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SUMMARY

I. Title

o Developments of Analytical Methods for Climate Regulating Components and

its application to Polar Environment

II. Purpose and Necessity of R&D

o Purpose

- Development of techniques enabling trace level analysis of the -climate
relevant components

- Application of newly developed analytical methods to polar environment

o Necessity

- Polar regions are the most vulnerable area to climate changes

- Rapid environmental changes in these regions could cause changes in the
emission of various climate-relevant components (including greenhouse
gases, aerosols and its precursors) into atmosphere

- Changes in the occurrence of greenhouse gases and aerosols (act as cooling
component) in the polar regions could accelerate or slow down the on-going
global warming.

- To understand climate feedback function of naturally emitted climate-relevant
components, the development of analytical techniques which is suitable for

long—-term in-situ observation is required.

III. Contents and Extent of R&D
o Development of trace level climate gas analytical system
— Development of pre-treatment system (automated purge and trap and membrane
contactor system) for the extraction of dissolved trace gases
- An analytical system enabling consistent and long-term measurement of
climate relevant gases including DMS and N-O.

o Development of analytical method for the analysis of molecular characteristics
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of fine aerosol and dissolved organic matter
- Pre—treatment methods for the extraction of organic matters

- Development of Customized Polar Marine Aerosol Simulation Chamber

o Application of newly developed analytical methods to polar environment

- Evaluating the excellence of newly developed analytical system

IV. R&D Results

o Newly developed analytical system for climate relevant compounds

- We have developed eight analytical techniques in the past three year. The
analytical techniques developed over the past three years are listed below.

1) Automated pre-treatment device for trace level biogenic cooling gas
(dimethy! sulfide: DMS),

2) automated pre-treatment device for dissolved gas extraction,

3) in-situ Isoprene/DMS analyzer using ozone—-chemiluminescence,

4) dissolved methane and nitrous oxide analytical device coupled with CRDS,

5) marine biota incubation chamber,

6) Polar marine aerosol simulation chamber,

7) automated system for dissolved organic matter extraction,

&) aerosol pre-treatment techniques for ultra—high resolution mass spectrometry.

o Application of newly developed analytical methods to polar environment

- In-situ and long-term analysis of atmospheric DMS in Arctic and Antarctic
site (>12,000 measurements)

- Analysis of seawater N>O and CH,; concentration and flux in Arctic,
Antrarctic and coastal area (>1,500 measurements)

- Evaluating the contribution of biogenic organic matters to polar marine
aerosol formation

- Identifying molecular characteristics of Arctic organic aerosols using

ultra-high resolution mass spectrometry

V. Application Plans of R&D Results
o Contribution to a better understanding of the changing climate relevant components
o Enabling creative research through newly developed analytical techniques in

Polar region
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.
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MS*: Mass spectrometer{general)

= %9l Global Atmisoheric Watch
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GAW station

Greenhouse Gas (measurements)
(Country)

Coordinates

CH, (MS#, CRDS, GC-FID)
CO, (MS*, CRDS, GC-FID, NDIR)
N0 (CEAS, GC-ECD, Flask)

Alert (Canada) 82.5°N, 62.3°W, 210m

CH, (MS#, CRDS, GC-FID)

Zeppelin Mountain
(Ny Alesund)
(Norway)

78.9°N, 11.9°E, 475m

CO; (MS*, CRDS, NDIR)
N,O (GC-ECD)
CsHg (GC-FID)
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CH; (FTIR)

Thule (Denmark) 76.5°N, 63.8°W, 200m | NoO (FTIR, Microwave
radiometry)
CHs (GC-FID)

Summit (Denmark) 72.6°N, 38.5°W, 3238m | CO, (MS*, NDIR)

N.O (GC-ECD)

. CHy4 (CRDS, Flask sampling)

Cbridge Bay 69.1°N, 105.1°W, 25m | CO, (CRDS, Flask sampling)
NZO (Flask)

CH, (CRDS, Flask sampling)

Inuvik (Canada) 68.3°N, 133.5°W, 107m | CO, (CRDS, Flask sampling)

N>O (Flask)

Barrow (AK)

CHs (MS#, GC-FID)

: 71.3°N, 156.6°W, 11m | CO, (MS*, NDIR)
(Umted StateS) NZO (GC*ECD)
Site J (Denmark) 66.5°N, 46.2°W, 2030m | CHy (GC-FID)

CH; (GC-FID)
CO, (CRDS, NDIR, MSx)

Pallas (Fll’lland) 6800N, 2410E, 5601’11 NZO (G’C_ECD)
CsHs (GC-FID)
Kiruna (Sweden) 678°N, 204°E, 424m | I g%%))
Tiksi o o CH,; (GC-FID)
(Russian Federation) 7LE°N, 128.9°E, 8m CO, (NDIR)
Teriberka g o CH; (GC-FID)
(Russian Federation) 69.2°N, 35.1°E, 40m CO, (NDIR)
CHy (Flask sampling)
King Sejong (Korea) |62.2°S, 58.8°W CO, (CRDS, NDIR)
N2O (Flask sampling)
) CH, (GC-FID)
falmer, Sation 64.8°S, 64.1°W, 10m | CO, (MS*, NDIR)
ea wtates N-O (GC-ECD)
o o CH4 (GchID)
Neumayer (Germany) | 70.7°S, 8.3°W, 42m CO, (Flask sampling)
Halley (United o o CH; (GC-FID)
Kingdom) 756°5, 26.2°W, 30m | ¢, (MS#, NDIR)
o o CH (GC_FID)
Syowa (Japan) 69.0°S, 39.6°E, 21m CO; (MS#. NDIR)
CH, (GC-FID)
Mawson (Australia) 67.6°S, 62.9°E, 20m CO; (MS*, GC-FID)
N,O (GC-ECD)
CH, (GC-FID)
Casey (Australia) 66.3°S, 110.5°E, 51m CO, (MS*, GC-FID)

N,O (GC-ECD)
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Arctic, Antarctic Atmosphere

Wettinge Ice melting 1, Temperature 1

Organig Matter 5 Ice melting
* Freeze e "

lce Algae, <
Organic matter Stri tion | SAeidification | -
& Melting water

Permafrost
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=3 . (*xDOM: dissolved organic matter)
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&
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7 TppaAE, B4 o) ofe] g0

FASFES B A S vIF ATFE 22T (219 6),

Long-range transport
in the free troposphere

H,S0, — SO,

Cloud droplets - g

Particle growth — condensation,
coagulation, cloud processing

Entrainment rate

l Cloud condensation nuclei
S0, o !;':ea S?It Organics
DMS T [ I
i . Biological activity
S . Wind speed :
Biol | acti : Wind speed
V\}?nggslgzegc i Bubbfe Dursting Bubble bursting
Sea salt
Marine aggregates
a9 6. A% 719 715 YATLA(DMS) 2 & H
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2549 dA 34 (Quinn and Bates, 2014)
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Aehe Be A4 ANE ALSIa, L ANE BEske] v
Ago] ARHoR ARH AF fUlNol2ze] Bel/saH B4 A=

299, e A AW AR (Park et al, 2013)

2.2 =8| 71/t I
o Marine Methane and Nitrous Oxide (MEMENTO) X2 A E

- =99 AG7]#¢l Helmholtz Centre for Ocean Research Kiel (GEOMAR)A
MEMENTO Z=2ZAE2009 AZhHE T3 8 2247F=N,0, CHy A &= 7ss
Mastgom s 7Y N,O, CHy A w3 dis

https://memento.geomar.de/).

a9 10, 59 GEOMARoM Makste] &g F9l
7] s 2 (CHy NO) #417]7]
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O National Oceanic and Atmospheric Administration (NOAA)

- 1= NOAA?®] Pacific Marine Environmental Laboratory®l 4]+

=g st A AA s olatstEa 29

1MAPCO, 2 JAMSTEC

Intake for
underway
systems

2 SAMIs

FEAVIES F89 o7l 2A7S BV RS FRshaL Jle. 59 shetel,
Aozt adds, 95 714 8 FHSs e W) & 7o Sk viE
o] d A TA 247 R WSl E AT E A=stal gl

| Cal.ibraﬂon{l i
-\ Standard Gases |

18] 12, n]= ESRLONA] 7)erd Alg Fol &

= ©°
7hs A A E]
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O Advanced Global Atmospheric Gases Experiment (AGAGE)

- "= MIT, Scripps Institution of Oceanography, &5 CSIRO, %= University of

Bristol 5+ HIE3 A AA o= 7] et A7 Iw devkee] 2 A fAde

2 7 U7 #5764 DU edBd L AR AR BN 53 Fu

=

o) CFCs 24& BAa &+

T Ue AP 71=(MEDUSA GC-MS)& 7Hdtate] thekst

277 FEFORA <

R4

o]s} (1% 13, http://agage.mit.edu/).

a9 13, A4 A

B\ 1
7] % =vlwk CFCs #417]7]

bl

Jol

24_5
N
i
o
lie]
oo
ol
=

O Spanish National Research Council (CSIC) AC2

AL Fgoll o7 CFCs 24 wstol] gk Aol =2A 7

- 29?1 CSIC2] Atmospheric Chemistry and Climate Group (AC2, Group Leader: Dr.

Alfonso Saiz-Lopez)= #%7]l& 2 YA7|&S &89

== 283 SuFe] dir] 224 =4 &

su 9% wAE A

=5 MEete] g AN B5 A4S T
Sl

AYHE A 9

https://ac2.igfr.csic.es/en/).
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PCM | aloms

solamoid
wabe ()

se Lamp beam
gl windaw

collection optics

o and IF fiter

Ririly

conical P l
pinhale “.&,

photolysis call g
{l stom celibration}

— a5 flow
Excatation
we Flugrescence

a9 14. =91 CSIC AC2 Ag-dolAl 73]
28 F2A  Resonance and  Off-resonace
Fluorescence by Lamp Excitation (ROFLEX).
ppt T T2 B @ #S5ATd &84,

O Marine Aerosol Reference Tank (MART) /&

— "= Scripps Institution of Oceanography 2} University of Californima, San Diego®] <1
TEel daHor AAEE AF cdolmEs A st FAdsE AE A WS
A gste] Eg vy wAYSFS BAFE = 9 Marine Aerosol Reference TankE 7l
W33l Marine Research SystemsAlollA] 7g-8-8lste] Aufstal . A Ul A=
FFae7led 2uAHAl AFF e Al MART Al &8s Fufste] sfjgollol25 A3

o] AR S Brrekr] flste] 28s8ta 3w (™ 15).

19 15, Marine Aerosol Reference Tank
(MART) A]2=®l AL
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Caltech, Georgia Institute of Technology, University of North
University of Florida & w]=r9] thekst A7 A &8

)
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A RASE g A 84 A we exeld oolmEe] 44e] sbsetn mE
WA BB W BAY S Qe W AMERS Y FUT WA B,

A w7l T oolAF FrldolmEe] AYE F 3= Y

ONO;

} <_ hydroxynitrate [o]

OH }*/f

%l / carbonyl

M >_\_ 0 O-0¢ No }_{ e i
\ W OH M) 2 om ;No OH

02
isoprene hydroxyalkyl hydroxyperoxy 4 hydroxyalkoxy %‘

8]
radical radical radical H
HO% RO, OH

Q2 hydroxycarbonyl

hydroxy- P-oH OH

hydroperoxide HGH >—<_OH diol

a% 16. () Aol d Ay 37 AW AR (http://ng.chbe.gatech.edu/) 2} (§-) 2
W g AHE ol&dte] d7] T SOAXE wWiZlUES T o (Kroll et al,
2006)
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2 A5 S8 RS purge and trap AA P A= dAAEH AREEE HE7]19 54
ot nM = EBE 1 ol8ke] Ak v Alm 4 7hse] sbesith (1'18). 53
T Al AR FY-td 4 & 9 @O B4 AE7] AYs 2¢stke

TEL Bal ABskstel B4 W% P AR Bl

- e & B 24 A4
D o Als 9 (1 7 200 mL)

2) %7

Ho
o
b

1 2Z7] A 7F AA (10mLmin-1 ~ 500mL min-1)
3) & AA W] AA: 2 staged water vapor condensation (-15C ~ 5C)
4) NE FF 2% Ao below -70C (A AA &-8) ~ room temperature

5 A& g2 &% Ao 100C ~ up to 300C (electric heater AF&-)

olelel AEsh TEaRe BEakel (1Y 19), (| AT 24

1

3 method builder, sequence builder 715 S3lA Alg5 &4 =4

Azt 59 A3 £ Aol Zhssith 1, de AAEst TROHS S8te], HaA
thoFsl A=A WBE (multi-position valve, solenoid valve) 2 F#EA|o] &2 (mass flow
controller)®] %5 &2} A o] 7Fsatth (29 20). A9+ /W3 purge and trap AAg] %+
ZZ& gas chromatography (GC) - Electron Capture Detector (ECD)¢} <443+ nmol G+
o] B NO =4& A48 43 3 484 (12=099) 2 973 4EE(:38%)F HIA

ok (29 21)
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Q| €%

EMG Stop| Setting

Sequence Builder r Recycle

1 Cycle Repeat

Ha, | Method
1 Inart_s test

Change ‘Remove

Add
Method Method Method

Sequence view

Elapsed Time m
(per Method)

Name

i

| Method | Trap(C) | ConB(C) | Cond AC) | v

Method VIEW 1o fun Time: o010

Adethod Filename= C:'Program Files (x86) DMS2017Method parts

A |

R

Status
Running method
ready...

& Temp. Controller(*

SV

<)

|

_30_

=
o] = 9|3} platform

P Save Save s Load
mem | 1 | & | s | 4 [ 5 [ 8] 7 ][ 8 ] 8] w [ v | w | w-~|wckon T [Tog
Time 5 5 5 5 5 H 5 5 5 5 5 5 P [—
Trap. T 0 0 0 i i 0 0 ] 0 0 i 0 i > —
Con A | D 0 0 i 0 0 D 0 i i 0 i 0 |= Run time(min) l 09
Can, B ] i ] ] 0 ] 0 0 ] ] 0 ] 0 -l Volume(mL) J
MFC1 0 0 i n i i i 0 0 0 i 0 i
MFC? po) 41 E E ! D E 0 g E g E GCStart p» @ Sol Valve
MFC 0 0 0 0 0 i i i )
MFC4 | O 0 0 i 0 0 0 0 0 i 0 0 0 --
Vi = O O 0O | o o o o | | u] | @ Valco 'H
v | o o (GO A (s TR o T & (R o o o i @] [ 55 ) 5 |
Isw O m} O [} £ O O O [m] (] O 0 e T ‘H
« . I3
| 2017-09-25 ‘ 274342
= = Z 5 o]l & Ay . =
oY 19, WP vk FE A AFSE A% TP Az 4E 44



D | © | € | Sequenceview  fuwil: FERPIRR A~ Status
Start Stop EMG Stop || Setting - - . Running method
: MNarme Method Trap(C) Can B(C) Cond ACC) W ready...
Sequence Builder 1 Recycle
L — I Temp. Controller{*C)
o Y W)~
Mo, 3 COM Fort | j 1 Setting | 2
1 |pars
0
T:u Cm:mm Cum:m,ﬁ Solvpvl | Solvav? | Solviva | Selvivd | Solvpvs L
o I | | | "
L N v o [ o [ o I
y Sol ViV e SolV/w 7 | Solvivae FAN GC Start PV
Metroff ~KEHIE EE = == == . | o
el prrrrr—
W= sy Py DP Unit Max Scale I 0.0
T w0 o T
T T men | [ o HECEEE FeeE =1 [ 100 =
Con. A ‘w0 N e =11 100 : oo
el | =1 e d 0| | B
MFC2
| # Sol Valve
MFC3 L § 1
MFC4 % SV
VI 5V |
| T ———— ™ o 0 1 B3 Ea
"SL”E! O o o ®m O O ul O i m| ul ]| i 7‘\'””'2”3 B2 B3
2017-09-25 2343
g% 200 vF A FE= AA AEstE 9% z2ad A% (Manual
type 4= 93+ platform)
40000 . I . .
y =643x>+11628x + 1389
% r2=0.99
o 30000 | =27 &
= n=
o
O
&
= 20000 -
| -
O
-
O
()]
o
10000 -
O
0 1 1 1 1

1.0 1.5

N,O (nmol)

pal=1d

19 21. N,O 83 Hd
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O 7leMd X8y 43
- purge and trap 7]WFe] AA g 7)& AA (1749 49)
- 1A AL b (174 54, 7 ofF A FrE AU E)
- 22 4 7k (179 84, 7he 9 A FE AAYH)
- 32 A ke (179 94, 7hE oF] A FE AAYIR), 717] ke wE AE ks
- Asst 2o s o7 (173 7€, 7 9lF dAl iCDS)
- Asst T A vk AY (17d 129 AE 9 R)

3.1.2 Membrane contactor/ Syringe type Equilibrator& %83}
o 82 sl 22 WA A

0 7% ALe) 23

Ae] el Fu7F & Aol Atk oldll, purge and trap Aol Hlgte] Tk FES 919
K

shste] S @Y 2Alel A Fejel B Ao o

3o, optic analyzerst dgste] Al 4ol &old AAT FAE A= As HRE
stth Purgen and trap "9 @S HEE ¢ 9= 7t FF WA o2 Membrane

contractor % sryinge type equilibrator H2jo] &87}sslH, 53] A% i Alm

(<100mL batch sampler)e] 4] #$+3t sryinge type equilibratorE 83 &5 7}~ 3
= A5 F71 /dstazt gkl

ok Ae)= s A8 (batch sampler) B9 oy}, <4 A E(continuous sample)
FAox &g Vet eE AASY 2, Gas chromatography % CRDS, QCL 53 #&
FEEA Aol AAlste st HAHoR &8 et s AAlskrh 53, degnet
AAEES 935Fe], Membrane contactor % syringe headspaceE &3+ ¥ o] Q3 4

A7k 89l Aol Aol ol F gla) ool ¥4l 2ol g A8 4o Basj,

,32,



D g A D g FA FF A

2) %7) f7 % E7] A% A4 (10mLmin-1 ~ 500mL
3) Ag-714 BPol AR AT Y

1) BAY hs FE AL FNE AT L& A

Flamiauaes gomgls N

min-1)

Yo

N

1% 22. (a) membrane contactor type

type &< 7t& F2 A AL

ZNeME 1Y &3

membrane contactor 7|¥Fe] A g] 7%

“““““““ . {\ i*"mlz‘.zc s
MWM&\\\.W T
B H ;‘5\ H Y : t
L0, CH, analyze

AA s (179 44)

- srynge type equilibrator 7]RF A A ] 7| A7 &5 (17 59)

AR Wad Ba ARE 1] (174 5-89)

- Awst ZEad e 9 AR AA (1749 8-1049)

- iR A e AR 54 B Aol tiaiM= 314 W7, sl AR #Sol] 7}

S s A O 4 7oA vz} g}

3.1.3 BHEN7IHE ZEY n|F 7|4 &4 e Y 53 mheot
O F8 BEH 7«9 EA

HZ FHEA7IHE 7Ivte® 3w 7)A #57)E0] 5 RRE Wdstal Qlow, 579
ppb T HF 7AE B4 T 5 e AT FEe] 4 T7IEe] AEstEdAT (R
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2ol & el B 7}

F&dol A H=7] 9

A
4]

=]
249 2

Eal

7}
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e 59

A2 AgstEo] o= o] A B

H71 fleiM =

5

71715 A

1 https:/www.licor.com/; http://www.aerodyne.com/; https://www.picarro.comy)
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= Al A, 8B e A7) SRR AR dAY A E At

NDIR, CRDS, QCL & th&sh #

4 shglon), FA ¢ 2 Bl TS ABE N

@)
=
o
E
S
r o)
I}
re
it
do
=
2

PiccaroAtell A #ufgli= CRDS W] #= An|E &-83 A5 Pttt (2017 12¢
T =),

O CRDS 24 7|€9 54
CRDS (Cavity Ring Down Spectroscopy)= 270 ©]42] A-E-(HFAFE>99.9%)°] A=
S(cavity)Stell ©deold tho] =5 FAlsto] 7hamde] F47, Abeh WAREY 540 9
g #HolAd RS ol8dte] TEE FAste BAVIEEM, 54 3FelA ds Fet
X

]=5 PICARROAFIA] CRDS "4 7]

rr
N
N
>
o
e
A
o,
r-{n:
<
i
i
>~
>
ofo
ﬂ
;2
£
o

g} Fetra Aol ulste] signal drift @4o] @8] kol Aage] e,
gol Mo 4YH W ohjel AT Fgo] FUsh EF, CRDS #471%2 CO, CH,

E\:IE

S|
NO ¢F 2& 24 7129 w55 10 Hz =+ 02 Hz 7712 JdstA 54 7tk

3.1.4 Ti7], Blef AR Be] b5 thIsH ABE N0 24

7l& it

®o7% e Ea 2%e AAAR (WmL)OlA nmolL el A ANRE FHH o
2 %% @ 5 o A Asge Agsten 3y 23), A AL AAe Asge
N

CRDS #eha7]7]9 dAste] &gatdnt (17 24). A /e Az A
o}

il

1) A8 N EE Aol &3 F (10760mL), 978 =Fe] zero—air (40790mL)E 4

=

dx 2 T (A U Al 2 zero-aird] E3HES G| o 2N AR HE I

2) 713-93) b el Babdoln we WY 2AS 715 Astel, AuAe &
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(Cavity Ring Down Spectroscopy: CRDS)=

Sample Isotope Module (SSIM)ol =%
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g8 o don, HEo] 7] 247F(N0, CHy, COy) 240 %= &8 7He e

406 T ¥ ¥

L]

L

]
T

Y

o

L]
T

~1.3nmol L
:,._ ---» Seawater {(80mL) : zero-air (20mi)
,,,,, g at 250

Measured value {ppbv)
N
L]
L]

g 106 200 360 460

Estimated mixing ratio (ppby)
a4 25 %‘i} 2ooR NO  EFETMEE
SSIM-CRDSE &8 24 Al N.O A3 3k

3.1.5 FFA 7| 7|Ht As% DMS &4 7|7
O =m|

S
vz DMS £4L8 93 A5 §F Al2¥ /¥ 2 Pulsued Flame Photometric

N7 F pot FElE EAskE DMSe dF #5S fdAE pg T sulfur
compoundE A& & F Y= HAE719 ppt ¢ DMSE E4 adsorbentel 533}o] &
HHorw HEV|m ADsl = 5 dv AAY A2gae] dEo]l adth A8 A 3A
(PE17010)¢] A|9¥< F3 Gas Chromatography—Pulsued Flame Photometric Detector A]Z2~
g TSt en, & AHAE 8l olet dAlst] &8 7Hed DMS #58 A Al
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7] DMS #45 93 A
Aa] A=) .
a9 27, A AR AA e
A=A (20173 129 =4
2] (20107 A) 712 A=A ¥4=")
A% 34 (PFPD A AA]) 5 pptv DMS 1 pptv DMS
nE F7] 1A 7k 208
W i ] = W A3 7 Agu)ebe] A
ol v g | TR AAE AR 2w AR
A S M e an (g e
-NILU-NPI ¥&54H4+=
=) 14 0_]0 12:1 rf.; ZOC’ _ZOOC)
S 20109 39 5= A= ~AE B 0 g sn
B T I C I
- A & HAA7] 7
Fa 54 9 384 ° (max: 200°C/min)
=4 25 dH (20174 7]
L [ . - T AE AXEO AFE
= Fal e DMS a5 235 zlwly A ~" 2E
e ob A BEAF
- FE AuE B8 A9 54 ceTe
b oA Lo | AR AR Ao A aE A
B9l 47e] SCI =8 WE
e kA AA B& A
O Q& 3}8P33(Ozone chemiluminescence) W4]& &3 A¥= DMS #= 4] /e
HoAAIA S E3] FvjE(ppt ) DMS 42 93 Alg 2 Al2=#=3} Pulsued
Flame Photometric Detector2}] AAIE E3 ppt 52 DMS #=0] 753k AH|E 7|t
Atk AEr 7t AR BAS 98 ‘FHA|2~E-GC-PFPD B4 Al~ue Be 73
g dAE o= s|ue] FA EFT7F 7R, A 20009HY o)/de] ARE 1A
H]-g-o] W& w3k Pulsed Flame Photometric Detector(PFPD) A&7]& AA7A82 £4
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RAARTER) ARSE BR R S uitel] SAHelM ] ATIARl fF FEell of el

shat, Aol o 12kgk DMS @
& A% A7 sl

717 deEjel DMS7F Q37 W3- Al YER=

, 2L DMS 24

Al 2~¥13} Pulsued Flame Photometric DetectorS A3 An]o] 3HAIAHS

Alz=dl 7jak

chemiluminescence 37| isoprene®

AREE Aol ZRebete] (19 28), o= spehddiAs 288to] ti7] isoprene?| AAZF F

A2k Dr. Alan Hills)ol & gfshtgw2S 53 D

% 7% el A3 T AFE A
DMSE xgste 7] Alas &3 A4 ¥&

e ted 54 % DMS)

st} Theket We A % W

Al F9 T oF B
Abst 4 (CH3SCHS +
ho (Amax: 370 nm)el A BASHE sl ol b BgHoR AE
2700 0@ HAES SRS (17 30)

22 g3,

o

o
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E

A ZFsh= Hils-Scientific (7=, 2

S ¥4 7bsy o

o]

3l

03 — SO — 502 — 5022 +

_(H

=
E 3 ad
% v ‘3TR3s50A
8 \
g lsoprene
0

Wavelength (nm)

oy 28 E%E}Qv‘i‘—
N % 29. Fast Isoprene

A YEYE= D
9 Isoprened 3} c]' %
intensity ¥ 3} (Toda

2008)

Sensor (AFAF Hlls-Sdertific)

et al,,

18 30. DMS
gegd e 0y w8
2E (395nm FGUV3 filter,

A%g 98

400nm  short—pass
420nm dichroic filter)

filter,

%3] Hills-ScientificAlell A
o] ThssEE Jix
g 2 Gsdy Fol gg g HAES
79 Ags P39

isoprene ¥R olzl, DMS 7k~ Aol

427 8cps per ppbv Isoprene, 301cps per ppbv DMS)E
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FEA 2 #AfEld Fast [soprene SensorE DMS
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A Al

ato] Aztatelon], Fahukso] ddojult MM el &%, Ak F9)
Za)skel, DMS 714le diat
o A5 A A 52 7)o B4
el e §

B (29

il

2 w74 (sensitivity:
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A2 Badv (19

EEIRER-1=

Al 4715 ppb DMS =2 7k~ AR B4 tisf oF 1% 9] 4

32). AWE ppt £+ W] DMS 3% #=S e s= 29 AA]

AC to
O>~1

sensor W7o Fr7d o g2 g9}

80000 100G0

Isoprene o DMS

; {7500
40000 | ¥

1 8000

20000
4 2806

Photon count per second
Photon count per second

[¢]

T

| 1
0 200 400 6800 800 1000 1200 1400 0 200 400 800 800

Time {se0} Time (sec)

Ll
(&), Fast Isoprene Sensorg 283t tpst T DMS %7k 4 23

5000 ; . ; t 10660
oo - ISOprene ] DMS
2000 |
, oot
£ £ soo0 slope: 310.5 |
20000 - < 2= .99
10000 F o 49&9; % error = 1.0%
(at 5 sec. resolution}
G 2000 . : .
a a 5 10 15 20
ppb prb

% 32. Fast Isoprene Sensorg &-&3t ppb 59 isoprene @ DMS A& =4

S
Aol 7hsdt ARFREAI7 7 7Y dEstE o ok shAIRE, dARA] A ARFEAVIVE B
th7] = life time®] Z-& biogenic volatile organic compounds®l] thdt &7|7F #= Alg=
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Fo] |25 (Ulva compressa,

g3

oA i

i

Grate loupia elliptica, Ulva perfusa)ol] 2]

W7 s AR oA A (2910 ppty)

ko3
T

125 359 F2 7]

9]

-
it

46.5 216.0 52.7 985.1

686.2

;O._

o]

o

Ulva

compressa

115

29.1 45.4 33.6

366.7

._O._

=0

Grate loupia
elliptica

206784.3 12748 ol.3 51930.8  1625.0 128.8

1=}
=

Ulva perfusa
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[OM Extraction Ver. 2]

Ref. Dittmar et al,, 2008 Lv et al., 2016 N2 or Air
(Dry SPE, 5 min)

50% 80% 100% 0.IM

McOH MeOH McOH Hal W

GF/F Filtered water  w (-2L) D¢ @/ no
(<10L) SV
GMF

Peristaltic pump
(<40mL/min for samples)

SPVI SPV2

Peristaltic pump
(inline filtration)

Syringe Pump-Valve S G y
yringe Pump-Valve (Max
(Max vol. S0mL) Vol 50m)

SPE DOM-1
(<2mL/min for cluting
samples)

Sample water
(<10L)

a8 37, AxRF £FE F7E FF HA (Precise

Organic Separation Technique: POST) 22 %

oy 38 HAxs & fUlE FEF FA (Precise

Organic Separation Technique: POST)
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ol 28 — A #7l=e]l AAE &

o 2

2
4905 SPE tube (PPL resion)® %

HZE A

o
=

|

7

[e)
IT

A

3

2

[e))]
H

7]&-9o] PPL resin
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ion strengthS 7} ammonium formate 10mLE 10mL/min® F&o = HEZE ZH
o ¢ Bl Fo24, HIZE Iy d&s AAT

4) SPE tubedll X3Hel 43 A17: SPE tube?] PPL resine 73t &3] 8814 Asto] <
& g&=dH fF71%0°] resin A F&FEo] QOHE ammonium formateE &
Sk AR AATE @& olx] &5, o], 0.0IM 2 94t (HCDHE SPE tubeZ 2H
HWozM PPL resinol ¥3tEo] e RS AA3

5 A #71E 2 &8 7= FF pure N2 gass 77 HEZE 49 H
tubeol 187+ Fste] D 2 FHE A=A 5 90% oMHE 2 100% HeEe &

=

A78 F95] H=ZE B 2 SPE tubed] ¥4

w

PE

6) 91 BE AL sy sequenceE E3l A T2 glo] s, B AR 9,

A, FF AN 2 B9k w=EHA @) WEe] FF HHAAY AR 09

R4 MEF He FAE dAAY, 824 7U1F T

ki
Mo
1%
it
&

cell density (mL™) 80,640 135,300
cell volume (um™®) 309 242
cellular Organic Sulfur
concentration (mmol 626.6 £+ 345 351 £ 589
Lcell_l)
dissolved organic sulfur

134 + 4.3 10.8 £ 39

concentration (pmol L)
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O A 7] vAYA A5 FH
& ool A5 EF7|(high volume sampler; H7] A& ZERF+% 1000L/min)S

@ B3 A4 oldelol E/ALTHAA FA Y] wAl 9H A=

Jo

S
gL
X
&2
rlr
N
)
offl
2
=2
kT
o=
[tje]
=
<
S,
%
D
%
'c.
Q
i
of
rol
g
[\)
>
)

NI U
N
)
N
s
59
>,

il
ke
N,

40(b)), Ak 31d(2017, 2018, 2019) &<t &= thitael7] =] Ql<: 2Fnkel 5]l A 100
o7 ool 7] vAdA AlRE FREIGITE e AlFHSH7|A] Z]e mAl 4A AR
S 935+ high volume samplerE 2017-20181 &}A] A& 2 2018-2019 Al A& &<k
skt (A& FE i >207).

!

a3 40. (a) 5= A7) A el 2Fukdl #=7)%] SAbo] A X% High volume
el

sampler (HVS) (b) HVSE E3 53 PM25 (H7 25um ©ls d7]4xH) A&
O 5= ti7] vlAdAe /718 5 7€ 1 4 58 &2 4
A ATE B3 =835 (15T FT-ICR) A7) &85 91s ti7] nAdA A=
o F718 F& 2 AA 7|&S stk 15T FT-ICR 2 #2475 839, 201513
55 oA QI 25kl #5714 SAdellA w3 gk 55 v A veks 35S
=1 wille AFgzEady 24 2 doly A fRsidtt (29 41). FTMS 24

il
& S H5 7] vAldA 1Rl e 9] gke 54 AdE

o
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ZiEde AdFEHe Tl Fud A frle e B 54 A3E5E van

Krevelen plot, DBE and Carbon number plot, Aromaticity index & U%3t EAFA &5
S A, o] EAAEAAI] AUNWEAS 5 AlRE BoldE e 5o AES =

=9 (29 42). T3k F7|H4 ol Ed (HYSPLIT) % $147|Wk geographycal
information, chlorophyll concentration's = &-83sle] th7] U} A= 2(H FA|S &7 o]

F 54S dsgon, 1 A% B3 y] 4a ARE 1409 olF ALl uet ol 3

35k A Ex] o ]}; S 3Flo ], q_ ( 2 )
§}‘ b e B o] S Hol& A = 13 -1 43
e < S5l = AlefAd Ecd 2] = T —
< = 0ol L nl s S AT vl A e Al A
CraM2eNaOs
(A) e i
100 - Craaa0s 390 160525 e
C1aHys0; OO i o \ CasHzsN:05
- 320 103064 29124170 CisHaNaOp N\ 229 171824
o f CraHizzh0y | 328146613 \ CagHas0y
Swge/ BT AEE] |
50 g0 \ K AL A .).l,
=1001(B) Cygig0s  CrsHz0s Cieos0r CirHzOs
anlln l b bl Ly @ i 229124150 s 329 196082
32910 32812 32914 32916 32018 32320 - HAH0 C0s 21010 Caohizs0:
—_ § 320139443 329175816
X Lai 2w
~ < CrHigN;0:
(0] 100 B ) 320114277
g ( ) % ot Anamid Yot Mn AN Ak, J it v
& 100 [ Coetizz0y Caahzg0s
'g @ giune  wvie CoMzOs ataste o0 S
c ] S C”H”N’” 329130440 32ATB8
3 ety 35"6 a0 [| CisHasteOs /
© 50 50 \ 2 146505 31917!546 /
@ 2
- 32010 32942 329.14 32016 32018 32920 [ ‘“" f‘ Aoy ‘“I'»/‘ el o
o :mm 29 16 29 18 32020
Q
'3
100 C) Remainder Remainder Remainder
CHOS (. 24%]_\,_(01% CHOS (1.9%) ﬁlzn%) CHOS (2.9%) h(03%)
. M .
L L
V32910 32012 32014 32016 32018 32020
!

41. MeE 35 9 AAE A 55 oi7] vAYR AlRe] /f71E 53 %
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. a. 17-20, April 5 b. 20-23, April o 23-26, April

Atomic H/C ratio

as o o4 08 o8 10 Lz 14 oo oz o4 s [ 10 12 14
e. 2-5, May 1. 5-8, May
25 25
2 S L] AN
[
3 15
I
E‘ 10
< as
0o
o0 (k] Lt} o8 o8 10 12 14 o0 o0r o4 o6 o8 Lo 12 14 a0 o2 o4 o6 o8 10 12 14
g.8-11, May h.11-14, May i 14-17, May
15 5 z5
2 204 s
T B
°3 s 15 1 i
£ Lo Lo .,
8
= as os {, e Car = =y

ag 6: o4 08 08 10 12 14

a6 02 04 06 OF 10 12 14

J. 17-20, May

‘ ECHD ™ CHON

5 CHOS B CHOMS
1 Remainder

Atornic H/C ratio

s
10 e

o5 a ﬂi
00

a8 oz o4 06 08 10 12 18
Atomic 0/C ratio

@ Protein
@ Lignin
Carbchydrate
® Lipids
G.é‘ @ Tannin
o ® Unsaturated
E hydrocarbon
= @ Condensed
© aromatics
. ® Others
E
2
e
g3
ok
£ 100
o m Ocean
£ “ Land
] B Sea-ice
g 0 .
04-29 05-02 05-05 05-08 0511 05-14 05-17  05-20

Date

T AR AR IEE 2§
5 1% Fet B PPN wF A%

% olF Ael, 37149 AH o|F 54
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tFdel A S7ke, 59l

lignin, protein, carbohydrates Al€¢] &2} thdAd 2 A =(intensity) 7} A S7FskAth (2

U719 F71He 7% lignin, protein, carbohydrates”} AA| #=}o] oF 80%ZS 2} &1, 3f
FAagakeF L U E] 3 =F AL (biological exposure)’} S7FEFE o5 EA}

o] =7t S7EIAY (19 45). o ARES nlgoR, SdAE 7Y 7180 WY

AL f7le 544 Wstel 83 9% vE 5 v

ATt

Il Non-Ocean
(a) number of assigned molcules  (b) total intensity [ Ocean

Lignins

Tannins

Unsaturated hydrocarbons
Proteins

Carbohydrates
Condensed aromatics
Lipids

Others

0 1 2 30 1 2

w
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{a) Total assigned pick

2400
3 D
E 1600 F=076 i T o
< soop—" A/"/: ® .
i 8 = e
(]
* 0
6.0e+9 b) Lignin
Za0er9)| "0 sl |T T e -3
g L] "/'/ g/-’/ ° . o
] ot 3
£ 2.0et+9 b -
id & L J
0.0
1.2e+10 =t
= 8.0e+9
&
E 4.0e+9
12(5-3 d]Cafhohydrate. - .
. =042
=060 _.
2 0.8e+8 . . e
& > . - o
E 0.4e+8 i ‘9/"- A . ™ .,_/ ™
0. & > L
1.2e+9 (e) Tannin
. L . * e - L]
E;‘ 0.8e+8 o » a
E 0.4e+8 b o
B3 i S ® .
1 29%3 f) Unsaturated hydrocarbon
= . £=077 * L4
= =072
= 0.8e+7 o 1
"5 0.4e+7
£ Y ® - ..
0.0
15048 g) Condensed aromat
@ . It ) Tl
Z 1.0e+8
c L] L
@
T 0.5e+8 = - /
e ® L] ®
0.0 —— -
4.5e49 (h) Lipids.
= . . e ® e ®
E 3.0e+9 4 .
o & ® .
£ 1.5e+9 & = s
. L ] > L] *e
0.0
0 04 08 120 12 24 360 3 6 9
Biological exposure Residence time Sea surface

a9 45 e A A A E

(Biological exposure),

(mg m?)

ECE A

(Residence time above the ocean)

= I 2~ =]
=T 5% dad &4
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O Y 2 S AEVY F71EY 55 AR 4 714 = 3ot

=24 5= 7] vAMYdA= F2 protein, lignin, carbohydrate, unsaturated hydrocarbon
o7 o]Folx glglow, Ao w FAEAHOR VAR FHoto] oEE 54 =4
(C17Hs05S, CigsHy0sS, and CigHpO59) 9] 7 %E(intensity) 7} =LA 7Vt = atgdvt 18]~
T HIHTATAE e} TE ATE Tl B AEH AT[A A A3 black carbon
= W3t (85 grste], vAldAt A sker 24 Wk ARk Hlul ZAo R 194
LAl o3k H=5 wAgAe] 35 WEE Arletdnh A7 w9t (HE A
st WAl e E Hl 54 ER(CiHzi05S, CisHyOsS, and CigHyp03S)2 black carbon 5%
sk Bl Al 2dukE AlE ARR 9 o] A S Below, YdsoA BEgt

9 7] 4 T HEF sx9 J4HEE BT olg3 WEs 2R 55 7]

A BE5E 54 EZ(CHR05S, CisHyOsS, and CigHgpO5S)2 ZHEE 2| o A kA Q1

off

4

_l_z

o=

O\I

(a) 1.8e+10 (c) T — T 1.8e+10
£ aNrteean L] I -riovi
1.2e+10 § 931 1.2e+10
Z g S Z
= 06e+9 0.6e+9
)
oLr=046 o . r=03  ® e ® o
0 9 0 1.5 3.0 4.5
BC concentration (ng m3) Wind speed (m s™)
(b) 1.8e+10 . T (d) - - 9
@
[ ] e}
= 1.2e+10 ° 6 =8
(7] «
g / 38
£ ~ g
0.6e+9 » 3 &
rP=0.72 rP=0.59
0 L 0
0 30 0 16 32 48
Na* (ng m?) Advection time
over the Svalbard (hr)
:7—1‘;]3 46. ‘LET@ D Z (C17H28035 ClgHgoOSS and Clgngogs)J/} (a) black
carbon %, (b) %, (¢) HEF %, (d) &7]HY =Evt= AlF Al
el 37

Hhd Sl 71 BT 88 A7 5= 7] v A9 AE protein® lignin AlE

lignin®] 4% &71#A7F Y £35S AbA 2 Ab e Fo] dadAE B =, 8§



ARE $FFORA, BT MAQA 194 EHL #E @ 5 Ak

2400 2400
(a) Total assigned peak (d) Total assigned peak
@ el
o 1600 ] F 1 1600 @
g ® o o ° &
= o« > )/'/. 2
© A i | ] 3
Sj 800 & ° 800 g
r°=0.80 =047
0 0
1.2e+10 - — 6.0e+9
(b) Protein (e) Lignin
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Investigation of Arctic aerosol-derived organic substances (Positive ion mode)

Chemical composition distribution Molecular class distribution

Intensity-based Intensity-based
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Investigation of Arctic aerosol-derived organo-iodines (Negative ion mode)

Chemical composition distribution Molecular class distribution
Intensity-based i
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o =i 1. Observational evidence for the formation of DMS-derived aerosols during
Arctic phytoplankton blooms
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Key Points:

« We found regionally and temporally
varying relationships between
atmospheric DMS and air mass
exposure to phytoplankton in the
Arctic Ocean

= The DMS production capacity of the
Greenland Sea was 3 times greater
than that of the Barents Sea

- There is a higher abundance of
DMS-producing phytoplankton in
the Greenland Sea than in the
Barents Sea during the phytoplankton
bloom period

Supporting Information:
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Abstract we recorded and analyzed the atmospheric dimethyl sulfide (DMS) mixing ratios at a remote
Arctic location (Svalbard; 78.5°N, 11.8°E) during phytoplankton bloom periods in the years 2010, 2014, and
2015 and found varying regional relationships between the atmospheric DMS and the extent of exposure
of the air mass to the phytoplankton biomass in the ocean surrounding the observation site. The DMS
production capacity of the Greenland Sea was estimated to be a factor of 3 greater than that of the Barents
Sea, whereas the phytoplankton biomass in the Barents Sea was more than twofold than that in the
Greenland Sea. These apparently contradictory results may be induced by the occurrence of a greater
abundance of DMS-producing phytoplankton in the Greenland Sea than in the Barents Sea during the
phytoplankton bloom periods.
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0 = 4: Size-segregated chemical compositions of HULISs in ambient aerosols
collected during the winter season in Songdo, South Korea
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o =i 6. Arctic primary aerosol production strongly influenced by riverine organic matter
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o =i 7: Influence of biogenic organics on the chemical composition of Arctic
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Key Points:

+ The molecular compositions of
Arctic organic aerosols were
identified using an
ultrahigh-resolution mass
spectrometer (15T FT-ICR MS)
The molecular characteristics of
Arctic organic aerosols showed
distinct differences depending on
their potential source origin
The accumulation of biogenic
organics in Arctic surface water
could significantly influence the
chemical properties of Arctic
aerosols
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Influence of Biogenic Organics on the Chemical
Composition of Arctic Aerosols

1. H. Choi', E. Jang®?, Y. J. Yoon?, 1. Y. Park? T.-W. Kim* (), S. Becagli®, L. Caiazzo®,
D. Cappelletti® (5), R. Krejci” (%), K. Eleftheriadis®, K.-T. Park® (¥, and K. S. Jang* (&)
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Technoelogy, Daejeon, South Korea, *Department of Environmental Science and Ecological Engineering, Korea University,
Seoul, South Korea, *Department of Chemistry “Ugo Schiff”, University of Florence, Florence, Italy, *Department of
Chemistry, Biology and Biotechnology, University of Perugia, Perugia, [taly, "Department of Environmental Science and
Analytical Chemistry, Stockholm University, Stockholm, Sweden, *N.C.S.R. “Demokritos.” Environmental Radioactivity
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Abstract We use an ultrahigh-resolution 15-T Fourier transform ion cyclotron resonance mass
spectrometer to elucidate the compositional changes in Arctic organic aerosols collected at Ny-Alesund,
Svalbard, in May 2015. The Fourier transform ion cyclotron resonance mass spectrometer analysis of airborne
organic matter provided information on the molecular compositions of aerosol particles collected during the
Arctic spring period. The air mass transport history, combined with satellite-derived geographical
information and chlorophyll concentration data, revealed that the molecular compositions of organic
aerosols drastically differed depending on the origin of the potential source region. The protein and lignin
compound populations contributed more than 70% of the total intensity of assigned molecules when the air
masses mainly passed over the ocean region. Interestingly, the intensity of microbe-derived organics (protein
and carbohydrate compounds) was positively correlated with the air mass exposure to phytoplankton
biomass proxied as chlorophyll. Furthermore, the intensities of lignin and unsaturated hydrocarbon
compounds, typically derived from terrestrial vegetation, increased with an increase in the advection time of
the air mass over the ocean domain. These results suggest that the accumulation of dissolved biogenic
organics in the Arctic Ocean possibly derived from both phytoplankton and terrestrial vegetation could
significantly influence the chemical properties of Arctic organic aerosols during a productive spring period.
The interpretation of molecular changes in organic aerosols using an ultrahigh-resolution mass spectrometer
could provide deep insight for understanding organic aerosols in the atmosphere over the Arctic and the
relationship of organic aerosols with biogeochemical processes in terms of aerosol formation and
environmental changes.

1. Introduction

_83_




[2017-2019 &3 4 4]

o B3] 1! 3L Yz

- W3 10-2017-0063632
dxp 2017 6€ 1Y
A=} 20199 5€ 9Y
D AT, o5, 1Y)
=4 7] =
10-2018-0098111

7= = Al

- 10-2019-0086366
A2k 201949 7Y 174

- gzl Y, EdE, A, A71H

[2017-2019
1) 2017

2) 2017

KPDC A5
sHA AE71A @

A AlF 714 @
3) 2018 kAl AF7]A @
4) 2018 skA AF71A @
5 &= thbr|A 7k
6) &=

7) 2019
8) 2019

E.
o

A44]
opabehd &
opak s} 2
opaks} 2
F opaba 2

A AAE 7]

2 o
o
O

)
o
O

F

e
o
O

y

y

-

chabakels] 4 sy
AETE A 8%

9) 2019 thaty}al7| =] s)eF ofAls A A v

10) 2019 MF3e7]A] sf%F oprtsba 4
11) 2019 ©prtatetr) 2] &%k ofiksld 4
12) 2019 AlF3st7]A] s ofikshd 4

,84,

ol

F/Hy ?_]_‘?«:/]

T A
g2 (KPDC_2018_0175)

% Z5 (KPDC_2018 0178)

x
=

(Culture tank for cultivation of aquatic organisms)

e dloj=E A EAF AW A

Ey
e
o

(KPDC_2018_0177)

2~ (KPDC_2018_0175)
A (KPDC_2018_0183)

=
THE71AL Z1RE mAl QAL 719 B 7 4 (KPDC_2018_0182)

(KPDC-00001235)
(KPDC-00001238)
5 (KPDC-00001237)

T A5 (KPDC-00001239)
g2 (KPDC-00001236)

g2 (KPDC-00001240)



4.2 AxpE Hx @ &
7 1xd =
O g 7149 7152472 EAS 9% A53 43 44 ¢85
- Purge and Trap 7|¥F &< 7}F2~(DMS, halogen gas &) Axg] 7% AA 2 253}
A AR SR
- Membrane contactor 7|8+ &< 7F2=(N,0, CHy) A2 7« A7 ¢=
- Syringe equilibrator 7]¥F §<& 7F=(N,0, CHy) A 7l AA &=

- Trap and Desorption 715 t7] DMS 7}~ AA 8] 7|4 A4 948

O Polar Marine Aerosol Simulation Chamber A|Z& $13 AA 2g &=
- afgrel] EAlskE Y, 8 w7lE R AR Tk Aol 54 7] wAIdA @A
HA= G A
- Az B oojxpF o w AYY = G mAYAE FAlC AR = 3= Polar Marine

Aerosol Simulation Chamber (PMAS) 274 ¢+&

O F-5=F 71x 7|¥t di7] mAdA 2 g &€ /718 A g

- AR A% 9r =@ gy BAYY) 282 99 3H NF2AEAM AL, &
= #4712, 44 NO) 12 @1 (A8 g8 Ao B3 gage)A), ¢ A%
}817] 7))

O B3I DMS @% #2¢ 5% JRAEIY AL F4 V)] BF AT =F BF

- B AR DMS AR B3 7] Fade] 70% o8-S A5, DMS7] Y

Farh el S7PF H= o nAdAe A R Al T2 99

f
ftlo

vAaL glel e

— Atmospheric Chemistry and Physics AlA (AlA LAl: 2017d 8¢, mmlF: 96.5%)

,85,



~ x X 9 SRR ® R RS NTR R T R R 0 9g) m
o =) ! N AS A X — = &~
w < S SF e o T e W = S S
70 =
v | &
E @) < = = o X
I — — S S S
8 S
o~ o X v HL
! S x g N S S -
N — E.E E ~ o
o N~ Moo %0 T ool o X
B RS T KOO 3 o L 4 % wnli
an) Eo gt OW el Jl ~ —~
D.:v = _ HE — = E — LO o E F L.O
KR = ﬁ_,m; HAH o A N i e W = £ X
~ k r — —
R ° o = »E°
X
o < = = = 9 S S o
~ < S S = — —
—_
X W o7 =
N ™ < A w2 oo A g S
— = = —_— - ~ B N @) [
N (S SR X T o A do ol Z T E T
N = el = v nr = N So A o ir ) g 4 I /E\ m T
i# R %o N = W = N o i Ay w2 5 2°
= & T oo dp D o HM In $ E
— =
TEEDw % @ B 2
Jaa} § 5 g% 2 K = tﬂ mLNzEBE mH
i o2 ET D ~ ot M oo ol ~ < AW B o=
3 2% S L TR oy s oy cuﬁﬂoﬁe o T =
~EER T - T o e ¥ 2 =
4 REEUTEGS B o1
o TG E oo W T B ﬂ do W
% T RS o
I= ) o = " 0 -
70 T W.T TN . w o To A Wm oy %o
oo ~ N W 2 A B
~ 7 K ok N o<
R —~
X
H Bl o~ it
T o= ==
ﬂ R %
& A’

,86,



W 2ad =

O

AF 71 71E2-7ts B4 S A AFs FA AF g5
- 8 Ut A FEF A A 95 2 Cavity Ring Down Spectroscopy 9174 &-&
S &% ppb 9 NO 2 CHy A9 24 7=

- Trap and Desorption 715+ th”7] DMS #2418 253 dAxg] &2 A% g5 2D F=

- QEspeE WA S 289 DMS = ] sl ¢ks (W= Hills-Scientific ¥ %)

- A EE AO1BY R-FE5EFE AT A%

Polar Marine Aerosol Simulation Chamber 37} % &-&
- 1xdEe 33 AAE vlE o2 PMAS A% o8 9 E3 =9
= 29t AlZF PMASE &85t E-5= 2] gaf sl dloj=2E A 715 A 2] 9

55 DMS #5552 9 A E BAF Wste DMS 4 A4 13l 8% =& AA
- 5= 7] DMSE s|SFAES] Ak ek ofy e}, Q1 sl T4 WS o
& WASHA Wglsthe AMES HEE S
- Global Biogeochemical Cycles AlAl (AlAl ¥Al: 2018 3¢, Featured article 174,
mrlF: 94.7%)

,8’77



[2018

|7

S S S

m.\_ ~ (@p) H

(@]
™= — 0 Q2
w | 2 IS
? S
8 = = g
LS L X 2 s
w L [ 2 w E
— = 1rL ing o~
O X J
= 5§ ®
N AT.E Nro mﬂ_n z.f N ,WE 1v_Al o

PN ~ o~ , = —

Eﬂ 2 A e]» e = o oo Mo = o1 % = ol 5 o
sTrnssf | 22 g ° T o 5 Tew
= g m% Toa N Ll HU = dn

~ g ook N = < N ®r z X a8 E 2

_ A OW _H =) — = ‘,Al

N - = O & 0

N 5 S S © » E

~ < S 2 N

— S
NR NF nmf.ﬁ = . - s
~ il = 0 — _
R - = oY Tl Z R s -EE
s S e]» ™ . AJ < n,_tu ﬂﬂoammoﬂnmz_ = o s A 2
= < ~ L S s A
i B o N B iy = B
M gy 3 ~ Ho A £
i do 3 LQx|rERE P o
X ] SR o NN o Fo — - 2 i
™ H.I OT AE
o0 @) H o~ oy oy T o o8 = i i e
5 Ho 2 do W o Ma o > N B & o 0=
o Tl =
R T X 7 a ° o N ~ 7 T B =
HT_ nﬂa &,O ﬁAlL ‘mwe o [= = e ) M ' aL 6N
i (X o B
B
Hr E MM ﬂrﬁ ,_m
—_
Huo w_#m 50 U o A
X X %_ou = R
- oy o
AR !
f N
1H -
sl H
)
—_
X
Q)

,88,




. 33d =
O 1, 2xdE dF& B3 /L8 7€y 548 £ &84 H7}
- Trap and Desorption 7|4t th7] DMS #48 253} &2 F71 A2 o5 2 55 4
ZY A=2 AT A

- 'J= AFHETIA 2 55 AED 71A 71N 7] DMS = W3 AAE ] ds

¥
o
Ho
N
il
J|m
oX,
M
=
X
A
>
oftt
oX,
N
_d
9
r <
r
["_8{_'4
o
>
jaii)
oX,
o
2
4 b
ot

4= vAdA @4 543 G A el #d =% AA (Atmospheric

Chemistry and Physics, A& 2 A]: 20194 69, mrnl

-
<o)
>
3
S

- 5= S f71E 71 g AdA @4 71l B3 =2 AlA (Environmental

@

Science and Technology, AlAl ¥ Al: 2019\ 7€, mmlF 95.9%)
- 5= 7] uAdRke] A steEA R4S % sl fUlE 2 gt sk
=5 A4 (Global Biogeochemical Cycles, A4 <<1: 20199 99, mmlIF 95.2%)

- A ™ FE 7] mAARe dA Z7E g sEEA WE

Mo
1

(Atmosphere, 1A LAl: 20199 49, mrmlF 34.1%)

=
- BERTIE FEEA N it S 53] 29 948 (Y 42k 20199 74)
— AR SR e $E T EF 52 g4E (52 dxk 201949 5Y, 29Y

2k 2017 69)

,89,



a Io) Lo e S
A 3 0 2 s . :
S| < -
™
7o Py o o
8
S vl ~
3 2 2 5 5 e -
/Pw Lo N o [aN]
i —
- Te) | ~ 7K A ﬁ.m B 147M_
d =K T oK i —_ — ~ o o oy
_ s b 2E&%%H§uwﬁ M?%&Eﬁ% mmw% ﬂ%%
S S < o o < IR R Mo ™ R = X0 A
= < S m S TR S P oo 5 N
10 0 © =)
Mn\ () (@] o o
K ) K X 5
T T X0 A= - = ) A= oS wﬁ_ _M? .
i o T el e 5w N blig + {
N i 3 G o = W a7 85 w
& x 2 O < X = 2%
= Mo il oo I O £ 5 wr
2 < < r = =i < n &
- —_ =K
[ = K N o8 =t ,
L7 WA o = B x B B A 7 .
= 2 T "o ‘n_onﬂﬁmﬂuuuﬁrﬂ_wmﬁ. Go M oo oA S o
T Hﬁ Gl o i I - T R T o= W ¥ o m T m
i _ ity — ' —
W odo N W do B Bk T oo by X Z® M e W =
= s = wp MR g R g = - w < 5
—_ =] e
T X Z,f N UE
L ow F g W T B w
~ T = = ~ ~x OF
s N T Tog™® WA g
&mﬁmﬁuaﬂ B i T 4 N gy o zo
Toeap N ox TN R W
o ol X =K I
N ir =y oF

[2019

2019
(3xhd =)

,90,




ol

el

M 5

PNIERY

k<
pil

F3t 2 A4 d7ee de F

i 3e

m] Al 4=k

|

o

g =

= oA T

71A, okt

%315}

g B cheA 2 A

- Ay AT

ToR

o
]
o

B

14
Ho

A
.El

o

o

o

At 7l

)
=

L WA EAS] A7) WE Am

ToR

= 7% H7}

F)

I

st 7

0 FA A fel 71 FUFEA B4 W]

=

—_—

b3
1

o

N
o

]

]

el

B

p—

0
e

—_
N
N

ol

o

vA
N
)

=y

Ho
ol

o
o
Hn

B

i

A

, ool =

o

T

i)
"

in

5.2 43 B2E&AH

il

HslEd £47]7]

k<3
T

ARSI s s e e e R I L R

O At /g AFx 7

AJr
W

ke

P

77}

ko3
1

1
S}

5

- g AE

,91,



N
)

T

=13
=

O AFHIAA At 974

N
)

T8O
JJo
N
i

'~

43 1A
- 92 -

=

ERPDE

=2
[}

Bk

- AF7NA, FRIL7]A]

S

, B,

-

- Polar Marine Aerosol Simulation ChamberZ
PN

o R DR



o

Frde] olzE-TE /I BE GTE BT AY B

- x4 o2 ACCACIA(Aerosol-Cloud Coupling and Climate Interactios in the Arctic;
https://arcticaccacia.wordpress.com/) Z2AEZ =3 9= British Antarctic
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carch p, o, The challenge

ACCACIA

A better understanding of cloud and
o Overview 0 People e Updates Q Partners aerosol processes in the Arctic is
critical to understanding the polar
atmosphere and developing more
realistic climate models.

2% 89. ACCACIA ZZAE Ay &9 o)A

- NETCARE (Network on Climate and Aerosols: Addressing Key Uncertainties in
Remote Canadian Environments; https://www.netcare-project.ca/) Z 2135 F3
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Organization | ResearchActivities | Campaigns | Modelling

Research Blog Workshops Publications NETCARE Datasets Contact

Network on Climate and Aerosols:

[iElcomE oL ENEICARENVEbite Addressing Key Uncertainties in

NETCARE (Network on Climate and Aerosols: Addressing Key Uncertainties in Remote Remote Canadian Environments
Canadian Environments) is a network comprised of researchers from ten Canadian

universities (Toronto, UBC, UQAM, Waterloo, UQAR, Laval, Dalhousie, Calgary,

Sherbrooke, Victoria) and five partner institutions (Environment Canada, Fisheries and

Oceans Canada, Alfred Wegener Institute, Max Planck Institute, Johannes Gutenberg

University). NETCARE is one of seven networks funded by the new Climate Change and

Atmospheric Research (CCAR) program at NSERC.

NETCARE Research Configuration
NETCARE has been configured around four research activities that address key

uncertainties in the field. The first three are focused on spec\ﬂc aerosol-climate
onnection bona o on and lmoact

19 90. NETCARE Z 213 Z 3 0]

g ATE AFYr] #5 2239

- AAZVEZITE EE SR ST A ATl B2 2 39S (Global
Atmosphere Watch, GAW) =gstal flom, oojz&e] = 38 54 d&Hu=s <

TE FHsL e

- 9= British Antarctic SurveyollA] *%3sk= A|75 Global Atmospheric Watch

Mo

(clean air sector laboratory)E A4l

Zs
N o@el AFE A 4T WG W19 delE Bl 54

- 5 Alfred Wegen Institutel] 4] #%J3F= A+ Global Atmospheric Watch Station

2l Neumayer?] Aol A= 71#] @Yol g&Fo] A& Air chemistry laboratorys <%
sta lom, 53] dojzE 54 #F AFE 1980 UF-E AHFH o= st S
- 95 AYoA= =4 vlE] gt A4 3 A% Bl B A EEo] vng
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2 = Neumayer (Alfred-Wegener-Institut,
)7121¢] Air chemistry laboratory
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