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Assessment between MSA and Land Originated Secondary Organic
Products of PM, ; Using LC/MSMS in Gwangju Area
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Abstract Understanding sources of PM, s methanesulfonic acid (MSA) from land originated emissions can provide valuable
information for ambient sulfate formation. This study determined the main chemical compositions of PM, s (i.e., organic carbon
(OCQ), elemental carbon (EC), water soluble organic carbon (WSOC), water-soluble ions, and secondary organic products using
liquid chromatography tandem mass spectrometry (LC/MSMS). The sampling sites at the Gwangju Institute of Science and
Technology were selected for comprehensive PM investigations in the wintertime of 2017 and 2018. As a result, MSA presents
higher correlation coefficient of 0.88 with secondary organic compounds of land originated 2,3-dihydroxy-4-oxopentanoic Acid
(DHOPA), 3-hydroxyglutaric Acid (3-HGA). However, lower correlation coefficient of 0.21 with levoglucosan is shown. This study
can provide land originated sources into the MSA, which could be a contributor of sulfate in PM, 5.
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1. o) A y Aol 2 &ElA 912 (Kettle and Andreae, 2000),
olZA F(S)L g-gol= nHAE 1= Ao
S AEL o2 RE IS methanesulfonic acid 2 585 283 Bab off2t (Meskhidze and
(MSA)E 2% 29 HISEUa B4HE (SO,2)E Nenes, 2006), BAL A1 5 7|5 #3}of 27k 2 0
A7dstd, olofl izt 7] & wAHA] AFA 710" & FF2 2L AT (Liss and Lovelock, 2007). 21912
A7} QARLE AFE I Uh(Eisele et al., 2008).  AAIY Tofl Qg WAEE 50,2 IH= P, MSA
MSA+ gutd oz ofF EFAEo] oo FAH o FIAAULNL DMSO| AFshg o 25 7]Q1517]
dimethylsulfide (DMS)7} At3t=|o] A/ H Tt (Scarratt  Whizoll, 1Y 2 S4719& F8sk= A2 ow
et al.,, 2002). S| DMSQ] HlE FHA = 15~33TgS LA Uth(Legrand et al., 1991).
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SHAE, Z2 A7-a o] w2, MSAE SiA71d
T} tlEo] $2]71¢ DMSet /o] Q1T (Golly et
al,, 2019), 9 &5, 4 HiE H A oA H
Z5 ZIRFEY At BE o glow
(Chen and Finlayson-Pitts, 2017; Kunwar et al., 2016),
we] A S BE2RE 7|Q1%F MSA A/ (Boz-
zetti et al., 2017), OAkE E7|Y DMSEHE A4
% MSA (Jardine et al., 2015) 5, TFFSH ol o 2 B g
2 7570l Sk o] A theRt HE 2R E HA
H MSAE amine ¥ ammonia®} ¥H-55t0] A 2.2 0]
HHA]Z APAITH (Chen et al., 2016). F+ Q1A
of &JshH, AP A4 2 7EAHL] levoglucosanih= B
< TS UERAIEE, Agk ddof o 23F 771
A2JE21 dicarboxylic acids@t MSA 7FHo]| =2 4434
=0.84)& Hof MsA] tigh Mz wiEdde B
ST} (Kunwar et al., 2016). A2 MSAE T
= A EH F= AotololA] 0.34 ug/m® (Wang et al.,
2006), °|&&o} Salento &k oAl F 0.02 pg/m?
(Perrone et al., 2013), o|&&| o} Azoto] 9J= Corso
Firenze, Multedo, Bolzaneto =AOA] S3H k=
Z¥7} 0.08, 0.06, 0.05 ug/m? (Bove et al., 2014)2] 5= 7}
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MSA, levoglucosan, 2,3-dihydroxy-4-oxopentanoic
Acid (DHOPA), 3-hydroxyglutaric Acid (3-HGA)= i
et 84 712 BAEE liquid chromatography
tandem mass spectrometry (LC/MSMS)E ©]-8-5to] &
Asat, MsASke] /& FASHITH(THE 1).
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Fig. 1. Marine source of methanesulfonic acid (MSA) and its associations with anthropogenic and land sources.
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2.2.1 #EHR7IXRYR
FEAR7IX B RS FASHALA LO/MSMS (LG
1200, tandem-MS; 6410, Agilent Technologies, USA) &
gatol, B4 W EASHE 28487 ABYES
*—1 STt (Lee et al., 2018). 1182 LA o]
A A ARE 10mLe] FFSS o5l 4°C
A fA| £3H7] (CA-111, Eyela, Japen)2t Z-
71 (8800, Branson, USA)E ©]-8-3] 1208 Bt =
FoATh A1 2] oI T2 (PVDF 0.45 um) 2 o] 7Het 2%
FE N, B4 H7H] WA skl LO/MSMSE
atmospheric-pressure chemical ionization (APCI) sour-
ce (Nagy et al.,, 2006)E ©|-85t, =84 F7IHEE
2 oleskt %, % Ao] 27 Wap 241 o] 3

J?LHUPFlﬂﬂa
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Table 1. Operational conditions of LC/MSMS system.

% THE (/)& A8 Hejslel, olL SE A%
off) e ol.£:& 2% Rk 2 AT 2
2= 40°C 5]l ZORBAX (Eclipse XDB-C18 Analyti-
cal 4.6 X 150 mm 5-Micron) A2 o]-&35}o], A4 Al
Bof| k2 A2 o2 T g2|9 ZA (Condition 1 & 2)

oA AT (E 1). °1F, FURE 325°COA 60
PSI 9 stoll, 50 uL =Y A=t @A d=F £A7]=2
F =t 7HFS], Condition 12 DDW 2 methanol
(MeOH)2] 100% ZX71°|A4] 1,2,4-benzene carboxylic
acid & 1,3,5-benzene carboxylic acid (124,135-BCA),
1,2-benzene carboxylic acid & 1,4-benzene carboxylic
acid (12,14-BCA), sebacic acid, azelaic acid, pinic acid,
suberic acid, pimelic acid”} £ =™, Condition 2¢]
A& 2 mM Ammonium acetate buffer &0 Skof] MSA
£ I3 levoglucosan, DHOPA, 3-HGA, adipic acid,
glutaric acid, succinic acid, malonic acid& E453]
oh 9 2, & 20 HE A ol W 4] ARSRE
o2& YTt LO/MSMSE T A 24719t
thEA A& A o 240 ofs) 524 Tt 24
oo 2, 574 AJEuitt IS YR = Fragmen-
tor Voltage, & 2] 12|31 2F Aol (m/z)

Condition 1

Condition 2

ZORBAX Eclipse XDB-C18

ZORBAX Eclipse XDB-C18

Column Analytical 4.6 X 150 mm 5-Micron Analytical 4.6 X 150 mm 5-Micron

Column temp. 40°C 40°C

Gas temp. 325°C 325°C

Gas flow 6L/min 6L/min

Nebulizer 30psi 30psi

Capillary 4500V 4500V

lon Source ApPCI" APCI

Scan type MRM?) MRM

Polarity Negative Negative

Eluent A DDW Acetonitrile

Eluent B MeOH 2mM Ammonium acetate (AmAc)
1.0~2min DDW 100%

Gradation 2.2~5min MeOH 100% -

3.5~16 min DDW 100%

0.7 mL/min
50 uL

Solvents flow
Injection volume

0.7 mL/min
50 uL

Datmospheric-pressure chemical ionization
IMultiple Reaction Monitoring
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Fig. 2. Mass fragment ions (m/z) of precursor ion and product ion for methanesulfonic acid (MSA) and 12,14-benzene carboxylic

acid using LC/MSMS.

Table 2. Mass fragment ions (m/z) for water soluble organic molecular markers using LC/MSMS.

Common name Molecular weight CE(V)" Product lon (m/z)
124,135-BCA? 201.1 5 165
sebacic acid 202.2 10 183.1
azelaic acid 188.2 10 125.3
Condition 1 pinic acid 186.2 7 141.4
suberic acid 174.1 8 1123
12,14-BCAY 166.1 1 121
pimelic acid 160.1 7 97.2
levoglucosan 162.1 3 59
2,3-dihydroxy-4-oxopentanoic acid (DHOPA) 148.1 7 73.2
3-hydroxyglutaric acid (3-HGA) 148.1 23 432
- adipic acid 146.1 7 101.2
Condition 2 glutaric acid 132.1 5 87.2
succinic acid 118 7 73.2
malonic acid 104 26 41.2
methylsulfonic acid (MSA) 96.1 4 79.9

"Collision Energy
21,2,4-benzene carboxylic acid & 1,3,5-benzene carboxylic acid
31,2-benzene carboxylic acid & 1,4-benzene carboxylic acid

(Product Ion)o] gt 27L& w9 ZQ3jct B o
A= MSA E4-S ¢35l 40 Fvell 2J5] gyt M+
O]2 96.1 m/zE& ©]-85},

o] 25 ol gtac:

S
i

o

-

0
4 collision energy®]|
Aol 79.9m/z5 A

2.2.2 £8Y0|2¢E
84 Lol (F, ClI, NO;~, PO;, $O,.27) @ oFo]
(Na™, NH,*, K*, Ca?*, Mg?")S EA45114} F of
olgAgutETHLE FA| o]-&5trt 1+,

FEAo=RE 208 SN AEE AETFU]

2
9

(Metrohm 858, Switzerland)E ©]-83}¢], 2-0|2 o]&
AZvtE 2 1] (Metrohm 883 Switzerland, Metrosp
A Supp 150/4.0 Z'¥, 3.7 mM Na,CO; & 1.0 mM
NaHCO,) ¥ gol2 o] 23 ZntE I} 1] (Metrohm
930 Swizerland, Metrosep C4-250/4.0 Z'H, 5 mM
HNO;)°ll A1 9] (250 pL)ste] Z47te] 71 H e e
A2710l JaiH ZAEY. Ha 57149 Lole
FEFA = (0.25~4 ppm), ol EFA= (0.25~4
ppm) = FFeHor, HAA =] 10% A3} AL
2 AT & SIS TH Cho et al., 2015).
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Table 3. Analytical results of PM, ; chemical concentrations.

2017 2018 Overall
Compounds Unit
AVG STD AVG STD AVG

ocC pg/m? 6.39 3.12 9.18 2.64 7.79
EC pg/m? 0.77 0.39 1.28 0.65 1.02
WSOC pg/m? 2.85 1.15 3.61 0.82 3.23
WSOC/0C - 0.45 0.04 0.39 0.04 0.42
Sulfate ug/m? 228 1.14 417 1.61 3.23
Nitrate pg/m? 3.87 292 12.15 4.83 8.01
Ammonium pg/m? 2.04 1.17 3.69 1.20 2.87
MSA ng/m3 40.44 13.88 60.15 16.23 50.29
DHOPA" ng/m? 223 0.82 3.39 1.43 2.81
3-HGA? ng/m? 1.66 0.82 229 0.60 1.97
levoglucosan ng/m? 270.26 200.09 311.06 83.37 290.66
malonic acid ng/m? 8.46 5.01 18.65 835 13.56
succinic acid ng/m?3 12.22 5.09 14.20 1.96 13.21
glutaric acid ng/m? 19.24 4.80 9.32 0.67 14.28
adipic acid ng/m? 16.20 3.78 7.88 1.23 12.04
azelaic acid ng/m? 0.72 0.88 2.01 1.26 1.36
sebacic acid ng/m? 0.82 0.45 1.66 0.58 1.24
12,14-BCAY ng/m? 26.34 14.24 49.03 16.60 37.68
124,135-BCA? ng/m? 2.10 1.57 3.36 212 273
"2,3-dihydroxy-4-oxopentanoic acid
23-hydroxyglutaric acid
31,2-benzene carboxylic acid & 1,4-benzene carboxylic acid
41,2,4-benzene carboxylic acid & 1,3,5-benzene carboxylic acid

2.2.3 Q|EtA AAELA 6}011, UV A7 hgof w2 SR (71594 9 77

OC % EC 242 fIste] A4 Fa247] (Lab
based OCEC Carbon Aerosol Analyzer, Sunset labor-
atorylnc.,, USA)E ©]-8-o}3it} gtA2417]= Nation-
al Institute of Occupational Safety & Health (NIOSH
5040) T2 EZ (protocol)= 7|22 3 G3F5h4] FEt
= S o8t 2Ol (Lee et al., 2018). 7HEF3],
2k 87004 FAIAAH OC W A3
B EC7F 24 = 0], oA Tl 2%k OC 3 EC
o] EHES lskleh. AAA =] 109% AHAF 24
o o8 R BEZES 0851, 5% oI
4

A5,

2.2.4 $2MQ7|EIA
o] 27 Ao AHEH FY A RE THARAI
(Sievers M9,GE, USA)E ©]-&3to] th7] 5 844
7SAE BEAottt 7HFS|, Acid (H5PO,) & Oxi-

dizer ((NH,),S,05) ZYZ}+ 2.0 pL/min, 0.5 pL/min 35

ol

=~
4) W RI1EA 0] 2pof| o) 4tEE 844 RT e
g; ANAEEHE7|E o8t B3t (Oh
et al., 2018).
2 AFoAE= rAER 712448 0OC, EC,
WSOC, |24 21} B 50 MSA, DHOPA, 3-HGA 5
2 ;1;01- T /\_Q_/R-] 07];(]1.1./&-]1:1 E35 & o/q, EI%8)

o=
MsAS] B4 B4k,

20179 12¢ 9 20184 119 & £ 1097 F5=
Aol A E4H OC, EC, WSOC, WSOC/OC, 18|11
T84 o2, MSA 5 AA| BiZ & 39 YE
t}. 0C9] 7% 20179 6.39+3.12 pg/m’® (P + BF
W}, 2018 9.18+2.64 pg/m>E BAE]Qlon,
WSOC 3.23 pg/m?, levoglucosan 291 ng/m’, EC 1.02
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pg/m3§ e OC W wsocC9] H]-& WSOC/OC
2 0422 EXE] 900, WSOCE} levoglucosan®] H]
&2 %= A=l A Ao} vlws] &
o, G H5A 204 WSOC/OCPF 0.612 Kl o]
2 AFANET A Yeth o= o954 23k &
JetAo] ot gaFo] 93%= = et Aol
(Oh et al., 2018), WSOCS} levoglucosan H]&-2 8% 2
2 A AT} H6HA| FA E o], A48 A4z oJjb
7] 5 A 7ol Bt el A EA = Ik
o] AJ=9] 7% NO,™©] B+t 8.01 pg/m’ = A 7]
S 7P =4 UERE e H, SO, 3.23 ug/m’, NH,*
2.87 pg/m’= EAE| QI B S o] ALHEALS 7
QFe w, NO,~, NH, "7} 2P| A2 & AgH o s
‘dote R o= FA L.

o= B A S 7714242 a-pinene BF
3ol ozt 22F F71E B892 ZrAAle] tigt
Hepa F|ofere ofstat ol uhe Faste, ole]

£ TE2 A7 o] Fo1 AL Uk (Witkowski and

Gierczak,, 2014). & A7 A+= a-pinene®] 2|F 27}

¢

N

r

Table 4. Previous results for 3-HGA, DHOPA, and MSA.

7173221 3-hydroxyglutaric acid (3-HGA, CAS
Number 638-18-6)5 LC/MSMSZE 2415} T} (Claeys
et al., 2007). A =4 AFAIE HHEH (3 4),
FTHETOIA 62 ng/m’= UERL O H, QU A]ofo]]
A1 17 ng/m*2 A =] AT (Nguyen et al., 2016). 3,
Hjo]A 38 ng/m?, §17] 23 ng/m’ S22 FA |t
(Shen et al., 2018). 2 Ao A= 1.66£0.82 ng/m’ =
Lt A ZA Aol H]sf o WA 4% 2L

)
N
ol
rO
o
X
ol
i
o
Jo
N
jﬁ)_lll
ik
o
olN
I e
Mo
m

2

[\S]

by

4o 1IF

N,

oX,

Fﬁﬂ:

il

oZ

o,

e

=

)

o,

i)

o

3

Ho
o o i of
e ox fob

|
ol
jul)s
o,
o
T
)
=
i)

f
>,
oyl
XL

K
)
ot
=
r

2hA], E20l0 2 B AebE 23} S
o} % Q 5T} (Feng ef al., 2019). 7Y, 1 91720
2,3-dihydroxy-4-oxopentanoic Acid (DHOPA)E
SH3ICE DHOPAE A+ A8 221 AE<Q] 3-HGAS}

o2, 1914 T WIS Y IR EF

oy
lo
HU
)
N
—lo]r
rE
ot
=
>
™~
o,
i)
ro,
3
OOI
oL flo
5
o &
R
)
2o o & oJo fdr Mo

Mr >x 1x

Organic compounds Sampling site Concentrations (ug/m3) References
Southern China 0.062+0.014
Indochina 0.017 £0.047 Nguyen etal, 2016
The South China Sea 0.054+0.027
Beijing 0.038
Tianjin 0.023
3-HGA
Shijiazhuang 0016 Shen etal, 2018
Xinglong 0.031
Gongga Mountain National Reserve 0.001+£0.001 Lietal, 2018
This study 0.002+0.001 -
Xujiahui district, China 0.003+0.003
Baoshan district, China 0.00240.002 Feng etal, 2013
DHOPA Mt. Wuyi Nature Reserve, China 0.001£0.001 Hong etal, 2019
This study 0.003+£0.001 -
Shanghai, China 0.34 Wang et al,, 2006
University of Salento, Italy 0.02+0.02 Perrone etal.,, 2013
MSA Corso Firenze, Italy 0.08
Multedo, Italy 0.06 Boveetal, 2014
Bolzaneto, Italy 0.05
This study 0.050+0.014 -
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Fig. 3. Time series of PM, 5 water soluble organic concentrations.

Aol djmAl 22 Frldwer G ek (Al-
Naiema et al., 2017). ¥} 24 ALANE HHHH
X 4), 3= Xujiahui districto] 4] 3 ng/m> (Feng et al.,
2013), Mt. Wuyi Nature Reserve 1 ng/m’ (Hong et al.,
2019)5 E15teth 2 AollAE 2.81 ng/m’=
EfLh, ohE A1 93} vl s =2 E HERth
2 ¢170] A= DHOPA, 3-HGA 53 7] 84F 3t
A MSAS| HAS AT LO/MSMS= 24
MSA ‘§E=E A HH, /50| 340 ng/m’ (Wang et al.,
2006), ©|&2|o}t University of Salento 20 ng/m? (Per-
rone et al., 2013), Corso Firenze, Multedo, Bolzaneto®]|
A Z+2} 80, 60, 50 ng/m’ 2 EAE| ik 2 Ao A=
50.29 ng/m’& LFERL, o]ge|o} A i} H|S:3t 5
S Hetoh 249 MSAS] ddls=E
7138 Fe} H s & o, levoglucosan T2
Eo TS WEIHH(E 3, 11 3). o], 544t
=l fxI8H e Atsh & o, s 71 MsAS}
SAS| Y Q1S HijAl 4= gl
MSAQ] 719-& E45k1A} levoglucosan, 3-HGA,
DHOPA®}E] A BAI (r) & 2A15t] ek (3 5,
I 4). WA, MSASF &2 AATE el 4=
2 malonic acid, DHOPA, 3-HGA, NO;~, SO,%", NH,*

=2 O
— T

Table 5. Correlation coefficient between MSA, DHOPA, &
levoglucosan and each chemical compound.

Correlation coefficient (r) MSA DHOPA Levoglucosan
Nitrate 0.92 0.80 0.31
Sulphate 0.88 0.85 0.10
Ammonium 0.92 0.84 0.41
MSA - 0.88 0.21
DHOPA 0.88 - 0.32
3-HGA 0.88 0.88 0.45
Levo 0.21 0.32 -
124,135 BCA 0.64 0.77 0.25
12,14 BCA 0.52 0.54 0.75
malonic acid (C3) 0.93 0.95 0.16
succinic acid (C4) 0.71 0.71 0.77
glutaric acid (C5) -0.53 -0.40 0.01
adipic acid (C6) -0.52 -0.37 -0.17
azelaic acid (C9) 0.59 0.57 0.61
sebacic acid (C10) 0.78 0.73 0.47

2 L}ERGTE malonic acidE W7] & EA5H= tiEA
Q1 22} dicarboxylic acid= A4, Q19j¥ o7 m=
HhAQct TS DHOPA, 3-HGA ] A A14=71 0.88
2 B geh, £ AR digh daiA Bdes
AR f71g R ot A HhAY L <19)F WA w)
o] APy BAE Bes] g 4= gick sHAEE NO;yT,
SO,2, NH,* 9] AA15=7} 0.92, 0.88, 0.922, HF 91
2 = vepd A s & uf, 191 g ¢l

-

=7 EstE|X| M35 H M 5 &
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Fig. 4. Pairwise correlation scatterplots between water soluble organic compounds.

2 BAFEh s0,2
O} o ATHAIS: (r=0.88)2 MSAETH AtotE]of
| H, levoglucosan¥}o] L

)
NO
< AT (r=021)+ A ALt TR0l gl
A1
-1 O

oJuit}. ¢ Loz}, A48 2218714591 DHOPAS}
AEE e EEAIE BAskAH. 23 w2 A

A5 e =2 Al O] /J 2T TlEo] MSA,
,135-BCA%}S] =2 4
A (r=0. 77) ] NO ( oso)E BAS) 2 o,
2= = li:wEﬁ“EETE% 71213+ DHOPA R4 715
“do] Ut} (Faber et al, 2013). ©]¢} BE0] levoglu-
cosan¥} =2 AWALE YERH AEL 12,14-BCA
9} succinic acid2 YEF, MSA 2 DHOPAS} tF= A
= I EASE e

2 ATANE Fd6l = o, MSAE Sl 7194
ot op g}, 24790 ZFeI A, 91914 aug S 7I5

= S ] 4 B 4 az

£ T 408 MsA] &7
o5M, §F 507 5 22 B BE rled B
9 ol A28 23 el T ¢

_4

4. 48

rhu

2 A e FF ANA TLF TR
& 2T A A=E o]8ste] rAHA] U OC,
EC, WSOC, o] &A1 27} fEo] MSAS Z3IsH 5=
A F71A R QRS Sl S MSA/l HALS
EA 5k 23, MSAE 2
DHOPA, 3-HGA

= 2
S

= O Ay}

A (r=0.88)5 et

3T O
A, AP A 4o A LAYSh= levoglucosanhe R A
AT (r=021) & BAH I E3F 50,79 &2 2

A (r=0.88)= MSAZYE] AtstE]o] 0,27 A4
T} gl et MSAE SRRt ofual, &
AFO| A ApAI A, 019]7] uh-e 5}t thokst ol
o8] JAH &= 9lom, SO4 -9} =2 AbmASL o
7 &5 = ]/{ﬂtﬂ;{] LA Ao A dgFo] it
B Al oautel MSAS] $A71 Y 75 ATt A,

J. Korean Soc. Atmos. Environ., Vol. 35, No. 5, October 2019, pp. 636-646



WA W e g 7HE so2 ol dhet ¢
2 gozn, FF 22 AR Y 5L of

2 =2 AR Y2 = A AT (NRF-2017
R1D1A1B03029517 2 NRF-2017M3D8A1092222)°]
2|9 drol £=5t5Uth T3 o] A= 714
4 A7\ AL AT A R ]S
7He, (1365003013) ] X ¢ 02 4P| lHH Tt

References

Al-Naiema, .M., Stone, E.A. (2017) Evaluation of anthropogenic
secondary organic aerosol tracers from aromatic
hydrocarbons, Atmospheric Chemistry and Physics,
17, 2053-2065, https://doi.org/10.5194/acp-17-2053-
2017.

Bove, M.C,, Brotto, P, Cassola, F., Cuccia, E., Massabo, D., Mazzino,
A., Piazzalunga, A, Prati, P.(2014) An integrated PM, 5
source apportionment study: Positive Matrix Factori-
sation vs. the chemical transport model CAMx,
Atmospheric Environment, 94, 274-286, https://doi.
org/10.1016/j.atmosenv.2014.05.039.

Bozzetti, C., Sosedova, Y., Xiao, M., Daellenbach, K.R., Ulevicius,
V., Dudoitis, V., Mordas, G., By¢enkieng, S., Plauskaité,
K., Vlachou, A., Golly, B., Chazeau, B., Besombes, J.-L.,
Baltensperger, U., Jaffrezo, J.-L., Slowik, J.G., El Had-
dad, I., Prévét, A.S.H.(2017) Argon offline-AMS source
apportionment of organic aerosol over yearly cycles
for an urban, rural, and marine site in northern
Europe, Atmospheric Chemistry and Physics, 17, 117-
141, https://doi.org/10.5194/acp-17-117-2017.

Chen, H., Finlayson-Pitts, B.J. (2017) New Particle Formation from
Methanesulfonic Acid and Amines/Ammonia as a
Function of Temperature, Environmental Science &
Technology, 51, 243-252, https://doi.org/10.1021/acs.
est.6b04173.

Chen, H., Varner, M.E., Gerber, R.B., Finlayson-Pitts, B.J. (2016)
Reactions of Methanesulfonic Acid with Amines and
Ammonia as a Source of New Particles in Air, The
Journal of Physical Chemistry B, 120, 1526-1536,

https://doi.org/10.1021/acs.jpcb.5b07433.

Cho, I.-H., Park, D.-J,, Bae, M.-S. (2015) Time Resolved Analysis of
Water Soluble Organic Carbon by Aerosol-into-Mist
System, Journal of Korean Society for Atmospheric
Environment, 31, 497-507, (in Korean with English
abstract), https://doi.org/10.5572/KOSAE.2015.31.
6.497.

Claeys, M., Szmigielski, R., Kourtcheyv, 1., Van der Veken, P, Ver-
meylen, R., Maenhaut, W,, Jaoui, M., Kleindienst, T.E.,
Lewandowski, M., Offenberg, J.H., Edney, E.O. (2007)
Hydroxydicarboxylic Acids: Markers for Secondary
Organic Aerosol from the Photooxidation of a-Pin-
ene, Environmental Science & Technology, 41, 1628-
1634, https://doi.org/10.1021/es0620181.

Eisele, F, Davis, D., Helmig, D., Oltmans, S., Neff, W, Huey, G., Tan-
ner, D., Chen, G., Crawford, J., Arimoto, R. (2008) Ant-
arctic Tropospheric Chemistry Investigation (ANTCI)
2003 overview, Atmospheric Environment, 42, 2749-
2761, https://doi.org/10.1016/j.atmosenv.2007.04.
013.

Faber, J., Brodzik, K., Gotda-Kopek, A., tomankiewicz, D. (2013)
Benzene, toluene and xylenes levels in new and used
vehicles of the same model, Journal of Environmen-
tal Sciences, 25, 2324-2330, https://doi.org/10.1016/
$1001-0742(12)60333-7.

Feng, J,, Li, M., Zhang, P, Gong, S., Zhong, M., Wu, M., Zheng, M.,
Chen, C,, Wang, H., Loy, S.(2013) Investigation of the
sources and seasonal variations of secondary organic
aerosols in PM, 5 in Shanghai with organic tracers,
Atmospheric Environment, 79, 614-622, https://doi.
org/10.1016/j.atmosenv.2013.07.022.

Feng, Z., Huang, M,, Cai, S., Xu, X,, Yang, Z., Zhao, W., Hy, C, Gu, X.,
Zhang, W. (2019) Characterization of single scattering
albedo and chemical components of aged toluene
secondary organic aerosol, Atmospheric Pollution
Research, 10, 1736-1744, https://doi.org/10.1016/
j.apr.2019.07.005.

Golly, B., Waked, A., Weber, S., Samake, A., Jacob, V., Conil, S., Ran-
gognio, J., Chrétien, E., Vagnot, M.-P,, Robic, P-Y.,
Besombes, J.-L., Jaffrezo, J.-L. (2019) Organic markers
and OC source apportionment for seasonal varia-
tions of PM, 5 at 5 rural sites in France, Atmospheric
Environment, 198, 142-157, https://doi.org/10.1016/
j.atmosenv.2018.10.027.

Hong, Z., Zhang, H., Zhang, Y., Xy, L., Liu, T,, Xiao, H., Hong, Y.,
Chen, J,, Li, M., Deng, J., Wu, X,, Hu, B., Chen, X.(2019)
Secondary organic aerosol of PM, 5 in a mountainous
forest area in southeastern China: Molecular compo-
sitions and tracers implication, Science of The Total




LC/MSMSE 0|28t BZX|o

Environment, 653, 496-503, https://doi.org/10.1016/
j.scitotenv.2018.10.370.

Jardine, K., Yafiez-Serrano, A.M., Williams, J., Kunert, N., Jardine,
A, Taylor, T., Abrell, L., Artaxo, P, Guenther, A., Hewitt,
C.N., House, E., Florentino, A.P, Manzi, A., Higuchi, N.,
Kesselmeier, J., Behrendt, T., Veres, PR, Derstroff, B.,
Fuentes, J.D., Martin, S.T., Andreae, M.O. (2015)
Dimethyl sulfide in the Amazon rain forest: DMS in
the Amazon, Global Biogeochemical Cycles, 29, 19-
32, https://doi.org/10.1002/2014GB004969.

Kettle, A.J., Andreae, M.O. (2000) Flux of dimethylsulfide from
the oceans: A comparison of updated data sets and
flux models, Journal of Geophysical Research: Atmo-
spheres, 105, 26793-26808, https://doi.org/10.1029/
2000JD900252.

Kunwar, B., Torii, K., Zhu, C,, Fu, P, Kawamura, K. (2016) Spring-
time variations of organic and inorganic constituents
in submicron aerosols (PM, ;) from Cape Hedo, Oki-
nawa, Atmospheric Environment, 130, 84-94, https://
doi.org/10.1016/j.atmosenv.2015.09.002.

Lee, Y., Kim, E,, Ryu, C,, Oh, S.-H., Joo, H., Bae, M.-S. (2018) Rela-
tionship between Cholesterol and Oxidative Poten-
tial from Meat Cooking, Journal of Korean Society for
Atmospheric Environment, 34, 639-650, (in Korean
with English abstract), https://doi.org/10.5572/
KOSAE.2018.34.5.639.

Legrand, M., Ducroz, F., Wagenbach, D., Mulvaney, R., Hall, J.
(1998) Ammonium in coastal Antarctic aerosol and
snow: Role of polar ocean and penguin emissions,
Journal of Geophysical Research: Atmospheres, 103,
11043-11056, https://doi.org/10.1029/97JD01976.

Li, L., Lai, W,, Pu, J.,, Mo, H., Dai, D., Wu, G., Deng, S. (2018) Polar
organic tracers in PM, 5 aerosols from an inland back-
ground area in Southwest China: Correlations bet-
ween secondary organic aerosol tracers and source
apportionment, Journal of Environmental Sciences,
69, 281-293, https://doi.org/10.1016/j.jes.2017.06.002.

Liss, P.S., Lovelock, J.E. (2007) Climate change: the effect of DMS
emissions, Environmental Chemistry, 4, 377, https://
doi.org/10.1071/EN07072.

Meskhidze, N., Nenes, A. (2006) Phytoplankton and Cloudiness in
the Southern Ocean, Science, 314, 1419-1423, https://
doi.org/10.1126/science.1131779.

Nagy, K., Jakab, A., Pollreisz, F., Bongiorno, D., Ceraulo, L., Averna,
M.R., Noto, D., Vékey, K. (2006) Analysis of sterols by
high-performance liquid chromatography/mass spe-
ctrometry combined with chemometrics, Rapid Com-
munications in Mass Spectrometry, 20, 2433-2440,
https://doi.org/10.1002/rcm.2606.

=

al

OMEHX| MSA 5= 3! S47|7

Nguyen, D.L, Kawamura, K., Ono, K., Ram, S.S., Engling, G., Lee,
C.-T., Chi, K.H., Sun, S.-A,, Lin, N.-H., Chang, S.-C.,
Chuang, M.T,, Hsiao, T.-C,, Sheu, G-R,, Ou Yang, C.-F.
(2016) Comprehensive PM, ;s Organic Molecular
Composition and Stable Carbon Isotope Ratios at
Sonla, Vietnam: Fingerprint of Biomass Burning Com-
ponents, Aerosol and Air Quality Research, 16, 2618-
2634, https://doi.org/10.4209/aaqr.2015.07.0459.

Oh, S.-H., Park, E.-H., Yi, S.-M., Shon, Z.-H., Park, K., Bae, M.-S.
(2018) Contribution of Biomass Burning and Second-
ary Organic Carbon to Water Soluble Organic Carbon
at a Suburban Site, Journal of Korean Society for
Atmospheric Environment, 34, 259-268, (in Korean
with English abstract), https://doi.org/10.5572/
KOSAE.2018.34.2.259.

Perrone, M.R., Becagli, S., Garcia Orza, J.A., Vecchi, R., Dinoi, A.,
Udisti, R., Cabello, M. (2013) The impact of long-range-
transport on PM; and PM, s at a Central Mediterra-
nean site, Atmospheric Environment, 71, 176-186,
https://doi.org/10.1016/j.atmosenv.2013.02.006.

Scarratt, M., Levasseur, M., Michaud, S., Cantin, G., Gosselin, M.,
de Mora, S.(2002) Influence of phytoplankton taxo-
nomic profile on the distribution of dimethylsulfide
and dimethylsulfoniopropionate in the northwest
Atlantic, Marine Ecology Progress Series, 244, 49-61,
https://doi.org/10.3354/meps244049.

Shen, R, Liu, Z, Liu, Y, Wang, L., Li, D, Wang, Y., Wang, G, Bai, Y.,
Li, X. (2018) Typical polar organic aerosol tracers in
PM, 5 over the North China Plain: Spatial distribution,
seasonal variations, contribution and sources, Che-
mosphere, 209, 758-766, https://doi.org/10.1016/j.
chemosphere.2018.06.133.

Wang, Y., Zhuang, G., Zhang, X., Huang, K., Xu, C, Tang, A., Chen,
J., An, Z.(2006) The ion chemistry, seasonal cycle, and
sources of PM, 5 and TSP aerosol in Shanghai, Atmo-
spheric Environment, 40, 2935-2952, https://doi.
org/10.1016/j.atmosenv.2005.12.051.

Witkowski, B., Gierczak, T.(2014) Early stage composition of SOA
produced by a-pinene/ozone reaction: a-Acyloxy-
hydroperoxy aldehydes and acidic dimers, Atmo-
spheric Environment, 95, 59-70, https://doi.org/10.
1016/j.atmosenv.2014.06.018.

Authors Information

Ago A7)

J. Korean Soc. Atmos. Environ., Vol. 35, No. 5, October 2019, pp. 636-646



&, M

SA|Z (=]

3

|X| ® 35 2 ® 5



	LC/MSMS를 이용한 광주지역 초미세먼지 MSA 농도 및 육상기원 2차 유기성분과의 관계
	Abstract
	1. 배경
	2. 연구 방법
	3. 결과
	4. 결론
	References


