g 71 EA A3 A Als

J. KOSAE Vol. 31, No. 1(2015) pp.28~40

Journal of Korean Society for Atmospheric Environment
DOI: http://dx.doi.org/10.5572/KOSAE.2015.31.1.028
p-ISSN 1598 -7132, e-ISSN 2383-5346

CHEXY th7] & PM, 2 7I[E29 MR

ALY 54 AT

Seasonal Characteristics of Organic Carbon and
Elemental Carbon in PM,; in Daejeon

hl o =
(20153 2 294 A 4=, 20159 29 13 74,2015 29 13 | &)

Hyosun Kim", Jinsang Jung, Jinhong Lee"” and Sangil Lee*
Center for Gas Analysis, Korea Research Institute of Standards and Science
YDepartment of Environmental Engineering, Chungnam National University

(Received 2 February 2015, revised 13 February 2015, accepted 13 February 2015)

Abstract

To investigate the seasonal variations of carbonaceous aerosol in Daejeon, OC (organic carbon), EC (elemental
carbon) and WSOC (water soluble organic carbon) in PM, 5 samples collected from March 2012 to February 2013
were analyzed. PM, s concentrations were estimated by the sum of organic matter (1.6 X OC), EC, water-soluble
ions (Na™, NH,*, K*, Mg?*, Ca?*, CI", SO,*", NO;"). The estimated PM, 5 concentrations were relatively higher in
winter (29.50 # 12.04 ug/m®) than those in summer (13.7246.92 ug/m*). Carbonaceous aerosol (1.6 X OC+EC) was
a significant portion (34 ~47%) of PM, 5 in all season. The seasonally averaged OC and WSOC concentrations were
relatively higher in winter (6.57 #3.48 ugC/m® and 4.07 #2.53 ugC/m? respectively), than those in summer (3.07 +
0.8 ugC/m?, 1.7740.68 ugC/m?, respectively). OC was correlated well with WSOC in all season, indicating that
they have similar emission sources or formation processes. In summer, both OC and WSOC were weakly correlated
with EC and also poorly correlated with a well-known biomass burning tracer, levoglucosan, while WSOC is highly
correlated with SOC (secondary organic carbon) and Os. The results suggest that carbonaceous aerosol in summer
was highly influenced by secondary formation rather than primary emissions. In contrast, both OC and WSOC in
winter were strongly correlated with EC and levoglucosan, indicating that carbonaceous aerosol in winter was
closely related to primary source such as biomass burning. The contribution of biomass burning to PM, 5 OC and
EC, which was estimated using the levoglucosan to OC and EC ratios of potential biomass burning sources, was
about 70+ 15% and 31+ 10%, respectively, in winter. Results from this study clearly show that PM, 5 OC has
seasonally different chemical characteristics and origins.
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o] Balgd7de] 2.5umel I E (Tisch Environment
Inc., USA)E AX|g slo] &F oo A& (PMIO
HVPLUS, Tisch Environment Inc., USA)S A}8-3}]
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9] F=x AlE AFAHANAM d=F 1.8km Hoil o
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o} (http://www.airkorea.or.kr/index).
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A Al frlekAel daEbae] RS Yl (Ho]A)<)
3} % (Transmittance) S ©]-8-3}91 =} (Brich and Cary,
1996).

AELHE JH (AF 35mm= Aehfle] 10mL
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Levoglucosan, mannosan, galactosan+= lon chroma-
togh (Dionex ICS-5000, USA) #1]Z o]-8-3}o] High-
performance anion-exchange chromatography (HPAEC)
- pulsed amperometric detection (PAD) B} o 2 A
i e} (linuma et al., 2009). B4 %2742 % 13} 7o
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Table 1. Analytical conditions for ions and carbohydrates analysis.

Parameter Cation Anion Carbohydrates

Column TonPac CS-12A (4 x 250 mm) TonPac AS15-5 um (3 X 150 mm) CarboPac MAT1 (4 x 250 mm)
Detector Thermal conductivity detection (TCD) Palsed amperometric detection (PAD)
Suppressor CSRS 300 (4 mm) ASRS 300 (2 mm) No

Eluent Methanesulfonic acid (MSA) KOH NaOH

Eluent flow rate (mL/min) 1 0.5 0.4
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Fig. 1. Seasonal PM, s composition measured in Daejeon. Size of the pie chart is proportional to seasonal PM,; con-

centration.
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Fig. 2. Temporal variations of OC, EC and WSOC concentration and OC/EC ratio, WSOC/OC ratio in PM,s.
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Table 2. Seasonal OC, EC, TC and WSOC concentrations
(rgC/m®) in PM,.

Mean SD Min Max
ocC 5.77 2.71 3.19 9.54
Spring EC 0.74 0.23 0.31 1.08
(n=13) TCV 7.4 3.07 3.5 15.5
WSOC 3.37 1.55 0.83 5.93
ocC 3.07 0.80 1.61 431
Summer EC 0.49 0.19 0.28 0.93
(n=13) TC 3.57 0.83 1.9 4.86
WSOC 1.77 0.68 0.75 278
ocC 5.84 2.56 1.98 10.54
Fall EC 1.23 0.48 0.35 1.84
(n=12) TC 7.07 291 233 12.1
WSOC 3.23 1.28 1.36 6.16
ocC 6.57 3.48 3.68 14.80
Winter EC 0.77 0.33 0.42 1.49
(n=12) TC 7.34 3.74 429 15.78

WSOC 4.07 2.53 1.64 9.91

DTC (Total carbon)=0C (Organic carbon)+EC (Elemental carbon)
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=% (1.2340.48 ugC/im’) =, 20| 713 o+
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WSOCe| sx ALl 74 ¥3, oA gl x
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Table 3. Seasonal ionic species concentrations (ug/m®) in PM, . The values in parenthesis are standard deviations.

Na*t NH,* K* Mg>* Ca>* Cl S0,%" NO;~
Spring 0.16 (0.16) 3.9(2.03) 0.33(0.24) 0.04(0.04) 0.16(0.11) 0.18(0.22)  7.93(4.77)  6.00 (6.28)
Summer  0.11(0.09) 206 (1.51) 0.14(0.15)  0.01(0.02)  0.04(0.02) 0.02(0.02) 550 (4.58)  0.43(0.39)
Fall 0.09 (0.05)  2.59(2.10) 0.25(0.27)  0.02(0.02)  0.08(0.04)  0.27(0.3)  4.18(4.05)  4.56(6.03)
Winter 0.13(0.03)  3.89(1.59) 0.38(0.27) 0.03(0.02) 0.08(0.04) 037(021) 6.86(4.18)  6.48 (4.20)
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Fig. 3. Seasonal scatter plots of OC versus EC.
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et al., 2007; Huang et al., 2006). ]2 o]-f-= WSOC
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Fig. 4. Seasonal scatter plots of WSOC versus OC and
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dence.
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Az AT OCECPsE o|F o) gshe] +
A8 SOCe xS = 4o Yehlglek OC & SOC
Ak wge odgel 8% g e
Agol 15%z 7V Jskeh mebs OCs} ECo) 4
A7 493 G 53R 008 A9 e A

J. KOSAE Vol. 31, No. 1(2015)



34 QA - AN AE - o4

Table 4. Results of (OC/EC)pri, SOC concentrations and
SOC/OC ratio.

Table 5. Seasonal biomass burning tracers (levoglucosan,
mannosan, galactosan) concentrations (ng/m?

(OC/EC)pri  SOC (ugC/m?*  SOC/OC ratio in PM, .
Spring 5.74 171 0.28 Mean  SD  Min  Max
Summer 2.72 1.88 0.58 Levoglucosan 115.63  82.54  18.26 294.13
Fall 3.84 1.35 0.21 Spring Mannosan 11.86 8.43 1.59  29.49
Winter 7.28 1.26 0.15 Galactosan 2.95 4.95 0.00 13.17
Levoglucosan  18.58 9.38 4.16 3093
Summer Mannosan 1.79 1.06 0.00 3.81
10 Galactosan NDV ND ND ND
Spring Summer L
8 g Levoglucosan 227.68 161.54 1571 544.02
1& Fall Mannosan 24.10 18.47 2.89  63.25
(53’3 64 P Galactosan 6.00 6.71 0.00 17.43
3 "o %
8 44 e o 1 Levoglucosan 312.84 184.98 14530 712.23
n 2 0© R?=0.54 | | ﬁ/ - Winter ~ Mannosan 34.71  20.89 17.26  80.48
5o © (X R?=0.76 '
o0 Galactosan 15.73 6.46 899  27.75
0 V 0‘ O'o . . |/ : . - :
10 = - YND: not detected
Fall rd Winter 7
ol 81 3 .«/ e
£
% ° 7 ; < 0.03, 5 0.66, 7+ 031, AL 00002
O ] 0 ~" R’=0.56 i
31 7 e 4§l AAGT e AL vls) wA ekt
21 /o 1 g WSOC7} shshitgel ols) A= FHT
04908 V Be®0 O | =
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WSOC (ugC/m?) WSOC (ugC/m?)

Fig. 5. Scatter plot of WSOC versus SOC. The dotted line
indicates the 1:1 correspondence.
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A A 7ot} (Bond et al., 2004; Streets et al., 2003a).
AA 7oz RE 71EE S s $§)
gutAd o 2 YA A7 FH A} (Tracer) 2 220]+= levo-
glucosan, mannosan, galactosang 24 &}9] o, B4
Ao = 5ol depldek A A 24 BE AL
o ¥ BT ofEel B SxE vehen, A
Arow vge e niFR sleh £ P
2 AN B K o)& 94| vho] )2
Qxel Slelme FAshed del ApHm sl
(Park and Cho, 2011; Duan et al., 2004). £ & F-oj| A
= levoglucosanz} K*o] AAEMAF} mE A Qo
’\‘] o ARBAS BHelF T itk KH2 levogluco-

san¥} 2] A azpEnt ohet G, EFYA 5
tjekst Az 2 ¥E] wjE%Iv} (Zhang et al., 2010; Pio

et al., 2007; Schauer ef al., 1999). wehr] Ko A<
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o= mel], 2 AN K'= A4 FH4
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Table 6. Correlation coefficient (R%) among levoglucosan, carbons, K*.

Levoglucosan vs OC Levoglucosan vs EC Levoglucosan vs WSOC Levoglucosan vs K*
Spring 0.24 0.49 0.34 0.20
Summer 0.30 0.11 0.12 0.20
Fall 0.55 0.71 0.37 0.22
Winter 0.79 0.83 0.67 0.25

AN AR F P FE pEE B

[ R5s
levoglucosang o] g3k} OCs} EC2}8] 434 &
ANsgem, £ 69 4RAFR)E Helshgieh

Levoglucosan OC, EC¢}e] AF#tA o] 71&3) 7L
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Fig. 6. OC and EC concentrations emitted from biomass burning and biomass burning contributions to OC and EC.
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