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Abstract

The PM, ; samples were collected for every 6th day during one year at a suburban site in the Namwonsi,
Jeollanamdo, Republic of Korea. Samples were analyzed for elemental carbon (EC), organic carbon (OC), and
water-soluble organic carbon (WSOC), and levoglucosan. Although the water-soluble fraction of fine particulate
OC consistently showed over a year, levoglucosan fraction of WSOC varied considerably from month to month. In
this study, non-biomass-burning WSOC (WSOC;;) and biomass-burning WSOC,, were calculated with
measurements of organic source tracer, levoglucosan, to better understand the temporal distribution and sources of
WSOC. Two methods of predicting the secondary organic carbon from the biomass-burning WSOCg; Method and
the EC-tracer Method were compared. Poor correlations between SOC estimated between two methods suggested
that the use of the EC tracer method to estimate SOC may be significantly flawed. Direct measurements of

levoglucosan and WSOC can provide a reasonable estimate of secondary organic carbon concentrations.
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ZUAEA] (PM,5) 2] 70%7HA] FA &&5 e
L 87| E (Andrews et al., 2000)& & BEX7|&=2
HE 35y AES 25 9E £ gloe AR, 571
A A E (organic molecular marker, OMM)& £4] 2
2 $ERIS o] &3 frIEas] WU A7t &
9s) A= Qlth(Khuzestani et al., 2017; Zheng et
al.,2002; Schauer et al., 1996).

ZOAHA] Y SAAEL F7]8k4A (organic carbon,
00)9} YaEt4 (elemental carbon, EC)2 FAEH
(Mader et al., 2003), &2 Mg 9 o4& A4 3o
A B EE ECYE thEA, 0CY 8 Aoz
X)X & 4~ (biomass burning, BB) (Bae et al.,2012), =2
H WA (Park et al., 2015), ZHE A4 A& ZH wiEol
9%t 12} §-7]8k4 (primary organic carbon, POC), 71
23 FostA whgof oJg 22} f7]¥k4 (secondary
organic carbon, SOC) (Bae et al., 2017) 5] 1t} OC
= thA] 844 (water-soluble organic carbon,
WSOC)9t E-84%4a(Ee AATL)E Us 5 9
th WSOCe SAHog2 $R AYste] 2135
& A3 (Ciarelli et al., 2017), +& §Z 3 (cloud con-
densation nuclei, CNN)©2. 2 Zrg35}o] 7|EH3}o]|
32 u|A = Aoz dHA Qlth(Saxena et al., 1995).
Eah A2 HE 54 Aol ofahd, A St 2
2 FEAo] th(Bae et al., 2017, Wang et al., 2013).
WSOC 24 ¢lez aA (1) Y F7133E
(volatile organic compounds, VOCs) = 12} vj& A
2o $7 EL 9 (nucleation) B0l T2 Akt
o o AWAH 22 §7|ekA e} (Kanakidou et al.,
2005), (2) HEZFFA(levoglucosan, 1,6-anhydro-f-
D-glucose, Mnemonic: LEVOG)2] §7|XBAAES =
Aot A Az 9% 1A frivaE FERETD
(Sannigrahi et al., 2006). At} ¥l&2] FFE WA ¢
I, b7 5 GE AR dESRIAE P 2
Al AAAA G| FEAEO|T}(Simoneit et al.,
1999). o]¢ll, WSOC Wjoll EAs}t= 23 71540t 4]
Ao A 7ogE &%t AL, AAT 7]
TS}, AA ol BAT 71 A% 4 B4
4 7|1 2 5ol H-gsl=t] wj-¢ FLosict HEIF

2 FAR] A7 BAL Gas Chromatography/mass
T A = graphy

D71 A A 34 A A2 &

spectrometer (GC/MS), Aerosol Mass Spectrometer
(AMS), two dimensional Gas Chromatography with
Time of Flight mass spectrometry (GC X GC-TOFMS)
(Bae et al., 2012; Hinwood et al., 2008) 5 T}oF3t v
o oJaf BAE 1 glth. GO/MSE o] g3 BAl up e
718 E o8 F& H Ao B2 Alxtol
ST, AMSE FESFIN 2 {I7IAELE
= B4, A% EAlodle B2 AF wHY FEL
2 oPAZIA| A 40l A} e

2 7= AHRE gl AT SH A |
EZt 6 714, 2447t 27 A RE HIF Lo E, A
AznEIHYE o&F JEHSFIL E4= S
23 §7Bast 4y <3k WSOCH A 7|
oI AT £, 7122 0C % ECE) )&y
ol o8} A4ke SOCS} vl EAsheict.

2, A7 Wy

2.1 ZF HA

7] % OC, WSOC, #l B ZF I3RS B4 stuat A
2 FHA A7 YAE tf7] £744(3546°N,
127 46°E)| A 2014 12958 2015 11974%] o
6Y 747 24X17t Tt 18 EHAX] (Tisch Envi-
ronmnetal, Inc., USA)E ©|£3}9, 1.13 m*/min &5
3lo] A I E (2500QAT-UP, Pall Corp., USA)|
PM, & ZAsgth 2 SH4e 9Ny =4 5F
2o A3 Jom, A% oF 1kmof 128 1&E==27}
AN Utk ZHA T BB W BELS SQAG0

2 weRgolth (g 1).

2.2 Ojutx| 2

OC Y EC+ National Institute of Occupational Safe-
ty & Health (NIOSH) 5040 =2 & & (protocol)& 7]
2 3t g&4EA7] (Carbon Aerosol Analyzer, Sunset
laboratory Inc., USA)E o] &3} t}(Bae et al., 2013).
7+ek3], NIOSH5040 520l T2 Aaof o3t ghas &
N3} 7 B T8l 98 OC L ECE 2] 24
Hr}h 0789 e’ 2 AehE Mg o] 7x]of] T (sucrose)
2 0|83 9% HEEY U 5% CH, ¥ BEBAL

BAsie] A= ) OCECE 3% BAsigrt. o3 =



LR PRI W A A W 22 Kol OF 7)o A7 261

Latitude (°N)

~
~

123 125 127 129 131
Longitude (°E)

Namwonsi
S

355

353

35.1

127.0 127.2 127.4

Longitude (°E)

Fig. 1. Sampling site (Nanwonsi, Jeollanamdo, Repuplic of Korea).

2274 2 Y 2B Hl&L 100+300%2 &
Agon, YaHEA A} 100+3.68% o] FL=E
UpEhi.

WSOCE 1650ecm’2 s 4 ¢ o7z of 40 mL
o) Zefolom 12087 287 228940 o|F A
PR o7} (PVDF 0.45 um pore size, Agilent, USA)
£ AHESt B84 EXS AAS ¥, T =84 Al
FE total organic carbon (TOC) £47] (Sievers M9,
GE, USA)Z B4j3kgich. 712ka], QAHH,PO,) T THaE
3} A (NHY),S,00)S 22 2 9 0.5 ul/min §-3F2
2 3 USAA UV 7t A AFueZd
UV 937} BEER) RS AR RYR olfuu,
254nm?] UVo| o3 4t3te g7t A=k HE7|9
o3 RAEM Ar|Hee HEV]O 3 A" F
Sash 27]8h40) AR NE WSOCE A&

=

2.3 YESFIH(LEVOG) &4

A AR o] HHE ARE 40mLe 2
WA AT o g FE5t0] WSOCE AR-A %,
e A 2utE 181 (Metrohm 930, Switzer-
land, Pulsed Amperometric Detector (PAD)E ©]-835}4
Bagshn BAFHTIA GuIRIAS LYY
oh B4 27 9 B4 RS T 1o dehsick 2t
2F5|, Metrosep Carb 2 2 H-& 0|-835}¢], 0.8 mL/min &
% skl SmM NaOH &4 27 of|A 250 pL Y8}
o] PAD W Au A=o] & Az Wi HEISFIAY

Table 1. Operational conditions of LC-PAD system and
Analytical Quality Assurance.

LC system 930 compact flex

Column (Guard) Metrosep Carb 2 -250/4.0
(Metrosep Carb 2 Guard/4.0)

Eluent 5mM NaOH

Flow rate (mL/min) 0.8

Injection volume 250 uL

Detector Amperometric detector
Electrode Au

Voltage step 1 0.05V
Voltage step 2 055V
Voltage step 3 -0.1V
Time step 1 300 ms
Time step 2 50 ms

Time step 3 200 ms
Retention time 10.41 min
Analytical quality assurance

Duplication (%) 100£5.52%
Recovery (Actual/Target, %) 100+ 1.32%
MDL" ng/m’ (ppb) 1.81(3.31)

Ymethod detection limit

A dHolE EHsitt. @7 FA|E (field blank) £
Mg 3l AT =E HAT AR Y gEIFIA

=8 gzsleh AAEA, 858 AT 22 100+
552% 9 100+£1.32%=2 e E3F °F 10 ppb2
REARE 7Y BT REUAY 3142 Re] 24
Z] A8 (method detection limit, MDL)= 1.81 ng/m’
(B4 589 5% 331 ppb)2 LERtTh 2 AF0IA
£ MDLET B2 Xg8E F A& 4774 Fol= Yet
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Fig. 2. Chromatogram for Levoglucosan from LC-PAD.

UAl g9kt 13 2% LC-PADY] BA%74& 0|43}
of EFAR(B42ppm) D AR (20149 129 7))
24 320t a8g A2 Yehf gt

2.4 WSOC L{ A|MHAA 7|0{Z (WSOCy;) 24

23} f71ekael AP A4 s WSOCo] g 3
FA 71fFe BRI BY EI RIS ol
3t A AA v &S o] 838 %ThH(Feng et al., 2013).

WSOC, OCy;
WSOCy; = X Levoglucosan
OCy;  Levoglucosangy
M
A A (DHE F3) WSOC W A A o] &7t 7o

2 AAF . WSOC,,/OC= Sannigrahi et al.
(2006)«1 AtZdn= Ry A4E G en, OCyy/Levo-
glucosangy= A3 AN A5 2] B+t
ZFE o] &3 TH(E 2) (Salma er al., 2017; Calvo et
al., 2015; Goncalves et al., 2011; Puxbaum et al., 2007;
Fine ez al., 2004). 245 752 0.24+0.04 (B +95%
A2 p2)S ALt 4 (1)9 Levoglucosan &
Q7oA LC-PADZ E4H A3} gh2 Uehict,

WSOC 5 = WSOC; — WSOCy, )

A(HZEE A&"H WSOC,;9 TOCE EA4H
WSOCe] Ay} ghe] Xpo]2EE WSOC 5 H|4 A
2 7], 2 23 §7|8 A 7|oFS HE A&

k.

D71 A A 34 A A2 &

Table 2. Ratio of Levoglucosan (LEVOG) to OCgg.

LEVOG/

Ref N
0Cy eferences ote
0.136 Puxbaum et al., 2007 -
0.179 Salma et al., 2017 -

0.108~0.409 Fine et al.,2004 -
0.063~0.129 Calvo et al., 2015
0.101~0.582 Gongalves et al.,2011 Except Briquettes & Olive

AE ol&ste W 9

olgsto] 13} frIEa) 27} frlEaE T
6}% o2 ‘iekAd =AM (BC tracer method) S
ol g5tk B WS 7AW AFAE 4
Ya) 20]3 glon, o] 4] (3)0] LR ek (Aswini
et al., 2018; Yu et al., 2015; Turpin and Huntzicker,
1995).

E AN, HEEFZ

T

l"

SOC=0C; — ([OC/EC],; X EC+ OC,, comp) 3)

2] (3)9] [OC/EC],e 12+ HiE o2 RE 7|8
OC%} EC9| H]E YEHHH, OC, . comiz HIH4 12}
7|gaE ou|ste, OC,¢F EC= & Aol gag
A718 S8 249 47 § gas=E Uehdo &2
AT A= [OC/EC],1m® OC,gneom®ll THEE 54 W
= ¥ #4& OCECE T8t H&sh= T (Yueral,
2015; Lim and Turpin, 2002; Strader et al., 1999)2 A}
43519tk =, OC/EC 8+9] 107]9] A 3)7]4]ozr
g AAE 7]L7]1eF dH (OC=5 63EC+0.653, r’=
0.83) 0|83} 23} 7|4 Axtalgr.
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w

2 ¥ o
20149 1295€ 20159 119717 g SA 2004
A= OC, WSOC, gl EZ& 34k EC, WSOC/OC, 1
I HEFFILH(LEVOG)/WSOCS| AA| B3t

3o YetRlch &2 ATl AHEE 9 HolE =
A MDL o]} & F 474 & tlo]EE o]-&3}o
EA59TH 0CY A 5.69+2.08 pg/m’ (BF+EZ
Hz}), WSOC (3.32+0.97 pg/m?), FEZFEIA
(0.30 £0.38 pg/m’), EC (0.59 +0.23 pg/m’) 2 rebyty.
OC Y] WSOC¥9] H]-&(WSOC/OC)2 0.612 EA 5o,
ok 61%7} - 4AFAH RO FAEH, WSOCS} 3]
Ragae Hge sez BAEHg dudos
RIS A ALY dS wol Wi
Aoz Buggich @rlo] 24N SHE HEIF
FA] =l o2 19ng/m’, ALE 420 ng/m’22
el o (Pashynska et al., 2002), L AEF L] o}9]
A% & 270ng/m’, A2 5200ng/m’C 2 RIE
ithJordan et al., 2006). T3, QA=Y A|o}of| A AR D
WY A] 9400ng/m’ S 2 TEL 7} B 1 E ] O n (Radzi
bin Abas et al., 2004), B2}2 2] FL A7|of 2,006 ng/
m'o2 $7] 44ng/m’o| vl3| oF 4508 o)A B 5
7 Uehd, Aol g AEA, g7) e &
T Wolg Yt gk, Eutet FolA A4
AZto] 28t ggFo 2 1,754 ng/m’0] B %| Q]I (Park
et al., 2006), L, F7HE oA th7] AP 7]o&
ALE A8l 49 HEIFFIA0] T17ng/m’ o2 B
& %ich(Salma et al., 2017).

2 AT £4E ¥ F=E i, 0C ¥
WSOC £ 20159 19 9.13 ug/m* & 493 pg/m*o. 2
24 717 F 7P =2 BS UEith 79of 428

fr B W fo

Table 3. Results of OC, WSOC, Levoglucosan, EC, WSOC/
OC, and Levoglucosan/WSOC.

Compound Unit n" Average SD?
oc pg’ 47 5.69 208
WSOC pg/m’ 47 3.32 097
LEVOG pg’ 47 030 038
EC pg/m’ 47 0.59 0.23
WSOC/OC - 47 0.61 0.07
LEVOG/WSOC - 47 0.08 0.08

YNumber of sample
?Standard deviation

pg/m’ 81 2.67 pg/m’ o2 7P W2 FAgSs o
th 20169 2o5d A& 99 FUA T
Korea US Air Quality 4% <1 (KORUS-AQ 2016 Cam-
paign)oll Al X% OC X+ 485 ug/m’22 By
131 (Jeong et al., 2017), 2016 2¥o) EEdjstwof
A #A4E WSOC 5= 2.61 pg/m’et vlwd w, gl
BEAHY FEL NS BEY A9 wastel A
Ho| OC ¥ WSOC 25 oF 194 =2 502 &
Tt o] A& Ho| OC & WSOC 2% Z7}18l=
A o, WSOC % SOC S7tEt} A A4
712 dgE ESF A 5= 2014 1199
S7Ft7] AlZbste], 14 1,155 ngm’ 2 7H &7
Uelgon, o]% o FHR s ¥2 gE UEY
o] 64 33ng/m’2 BAE It o], 1€o] 70| Hla}
ofF 358 #A 2A4H, ALE A AAL7t st
A detgch 2 54 AR FHAA 5Fo 91X
35 A wYRgez Ao FHl giRio] A
23| ofgo] HHAAE o] &S AT o, HE
S5 F=o A A #eo] At

WSOC 9 0C¢] 9 H|& HIE AHEH(TH
3(c)), A% & HIE YEhRA] ool WSOCe & F
ARl A AL 9 22} F71HA0 A-A FFo] =
T &4 712 Y EAEE ¢ = itk 58] gEE
F34 9 WSOCe| ¢ Hl& HIE ATEH (Y
3(d), ALE YEIFIA 5= 2 A4S U
o], AXE AALT} 23 Rrlea JFEG A
Aoz A YeEldS & 4 Ut} Sannigrahi ef al.
(2006)9] AZAZ 9 A (1)o|A AHEE 0.24£0.04
(B £95% AZ5E) FLoEEH AEd HRIFL
A WSOCQ] H&2 0342 EAE|o] 2 HAoA
20144 11€ 027 2 20154 1€ 02137} H] 23] 2 o,
SAFSE 7k YERlth(Salma et al., 2017; Calvo et al.,
2015; Goncalves et al., 2011; Puxbaum et al., 2007;
Fine et al., 2004). Z1}A o2 Ao WSOC U 2]
Aol o3 FFo] AiHez wie A yEht
o, o= 23 f718a o] ZA ekt

I3 4(a)= A (3)Y datrd Y Y3f A4td
U 2% frIe FE HEE OCY 344 vehd A
ojtt. & 23 {7949 FEE AHEH, 20159 1
4 483 pgm'e g B4 717t F 7MY w2 Hdas

Uepon, o] 3 2kast7] A#Fste] 590 2.65 pg/m’

)

tlo i

oN W X
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Fig. 3. Monthly variations of OC, WSOC, Levoglucosan, WSOC/OC, and Levoglucosan/WSOC.

o2 thA] F7FsHElTh ESE, 28 4b)oll A 2)ell )
Axte A WSOCyp =5 HEHH T 7]A,
WSOCyp= BRI A4, & 23} §7|6AE oJu|gict.
AxrE ¥ WSOCyy B E= 201549 1€ 0.86 pg/m’
9] Hagtow BAMEQon, o]F Z718l7] A&Fsto]
6¥7HA] A &E= AR eyttt 29 4(c)el 4l(1)
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o] HHIFILS o] &3to] Z4F UE WSOCy 5
=5 YEUIY. €8 WSOC,, s=8 dHHH,
20149 129 % 20154 1€ H4 3.19pg/m’e 2 EA4
12 F 7H w2 Bdhe YEReH, ol WSOC
F 69%°] PRIt 20159 24 o]F FAashr] AlF
st 9ol 002 pg/m’ o2 A4S YR oo,
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Fig. 4. Monthly variations of OC, SOC, WSOC,zz, and WSOCg; with 95% confidence level.

obgolof ot AFHL FRE wol w2 20149 11
<, 1249, 20159 14,2015 11€ (cold season)} L}
W] g(warm season)®] e WSOC Y] WSOC,,; ¥
WSOCyy; w82 1" 5o Yehith. &4 23}, cold
season?] ¢ WSOC & WSOCg;of &3t Fgko] 48%
2 EA vebgt e, warm season®] -9~ WSOCy;°]l
ot ol 93%= FA UEht, WSOCQ Qe
2 ALH A8AL 9 9JFE SOCe| o3t dFe s
2F &4k

Ao 2 vk 2 o3 A4t SOC
&t 4] (2)9] gl AL WSOCyy, 5=l thet 4
HHAE 39 69 HEteh 23, AA B4 Zz9

et A 2ARAS0)7F 0012 vehy Aol
gl ASZ YT shA|RE, warm season®] 35}

€ 495 E 997HA A 2AAS )7 0.63 (2
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Fig. 5. Percent of WSOC contributed by WSOC,;; and
WSOCg; for the cold and warm season.
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Fig. 6. Pairwise scatterplot between SOC calcuated by
EC tracer method and WSOC,; by Levoglucosan
applied method colored by the sampling date.
(Note: the correlation plot shows only from April
to September in 2015)
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HIF23A BXL B3 A3siact. 23, A3
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Ao g FFol g A dehgon, o
o= 23} §7)ekio] 93t ko] 93%E =7 vret

D71 A A 34 A A2 &

U A dde] ofgh gapo] WS wH|st Ao BA
H5iet. B3, 7|20 dawka 2] o8 Ae
23} §7Iekao} AR IRIA A0 0|8 23} 7]
& HE B 23 danh 2y o) A
£ ALHe] TojH7t Hof, £ mYL of

27} §7ghA
825 271 2] v Folshof gk

H o guol glo 2 $HaA T sH(NRF-2017
RID1A1B03029517, NRF-2015R1A2A1A10053971
2 NRF-2017M3D8A1092222)2] XY wto} 4=~3§%
A7 ATYUTH 2 ATE 95 ALTistm may
39 BRRAST BE A7Y L Bh BA) ofz
A Bxojstn 43 249 ATAYA 2L 7
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