiial, 1 2
I &2 AFollM AR 24 Bhgeihal HhE
THEE 2).

EC2} OCo] thgt #ApAIRt &4 WS Heo et al.
(2009)0f A& = o] gict. ZkeFs] Argshd ECoF OCe
NIOSH (National Institute of Occupational Safety and
Health) B3 50409] 2]gt TOT (Thermal/Opticla Trans-
mittance, Sunset Lab. A} ¥ o2 HA319th OC=
4] 7}A](OC1, OC2, OC3 183 OCHZE, EC= oAl
7}A(EC1, EC2, EC3, EC4, EC5 181 ECO)E BHE
"ot 94 OC 4&ES F 37 275teIA &&=
et ZRek] S 2% AHat 98%9 dE
7] 278t0|A &= wEt ECE S48 2= &
ZE= ¥ 337 Zth OCE= OC1+0C2+0C3+0C42
Z,ECE ECI+EC2+EC3+EC4+EC5+EC6Lo.2

Table 2. The quality assurance/quality control (QA/QC)
results for organic compounds tested.

Recovery (%) MDL (ng/pL)*

Group Range Average Min. Max.
DCAs 50~135 101 0.011 0.363
Levoglucosan - 109 0.073 0.190

“Method Detection Limit

Step Carrier gas Ramp time (seconds) Program temperature (°C)
1 Helium 60 315
2 Helium 60 475
3 Helium 60 615
4 Helium 90 870

Helium Oven heaters turned off to cool oven

5 Helium/Ox 45 550
6 Helium/Ox 45 625
7 Helium/Ox 45 700
8 Helium/Ox 45 775
9 Helium/Ox 45 850
10 Helium/Ox 120 910

Cal Gas + Helium/Ox

External Std. Calibration and cool-down
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BolEQith ® 7] A7t EHE 4G odnHe] o
HE 20mL FHSE 608 59 3:£35F &, PTFE filter
(Whatman, pore size 0.45 um)2 o3}3}o] TOC (Shi-
madzu) £A715 AHESte] WSOCE A% #4513
thHIRAI R Y] LEE $EE 5% oW o], AEA
Z 10% ol =FollA dofR7] wizoll &4 AW
We Avtdo s fEaldnia BerE irhHeo ef al,
2009).

3. 21t { E9f

3.1 OC, EC 12|11 WSOC

7] F AR o FrEo e B4R 2A
OC% ECZ Ueth ECE F2 dagoA F2 &
sty 3 Wl df7] o2 uiEEHY sehiks e 7
Al 1A 7k} A HE7E A 9] dojubA] 7] w1
Z A9A HiEdE BRI & e ARE AEEH
(Kim et al., 1999). ¥Hd OC= U913 viEdt A3
&l sl di7] T wiE=7= 3 47] F 2

2 44 ¥vheE Bl E A E7]E gk (Kim, 2006;
Kim et al., 1999). WSOC: A &7kt 22 13} 8f
SHU2ERYH 7RIS SHAE, 23} v BYES
7 F4 ZAE71E EFstL 7] diel, dutye
Z SOA (0|Z} §7] ol 2=, secondary organic aero-
sol)9] A EZ ARE-HTH(Yang ef al., 2004).

£ 717F B¢ A Wt OCeL EC 3 494
| 22} 9.76+5.99 ug/m’, 2.74+1.76 ug/m*o| it}
= % AEA A s=E )Y oF 21%S AA
th OCet EC B 5 o] &) 71 Wil ALHo|
2 54L& B4t WS0CY A B+ FE&

J

o

=
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Table 4. The seasonal average concentration of EC, OC,
and WSOC (Average + SD; unit: ug/m°) and sea-
sonal distribution of WSOC/OC ratio.

EC oc WSOC ~ WSOC/OC
Spring 254244 956+646 4.11+187 061+034
Summer 181112 545+4.02 305+2.69 097+1.15
Fall 286152 9.18+421 263+192 029+0.13
Winter 344%164 14274623 6.65+3.11 047+0.13
Annual  274+176 9794599 3974292 053+0.61

Table 5. Comparison of the EC, OC, and WSOC concentration measured in the previous studies (unit: pg/m?).

Location Period EC ocC WSOC Reference

Gosan, Korea Background 2009.10 ~2010.06 0.7+0.6 2114 - Han et al., 2013
Spring 0.74 5.77 3.37
S 0.4 3.07 1.77

Daejeon, Korea  Urban 2012.03 ~2013.02 lerlnmer . 22 e syy  Kimeral.201s
Winter 0.77 6.57 4.07
Spring 1.5+0.1 72+13 -
Summer 1.6+02 57+0.5 - .

Incheon, Korea Urban 2009.06 ~2010.05 Fall 20403 79414 _ Choi et al.,2012
Winter 1.8+0.1 109+0.8 -

. Summer 1.60 501 2.77

Gwangju, Korea Urban 2008.06 ~2009.02 Winter 150 235 366 Park and Cho, 2011

Spring 38+2.7 99+44
. Summer 4.1+19 72+30 .

Seoul, Korea Megacity 2003.03 ~2005.02 Fall 50429 104465 Kim et al., 2007
Winter 3625 134+£54

Sapporo, Japan Urban 2005.08 0.11~0.72 1.85~4.73 139~254 Agarwaletal., 2010

Beijing, China 49+29 82+37 45423

Shanhai, China Megacity ~ 2005.06 ~2005.08 10.0£5.5 169+122 58+42  Pathak et al., 2011

Guangzhou, China 10.5+3.7 149+58 43+1.2

Seoul, Korea Megacity ~ 2006.08 ~2007.08 274+176  9.76+£599 3.97+292 This study
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3974292 ug/m’E OC, EC$} Zo] ALHo| =7}
7 =4th o] A" EC, OC Z18]1 WSOC9| =7}
ALH S71ke olf= ALH ke 14 W&
Hip 2 s JF 2ol T 4= qle}. 5
A%k OCet WSOCE 1& &3 g &0 7] & 23
Aygol| ot e ] fiof, AL F Fkek 12k
&3t 23 A BF OC2 WSOCe] Ad ¥is &
ol FE Fotar =5

# 59 Zro] o2 Azt v B of, ECe OC
9] Fr= vl Al A, BAA Gof| &dh= FF,
AA a8y ARG 2 = F
WSOC9| -, FFETGE 52 552
Az vns] & g 2 2FolE
2003 ~ 20050 ALolA EAgt
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Fig. 1. Seasonal correlation of OC with WSOC.
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o2 7H A
24 A 7714829 sEE A A8 a9
218 ARE-5} % thH(Turpin and Huntzicker, 1995).

Ocscc = Oclol - OCpri
0C,,,;=EC X (OC/EC)

min

ojuf, OC,, (secondary OC)= 22} A/l ol A4
H OC, OC,; (primary OC)= 12} vi&el sl 24
&= OC 182 OC,, (total OC)= % OCZ OC,, +
0C,,& ¥t} (OC/EQC),,, (minimum OC/EC)= 13}
HjZ o] A 71915H= OC2} ECY B]((OC/EC),,) (primary
OC/EC)2 Hi®¥lsh=d], (OC/EQ),;,#k& (OC/EC),: &
tAlste] ARgShE ol 14k Hij & 23 A HESl
OCe} ECE gAste Agst 7d=E & = sl 9
Folt}. (OC/EC),, 72 §XE OC/ECH] F 7H4 &
2 7S FetcH(Turpin and Huntzicker, 1995). o], 2
2} Aol f71889 A nA e FFS ALER
vl s 27] 98, (OC/EC),,& & 694 Hzo] AE
R Z17) 2A A=Y AL 2, S5 71 5
kel OC,..8 == ALH 7P =%(2.69 ng/

B 93 OC F4e ojE Aol ALART Hirkn
¥ 4 gtk whEe] OC,/EC7E AL 71 &1
(3.26). &80 7V R4171(1.74) 2] 17} v
98 OC A4 ALHo] oS AR WSS & 5
SITHE 6).

3.2 DCAs (Dicarboxylic acids)

DCAsE 712EA7](-COOH)E 27 Zt= |7|4te
Z 7] |§71889 20~50%S =}A| gk (Zhang et
al., 2010). DCAs:= 34 A8 dAiol A 47 £9
AN wiZds T 1IFHoR wWiEE7| = 5taL, 2
2 Y WS S 9] Foll EAsk7l= kAR
(Rogge et al., 1993), A+ EZ o] thefsial, vhg A&
7b B3sh7] gi&Zel ol digt olsl= RES A%

Table 6. Seasonal patterns of OC,,,, OC,, (ug/m®) and (OC/
EC),.» and OC,_/OC,, ratio.

(OC/EC)y,  OC 0C,;  OC.J/OC,
Spring 245 3.11+£345 581+598 036+0.21
Summer 174 2174250 299+202 041+021

m3), 7HeA o 71AF Yokth(1.74 Mg/m3)- =Dl OC,,. Fall 2.58 1.74+£132 7.17+£406 0.22+£0.15
lI??\l—iv 7:]%%_10“ 21% 2 7]’%]_ 17,]{%]\_7] EH’E‘OH Zi]‘ }\g/%] Annual 1.74 231241 682+536 0.28+0.19
Table 7. The seasonal average concentration of DCAs (Average + SD; unit: ng/m?).

Compound Abbreviation Spring Summer Fall Winter Annual
Malonic acid MaA 3491+£17.63 43.57+27.04 2140£15.59 28.71x15.54 29.90+20.39
Succinic acid SuA 51.98+31.46 36.71£20.59 23.59+17.12 54.38+31.09 38.69+28.10
Glutaric acid GluA 13.76 +7.56 7.08+3.58 6.11£3.62 17.06+9.31 10.30x+7.75
Adipic acid AdpA 8.06+3.59 522+2.86 442+2.10 944+4.23 643+3.78
Pimelic acid PmA 4.61+£1.72 324+1.61 330+1.37 6.16+£2.54 420+2.16
Suberic acid SbrA 4.76+1.60 503+£2.22 3.85+£1.26 3.58+1.88 4.19+1.78
Azelaic acid AzA 20.07+8.76 19.20+£9.56 19.13£10.29 28.53+14.77 2146+11.73
Sebacic acid SbcA 3.62+1.22 3.15+1.46 323+1.17 500%1.77 3.69+£1.57
Undecanedionic acid UdcA 327+£1.22 331£1.31 291+1.03 435+145 338+£1.34
Maleic acid MA 3.39+£0.96 2.51+£0.74 2.15£0.56 393+1.24 287+1.13
Fumaric acid FA 1.79+£0.46 1.84+£0.56 1.72+£0.51 2.12+0.61 1.85+0.56
Methylmaleic acid mMA 4.07+1.49 305+1.13 279+1.24 575+£2.02 377+£1.89
Phthalic acid PhA 31.88+£16.73 15.02+9.60 16.32+10.36 50.78 £30.39 27.00+£22.97
Iso-phthalic acid iPhA 448+2.20 271115 391+£2.83 6.67+£3.73 4.43+3.04
Methylmalonic acid iC,A 1.71+£0.75 1.45+0.62 0.94+0.69 1.89+£0.85 141+0.83
Methylsuccinic acid iC;A 642+3.71 3.71£0.67 357155 8.53+£3.52 529+3.17
2-methylglutaric acid iCeA 2.63+£0.80 1.91£0.63 1.51£0.46 302+1.23 2.15+1.01
D-Malic acid MalicA 34.66+24.20 31.78 £39.46 20.61£24.02 25.19+£20.24 26.54+27.50

SUM 236.08+105.89 1403612233 124.33+88.38 180.26+£164.50 161.06%129.09
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Fig. 2. Seasonal correlation of OC

th(Yang et al., 2008). &

Aol A= DCAse| ¢ Bt
FEE HE =

73} Z+o] 161.06+129 O9ng/m o]lom,
o] M= % DCAsS] A WE B4 ehtA 49t
o}, A& el wjms] £ uj, 2006.08 ~2007.08 AL
°) DCAs $EE QEo] AT d2)3 $30] FEuch
L 2o $XE HelgAu, B3] B3 19T QR
o AERRTHE £ & X2 ZHHYTHE 8).
gj3io] DCAsE AgHo] E7 Z7eAY =
3 A" WES Holx| Pkt 0C,.9F DCAs] 4
BRAL Ao oj2A3 B ule| oMt
AeHo] At o2 Fo| £ v, o2 Ao Z1” #
sishlgow Qg AT Z7lur ALde] ke
17 WEolH WEE ATED 5 271 9o o
iAo 97] MEL R 2EETHIY 2).
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Table 9. The seasonal average concentration of Levo-
glucosan (Average + SD; unit: ng/m°).

Levoglucosan
Spring 223711693
Summer 7.67+4.30
Fall 2143+1831
Winter 3091+1391
Annual 21.33+17.05

E 23 3} 23 A(2007.03.06, 2007.04.01 ~
2007.04.02, 2007.05.08, 2007.05.25)¢] Hd DCAs%s
T 32152 ng/m3°i H] 3}A}Y(441.80 ng/m’) R T}
DCAs?] =x =

wobr] e, &
ol 47k BAo] WA 33 U WA FTY

2ol 7H 5t
s
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Table 10. The concentration of Levoglucosan in the previous studies (unit: ng/m°).

Location Period Concentration Reference
Daejeon, Korea Urban 2012.08 ~2012.12 180 Jung et al., 2014
Incheon, Korea Urban 2009.06 ~2010.05 28.15+9.86 Choi et al.,2012
Gwangju, Korea Urban 2001.03 ~2001.05 269 Park et al., 2006
Gosan, Korea Background 2007.03 ~2007.05 10.26 Stone et al., 2011
Guangzhou, China Megacity 2009.11 ~2009.12 118 Zhao et al., 2014
Xi’an, China Megacity 2008.07 ~2009.06 428 Zhang et al., 2014
Beijing, China Megacity 2002.07 ~2003.07 307 Zhang et al., 2008
Seoul, Korea Megacity 2006.08 ~2007.08 21.33 This study

Ae At AT M2 ATl e e A
7 =(KOSIS, 2013)9]] E&|#e] AL, E EHo| FH
719 Adshd, FHe AF5E A=A Y 5dE
Zo| A& BAH DCAsSES Z7HAL 7H5A40]
ek AR, o] F DCAs9 F=7h £9d olf
o e FF A77F 1yE Bart ek

3.3 Levoglucosan

Levoglucosane AEZ9A0] W3 WAER, A
A A2Zbof 213t v|&2] A FZE AQITH(BI et al., 2008).
2 PR =3 429 H7] £ Levoglucosan
=l o B 21.33+£17.05ng/m’0]QItHE 9). A&
ol EAH Levoglucosan?] s== F=9 H|o]4,
FAS 2Ea ARE Bope 3 FEolX|uh, v A
gof &3h= o WARTE B2 £AE E4nh
EAR oAt MR FHEEEo] LdstA B3
A= HA(KOSIS, 2013)2 AEHT £& $X5 &
FTHE 10).

Levoglucosan®] =+ AFHEZ F33 FAE B
e, ALd 7 £2 HE(30.91+13.91 ng/m’)
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HATHEE 10). o] gt AE WHs EA2 A 270
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oh AN 2 ALY S A7 A Y A Fol
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(MOGAHA, 2013)2.2 AZtE]7] wj&of AJLofA &
& 245 Levoglucosan?] 7] F s+ A& €19
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