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Characteristics of Temperature-Resolved OC and EC Fractions in
PM, ; Measured at Anmyeon Island in Korea
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Abstract Carbon fractions can be classified as organic carbon (OC) and elemental carbon (EC) by thermal-optical
definition. In the NIOSH protocol, OC is divided by four OC fractions (OC1~0C4) and OP is determined when transmission of
laser light attains its original intensity after oxygen was added to the combustion atmosphere. EC is divided by six EC
fractions (EC1~EC6). In this study, to understand the characteristics of carbon fractions in PM, 5, especially, the characteristics
of temperature-resolved OC and EC fractions at Anmyeon Island which is a background area in Korea, routine measurements
of OC and EC with other carbon fractions (WSOC and HULIS-C) and organic speciations were carried out during two years.
Among temperature-resolved OC and EC fractions, we found that OP had distinct seasonal characteristics. OP concentrations
decreased in summer, while, increased in fall. The split points by the transmission correction between OC and EC had four
different characteristics during the sampling period. The split points were mainly located in OC4 fraction region in the
summer samples and this might be related to the high oxidation condition of PM, s sample during summer. OP had
significant correlation with HULIS-C (r*=0.52, P<.01) in summer. But in the other season, OP has significant correlation with
HULIS-C (r?=0.85, P<.01) and Levoglucosan (r’=0.46, P<.01). When principle component analysis (PCA) was applied to the
measurement, OP was extracted in factor 1 accounted for 28% of total variance (83%). In factor 1, OP was extracted with high
loading of HULIS-C and Levoglucosan which are indicators of biomass burning. So, we could understand that OP in PM, 5 was
mainly formed by the biomass burning process.
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Fig. 1. Location of sampling site at Anmyeon Island.
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Fig. 2. Thermogram of TRCs analyzed by NIOSH(TOT) meth-
od.

Table 1. QA/QC of OC, EC, WSOC, HULIS-C and individual organic compounds.

Standard Recovery (%) FB' RSD(%)
oC 932 0.62+0.34 8+4
EC Sucrose - 0.00+0.04 15+8
WSOC 95+1 1.38+0.25 0.4+0.1
SRFA? 94+2
- .80+ 0. .6+ 0.
HULIS-C NAFA? 0242 0.801+0.23 0.6+0.6
Concentration (ng/pL)
Compounds 12 of calibration curve Recovery (%)
FB mDL*
PAHs 0.995~1.000 85~115 N.D° 0.003~0.014
n-Alkanes 0.997~1.000 75~129 0.1410.01 0.006~0.038
n-Alkanoic acids 0.998~1.000 71~126 0.51+0.28 0.024~0.179
Dicarboxylic acids 0.980~1.000 63~112 N.D 0.011~0.293
Sugars 0.996~1.000 74~113 N.D 0.041~0.122

Field blank' = unit: OC and EC (ug cm™3), WSOC and HULIS-C (ppm)

SRFA? = Suwannee river fulvic acid (International humic substances society)
NAFA3 = Nordic aqueous fulvic acid

MDL*=Method detection limit

N.D®=Not detected

J. Korean Soc. Atmos. Environ., Vol. 35, No. 5, October 2019, pp.658-669



662 =2, 0lX[0|

ﬂ.l

s ZH ECE He el opE Wi gho g o5t
At & A5 TOT Ao ofFt 2 T
(Thermogram)+= 19 2°f A A5}t

0C¢t EC E4of thet A =] (Quality assurance
and quality control, QA/QC)E AAISIATHE 1). &
AATS] AT = Sucrose EFA|E YAHTHS FA
20 Foto] LAT A WAL, UEE
59 RS 3 W, 24Y Aot ARz
(Relative standard deviation, RSD)Z A|A|5F Y. vt
BHAIS 7 (Blank test, BK)2 B A|=2] OCL}t EC
2] 456 olaksie

M

|

EtAM

= o
A8 H RIIE

o

Fr
HI

2.3 PM,s LH CI2

2.3.1 WSOCe} HULIS-C

FUZ FHO| PM, 5 A& 33 SR (18 mQ)E
Y 2gut FES 7 & FAP] 2H (0.2 um
PTFE membrane, hydrophilic, Pall science)& ©]-85
of FEHS AMAZ ©] FE82 TOC Analyzer
(Sievers M9, General electric power & water analytical
instruments, USA)Z WSOCE 2415}, OCOfA]
WSOCE A| &5t 32 B84 G754 (Water insolu-
ble organic carbon, WISOC)=Z % 9]5}%it}. HULIS-C
o] A= d EAHH-LS Lee et al. (2016) 0|4 AAISH
TAE 25 (Solid phase extraction, SPE)S -84
7.0, SPEY]| AF8-SF 7YE ] 2] = Waters AF2] Oasis
HLB (Hydrophilic lipophilic balanced, 30 um, 60 mg/
cartridge, Waters, USA) o]t

2.3.2 {7148

PM,; AIROIA Tl 150l $714Re Bk
Igofl A= Choi et al. (2016)°] AAIE o] QL
kel Aol ARt BulE Sl Y 2
U o}, BETYE A g0 22 59
ol gate] B34 JEEL HIE 7kAT 2utE T #
-AFEA7] (GC-MS, Gas chromatography 7890A-
mass spectrometer 5975C, Agilent, USA)Z E451%]

1, FPHREL GEA BES AN & B

H rulo mlN'

f71REE o4 1

, n-Alkanes 177§, Dicarboxylic

o 2 Aol A 9 ARt
59] 77% (PAHs 14%
acids 193, n-Alkanoic acids 1737} Sugars 105 ©|t}.

3. 3% R Y

3.1 TRCsQ BZ EN

QAo A S 74]1*% TRCs®] & BX= 7
A 300 27k (a) OC2H(b) EC &= Uepfigi). o2
A-o| Hls| o]Eo] TRCs HE7} Hlw A e S
Q18 4= 9190, E5] OP9} EC1-39] &7} =8l
37 Yol A dolst 4= 9Jtt o= o2 AE

(@

6.00
5.00
A
E 400
2
=
£ 300
g
5
g 20 =op
© L - e
1.00 m0C3
£0cC2
0.00 oc
Summer Fall Winter Spring
(b)
2.50
2.00
HI,*.-\
g
2 15
f=1
S
g
§ 1.00 EC6
g B EC5
U 0.50 -Ect
’ B EC3
EEC2
Summer Fall Winter Spring

Fig. 3. Seasonal variation of temperature-resolved (a) OC
fraction, (b) EC fractions in PM,s.
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Fig. 4. Abundances (mass fraction of total carbon) of TRCs in PM, 5 at Anmyeon Island.
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Fig. 5. Four cases of split point of OC and EC by thermal-optical definition.
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Table 2. Correlation of OP with WSOC, WISOC, HULIS-C and organic compounds during summer and other season.
Correlation with OP (r)
Indicator Reference
Summer Other season
. o primary emission Mayol-Bracero et al., 2002;
Ws0C 0.25 0.77 and secondary formation Laskin et al., 2015
. ) Simoneit et al., 2004;

%% ’ '’

WISOC 0.1 0.59 fossil fuel combustion Miyazaki et al,, 2006
biomass burning El Haddad et al., 2009;
_ *% *%
HULIS-C 052 085 and secondary formation Lin etal.,, 2010;
Bi et al., 2003;

*% H H ’ i
PAHs 0.00 0.1 fossil fuel combustion Fang etal, 2010
Plant wax of n-Alkanes 0.03 0.25%* biogenic emission Simoneit et al. 1991
Fossil fuel of n-Alkanes 0.00 0.40** fossil fuel combustion v
C3-DCAs 0.03 023** . .
C4-DCAs 0.03 036%* secondary formation Pavuluri etal., 2010
C16-AAs 0.08 0.53** biogenic emission and
C18-AAs 0.48** 0.36** anthropogenic emission Rogge etal., 1993
Levoglucosan 0.11 0.46%* biomass burning Simoneit et al., 1999
**P<.01

A % oA ARE AT Y F7HRE
o] 4Ty 242 At S714ES B4

& A49 AEE AR QL= PAHs 159 A
ST 9} n-Alkaneso| A A1E2] o THO X EZ AL
E]1 Q)= Plant wax 5T} SHAF (Fossil fuel) %
T (Lin and Lee, 2004) 2 E5}o] 8513} T
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Table 3. Principal component analysis of OP with other car-
bon fractions and individual organic compounds.

Factor 1 Factor2 Factor3 Factor4

C16-AAs 818
Levoglucosan .765
C18-AAs 764
OP 751
HULIS-C 663
EC .884
Plant wax of n-Alkanes .825
oC 733
WISOC .696
WSOC 659
WSOC-(HULIS-C) 644
C3-DCAs .882
C4-DCAs .849
PAHs .878
Fossil fuel of n-Alkanes .807
Eigen value 4.2 4.0 23 1.9
Variance (%) 28 27 15 13
Estimated sources blomass
burning
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