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SUMMARY

[. Title

A study on the carbon fraction and organic speciation of aerosol in the Antarctic
atmosphere

[l. Purpose and Necessity of R&D

Despite the significance of the influences of organic aerosols in the polar
atmosphere, studies on their chemical properties have been limited due to difficulties in
observation and analysis. Few studies on organic aerosols have been conducted In the
atmosphere of the Arctic region. However, it is difficult to find previous studies on the
characteristics of atmospheric organic aerosols transported from the continent to the polar
regions by Icebreaker. If in-situ samples of atmospheric organic aerosols are collected during
the voyage to the Antarctic region and individual organic components are analyzed with OC,
WSOC, and HULIS in atmospheric aerosols, it will be possible to understand how the
characteristics of organic aerosols change from the continent to the polar regions. In addition,
organic markers can be used to determine the major sources of organic aerosols, such as the
contribution of biomass burning in the polar atmosphere and biological activities that

originated in the polar environment.

[ll. Contents and Extent of R&D

Understanding the characteristics of organic aerosol near and in the atmosphere of
Antarctic regions is the main objective of this study. To accomplish this, 1) in-situ
measurements of atmospheric organic aerosols were conducted during the Antarctic voyage on
the Araon icebreaker and at King Sejong Station in Antarctica, 2) a highly sensitive analytical
method was developed to analyze trace organic compounds in samples from Antarctic areas,
and 3) carbonaceous components (0OC, EC, WSOC, WISOC, HULIS-C) and various organic

compounds in PM;s were analyzed.

IV. R&D Results
1. Development of highly sensitive analytical method for organic compounds

Because the concentration of organic compounds in PM;s collected in the
atmosphere of Antarctica is close to the detection limit of the typical GC-MS analytical
method, it is challenging to obtain sufficient analytical signals for quantifying organic
compounds in the PM,s samples of Antarctic area. Thus, in this study, the analytical method
of organic compounds were developed by employing a GC-MS/MS analysis technique. The
precision and accuracy for target compounds were improved in the samples collected in the
atmosphere of Antarctic region with a 10-fold lower detection limit and it was confirmed that



GC-MS/MS analysis developed in this study could increase the organic compound analysis of
Antarctic aerosol samples by 20% compared to the typical GC-MS analytical method.

2. Characteristics of organic compounds in PM;s from North Pacific to the

Antarctic regions

In this study, the spatial distribution of organic compounds, especially for 10
saccharide compounds was observed to determine the major factor for the production of
organic aerosols in the pristine marine regions from the North Pacific Ocean to the Antarctic
Ocean. The pristine marine atmospheric PM;s samples were collected using a high-volume air
sampler connected to a wind sector controller installed in the Korean Ice-breaking Research
Vessel (IBRV) during the cruise through the Pacific Ocean: from the Yellow Sea, Korea on
October 31, 2018 to the Antarctic Ocean on December 14, 2018. In the pristine marine
region, the total saccharides concentrations varied greatly from 0.16 to 16.57 ng/m*® (mean:
3.02 +* 4.76 ng/m3). The compositions of 10 saccharide compounds in each PM;s sample
changed when the marine geographic characteristics changed. The contribution of levoglucosan
in the sample collected near land was higher than the sample collected in the open ocean. In
addition, saccharides concentrations had a strong positive correlation with OC (Organic
carbon), indicating that the increase of saccharides concentrations strongly contributes to the
increase in OC concentration in the pristine marine region. The highest concentration of
saccharides was observed near the New Zealand coast, which also showed highest air mass
exposure to marine biology. We also found that the spatial distribution of saccharide
composition was correlated with the spatial distribution of phytoplankton. From these
observations, we concluded that 1) marine phytoplankton can be a significant source of
organic aerosol production and 2) the type of phytoplankton in a region affects the change of

saccharides composition in PM;s.

3. Characteristics of organic compounds in PM;s collected at Sejong King station in
Antarctica

In this study, to understand the characteristics of organic aerosols in Antarctic
atmosphere, various organic compounds were analyzed. EC, OC and more than 66 organic
compounds including fatty acids, dicarboxylic acids, benzencarboxylicacids, sugars,
sugar-alcohols, resin acids, sterols and phenolic acid were analyzed. They are mainly produced
by anthropogenic combustion or formed by photochemical reactions, but they also occur
naturally. As a result, they can be deployed as organic markers to examine the influence of
anthropogenic and natural factors on Antarctic aerosols. PM2.5 was collected from the King
Sejong Station (62.2°S, 58.8°W) located on King George Island on the Antarctic Peninsula and
qualitative and quantitative analysis of organic compounds was performed using GC-MS/MS.
OC in the aerosols ranged from 90 to 420 ng/m’(avg. 161 * 107 ng/m®). The concentration
of quantified total organic compounds ranged from 4.6 to 40 ng/m?® with an average of
15+12 ng/m?3 which is 100 times lower than that of urban region (2000 ng/m®). The major
sources of organic aerosols were characterized by principal component analysis. Three
principal components were extracted and account for about 94% of the total variances.



Photooxidation of natural origin, plant emission and marine biota accounted for 34%.
Biological source of terrestrial origin, fungi and marine biota accounted for 33%. Biomass
burning accounted for 27%. Orthogonal partial least squares discriminant analysis (OPLS-DA)
was performed to find out factors affecting the increase in organic compound concentration.

The main variables were marine biota and photooxidation of natural origin.

V. Application Plans of R&D Results

The results of this study will be used for more improved understanding for
characteristics and major sources of organic aerosol in the atmosphere of Antarctica and near
this region to estimate the effect of climate change in this region.
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Table 1. The information of 10 target saccharides in this study.

Molecular

Compound Abbreviation CAS # Molecular formula-TMS Molecula  Molecular . Structure
formula a r mass mass—-TMS
Mono-saccharides
O.
D-(-)-Arabinose Arabinose 10323-20-3  C5H1005 C17H4206Si4  150.13 438.85 @W or
OH
HO
o
D-(-)-Ribose Ribose 50-69-1 C5H1005 C17H4206Si4 ~ 150.13 438.85 \‘Q“O*
OH OH
. on OH
D-(+)-Xylose Xylose 58-86-6 C5H1005 C17H4206Si4  150.13 438.85 @
OH
O. OH
D-(-)-Fructose Fructose 57-48-7 C6H1206 C21H5206Si5  180.16 541.06 Hc@%m
OH
HO.
D-(+)-Mannose Mannose 3458-28-4  C6H1206 C21H5206Si5  180.16 541.06 o e oH
HB..
D-(+) Galactose Galactose 59-23-4 C6H1206 C21H5206Si5  180.16 541.06 @OH
OH
HO
D-(+)-Glucose Glucose 50-99-7 C6H1206 C21H5206Si5  180.16 541.06 OH ©
HO OH
OH
Di-saccharides
HO HO.
O.
D-(+)-Saccharose, Sucrose 57-50-1 C12H22011  C36H86011Si8  342.30 919.75 on < kHO\,
He OH © OH
HO HO.
D-(+)-Maltose Maltose 69-79-4 C12H22011  C36H86011Si8  342.30 919.75 o S Kon S
OH on® O
Anhvdro-saccharide
(o]
LO6ZAnhydro=B 0 icosan  498-07-7  C6HI005 — CISH34O5Si3 16214 378.68 on °
-D-glucose P
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Saccharides 10Fol thsto] k% #EAHS 7fdstr] 9dte] 7]E GC-MSEY AE=3HA7
10801 f-Fattta Hiaxs= GC-MS/MS 4% (Choi et al, 2021)<S &3k, 71&
GC-MS®| &AW} wastuz sk ¢4, GC-MSt 443 AZFEAS 93 SIM
(Selected Ion Monitoring) modeE &3t GC-MS/MSel A= MRM (Multiple Reaction
Monitoring) modeE AF-&3}e] saccharides 105 #2431, o] 23= GC-MS SIM mode
Avpe} vlal EA T (Table 2). GC-MS/MS®©] baseline©] k7] wii-oll saccharidesel T
3k GC-MS/MS¢ MDL (Method Detection Limit, ®HAZE3H4))S GC-MSHTF ok}
GC-MS/MS MRM mode®ll 4 54T MDL 9] 9= 1.38
pg/uL(monnose)-11.7pg/uL(sucrsoe)?l  WFH, ~ GC-MS SIM REXZo|x =43 MDL
5.57pg/uL(mannose)-31.37pg/ul(sucrose) 3 tk. kA, GC-MS/MS MRM E=o|4x MDL-2
Table 20 H. 113k vle} o] GC-MS SM mode°l A =% 3 MDLE. T} 24v](galactos)ol A 22u)
(mannose) Y *Th. Arabinose, ribose, levoglucosan, xylose, mannose, glucose, sucrose s 2|
saccarides®] ™ 3&t calibration range® 432 GC-MSt 60 pg/uleli, GC-MS/MSE
6pg/ul = GC-MS/MS= 108 %2 F=7b4 #4o] 7hedu. nlojemjads wprgl
levoglucosan®] GC-MS/MS MDL2 1ng® GC-MS(bng)HX.t} 58] &2 MDLE Hth &
GC-MS/MS?] galactose, glucose % sucroseo] ™3 MDL2 GC-MS kel H]sf] 10-308] &
o} 5t} Barbaro et al, (2015)°] &gt A4 F= PM AlE Ul saccharidesE &4317] ¢
s 283 HPAEC-MSe MDL+t & 79 &AWl <& =74+ MDLS Hlalgt
Arabinose, ribose, levoglucosan, xylose 12| 3l fructose®] w3 MDL2 GC-MS SIM mode<}
HPAEC-MS(Barboro et al., 2015)37+o] A& A+ mannose2] MDL-2 GC-MSOlA o =gk
galactose, glucose 18] il sucrose? MDL2 GC-MSoA © vttt GC-MS/MSE Ab-g-3}o]
4% MDL2 HPAEC-MS3 GC-Mz 43 ARG 2= A s w2 MDLE 7}
P olmM GC-MS/MSE &8 uf uxtm #£4o] 7Msdhs A = AArhuerA
GC-MS/MS+ = 8¢ 34 olA W= saccharidesE 7 Al A ghgh AR o

At
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o A
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Table 2. MDLs (n = 10) and linear ranges of MS (at a level of 30 pg/m®) and MS/MS (at a level
of 6 pg/m®) for the analysis of saccharides in this study and MDLs measured using HPAEC-MS in
Barboro et al., 2015.

GC/MS-MS GC/MS HPAEC-MS
(This study) (Barboro et
Compound . : al., 2015)
MDL* MDL  RSD’ Iﬁifgag MDL  MDL RSD ngga; MDL
(pg/ul) (ng) (%) (pg/u) (pg/ul)  (ng) (%) (/) (ng)
Arabinose 2.21 1 4 6-2500 8.28 4 11 60-1250 3
Ribose 2.04 1 6-1250 9.36 5 3 60-1250 5
Levoglucosan 2.10 1 4 6-1250 15.78 8 5 60-1250 5
Xylose 3.29 2 12 6-5000 9.45 5 13 60-5000 6
Fructose 2.55 1 23 6-1250 557 3 12 60-1250 3



Mannose 1.38 1 2 6-5000 31.37 16 19 60-1250 6
Galactose 5.99 3 17 6-5000 11.44 6 3 60-1500 30
Glucose 2.38 1 1 6-5000 7.76 4 2 60-5000 30
Sucrose 11.70 6 6 6-5000 23.44 12 2 60-5000 60
Maltose 1.99 1 6 6-1250 11.90 6 5 6-1250 -

4 MDL: Method Detection Limit
P RSD: Relative Standard Deviation

Figure 1914 RoA = vlel o] 1059 saccharides A&EE°] st GC-MS SIM mode
(Mo FA B3t GC-MS/MS¢ MRM mode’} HEt} w& baselines 3E 31, 7}
=9 peak sharpnes % peak response’t &AstAl 3FEHJATE 53], T o] F el A
AA 7] F71d A2 ZF A=A levoglucosan, fructose, glucose?] 3 3= GC-MS/MS
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Figure 1. Chromatographic separations obtained using GC-MS/MS in MRM
mode (solid line) and GC-MS in SIM mode (dotted line) for (a) arabinose, (b)
levoglucosan, (c) fructose, (d) mannose, (e) galactose, (f) sucrose, (g) ribose,
(h) xvlose, (i) glucose, and (j) maltose in sample #11.



GC-MS/MSE HIH o g dojx ARvEITHL W2 baseline®® saccharides®] MDL<
& 5 A%l GC-MS9] SIM mode¢t Bl S v 2-220) 744 HAaA7= B3 A
(Table 2), o)== SAW7|st 4o E¥3 A+ =1 9 saccharides®] H#HS 7FssHA sFA
t}. BDL (Below Detection Limit) #t¢] W=+ SIM R E=e4 GC-MSE /\}%% ul 16% 01 A
MRM REZd A GC-MS/MSE A& d 4%=2 A4, GC-MSE AH&83lS W ND (Not
detected) H] &2 15% <1 Aol wal GC-MS/MSE AH&3S wls 7% FFoz2 duk o
& AaAZE 5 AT (Table 3).

01

4

Table 3. Concentrations of target saccharides in samples collected on the Araon using GC-MS/MS in
MRM mode and GC-MS in SIM mode (unit: pg/m®) and the differences in concentration between the
two modes. Samples were collected while sailing from Incheon, South Korea, to the Antarctic region.

Cnmpuund #2 #3 #d #5 #6 #7 #8 #9 #11 #12 Average Stdev ?
MEM 177.0 37 BDL " 167.0 14 BDL 25.5 BDL BDL BDL 143.0 136.2
Arabi SIM 184.5 4.4 ND*< 135.1 291.2 BDL 26.7 BDL ND BDL 128.4 117.7
rabinose MREM/
SIM 1.0 1.2 . 0.8 09 . 1.0 - . - 09 -
MEM ND ND ND 8.5 ND 6.3 1097.9 1.7 BDL BDL 278.6 546.2
. SIM ND ND ND BDL ND BDL 1063.1 BDL ND BDL 1063.1
Ribose
MRM/ ) _ ) _ ) ) ) i ; ) 18 ~
SIM 3.
MRM 3727 5.0 3.2 B44 244 55.2 21741 38 19.4 4.5 2747 6768
Levoglucosan x;?[lgl.” 3428 BDL BDL 50.2 223 34.2 2234.4 BDL BDL BDL 536.9 958.3
SIM 0.9 - - 0.6 09 06 1.0 - - - 20 -
MEM 139.2 9.7 5.8 144.2 179.7 95 ND ND BDL BDL A1.4 81.2
SIM 106.5 ND BDL 127.1 190.8 BDL ND ND ND ND 141.5 44.0
Xylose
) Lt A : s 09 L1 - x : = z 17 :
SIM * E ¥ *
MREM 339 1.7 4.2 921 19.1 9.03 129.8 47 3.1 1.6 29.9 4.5
. ’ SIM 315 BDL 5.6 77.5 235 11.5 136.3 3 | BDL BDL 41.6 48.7
Fructose MERM/
SIM 0 - 1.3 0.8 1.2 1.3 1y 1.1 = - 1.4 -
MRM 216.29 111 3.98 58.70 34.69 1512 122.87 343 3.29 5.54 46.50 70.87
SIM 217.21 ND ND 56.93 4222 ND 142.12 ND ND ND 114.62 81.34
Mannose MRM/
SIM 1.0 - - 1.0 1.2 - T - - - 25 -
MREM 358.4 35.6 137.9 758.3 501.8 582.3 39319 157.2 130.8 314 662.6 1175.1
- SIM 356.3 35.2 154.8 7487 562.6 693.2 4101.3 165.3 131.2 34 698.3 1224.8
Galactose MRM /
SIM 1.0 1.0 1.1 1.0 i j 15 1.0 1.1 1.0 1.1 Tl -

MRM 356.8 66,7 97.6 7584 1743.5 5765 53844 2432 104.0 253 935.6 1646.5
SIM 285.0 498 76.1 500.7 15040 487.0 43703 199.4 743 12.5 753.9 1345.0

Glucose
MEM/ 45 0.8 0.8 0.7 09 0.8 0.8 0.8 0.7 0.5 0.8 -

MRM 91.0 1325 144.3 156.4 19.1 10225 35594 198.6 98.7 87.5 551.0 1095.8
SIM 80.7 95.9 126.2 1351 14.3 998.2 35237 1911 84.6 73.6 5324 1089.3

Sucrose
“.RM} 09 0.8 09 0.9 0.8 1.0 1.0 1.0 0.9 0.8 1.0 -
SIM
MEM 68.5 43.8 107.9 59.0 ND 15.2 143.8 133 6.5 34 51.3 49.0
SIM 1126 51.5 131.2 67.0 ND 19,5 186.6 139 74 3.7 65.9 64.6
Maltose MRM/
SIM 1.7 1.2 1.2 1.1 - 1.3 1.3 1.1 1.1 09 1.3 -
MRM 1813.6 24998 505.0 2287.00 28637 2291.7 165699 6259 365.7 159.8 27782 4946 .9
5 SIM 1717.1 2369 4939 1898,5 26515 22236 157846 5748 297.4 1239 2600.2 47235
um MRM/

SIM 1.0 0.8 1.0 0.8 09 10 1.0 09 0.8 0.8 0.9 -

GC-MS/MS<eF GC-MS A}o] 9] levoglucosan, glucose, sucrose?} #2 L9 Zole= A



I S71gS ZAasAv (Table 3). ol&+5°] maltoser= GC-MS SIM modeE A&
o FE7F 7Hg FdiE 7t A 2ol 9lal, levoglucosan?}t sucroset™ GC-MS/MS MRM mode&

o ¢ =2 52 A" 2ol GC-MS/MS¢ GC-MS  zFe]  maltose,
levoglucosan, sucrose &% ol AF FZ7l S71E45 A4 o= AZH w27t
575 GC-MS % GC-MS/MSE AH&3H Ao =84ddo] #AashE yedin, 22y
GC-MS¢} GC-MS/MSE AF&3te] A#gt saccharides FE9 zkol& +20% ol 3low
GC-MS SIM modet= 31" MDL ©]49] 4522 saccharidesE F#3] A& 4 AAAwH
Arrh e A disideE as=Ee #4 7lsol dastr] wiel GC-MS/MS+

3
saccharides #A ¢ A&3t 7= AES AT 4 AU

(T



A 2 H AFolM HFOE o] FHEE RUIEE =X S5 A

ol A GF7tA 9 ol AEY frldol2E EAS oty Y8l ofete IS AES
Z-83ate] 20189 10€ 5B 12€7hA PMas AlRE AMASFAL 2 A7 Z2I= Atmospheric
Environment Aol &35t (Kim et al, 2023). Figure 204 olgl23 o ol =d
AEAHAAR S dEPA AL, SA AR H s 7] ol A= (Figure 2(a)¢t @l
ol A9 chlorophyll®] i %= X 54 (Figure 2(b)), 3% W phytoplankton®] & =3
E£4 (Figure 2(c))& g7 Yehdth 20189 10€ 58 12€71A] ofgt2a dad A= &
10708 A 85 grd 4 UYL (Table 4) 3T ARE F7IEM= FE3 5 GC-MS/MSE
o]-&3stod 10%F 9] saccharides A&& EAe3AtH (Choi et al, 2021). #4¥" F 1059
saccharides®] % ¥ 0.16-1657 ng/m’, ## 3.02 + 1.76 ng/m’ ©| ATt (Table 4).

Chl (mg m®)192_10"__10° 10’ DIA PRO NEU SLC PHA

1L
1

60°N

30°N

0° ‘. i

30°8

60°S

g0°s & = :

100°E  130°E  160°E  170°W 140°W
Figure 2. (a) Sampling track (black solid line) of the Ice-Breaking Research Vessel (IBRV) Araon
from October 31, 2018 to December 14, 2018 from Incheon to Antarctic-Jang Bogo Station. The red
lines represent 7-day air mass back trajectories at hourly intervals from the ship’s position. The
star symbols indicate boundaries for dividing sampling duration. (b) Mean chlorophyll concentration
during the month of November 2018. (c) Phytoplankton composition including diatoms (DIA),
prochlorococcus (PRO), nanoeucaryotes (NEU), synechococcus (SLC), and phaeocystis (PHA) using
the PHYSAT method with the climatology map in November. (For interpretation of the references
to color in this figure legend, the reader is referred to the Web version of this article.)
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Table 4. Saccharides, OC and EC concentrations in PMjs sample collected during the Araon’s

Antarctic cruise in 2018. Concentrations for the individual saccharide compounds are presented in
3

ng/m".

#1 #2 #3 #4 #5 #6 #7 #3 #9 #11 #12 Mean  Stdev®

Mono-saccharides

Arabinose 0.05 0.18 000 BDL® 017 0.34 BDL 0.03 BDL BDL BDL 0.13 0.13

Ribose 017 ND* ND ND 00l ND 00l 109 000 000 000 018 041
Xylose 006 014 00l 00l 014 018 00l ND ND ND 000 007 007
Fructose 003 003 000 000 009 002 00l 013 00l 000 000 003 004
Mannose 004 022 000 000 006 004 002 012 000 000 001 005 007
Galactose 048 036 004 014 076 050 058 393 016 013 003 065 112
Glucose 042 036 007 010 076 174 058 538 024 010 003 08 157
Di-saccharides

Sucrose 142 009 013 014 016 002 102 35 020 010 009 063 107
Maltose 006 007 004 011 006 ND 002 014 00l 00l 000 005 005
Anhydrosaccharide

ievoglumsa 267 037 00l 000 008 002 006 217 000 002 00l 049 097
Total o« ) ‘
epaiges 54l L8L 03 051 229 28 220 1657 063 037 016 302 476
OC and EC

OC (ug/m® 0.56 0.49 0.13 0.10 0.11 0.07 0.15 1.33 0.05 0.04 0.05 0.25 0.40
EC (ug/m’) 0.02 0.03 0.01 BDL 0.01 0.01 BDL 0.17 BDL BDL  BDL 0.04 0.07

OC/EC ratio 283 16.7 211 - 16.8 6.6 - 7.8 - - - 16.2 8.2

# Stdev: standard deviation
" BDL: below detection limit
¢ ND: not detected

AA AFE AMFH 717 Bt Al W saccharides®] F8& A ELS glucose, galactose, 1]l
sucrose 1L (Figure 3), 13 A&ES A=, #%0], A=A ELAEN 22 biogenic source
2HYH HEFHe= Aoz dHA (Bieleski, 1995; Crahan et al, 2004; Fraser and
Lakshmanan, 2000; Fu et al., 2012; Scaramboni et al., 2015, Simoneit et al., 1999; Simoneit
et al,, 2004). 7]1<& saccharide /B 52 EAS gz ZIFAES] dFd 93 1Y o

719] saccharides &%=o] 293 Ja&S v x+= Aoz AkE St

ol
==

_’I’I_
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Figure 3. Individual saccharide concentrations at
each sampling point (Sample #10 was not analyzed
due to filter damage).

AV

Table 5ell& 7]&Eo] 54 7184 (F= 2 A3t saccharides w52 Hit
TEE B ATAA} A AASATE & AFelA FE QA x2FE AlE (#9, 11, 12)
Fu et al, (2013)o] <Ja] H oA # A% saccharidesel H|3] 104l (sucrose)-1704H
(fructose) S+ S Hth Barbaro et al, (2015)°] ¢la] = sk} %] Ao A
=49 A3t nlugdls vl sucrosew WA wAX A Bl zhzb 43u), 3w)
FEE KB, fructose?t glucosed HTEFTS H A A9 0127 ng/m’E @A o

086 ng/m*) Rtk 158 =% YA (0376 ng/m’)el Hl‘é‘HH—‘E u e FEE HS
w3 vlo] oA dAio mAR EHE levoglucosand A9 2 AT AE 0.009 ng/mPE
g A o (0.02 ng/m)el HEIAE 28] e FEE Hm:, FHudA g 55U

£ AL qAd = AT ol I ALl SAHE saccharides®] s=v &

s
we FEYS HANAL, B G u

X
al
3,
X

r2 e
O

i

off

=
e Jl

N
CERRE TR

Table 5. Comparison of measured saccharides during this study with those reported in the
literature. Concentrations for the individual saccharide compounds are presented in ng/m®.

Particle Fruct Gluc Sucro Levogl Concentr Analytical Sampling

Location p . . Reference
type ose ose se ucosan ation Instrument period
Anta.rctic 31 Oct
fegion PMy,s 0003 0.124 0128 0009 0265 GEMSM o "1 hee  This study
(Sample S 2018
#9, 11, 12)
Arctic 3~25 Aug Fu et al,
Aretic TSP 051 64 13 037 858  GC/MS 0 Lo
Antarctic 9 Dec 2010
region PMyo 0.086° 0.003 002 0109  HPAEC- 7 "ig y., Barbaro et
) MS al,, 2015
(coast) 2011
Antarctic 7 Dec 2012
region PMyo 0.376° 0.047 0009 0432  HPAEC- " "hg ., Barbaro et
MS al,, 2015
(plateau)” 2013
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# Campo Faraglione, near to coast, about 3 km south of the Italian Research Base
b Ttalian-French research base on the East Antarctic plateau
¢ Sum of fructose and glucose concentrations

2 AT s F58 (AR #12)0A 2P AE7F P 2 v E VMR, M =&

FTEE M ARE FAAE A 2dE AR #8o]Uth wAAE sl 2

& #89) A saccharides ¥ OC2] 7} & =& wEA= A

oz st FdA o= levoglucosan®| s=7F A S7beHA gkar,

Fog Qd F= WASF= saccharidesEE°] A T7Fe A, Figure 20014 &
A

T2 AdAE ete] Astd A= EEel Ve ddeiv

[40
rot
jus)
I
fo

—

Figure 4+ saccharides 10&o] W3t s=FxX 9} &7 2AHES BT Qo g4l
o] Q mf A~ Aol wpAR LA levoglucosan< A saccharides®] 9%WHS A& =1
2] 9] monosaccharides®} disaccharides”} Z+2t 60%, 31% & =A™ T3k 3}gdEUS g2l
st th (Figure 4). o] €3 H=Ho® Fd¥s= 784N = Aol 9% FFET=
FFe] AESHA &5o] frldo]®E W saccharides 525 ZAAAS

o,

@) ()

o

B
O
%o

20 100

[ Mono-saccharides
Di-saccharides
I Anhydro-saccharide

Concentration of saccharides (ng/m®)
3
Fraction of saccharides (%)

#1 #2 #3 #4  #5 # #7 #8 # #11 #12 #O#2 #3 #4 #5 #6  #T  #8  #9 #11 #12

Sample Sample

Figure 4. (a) Concentration (unit: ng/m®) and (b) fraction (unit: %) of saccharide classified into
three subtypes according to chemical structure

71Eol HaE F3E] 9 & sea salt aerosol (SSA)I F4 Alole] AP AA =
Atk (Prijith et al, 2014). web F59 F7kel W& SSA AAG F7Fe 7)ol &
Z7Foll 71998 4= Atk OC 5%+ Figure 5(b)9F #o] air mass =9 4o a3
Efglo] =& dlFde] FHo] OC 5% 7k WA= J&FS BAFErh 7 Alm A3
Qb el F&Ho Aolo wE FIFe HAse] el e WAAS AHEste OCERE
airmass £%= 2 A3t OCnorv = OC x WSTRiGave/WStr;, 1714 OCnorv< airmass

=2 Aqgd OC s=oli, WSpjv 4% airmass® £%, WStrjaet A Al =22 H
7]7J &<t HYt airmass FEolt. Alg AFH 7| 59 OCnorm> chlorophyll (Chl-a)<}

saccharides®] =8 A& (galactose, glucose, sucrose)¥} &7 Figure 5(a)ol] F A3

o
sy
_l U

A
il oif
ot £ k1 oz®

)
g

Air mass exposure to ocean chlorophyll (Chl-a)< biogenic source’} t7]el] o] A% <
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| H Chl-a 32 A= AFH 717F &<t
of d3ddE HAFATE Figure 5(@olA debdl wvhel o] Chl-a East China Seal
open sea® ZTE I T/ SR, wHE A=A FFHFORE AFE A Hhce A
S By T3 Chl-a9 =W OCY saccharides®] w=wW3slel fAE AL el =
At} Chl-ax= OC (R = 0.64, p-value < 0.05)¢} saccharides (R = 0.52, p-value < 0.05)7F
o= Foludt & AAAAE BN o]zt #A = marine phytoplankton®] biomass’} 3l

A A A OCS saccharides 5% F7tel 714 4 A&ES A4S (Figure 6).
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Figure 5. (a) Distribution of major saccharides (SCs) concentration, air mass speed normalized
OC concentration and air mass exposure to chlorophyll-a (Chl-a) at each sampling point and (b)
the relationship between air mass speed and OC concentration.
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Figure 6. Correlations of
saccharides (SCs) with organic
carbon (OC) and chlorophyll-a
(Chl-a); Significant correlations at
the 5% level (both sides) are
marked with a star (*) symbol.

Figure 7(a)ol A= 7t A]5¥ saccharides &=/ Hl&& YEM I 2} A]8%¥ saccharides %4
o] fFAR wEl 2FS 7HAZR ek, AR #3, 45 maltose?] H]Eo] FElEHA Y
Ebyt7] W&ol group 12 EH3A 1L, AR #5, 62 arabinose?] H]&o] A7) whEol group
28 BEFslgth A2 #7-12% galactose, glucose, sucrose®] H o] ¢tEF o]l 7] wjFo] o]&
S group 322 ¥F3At}h Figure7(b)ol A& 5714 phytoplankton®] FZAo tia] AAke
air mass exporosre®] H|&S X A|SFA T}

AN B2 H 7)1 7+ 5 ¢ saccharides %43 phytoplankton %A 7 A#A#AES A3 Ay

i
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Figure 89 4YEMST. GrouplsS EAAAW  maltose= groupl®] 2 plankton$!
synechococcus (R = 0.48)°] w3+ air mass exposure® & o] At} Group2dl A FL A

o
¢l glucosei= prochlorococcus (R = 0.55)°] t3d+ air mass expouret FHHo] AJA7H
group2S EA A AW arabinose: prochlorococcus®t 2n = AaAAA 7 glAdck (R = 0.27).
Group3S EAAAYE AHE<QA diatomse] W3k air mass expoure< sucrose (R = 0.51)9}
galactose (R = 034 F3 F=Hol Jdrt. o|=%38] saccharides 3= FA 3
phytoplankton %739 &3t F¥o|A%E AAAFS Sl = JJY (Figures 7, 8). o]+ &

S B3 Y A Yool OCe saccharides®] % 7892 F2 AESH dFolztes

3
A2 U
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Figure 7. (a) Compositions of the saccharides in PM5 samples from Korean IBRV Araon’s Antarctic
cruise; The distinct components in the sample are marked with a star symbol. (b) Phytoplankton
taxonomic composition at each sampling point.
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Figure 8. Correlations of individual saccharides (unit:
%) with phytoplankton (unit: %).

QoFelAtH OC®t saccharides &% Atoldle s d#dAZE o (Figure 6), °l&
saccharides”} sl &F A FellA OC =9 WE FAE F AdF5s AAEH o] A4+ S
A=t {7] ooy &S AZdets FA HAFS Agsts d FAV Aok MG A=A EG
=0l sea spray olo]mEo| rlofst= Aol Wi Hu AFHAQ FAE AFsty]l A=
il &alE Fr1EH TV Fo 9 e gig o e 5487 dasitia 2o
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A 3 A HSAZT TR A ] RI|ARE 2 5 A7

G5 7l 25 548 Fostr] 98 2 AT e FEEtE PR XS Al
F71A (62.2°S, 588°W)ell Al PMys A= AHAE Fask3lth (Figure 9). Al&43= 20199 1
4 17458 29 12d71A] ¢F gk &3t 3 bA o R &t dar, 7 Alsmvkth ¢F 1400 - 4600
m’e] fFFe ¥71E AASA. F 9 Al 7 AL AP AlEe g AH=

=% 2o A TischAFe] high-volume
air samplerE &3] PM.sE XA, 71# W E49 795 HAS7] 938 pollution

s =}
sector (& 350-60°, T < 2m/s)E A Aso] samplerd #& S Ao st

N

¢

Sampling site ® | gke
== Building ¥ Sampling point

Marian Cove

Maxwell Bay

Figure 9. Map of sampling sites in King Sejong Station in
Antarctica

Table 6. Information on samples collected at King Sejong Station in Antarctica.

Sample Start time (UTC?) End time (UTC) Samphngg

volume (m°)
#1 2019-01-17 14:15 2019-01-18 14:15 1355
#2 2019-01-19 9:01 2019-01-22 8:51 4247
#3 2019-01-22 10:15 2019-01-25 9:32 1546
#4 2019-01-25 15:35 2019-01-28 8:55 3355
#5 2019-01-28 9:25 2019-01-31 8:52 4088
#6 2019-01-31 9:15 2019-02-03 8:45 4494
#7 2019-02-03 9:02 2019-02-06 9:02 4568
#8 2019-02-06 12:50 2019-02-09 8:51 3875
#9 2019-02-09 9:18 2019-02-12 9:18 4494

@ UTC: Universal Coordinated Time
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AR T FEAZ}E AlAH GC-MS/MS (Gas Chromatography tandem Mass Spectrometer,

Agilent 7890B-7010, Agilent technology, USA)E A}-&3te] dMRM
reaction monitoring) mode® FA3IATH & AFNAM= F 66F Uk /7

(dynamic multiple
14 A4 2

Ak B4S Y3 o2& ] g E 2 OC (Organic Carbon)®t EC(Element
Carbon)+= lab OC/EC analyzer (Model 5L, Sunset Laboratory Inc., USA)E &-&3lo] TOT
(Thermal-Optical Transmittance) 7]¥F2] NIOSH 5040 protocolo] uwet #2183 WSOC

(water soluble organic carbon)®} HULIS-C(humic-lIke substances carbon) +

S|
o

TOC

analyzer (Sievers M9, SUEZ Water Technologies & Solutions, USA)S A}-&3}o] #2435} ),

r_{

PMys Wl &4 &< EC, OC, WSOC, WISOC, HULIS %
144 + 194, 161,1 + 107.2, 102.2 £ 254, 589 + 97.3, 344 =

-+

th 669 FUIAEECN de F FEe WeE 47-40 ng/m’

=2, ghao] w A Al bH OWH of F&
a2la 5584 R 11759 F7148%9 &

al, 2013)¢k Bl FS wol &= 3uf 4
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Figure 10. Concentration of total carbonaceous aerosol and organic compounds in atmospheric aerosols
from (a) King Sejong station during the Antarctic summer of 2019 (In this study), (b) Anmyeon Island,
Background region, Korea during the summer of 2015 and 2016. The sum of HULIS-C and non-HULIS

1s WSOC, and the sum of WSOC and WISOC is organic carbon.
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Figure 11. Variation of the concentrations of carbonaceous
aerosols. The sum of HULIS-C and non-HULIS is WSOC,
and the sum of WSOC and WISOC is organic carbon

w3 AA ARAH V17 B DEES Bol: ARES (#1, 3, 9ol AT (Figure 12),
o] FE ARE T FI/IHEES] & B FEE 294 £ 96 ng/m’E LEFE ANRES
Aele A8 & F/IAHEES A FE(76 £ 21 ng/md)l HlE 350 EL FES BT
(Figure 13).
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Figure 12. Variation of organic compounds in atmospheric aerosols from the Antarctic
King Sejong Station, King George Island, Antarctic Peninsula during 17 Jan 2019 to 12

Feb 2019.
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Figure 13. The difference between the sample of high
concentration and the rest of the sample.

F71 Y FEE Fol=d 7|93t WS4E FAFo® 2zl orthogonal partial least
squared-discrimination analysis (OPLS-DA)E G333 th. OPLS-DAT A 549 #E 4
= stue] daugFor AFE F = WHoRA F OF Y HolE det=dH A gtst
W oolu oW Wyt b & WS JHA AL YeA IS S qualitative data T E
2S5 93 A3 E2 Jd5HAY Boccard and Rutledge, 2013; Leem, 2016). OPLS-DA %
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Figure 14. Principal component analysis (PCA) and orthogonal partial least squared-discrimination
analysis (OPLS-DA) score plots of the samples.
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Figure 15. Variable Importance in the Projection (VIP) value estimated with OPLS-DA model.
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mel 57 AE R ettt (Figure 16). 571 AHo A @ oIS F&-2 land, B}tk
ocean® ® W3R, W FHELS W Fxo wel sea-ice, marginal ice zone

ice—free area in MIZ (IF-MIZ)& F#3slo] wW st}
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(Zhao et al., 2022, Spatial Statistics)
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Figure 16. The origin of the air mass source is divided into 5 sectors according to geographical
differences.
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Figure 17. Mean air mass retention time over the Ocean, MIZ (Marginal Ice Zone), IF-MIZ (Ice
Free MIZ), Sea-ice, and Land during the sampling period.
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Figure 18. Fraction of organic compounds in King Sejong Station,
Antarctica
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Figure 19. (a) loading plot of principal Component Analysis (PCA), (b) result of PCA

I
1
Component 4 g

Fol AASAY v G

5ol AlE71A]

AD
10 05
05 op o5 Yo 05 00

Gom9°

with values >0.4 are listed).

nent 3

levoglucosan® 7%

1'%

S~

]

1 = A+

= o) = o) o A
FH 7IA A FAgolsSs T3 FARE 7 3
b)
Soiifces 1 Principal Con;ponents (PC) 5
1 Marine biota Marine 0.70 0.47 0.44
2 Blologlcal.sour-c? of Terr_plant 0.42 087
terrestrial origin
3 Photoomdatllop of Photo_N 0.96
natural origin
4 Photoomdagon (_Jf' Photo A
anthropogenic origin -
5 Biomass burning BB 0.92
6 Biogenic detritus Detritus 0.88
7 Fungi emission Fungi 0.98
Eigenvalue 24 2 1.9
Variance (%) 34 29 27
Cumulative (%) 34 63 90

_24_

(only those



M 4 F 7oy

A1 A A7 52 U

=13

SE SNE ¥ eIoE

T
ARATEE E2CE R 94 % (%)
GC-MS/MS #AHMES A &ste] 7171 A&=3A(MDL)&
SRS JIE §714% AW dgulste BAZEE 109
1 o A= RP S REY =~ o 1 e -1
e FEAE oy gz
= o2 Eal I @ IIFW 7] mAEA AR A
W g gshesl Y R BE As 4
NE BN [ V1E BaPANe e FAN R A dayAy
wetg FAAN R | A
Agre garAy | dsARdA e 9 AdEst FgE dadeRs
7 (OC, EC, WSOC, HULIS-C) =423 A2
gz g zs]q w | PM25 stelEFAE el AsEnl % AT et
13d = . i 24
= g ol s &dAke _ - § _ 100%
(2020) | Gojmzm A maz | 20202021 OFEREE FSRA R FF ATANIA G
o ou o) A4 AT717E Ee PM25 stolBFAEE AXste] ff7] o
o e A= WF AE g
B4 % 4%(0CEC, WSOC, HULIS-C)¢] #4242 Al
B A A i . 5
Coe e BeAS AERDL ol kel BaYRE FHAL
T A=
AF71A vs. <19
HAz/l9 A9 | T olEgsl olghezelA  AAF ololzE:
A3 FrIHE B | levoglucosanS H| ZE3F 10F oA sugarsT 4
)j'
J2 7] W Fu [ 2021/2022 ofebe W ol $aAE ZEe] wolA
A elolrE: Al | FAH olEARM, BT F 7] oejzEe] A% A
=4 5 Fg1
BaA % 4% (OCEC, WSOC, HULIS-C)¢] RAMx &
G35
BadR 4% 8| 7 ] . _
SEUE AT ) ges wznae olgdlel wayd F44U A
o > AE
2 A = AR =2 FIEXA 3lo
2:2}021) RhaA ol mE #esy skl L00°%
Sl R REY B4 A% GC-MS/MSS 283
T HA BEAW jub =5 E3
GC-MS/MS 24 | ™ L S o
S T | Sugarsgwel Azaw mqwstel A% W 484 29
He o= ATTe g8 zagdale] oA oo
® 6091F9 3}et . T oy al
e g5 AT A A AHT A2 Wl 6059 F7]4d%E
w A g
g5 g7l 188y v a5 24 ot
2022/2023 W= o] | 2022/2023 otet = ol FIAE &8t gharol A
BHALe] ool2E | FAX olFARW, BT T oy ooz A% A
Zd = A 3}
3(2}022> A £ AR HE 100%
AR 4% 3 | AR 4% (OCEC, WSOC, HULIS-C)9] ®4xtz &
[ A= X
b B LSy |

_25_




el ) oy A o
o0 ~
iz 0| Th 8o
~ < T of
N =0 3R ) -
zz D
= Gl I ~ = oy iod
70 ,.nn,mo ﬂ_OI X X o
No 7 N o A} gl e
BJ o Ko T [y i
s 70 o SR o 6y
o O i m_. e X0 M_H Hr 0l
T ey rOE © 7
ok N ~ o iy o
noomA I
T T o W G2
T qp 0 ol T i
i L T
wEL el 3° A
e 2 T = T
- X% X e T 7! W o
ITRauTa X oMy X o
e .
% W = 9 G I Ty -
DT 8w o ) o ® A g
T o o o fin i o
Fp g a bR g e =
o Lnua i < N+ — A= N N =0
T S D AN
T EnTT o WO oo ™ i
Tr TO ) &E é.e X =X ,Q O# )
EE I W w Ty Paow
D CHRCIINT : S
2.7 3 SET T e o
SEk N el B GG
S 3 o) @ool Moy TR
ST ar = F % 35 oy X hF
& EE o R X ﬁ CEE I = e )
"W ;ﬁ;xawﬂwurm;ﬁ I 7MW
™~ .WU _,TI p— Uru —~ J_v =K Uru
K M o ~
— O O o O N o % O
K do TH T o0

_26_

|45 A



ol

00
il

ol
=
il

ol

g

o

-t

K0

H 5

b oo o

5|
pud

SOl N F37h4 olEAZER A3

ki3

&5k

=55

Al E 38t 7) A o) ofe}

A

1=

S

S gk
= =1
7+

2

o oo]wE WAl

6(‘)]:

)

s}k
=

2

i

J| 4 o =

Z

2 nr

%

A, oA

!

B

s

ojp

_27_



H 6 & IR

o

Antony, R., Mahalinganathan, K., Thamban, M., Nair, S., 2011. Organic Carbon in Antarctic
Snow: Spatial Trends and Possible Sources. Environmental Science & Technology 45,
9944-9950. 10.1021/es203512t.

Bae, M. S., Park, S. S., & Kim, Y. J. 2013. Characteristics of Carbonaceous Aerosols
Measured at Gosan— Based on Analysis of Thermal Distribution by Carbon Analyzer
and Organic Compounds by GCMS. Journal of Korean Society for Atmospheric
Environment 29, 722-733.

Barbaro, E., Kirchgeorg, T., Zangrando, R., Vecchiato, M., Piazza, R., Barbante, C.,
Gambaro, A., 2015. Sugars in Antarctic aerosol. Atmospheric Environment 118, 135-144.

Bieleski, R.L., 1995. Onset of phloem export from senescent petals of daylily. Plant Physiol.
109, 557 - 565.

Boccard, J., Rutledge, D.N., 2013. A consensus orthogonal partial least squares discriminant
analysis (OPLS-DA) strategy for multiblock Omics data fusion. Anal Chim Acta 769,
30-39. 10.1016/j.aca.2013.01.022.

Calace, N., Cantafora, E., Mirante, S., Petronio, B.M., Pietroletti, M., 2005. Transport and
modification of humic substances present in Antarctic snow and ancient ice. Journal of
Environmental Monitoring 7, 1320-1325. 10.1039/B507396K.

Choi, N.R., Lee, S.P, Lee, ]J.Y., Jung, C.H.,, Kim, Y.P., 2016. Speciation and source
identification of organic compounds in PM10 over Seoul, South Korea. Chemosphere
144, 1589-1596. https://doi.org/10.1016/j.chemosphere.2015.10.041.

Choi, N.-R,, Yoon, Y.-]J., Park, K.-T., Kim, K.-A., Kim, Y.-P., Ahn, Y.-G., Lee, J.-Y., 2021.
Trace Level Determination of Saccharides in Pristine Marine Aerosols by Gas
Chromatography — Tandem Mass Spectrometry. Toxics 9, 86.

Crahan, K.K., Hegg, D.A., Covert, D.S., Jonsson, H., Reid, J.S., Khelif, D., Brooks, B.].,
2004. Speciation of organic aerosols in the tropical mid-pacific and their relationship to
light scattering. J. Atmos. Sci. 61, 2544 - 2558. https://doi.org/10.1175/ jas3284.1.

Fraser, M.P., Lakshmanan, K., 2000. Using levoglucosan as a molecular marker for the
long-range transport of biomass combustion aerosols. Environ. Sci. Technol. 34,

4560 - 4564. https://doi.org/10.1021/es9912291.

Fu, P., Kawamura, K., Barrie, L.A., 2009. Photochemical and Other Sources of Organic
Compounds in the Canadian High Arctic Aerosol Pollution during Winter —Spring.
Environmental Science & Technology 43, 286-292.

Fu, P.,, Kawamura, K., Miura, K., 2011. Molecular characterization of marine organic

aerosols collected during a round-the-world cruise. Journal of Geophysical Research

_28_



116. 10.1029/2011;d015604.

Fu, P., Kawamura, K., Kobayashi, M., Simoneit, B.R., 2012. Seasonal variations of sugars in
atmospheric particulate matter from gosan, jeju island: significant contributions of
airborne pollen and asian dust in spring. Atmos. Environ. 55, 234 - 239. Pacini, E., 2000.
From anther and pollen ripening to pollen presentation. Pollen and pollination 19 - 43

Fu, P.Q., Kawamura, K., Chen, ]J., Charriere, B., Sempéré, R., 2013. Organic molecular
composition of marine aerosols over the Arctic Ocean in summer: contributions of
primary emission and secondary aerosol formation. Biogeosciences 10, 653-667.
https://doi.org/10.5194/bg-10-653-2013.

Gali, M., Lizotte, M., Kieber, D.J., Randelhoff, A., Hussherr, R., Xue, L., Dinasquet, J.,
Babin, M., Rehm, E., Levasseur, M., 2021. DMS emissions from the Arctic marginal ice
zone. Elementa: Science of the Anthropocene 9. 10.1525/elementa.2020.00113.

Hu, Q.-H., Xie, Z.-Q., Wang, X.-M., Kang, H., Zhang, P., 2013. Levoglucosan indicates high
levels of biomass burning aerosols over oceans from the Arctic to Antarctic. Scientific
Reports 3, 3119. 10.1038/srep03119.

IPCC, 2014: Clmate Change 2014: Synthesis Report. Contribution of Working Groups I, 1I
and IIT to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change [Core Writing Team, R.K. Pachauri and L.A. Meyer (eds)] IPCC, Geneva,
Switzerland, 151pp.

Kawamura, K., Kasukabe, H., Barrie, L.A., 2010. Secondary formation of water—soluble
organic acids anda-dicarbonyls and their contributions to total carbon and
water—soluble organic carbon: Photochemical aging of organic aerosols in the Arctic
spring. Journal of Geophysical Research 115. 10.1029/2010jd014299.

Kim, K.A., Choi, N.R., Yoo, H.Y., Jang, E., Yoon, Y.J., Park, J., Jung, C.H., Kim, Y.P., Park,
K.-T, Lee, J.Y., 2023. Atmospheric saccharide composition and its possible linkage
with marine phytoplankton from North Pacific to the Antarctic regions. Atmospheric
Environment 292, 119420. https://doi.org/10.1016/j.atmosenv.2022.119420.

Laskin, A., Laskin, J., Nizkorodov, S.A., 2015. Chemistry of atmospheric brown carbon.
Chemical reviews 115, 4335-4382.

Leem J-Y. 2016. Discrimination Model of Cultivation Area of Alismatis Rhizoma using a
GC-MS-Based Metabolomics Approach. Yakhak Hoeji. The Pharmaceutical Society of
Korea 60, 29 - 35. http://dx.doi.org/10.17480/psk.2016.60.1.29

Li, S.-M., Winchester, J.W., 1993. Water soluble organic constituents in Arctic aerosols and
snow pack. Geophysical Research Letters 20, 45-48. https://doi.org/10.1029/92GL02918.

Nguyen, Q.T., Kristensen, T.B., Hansen, A.M.K., Skov, H., Bossi, R., Massling, A,
Sgrensen, L.L., Bilde, M., Glasius, M., Ngjgaard, J.K., 2014. Characterization of

humic-like substances in Arctic aerosols. Journal of Geophysical Research:

_29_



Atmospheres 119, 5011-5027. https://doi.org/10.1002/2013JD020144.

Park, K.-T., Lee, K., Kim, T.-W., Yoon, Y.J., Jang, E.-H., Jang, S., Lee, B.-Y., Hermansen,
0., 2018. Atmospheric DMS in the Arctic Ocean and Its Relation to Phytoplankton
Biomass. Global Biogeochemical Cycles 32, 351-359.
https://doi.org/10.1002/2017GB005805.

Park, J., Dall'Osto, M., Park, K., Gim, Y., Kang, H.J., Jang, E., Park, K.T., Park, M., Yum,
S.S., Jung, J., Lee, B.Y., Yoon, Y.J., 2020. Shipborne observations reveal contrasting
Arctic marine, Arctic terrestrial and Pacific marine aerosol properties. Atmos. Chem.
Phys. 20, 5573-5590. https://doi.org/10.5194/acp-20-5573-2020.

Prijith, S.S., Aloysius, M., Mohan, M., 2014. Relationship between wind speed and sea salt
aerosol production: A new approach. Journal of Atmospheric and Solar—-Terrestrial
Physics 108, 34-40. https://doi.org/10.1016/j.jastp.2013.12.0009.

Scaramboni, C., Urban, R.C., Lima-Souza, M., Nogueira, R.F.P., Cardoso, A.A., Allen, A. G,,
Campos, M.L.A.M., 2015. Total sugars in atmospheric aerosols: an alternative tracer for
biomass burning. Atmos. Environ. 100, 185 - 192. https://doi.org/
10.1016/j.atmosenv.2014.11.003.

Simoneit, B.R.T., Schauer, ].J., Nolte, C.G., Oros, D.R., Elias, V.O., Fraser, M.P., Rogge,
W.E., Cass, G.R., 1999. Levoglucosan, a tracer for cellulose in biomass burning and
atmospheric particles. Atmos. Environ. 33, 173 - 182.
https://doi.org/10.1016/S1352-2310(98)00145-9.

Simoneit, B.R., Kobayashi, M., Mochida, M., Kawamura, K., Lee, M., Lim, H.]J., Turpin, B.
J., Komazaki, Y., 2004. Compos.

Taketani, F., Miyakawa, T., Takashima, H., Komazaki, Y., Pan, X., Kanaya, Y., Inoue, ],
2016. Shipborne observations of atmospheric black carbon aerosol particles over the
Arctic Ocean, Bering Sea, and North Pacific Ocean during September 2014. Journal of
Geophysical Research: Atmospheres 121, 1914-1921.
https://doi.org/10.1002/2015JD023648.

Zhao, X., Liu, Y., Pang, X., Ji, Q., Stein, A., Cheng, X., Chen, Y., 2022. Concept-driven
extraction of the Antarctic marginal sea ice zone from remote sensing image time

series. Spatial Statistics 50, 100578. https://doi.org/10.1016/j.spasta.2021.100578.

_30_



KI-

O] EaAME=
A L.

1.

2. O] E3aM U

i b S I

HI & [<)
2f5{OF 2fLICH.

ol

0l
0{0

iod

|

—t

od
1

3]
m™
MO
I

[N}

H

ol

0l
T




	단계보고서_이화여대(이지이)_최종
	책갈피
	_Hlk67909673



