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Abstract

Ground-based measurements were conducted from August 25 to September 8 of 2011 for understanding
characteristics of carbonaceous aerosols measured at Gosan. Chemical components and their sources were
discussed by analysis of organic compounds with identification of primary and secondary products in particulate
matter. Thus, organic carbon (OC) and elemental carbon (EC) based on the carbonaceous thermal distribution
(CTD), which provides detailed carbon signature characteristics relative to analytical temperature, was used to
improve the carbon fractionation of the analytical method. In addition, organic compounds by gas chromatography
technique with the backward trajectories were discussed for characteristics of carbonaceous aerosols. Different air-
masses were classified related to the OC thermal signatures and the organic molecular markers such as aromatic

acids and PAHs. We concluded that the aging process was influenced by the long-range transport from East Sea
area
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Table 1. Coefficient of determination (r?), analytical recovery, and level of field blank related to the organic compounds
in particulate matter.

Compounds(ng/m°) Mnemonic r? % Recovery  FieldBlIk 01 FieldBIk02  Field Blk 03
Levoglucosan LEVOG 0.999 123.75 15.46 7.82 6.97
Polyaromatic Hydrocarbons
Benzo(b)fluoranthene BBFRN 1.000 117.51 <0.05 <0.05 <0.05
Benzo(k)fluoranthene BKFRN 1.000 118.78 <0.05 <0.05 <0.05
Benzo(e)pyrene BEPRN 1.000 122.59 <0.05 <0.05 <0.05
Benzo(a)pyrene BAPRN 1.000 77.78 <0.05 <0.05 <0.05
Perylene PERYL 1.000 24.48 <0.05 <0.05 <0.05
Indeno(1,2,3-cd)pyrene ICDPY 0.999 98.31 <0.05 <0.05 <0.05
Benzo(GHl)perylene BGHPE 1.000 114.18 <0.05 <0.05 <0.05
Dibenz(ah)anthracene DBAAN 1.000 119.16 <0.05 <0.05 <0.05
Picene PICEN 1.000 113.42 <0.05 <0.05 <0.05
Coronene CORON 1.000 111.20 <0.05 <0.05 <0.05
Dibenzo(ae)pyrene DBAPY 1.000 116.60 <0.05 <0.05 <0.05
Hopanes
17A(H)-22,29,30-Trisnorhopane ATNHO 1.000 103.83 <0.05 <0.05 <0.05
17B(H)-21A(H)-30-Norhopane BANHO 0.999 105.83 <0.05 <0.05 <0.05
17A(H)-21B(H)-Hopane ABHOP 1.000 11332 <0.05 <0.05 <0.05
n-Alkanes
Tricosane TRCOS 0.999 122.36 <0.05 <0.05 <0.05
Tetracosane TTCOS 0.999 120.91 <0.05 0.32 <0.05
Pentacosane PTCOS 0.999 118.88 0.82 1.08 <0.05
Hexacosane HXCOS 0.999 117.56 0.64 121 0.01
Heptacosane HTCOS 0.999 11531 0.36 1.48 0.07
Octacosane OTCOS 1.000 115.70 1.95 2.10 0.58
Nonacosane NNCOS 1.000 118.23 0.90 2.06 0.78
Triacontane TRCON 1.000 121.84 1.32 2.33 141
Hentriacontane HTCON 1.000 119.38 1.29 2.20 1.70
Dotriacontane DTCON 1.000 118.21 1.32 211 1.98
Tritriacontane TRCON 1.000 118.17 114 1.59 1.50
Tetratriacontane TECON 1.000 115.52 1.34 1.77 1.70
n-Alkanoic Acids
Eicosanoicacid EICSA 0.999 105.33 0.13 1.16 <0.05
Heneicosanoic acid HNCSA 0.999 105.33 <0.05 <0.05 <0.05
Docosanoicacid DOCSA 0.999 102.43 0.19 0.83 <0.05
Tricosanoic acid TRCSA 0.999 102.43 0.13 0.43 <0.05
Tetracosanoicacid TTCSA 0.999 104.48 0.75 2.56 0.12
Pentacosanoic acid PTCSA 0.999 104.48 0.14 0.50 <0.05
Hexacosanoic acid HXCSA 0.999 104.48 0.24 0.84 0.17
Heptacosanoic acid HTCSA 0.999 104.48 <0.05 0.08 <0.05
Octacosanoicacid OTCSA 0.999 107.17 <0.05 1.03 <0.05
Nonacosanoic acid NNCSA 0.999 107.17 <0.05 <0.05 <0.05
Triacontanoicacid TRCSA 0.998 104.30 <0.05 111 <0.05
Aromatic acids
Dehydroabieticacid DHABA 0.998 105.86 <0.05 0.01 <0.05
7-oxodehydroabietic acid ODHAA 0.998 105.86 <0.05 <0.05 <0.05
Phthalicacid PHTHA 0.999 101.29 0.60 0.63 16.54
Isophthalicacid IPHTA 1.000 103.39 <0.05 <0.05 <0.05
Terephthalicacid TPHTA 1.000 105.63 0.39 0.19 <0.05
Methylphthalicacid MPHTA 1.000 105.47 0.30 <0.05 <0.05
1,2,4-Benzenetricarboxylicacid 124BCA 1.000 88.68 1.18 0.55 0.45
1,2,3-Benzenetricarboxylicacid 123BCA 1.000 94.66 <0.05 <0.05 <0.05
1,3,5-Benzenetricarboxylicacid 135BCA 1.000 150.51 <0.05 <0.05 <0.05
1,2,4,5-Benzenetetracarboxylicacid TRBCA 1.000 33.97 0.67 <0.05 <0.05
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Analytical technique for organic compounds
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Fig. 1. Analytical Technique for organic compounds (AMS:
Aerosol Mass Spectrometer, Cl, EA: Chemical loni-
zation & Electron Attachment, ECOC: Organic Car-
bon Elemental Carbon, FTIR: Fourier Transform
Infrared Spectroscopy, GCMS: Gas Chromatogra-
phy Mass Spectrometer, 2D-GCMS: 2 dimensional
Gas Chromatography Mass Spectrometer, HR-Tof-
AMS: High Resolution time of flight Aerosol Mass
Spectrometer, NMR: Nuclear Magnetic Resonance,
PBTDMS: Particle Beam Thermal Desorption Mass
Spectrometer, PILS-OC: Particle-into-liquid-sam-
pler-Organic Carbon, VUV: Vacuum Ultraviolet).
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Fig. 2. Time series concentrations of PM,o, PM,;5, PM, o,
OC, EC, and CO for the sampling period at the Go-
san sampling site.
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Table 2. Summary of statistical results for PM,,, PM, 5, and PM, ; mass concentrations for the sampling period.

PMyo(ug m™) PM,5(ug m™) PM o (g m™3) PM;s/PMyq PM 5 (ug m™3)*
Min~Max 51~41.6 21~37.2 1.4~332 0.1~09 3.8~41.7
Mean=+SD 25.0+8.1 15.9+6.5 10.9+5.7 0.6+0.2 20.9+8.0

*based on filter weighting method

AOD
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5 N
3
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£ |10
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140
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Fig. 3. Back trajectories (black lines) by HYSPLIT model and AOD related to three classified air-masses (ES, M, C-N)
for the sampling period.
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Table 3. Results of OC, EC, CO, and organic compounds related to the air-masses.

(average= standard deviation) Unit ES M C-N
PM ugm= 237+93 259+75 27.2+58
ocC ugm 39+0.8 23+0.8 27+0.7
EC ugm3 0.6+04 0.3+0.5 0.4+0.3
CO ppbv 121+42 148+49 161+43
(concentration = uncertainty*) Unit ES M C-N
Levoglucosan ngm 83.81+16.76 34.33+6.87 56.86+11.37
Polyaromatic Hydrocarbons

Benzo(b)fluoranthene ngm 0.44+0.09 0.38+0.08 0.92+0.18
Benzo(Kk)fluoranthene ngm 0.27+0.05 0.37+0.07 0.55+0.11
Benzo(e)pyrene ngm 0.25+0.05 0.26+0.05 0.55+0.11
Benzo(a)pyrene ngm <0.05 0.08+0.02 0.08+0.02
Perylene ngm3 <0.05 <0.05 <0.05
Indeno(1,2,3-cd)pyrene ngm= 0.28+0.06 0.30+0.06 0.49+0.10
Benzo(GHl)perylene ngm 0.29+0.06 0.30+0.06 0.51+0.10
Dibenz(ah)anthracene ngm3 0.09+0.02 0.05+0.01 0.08+£0.02
Picene ngm= 0.07+0.01 <0.05 0.08+0.02
Coronene ngm 0.10+0.02 0.11+0.02 0.19+0.04
Dibenzo(ag)pyrene ngm3 <0.05 <0.05 <0.05
Hopanes

17A(H)-22,29,30-Trisnorhopane ngm 0.06+0.01 <0.05 <0.05
17B(H)-21A(H)-30-Norhopane ngm 0.14+0.03 0.09+0.02 0.07+£0.01
17A(H)-21B(H)-Hopane ngm3 0.21+0.04 0.17+0.03 0.12+0.02
n-Alkanes

Tricosane ngm 1.35+0.27 0.90+0.18 1.14+0.23
Tetracosane ngm3 1.83+0.37 0.36+0.07 0.73+£0.15
Pentacosane ngm= 3.14+0.63 1.40+0.28 1.944+0.39
Hexacosane ngm 2.78+0.56 1.00+0.20 1.36+0.27
Heptacosane ngm3 4.24+0.85 2.13+0.43 3.33+0.67
Octacosane ngm 3.49+0.70 1.38+0.28 1.69+0.34
Nonacosane ngm 4.40+0.88 2.63+0.53 3.58+0.72
Triacontane ngm3 3.44+0.69 1.56+0.31 1.64+0.33
Hentriacontane ngm= 4.41+0.88 3.28+0.66 4.13+0.83
Dotriacontane ngm 2.74+0.55 1.34+0.27 1.30+0.26
Tritriacontane ngm3 2.94+0.59 1.97+0.39 1.80+0.36
Tetratriacontane ngm= 1.99+0.40 1.05+0.21 0.93+0.19
n-Alkanoic Acids

Eicosanoicacid ngm 1.88+0.38 0.86+0.17 1.28+0.26
Heneicosanoic acid ngm3 0.85+£0.17 0.29+0.06 0.55+0.11
Docosanoicacid ngm3 2.90+0.58 1.74+0.35 2.76+0.55
Tricosanoic acid ngm 1.73+0.35 0.96+0.19 1.48+0.30
Tetracosanoicacid ngm 4.27+0.85 3.34+0.67 4.44+0.89
Pentacosanoic acid ngm 1.13+0.23 0.72+0.14 1.07+0.21
Hexacosanoic acid ngm 2.09+0.42 2.34+0.47 3.24+0.65
Heptacosanoic acid ngm 0.91+0.18 0.63+0.13 0.84+0.17
Octacosanoicacid ngm 2.84+0.57 5.02+1.00 554+1.11
Nonacosanoic acid ngm= 1.20+0.24 1.08+0.22 1.15+0.23
Triacontanoicacid ngm 3.35+£0.67 4.63+0.93 4.88+0.98
Aromatic acids

Dehydroabietic acid ngm 4.17+0.83 4.31+0.86 2.10+0.42
7-oxodehydroabietic acid ngm3 1.05+0.21 0.18+0.04 0.15+0.03
Phthalicacid ngm= 37.63+7.53 26.48+5.30 28.40+5.68

= 7187432 A1 294 265



Table 3. Continued.

(concentration + uncertainty*) Unit ES M C-N
Isophthalicacid ngm 4.08+0.82 1.98+0.40 2.55+0.51
Terephthaicacid ngm 52.34+10.47 21.13+4.23 29.02+5.80
Methylphthalicacid ngm 5.25+1.05 3.01+0.60 3.42+0.68
1,2,4-Benzenetricarboxylicacid ngm™ 20.20+4.04 16.48+3.30 16.45+3.29
1,2,3-Benzenetricarboxylicacid ngm3 0.58+0.12 0.53+0.11 0.49+0.10
1,3,5-Benzenetricarboxylicacid ngm <0.05 <0.05 <0.05
1,2,4,5-Benzenetetracarboxylicacid ngm 2.61+0.52 2.62+0.52 1.33+0.27

* Uncertainty =20% of analytical result.
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