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50-100 kg m2

I 100-260 kg m®
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I 0.1-30 kg m2
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~ storage (0-3 m):

7] €24 pool (kg Cm® (Schuur et al., 2015)
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o NOE "AE 5o o3t Axlkd(nitrification) 9} 2 2 3} (denitrification) F 34 ol
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b MEF(16-34 Tg N yrHel < 20%(4-7 Tg N yr )& A (Nevison et al,
1995; Seitzinger et al., 2000; Bange, 2006). <+ E°] gt 2474 2 0&EF U
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o] FoAol ZAxH olF Ay 437 Global Watch Station

= THoE A AAY o A oA 7] T =4

i glon, WA= = Halley, Neumayer, Zeppelin, Barrow
el @

| F eAske B st B3l AR 9

Al

GAW station(operating)

Zeppelin Mountain (Ny Alesund) (Norway)

Cambridge Bay (Canads) Alert (Canada) CHA(MS*, CRDS, GC-FID)

- CHACRDS Flack) CHA(MS*, CRDS, GC-FID) COR(MS®, CRDS, NDIR) Pallas (Finland)
?mggéz“;dab COCRDS, Flask) CO2(Ms*, CRDS, GC-FID, NDIR)  N20(GC-ECD) CHACCE
Solupie HZZW N20(Flask) N2O(CEAS, GC-ECD, Flask) C5H8(GC-FID) CO2(CRDS, NDIR, Ms¥)
N20(Flask) N20(GC-ECD)

C5HB(GC-FID)

Thul i L :
B ) a0 CH:(E(DRE)N“A'M ? 1 ?yﬂ(r?r ‘(‘f]weden)
(United Stat S 7 j -
EH';'(MS,’ Gﬂcﬁ?‘m N2O(FTIR, Microwave rac .ad ° . NASEAR
CO2(Ms*, NDIR) s S S
N20(GC-ECD) g‘;&}“‘" (DP“’“a’k)/‘ 2= o 9.
coz(ms*, ND\R) \
N20(GC-ECD) = A Tiksi (Russlan Federation)
CHAGC-FID)
St i Benanks = B " - A: ° - oA
CHA(GC-FID) L N | |
| _4. m Teriberka (Russian Federation)
° - \” Y N CHA(GC-FID)

King Sejong (Korea ) CO2(NDIR)
CH4 (Flask sampling) . [l © ‘
CO2(CRDS, NDIR) o

N20(Flask sampling) L A. P B
Palmer Station (United States )" ¢ e o
CHA(GC-FID) o - i
CO2(Ms*, NDIR) —_—
N20(GC-ECD) -
NG f"‘ Casey (Australia)
Neumavyer (Germany) o
Gulec ) — - 7& LY o eeso

CO2(Flask sampling) e i * F N20(GC-ECD)
Halley (United Kingdom) /-‘:(,-J_\ e ’é"m%%'! (Australia)) i ] | ot
Shrc A — s CHA(GC-FID) cozms?, Gc FID) 1
G025 Ny ) VT CO2MS% NDIR nao(ae-ECD) A

13,000 Km N

MS*: Mass spectrometer(general)
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GAW station
(Country)

Coordinates

Greenhouse Gas

(measurements)

Alert (Canada)

82.5°N, 62.3°W, 210m

CHs (MS#*, CRDS, GC-FID)

CO; (MS*, CRDS, GC-FID, NDIR)

N.O (CEAS, GC-ECD, Flask)

Zeppelin Mountain
(Ny Alesund)
(Norway)

78.9°N, 11.9°E, 475m

CHy (MS#*, CRDS, GC-FID)
CO; (MS#, CRDS, NDIR)
N.O (GC-ECD)

CsHg (GC-FID)

Thule (Denmark)

76.5°N, 68.8°W, 200m

CHy (FTIR)

N2O (FTIR, Microwave radiometry)

Summit (Denmark)

72.6°N, 38.5°W, 3238m

CH; (GC-FID)
CO, (MS*, NDIR)
N.O (GC-ECD)

Cambridge Bay
(Canada)

69.1°N, 105.1°W, 25m

CH; (CRDS, Flask sampling)
CO, (CRDS, Flask sampling)
N,O (Flask)

Inuvik (Canada)

68.3°N, 133.5°W, 107m

CH; (CRDS, Flask sampling)
CO, (CRDS, Flask sampling)
NZO (Flask)

Barrow (AK)
(United States)

71.3°N, 156.6°W, 11lm

CHy (MS#*, GC-FID)
CO, (MS*, NDIR)
NoO (GC-ECD)

Site J (Denmark)

66.5°N, 46.2°W, 2030m

CHy (GC-FID)

Pallas (Finland)

68.0°N, 24.1°E, 560m

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

Kiruna (Sweden) 678N, 204°E, 424m | ('Y ()
Tiksi o o CH; (GC-FID)
(Russian Federation) 716°N, 128.9°E, 8m CO, (NDIR)
Teriberka o o CH, (GC-FID)
(Russian Federation) 69.2°N, 35.1°E, 40m CO, (NDIR)

King Sejong (Korea)

62.2°S, 58.8°W

CH, (Flask sampling)
CO; (CRDS, NDIR)
N,O (Flask sampling)

Palmer Station
(United States)

64.8°S, 64.1°W, 10m

CHs (GC-FID)
CO; (MS*, NDIR)
N-O (GC-ECD)

Neumayer (Germany)

70.7°S, 8.3°W, 42m

CH,; (GC-FID)
CO, (Flask sampling)

Halley (United
Kingdom)

75.6°S, 26.2°W, 30m

CH, (GC-FID)
CO, (MS#, NDIR)

Syowa (Japan)

69.0°S, 39.6°E, 21m

CH; (GC-FID)
CO,; (MS*, NDIR)

Mawson (Australia)

67.6°S, 62.9°E, 20m

CH; (GC-FID)
CO; (MS#*, GC-FID)
N.O (GC-ECD)

Casey (Australia)

66.3°S, 110.5°E, 51m

CH, (GC-FID)
CO; (MS*, GC-FID)
N.O (GC-ECD)
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=] W77t ~2 &4elzl DMS, iodine 59 7F= B2 U722 e
st S AA oloz2F FAd 7193 (Charlson et al, 1992; Haywood and
Boucher, 2000; Boy et al., 2005). o]&|3t WZ7t~52 Ol7] FodA wE 4FsaAd S
AR 2dEE 7] o] N.O, CHy, CO: 9F 22 247F2o] Hls] =71 vta, 4
ste #5719 FAR Qlsto] dAq7A A7z 35 A57F =38 3|Hgh QI
of ost Ao FAS 74 Wsle= 247~ Buk oy} Y AE 7Y DMS,
iodine ¥ dissolved organic matter (DOM)% 3 #Z& 7Y 72T &
2 Ad%S v A Aoz Jdad (Levasseur, 2013). 7] & 3}o] w}

AS Aers] olafeta Aeksty] Y= o3k 7 TW s
A wAYSE olafell tig A7F astH, ol fsids SA R Agg A%
"SS9 4 7= el AFAS (29 9).

R
o>
offt o

—_

D

il

A WY Mol =

FBT Ao ¥
ol
=

fo ru
it
Y,
T
o=
it

Arctic, Antarctic Atmosphere

Ice melting 1, Temperature {

Wettinge-
_Qrganig Matter

S —— —

~* Freeze

Orgallic matter Stratification t -#¥A€idification f

& Melting water +Oxygen |

Permafrost

a9 9. FAG A Wste] o |FWsEd (2A7FA W
) A ®sk SA9Y FE Y, Wete oYgd 7FusEL
g A olm 7] Wt o =W T)ES T Ao oFH.
(*DOM: dissolved organic matter)

Sl A=el o8l WAEE DMSE dlo2E 2 TEFAH) Jos o2 Fd A
Tl mgal HE BA YRS Zolk JTe @ 4+ AL AL AT o
SN2 A%, ANAY oHBE WEL AF AT Ly

A YZsrr 7bs s Aoz o AE (Charlson et al., 1987). 3FA 9 7]
Hslo] wE DMSe A Wl 3 7| wHst sje s zbe] gk #eA A=

2179l (Quinn and Bates, 2011). 53] dA7}A t7] DMS ®%= Wslo] st
A #So] Aol DMSO 7|$¥st yjewo] digt A FA7 53

o] 247t2E0°] ppm EE ppb FEE & £XE Hole ¥ DMS, Iodine
& WAAsE ppt 429 FEE oy WEel wAo]l wH vtz evl B
A= EA A7) 7 AR Bio] Brledr A3 A8 Ao A sk
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24 7]&S &89 7] DMS % W3E #=39e (Park et al, 2013; Jang
et al, 2016), o] Aat=olA QI e A WEIE Y] T DMS sk W3
Z 9FS A= AL FQl ¥ (Preunkert, 2008; Park et al, 2013). A9 <] §24%3
7 WskeE QT e dAALHe 2 WstE & Ao® oAHEW o wE

A AN ST 2 Aer AqAEAN AV B35 AR FAR s AFet
)

st (Levasseur, 2013).

il

)

5ol &7t

Aol BESA e w NYRSH FgNee Fd tlZ PEHE lodine

(I, 10 $)& B3 4544 S AA J2E2 43 & F AvE TEIAYOR

283k (19 10: O'Dowd et al, 2002, 2004). 71Ee] ATES T2 S A& 93
O‘j H

Iodine 22 T_A4 2HS
3}k wkg-o] 2|3tk Iodine A 2

CH,I,

photolysis - __p reaction — aerosol uptake ——p»

a9 10, dAF 71Y F71 lodined] 3313t Hkg-o ot odoj2& JA HAH B
2% (O'Dowd et al., 2004)

o A5 wEhd R FA A A ice crystal Aol 9] grain boundary region
of il EAstE iodide (IS W X3 o] o] 4ol w4l wet sfgolA=
dojupA] eFd Abst-skel Wbg e FUhekH, 5 Aol Bwrt ST S o]
AEl 9] iodide’t 7F2= AENS iodine ()22 A3E = Hwrt 7h&ES 89 & (ad
11).

o])J
ol
B o
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6(.- @ iccice
. oxygen

l2(g)

Grain boundary region |

| (I"O2)complex—>13"— | I2 /I

» . fice crystal

ice crystal

ice crystal

¥ 11, sl Grain  boundary
regiono| A1 2] 7}2=4Fe] jodine (I,) &
A 34 (Kim et al, 2016)

o 7} AE19 iodine (I,) % iodine oxide I0)& 7] & ppt Sz EA51H, AA
7hA EskE A 71Eo] ol DMSSF wA 2 1A #S A=rh AFsh
HT 4 #F 7S €83 10 v59 d7] columndl 32 4 Zlso] JpEE Sl
ow (SCIAMACHY), 313 daeglss 5490 483 A3 e d4 2 &3
7} A sk w5, 7 A IO ARl 7Y E=ekow, 53 so] B st #i
+ Weddell Sea®} Ross Sea®] s wel 10 WA o] 7MY =& 302 F
(19 12).

o SCIAMACHY #i2l%¢ @47 10 & R¥E #9908 209 474 10 %A
Wk olsshzd LA, dolzze] WA 0
o] 4 A7k gtol ol

g

Aojzz Aol 4 7]
BN W2 5L AR AelEEE AYsHE AL ety AL WP L
E 0% @A BE A5 s1%o] el A,

_14_



SCIAMACHY 10 Jun - Aug 2005

SCIAMACHY 10 Mar - May 2005

a9 12. SCIAMACHYS 53 9= A9 10 A-dHE
o] 7 GA ¥
10 EA o] 7H =5

w M

o A& e AAAEE DMS o] oE £& FHzE EAse=
f7]1% (dissolved organic matter: DOM) 94l ti7] & W&= 45
SHAYoR A8 4 & (Quinn and Bates, 2014). ¥ A&

DOM-< macromolecule c01101ds, microgels, microgels, carbohydrates

2 o g
01“19‘
)

0

ol ok

2 A 53 2 wpgte]l Fi= 27elA film drope] FERE oi7]E A

_’|5_
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Weddell Sea®}t Ross Sea®l & 71&#
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Long-range transport
in the free troposphere

Cloud droplets

H 28‘04 —_— 504

Particle growth — condensation,
coagulation, cloud processing

Entrainment rate

l Cloud condensation nuclei
Sea salt
S04 T Organics
DMS =" [ I
1 . : - Wind speed Bipbgicai activity
Biological activity Bubble bursting Wind speed

Wind speed I Bubble bursting

Sea salt

a4 130 Y V1Y 71FEAvEE=DMS) 3 &ERTE
(DOM) 9] Wrzofl st gi7] doj2& 9 F58543
A (Quinn and Bates, 2014)

L of wel A 20d

A 71719 w48 o] olFo] Hom, Gas

chromatography (GC), Non-disperse Infrared (NDIR), Cavity Ring-Down

Spectroscopy (CRDS) % Laser w4 7|&S 83 o7l & 24A7F=(CO, CHy
NoO) A+-7F 28] Wawfa &

N

-~

!
Ao
ol

o|\

N
-~
o

7] T 7k FEe ZIFRsEdd i 24 7S oy #4717 dE T o
A& (Agilent, Picarro Inc, Aerodyne Research Inc. Gasera Ltd., Los Gatos Research
)= T8 Arola s WYl T oo VIFHstEd WSS oldfsty] flsiA =
7] T 713HsEde] yEdor A BEY 2 dlg (e @) Wl A
doll #gk A7 TosHAINE olF AF dAE 7lEE R 83 Ho A &
i, 88 B4 wel 2 A7 ageld SAgow justel g

-

7]5ste] wE riFwstEdel HA vzke A oldfstr] HaA= Yl T o
= ooy e zgshs SAH ¢ R TR vF VFHsEd
TR W50 Hast o A= T P S3td EA47Ie] Jide] 2
a3

g 4ol A AR e AT olE & W-Ed-de (Ee H
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2-234.

=9 59

o do AR Ao 7|ZHEEA BA 7E A 2 28 ALy
= Marine Methane and Nitrous Oxide (MEMENTO, 20091 Al &) Z 2 AE

5ol 47132 Helmholtz Centre for Ocean Research Kiel (GEOMAR)®]A]
Marine Methane and Nitrous Oxide (MEMENTO, 2009\d A]%}) 2 AEE Z 3|
g 7l CHy, %2 NO A W3t 45 AHxstal A+ (¥ 16)
(https://memento.geomar.de/).

a9 160 59 GEOMARCeNA 7fdtste] &8 S92l
713 3tE 2 (CHy, NoO) #24717]

s NOAA PMEL carbon program

"= NOAAZ9Q] Pacific Marine Environmental Laboratoryol A+ 7} o 3%
A7pzQl COol e Awska glow, A st wAM7I7IE E8ste] WA
gieFe] s ojatstera #9F FE W S 93t olitsetAh F4E AT

Stal 1S (¥ 17) (http://www.pmel.noaa.gov/co2/).
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1 MAPCO, 2 JAMSTEC

25AMls Intake for
P underway
systems

a9 17. NOAA PMELONA 7fitsle] &8 591 &%

#£3 COy 4 ZA

= NOAA ESRL Global Monitoring Division

- "l NOAA9 Earth System Research Laboratoryol 4] Gas chromatography

ECD detector® ©o]&3to] A A +4 N,O A5 FE3ta Qo dteto], 1dH
= 9T 5 5 #AEFERAA U7l F N0 FEE AAte R #S3)

o

of 71FWate] Y N0 RZATE AP3u 9%

M .

(https://www.esrl.noaa.gov/gmd/hats/insitu/cats/conc.php?site=mlo&gas=n20)

GC ECD

stream gas sample
sample select valve

valve

—

F = detector electrometer
s =y
carrier gas - [ o
Comram 8 |

| column oven \ drivioe

; \ chromatogram

1% 18. NOAA ESRLoA AR&3st= NO &

SRS IR
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1% 19. NOAA sheto] whif =2op #F59 o7l

< N:O &4 A

m Advanced Global Atmospheric Gases Experiment (AGAGE)

- #l= MIT (Center for Global Change Science, PI: Ronarld G. Prinn), Scripps
Institution of Oceanography (PI: Ray F. Weiss), &5 CSIRO, <= University of
Bristol 5& H]&Eg A AA o ti7] #3 A5 25 AdE7FE] B 1978l

H A AA Fa g7] #F71A A e 7|FustEdE 58 247 3 g3E

EASEAL glow, AA7EA sE AT =

o

. =3 3% 7] % CFCs 24

Gl =
w4 = s A Vs

ol

a9 200 A2 AR FF Vles 283 WY

= Zu) & CFCs £417]7]
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7}, Gas Chromatography (GC)
(1) #294e: o] Hmobile phase, ‘carrier gas)g S#®U 1174 (stationary phase,

column)ell TiEt AlEe]l FHA AolE ol gste] EFYRe Ang wel Yuw

pressure

control Data

system

1% 21. Gas Chromatography (GC) &§& R &%

(2) &A1 &S

- olFdo® ks ARgStER AlR7F FATl FAES Al 7|stHoloF R
Aol S 7HA AL qleof 3

- w4 Thed AR Aol ARAJ(EAF < 500, #=A < 4007500C W
+47Fs)

- 7FR] ARE Wi eR B4, A AR AF AR FATOAM aRer 7]}
AL 5 7k A RE FYe] Wil del 2t d B2 £40] ol

- A weld 9 sehEs AE7I0AM AV1AR] Az s AT=, A5l
mheh E4E= 71, 2RIAl Y] SR SRR 2).

- A FAGoM 9 Fe GAW station T °F 147147} CH,E GC-FIDE o] &3}o]
Sk A=

(3) &47171 574

- UFE HE ARG dAAlste] mRe] Tk ARE B4 @ ¢ de FFe] e,
TS A sh8) ool A Al skl &8,

- Agilent, Shimadze, Teledyne Tekmar &S H|53gF thoFst A2 AAAA dH 77]&

ATsha o] FUNAE §74 2 Bk 505,
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(2) &= &-&Ri

- T2 7] T We7F=(CHY, olAFstera(COy) SA ol ARRHM, Ad =4 dxtk 7]
% olAstE A s WSt 7 st A &85,

- Hl= Li-Cor. Inc.elAl NDIR W2l& €83 thdkst Aeo 247s B4717)&
st (https://www.licor.com/env/).

- olitstet s FEol FAH LT 0720,000ppmZHA] 7Hs gt

- AA 714717+ (World  Meteorological Organization, WMO) A A A|F&H o2

H=3511 = COx(g)e] SAWHOZ fiF+ NDIR %48 #Hela A&
- A FAGoA &9 F2A GAW station = NDIRE CO,E & HA=s5te A=40E

HalleyS X3Fa}o] oF 117049

-

- 7] S 2AVIA ZA4 B okde} dlg T oitsteiA Q1A EAoA] &8E I
NS (19 23; http://www.marianda.com/)

- E} FEEA 7]H(Optic method)S &-8-3k= “nloll nls] A #H3}A| 7 signal drift7}

A AA dojyr] wiiEel], oF 1A FUIE BF Vs B 1T H1HE 19

19 23. Automated Infra Red Inorganic
Carbon Analyzer (AIRICA): F% A Zto] 9] )
BASE A 8E wlux BY A

g,

J

Li-CorAle] Li-7000 29-& 7|RFS 2 X

t}. Cavity Ring Down Spectroscopy (CRDS)
(1) A FgEAges 271 o] ALWKEE>99.9%)0] A= 3 (cavity) el
ddeo]x tholetE FARStY] TFAEAC] ¢, A, WANEAEAC oJF oA
AAAFS o] 83t FEE SAHSE wAVIEEMN, BA A WS F4ete TR

=
=40 Z4 9] AREE AL 9E
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Gas

molecules
under test | - Cavity
Detector
St W1
Laser|| fﬂ Laser LLI

@
2
73]
S
[
@
@
o
—
Laser Ti
i nme
Shutoff

1% 24, Cavity Ring Down Spectroscopy
(CRDS)®] #t-5 9

@) Al L9

SOl F ks el elISHACO), MIRHCH), $571H0), SEELILS),
dRUoHNH:) T8 SAE

- e FetEAeg o 7 #ges 7] B 33t e,

- 1=k PICARROA}IIA CRD o
227, CO, CHy, NO
#25 5 OFE AF Boel Hg Hu e

TR
Bh
i
e
rlj
-3
O/ [&
:Y,‘i
offl
Ao
(o

(3) £47171 574

- NDIR 4 ]0}‘11 signal drift &&de] @A3] vo} Hugo] FdstH, 4255E
% )

- T= E"“’ﬂ Oﬂﬁc}é T T 2H4E AsowE BASY Ax 71A9 = HE (dry
mo fraction)& 5
- COy, CHy, NJO ¢} 22 24 7129 555 10 Hz = 02 Hz 7|12 AEsHA &4
7V
- Gas chromatography &3 #2 224 W2 wl&] 7|71 A7 7, dA=F 717}
| b

LN | ,
A3 o] Ed kol A&HH Faol da (7] "l dAgelA thdw

A : s Ao w
Z8o] 7be (2" 25 CRDS 471715 283 A" ANA e daed 35
A})l; Maher et al.,, 2013).
- CRDS ®A]el &85+ laser? frequency W7AS Ed the x4z vE 7]A)
A &8dE F AR, dAZA F8 2ATVEA o9 & v 7A B4
Ve 2 HE SHAlol gk Ade= FE3h
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(4) CRDS #2

2
%
=

Closed Water Loop

CRDS

Air

Ai tl
2 Drierite ,l CRDS

8"C Enriched
<«—  Phytodetritus

Sediment

% 25. CRDS W29 #47]718 &85 54
e A A o] o]abstera B Abdl. A dl
£ olxkgE s A% BN B dF AW Ay
S Fg &FE otsiEaA A& 24, C
pulse-chase 28-S &3 o|itsieta Wl 4

—

il (

e 83 SuE 7|8 A s P 28
CRDS W& 283 10 radical &5 A+
20061 9¢, W7l F 10 #HYU#E =Ast7] 918 AHE open-path cavtiy
ring-down spectroscopy (CRDS) “FH]7} A& A 2 Zapx HA8He] Roscoffel
H| 2] ¥l © 1 Reactive Halogens in the Marine Boundary Layer(RHaMBLe)
IZAES] d3toz AW AF7F W HAS (I 260 Wada et al., 2007).
Open-path CRDS ZH|= sicte 2 RE 4 nE oy A8l ar, 109 wAg
go] F53S A7 Yatol 435nmel o r FEFHAS. o5 =
10¢] &¢nl= H<r Ead DOASel o A Ao wlsf 5-100 A= 2 #=
Hl
o] 71A19] 10°] gt HE=A= 10pptv oln, FH LIFSF tlEo] &5 ti7]
'11_:_: A

<9 105 A st=H T83] =2 e d A=dARAE 7HA

ol
o i,
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= H [) LN e ’
o] A% A& F= BAES 95te] ICP-MSE o&3to] [I03t2 fF=3 Wl
e 105 Af4 ez S48y 913 CRDS9F 22 7]wo] By 2844

window
spoce

2

-5 8

3

19 26. CRDS #Wls &g3t
7] iodine #= Al (Wada
et al.,, 2007)

------

Broadband CRDS "W21& &85k t7] vl&F 74 &4 A7

North Atlantic Marine Boundary Layer Experiment (NAMBLEX) X2 AEE
Z3] old ;M= Galway2] Mace Head Atmospheric Research Stationol] 4] ¢] NOs,
N.Os, I 3 OIO¢ 7] v%= SAHS A3 4= Md 32 &35S (Bitter et
al., 2005)

o714 A7h%E broadband CRDS (BBCRDS): ZHEI 19 ringdown
cavityel Al 4& F Adv W= A~HAER #¥o] 7heg DOASE
Fde)2 FA ¥, broadband CRDS: long path DOASS] dAF#=8& WAzt

fAbetta & 4 ol

A A7 THAE Sl A EEF R §e dAdelE Ve SAS
25 wysts vPgrte wxs UREsA 24 75En), NAMBLEX @%
Sl =4 E 7 g7 F5ASA We Ede ~HEd] A F

= Z z
BB CRDS? A& A NO; A&3AE 10029 FAAS 7|20z oF lpptve
7 FAAe NO; v% ®Wst X7 7Fsd. 0109 L9
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LIGHT PROOF BOX

COUPLING
OPTICS
) e s )-0 FIBRE
CRDS
RESONATOR
\'\4 DYE
LASER
CCD
CONTROL
Nd:YAG inih WATER
LASER COOLING
=1l
=
DELAY = COMPUTER
o D
Tuming Miror | G Mmort  wimars - Fm Cougler:
e
: CRDS Cavt!
E :\’k\ " 2
§ 1 | Optical Firs.
v
Lo 1 I
1
. Al
Candition
£
= i
== b s
CCO Deteatar Water
- Dye Lagsr Lasar 1= Cooler || Door
M, - Powger 3 Phass
Hical tabis (300 % 120 sipp

G
Powerin {15 kW)

19 27. North Atlantic Marine Boundary
Layer Experiment (NAMBLEX) X 2 7] E of 4|

38w BB CRDS W24g 83 7] 5 A
TE |3 HstEd B4 7lE B4 % (Bitter

et al.,, 2005)

A A1l CRDS #¥21& &8-3 dl7] iodine #5 A7 &84

CRDS W4ls 283 7] 247s 224 7le2 o8 dAs S8 483
HQom oln A9 Global Atmospheric Watch (GAW) 7]# <4 CRDS
WAE dgsto] ojabstea v T 2AVFAE EA st e (F ).

AL 9y =85S =9 -Zr& 227k o]9le CRDS #24lS 839 ppt
T79 jodine & 7IEWEItA SHS S5 AV R EH. A Y B4
7led g3 dAR oA fgtew, A AF IFAA AdFHo=R
Z&etal =

AL ATECNA 10, Lo HAel SA99 i Wstet HHE dude B
AoR dqFHu, o5 54L& t7] JdoE2E A A-HH JFS HA=
Aoz dHA s,

A dgAS F3te CRDS 714 jodine ¥4 7142 MWt FA A1)
Bk olol25 74 =g (dof=F Fvx, A7 22 #4717 5% HE
g Af, A9 WdA=d FA4 71Fel g Fagk A AFAa9E ik
T s Aew Alnd
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2}, Quantum-Cascade Laser (QCLs)

(1) #A90e: BEA P ETR ADWE Atole] FEHO|F o &3 dolA FA=
el AHNA AWM Tf FEHAE 2 54 gl FRE
S5 B471%9.

Q) &

energy

N minigap

injector

active
region
- 55 nm _

module I

1% 28 QCLs¢] #s<d

dolx el 5 AT F A7l Tl 27 oo dolx Bds dAsd
ot JEES 4T F U5

7] T v 7k AEY HIRHCHY, dA3H8ENN0, NO, NOy), w24:31%=(CO,
CO,, CHO...), R UHNH;) 5= S48 + U+

u]=- Aerodyne 2 Los Gatos Research (LGR) %9 A|ZFAbA QCL 215 883t
nEg7A s 471 2 Fa 24 7k (COy CHy, N20)O] 9 9a H[E 40

N

#8498 F03H portable types] W7l S7ks BA7)7]}
| ulsl el AMHQAT BAle]l Nyl

1=
RUN
Aol golste] oje] #3 Ropn 87 TFsAol ¥

w2717 54

Laser frequency W7d< S tdsh m&7|Al &£4e] 7Fs3dl™ laser path-length
WHAS &3l o 549 A= A =4do] 7Hs3 (& 3).

ek 2= 357 EHEANA FE e, ot ol vdd &4 o]
e Fd EH] B3 5 HAE Fal vhFd mEF V1A #5e &8o] 7k

HIPPO (HIAPER Pole-to-Pole Observations)= 20094 1%, 114¥, 2010d 39,
490l Harvard University/Aerodyne Research Quantum Cascade Laser
spectrometerE &3 7|0 AHo] &9 T2°Nol (A AYA, LH:|TIF  Barrow,
53] S)dA CO, CHy =5 FHHoZ (015~ 12km)BFA A FA A
(Kort et al., 2012).
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Rl

A

M)

¥ 3. Aerodynerld] CW-RT QCL #4 71712 &&3t

A
sk v 71Ae] 5, A T35 (wave number), dHE %
(precision) ¥ # %34 (LOD: Limit of Detection)

nYlvrigg . Precision LOD

Trace gas

[cm!] (1 s) [ppt]l | (100 s) [pptl
CH4 1271 200 -
CO 2190 20 10
N.O 1271 60 -
N-O 2250 30 -
NHs 967 20 10
NO; 1600 10 5
HONO 1279 150 80
HCHO 1765 50 20
HCOOH 1766 80 40
NO 1900 40 20
C-Hg 2990 20 10
OCS 2056 2 1

(4) Quantum-Cascade Laser (QCLs)E &8st v 7|9 z7t~ 24 7| Y &8
- 7] T ppt TR EAS= dimethylsulfide (DMS)E= 3¢ A=g-sol 23
AdEw 7|2 HEE S AESEE A 7158 g 4E8E g ddoEE H
TEAYcR AL AAVMA SAATAE 2 EITUE ETSE IdF AT
5904 ppt w2l 7] DMS #5e] 7hsd BA47171E AlFs)
Hels #A=sta 9o, JFE gas chromatographyE 7]t ko] mass
spectrometryE &-8&3% #Fo] FE o|Fi 5 (Park et al, 2013, Jang et al.,
2016). Gas chromatography % mass spectrometry W22 7|Wto g 3= W22
DMS¢F 22 Ae® 7k~ 2o F4d &40z &8 3 & A, #47]7]9
A 7h=AEE Y ARRo] AFAS)) T

A

7 -
oA Bee Bgs AN

.

f
t
rir
kl
>~
>
o
O

-

= hEs
- AA FAdTes xRIde B

E)
N

5 Htel gas chromatography 7]%F
d #AZ49 ofo]EdE g o]utof o] 4] 9

= «—

Py oy G9Ae B3 7%

- Quantum Cascade Laserg €-&3 W& 7|2 4] 7] NDIR, CRDS "2}
Hlalsko]l  FHto JE 24 TR AzAdA AEsE 24 oy BER
ojeloll & ARgA] 8- B Ao wet 4] Yol MEH A g HE AT
w2t Continuous Wave Distributed Feedback Quantumn Cascade Laser
(CW-DFB-QCL) %Al& &83to] laser® wavelengthS 1296.9-1297.6 cm !9
MR Aoz (g 29), 7] T N.O, CHy, H05 T2l #33klom,
G A TE AEA 4 v AR HE A= 1.7 ppb (N:0), 85 ppb
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= SIS B (Cao et al, 2015).
- NDIR, CRDS &4 W24s & 15 714 24 713 7= QCL 4=
g83 v FrIAl B4 T)Ek, olitstekh, wgks FAoR 2Vl IS8
71 ARISIEHA &89 e HZ AlXARe] Bare] wE=W Dual laser W4, 21
cm pathlength &2HA] wavelength 2056 cm'e] ZAdA 4 ppt @R OCS
(carbonyl sulfide) +A}o] 7Fe@d AR HIHYE. OCSE T2 YA ti7|=
WEEE 2484 d7] F ppt SRR E24%. B AFgAdaE QCL ¥
283l DMS(dimethyl sulfide) #+5 7|&<S /MEsls AS 53z AASGoH,

A7 = QCL WA 83 DMS #5 3 &8 Aty Baxo] A 5.

(CHy), 11 ppm (H:0)¢] #

op
o
d
i

’

()

SHAEE DMS  #Ao] A33t absorption wavelength 2 pathlengthS A A3},

AEIAE wol7] A MF 714 w58 A ZAE NL-E8E d5, A

pA

Adejel EAJskE ppt 550 DMS #2o] 7bsd 0w o,

r2

Chjective beam pattern

_z._.-- .:-.:--.__‘\ A —Temp_ T
/oy Sy controller
£ B ) CWQCL [«—
I-_."'.'- o, ———
T L | Cum
\, o-_._. ._-. /_2’ ; Cﬂntrﬂller I
\"H-\._ ‘.E _____.-’ " ____$ _____

inlet _|

1

Gas —— Flip P Y]
| f mmirror u‘ - \
| | | 4
41 W Function
¥ PoL, SR |[ generator |
1j - I
[ Pinhole e we |

o )( Lock-in

(] ) 19 o

| | lif
Gas i) S Ampaer: |

outict | N— | — Pcl. S

TE-m astigmatic
multipass cell
o
W
i

M\ s /M
Parabolic L“' .

mirror TE cooled
detector

19 29. Continuous Wave Distributed Feedback Quantumn
Cascade Laser (CW-DFB-QCL) %2l& 83 7] N,
CHy, H:O & #= Ax 224 % (Cao et al, 2015)
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(1) Purge and Trap
7HE ARk o R AR Y= &F Tt
g2 A o 3 A dAR T4
A3 F=Z Gas Chromatography=
7] @Al A dad dAFY A
H| 243 7] Al (inert gas)T Y &

A Al b 29 AE F

2
=2 =

™
=

=

=
al. &=

3} 4] (sparger) 9|
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Thermal desorption unit

Multisorbent trap

Cryotrap
Water condenser

—
Purge gas

Sample

a9 30. Purge and Trap

NA % g mAE

(2) Headspace method

- S H &= VA =
% dHd=Fe] headspace
headspace®] ddHFS HAE7=2

- Purge and trap ¥} v}I7MAE 7FA~

=

= 39
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3™ purge and trap W2l o] H]

155 49
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¢
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)
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uzel

N

v JF A=

L
R

]

uj F-ol] purge and trap
- Gas chromatography 2} <17 38}<]

detector

LS

column

valve

trap

seal

vial

Gas Chromatograph

Headspace Sampler

19 31. Headspace W49 1|7
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— Flow Controller |
Vent Solenoidﬁ D4 Carrier Gas (Ar/CHa)

1 Flow EZFW Controller ECD I._.:
Controller |
!
o N | |
ation i
Jac 10 Port Separ .
H Col
Sample Loop 2 Position olurnn |
@ Valve |
HP 19395A | .
Headspace Sampler I Backf1u5h Column |
. | Shimadzu®GCBAIE |I
| |

p— HATO405A i
HF A Sample events I
ControtUnit  } .1 control module |
! I
] | @ I
HP9114B u [ HP3393A ____'_J

Disk drive -i r— Integrator

I — — 1
gy 32, &F N0 345 918 A-53t¥ Headspace GC 4 HH] B2 =

(Butler and Elkins, 1991)

(3) Solid Phase Micro Extraction (SPME)

- SPME+= #As3t Alm dAAze] w9 A0 WHOZA fibers &3 &2

2, 2 S 129 GC injection port® ©O]FA|A o o

A A GCE & ml=7|AE EAehE Wi A WHo] wEw 31 skA]
u

e H |
DER A FEOIG ARAon S8HE GHol UL,

- BA o Rl MU fibere] MElo] Basvl, BUA ASHE e B
9 R o 2he % % RE 9 93 £x 5o oR x7d u
fibere] ol AAE ¥ WA FAE £4 W o[l ATFAY.
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Sampling Desorption

Fiber laced into GC
SPME pd  withdrawn [ injector port
holder ? —_—
GC injector port
Fiber
Sample—

GC column

7% 33. SPME WH S o] &3 v A 24 BAE

(4) Membrane contactor

- Membrane contactori= A ] EAst= Tt E FEF UL AASEU AHEEHE
Al 24, membranes Atololl Fa FE WFomE= oY ARE FEFaL
Bt oz 7hAE 298 F. ©o] Wl membranes Abolel Far ‘%"5‘-7]’2} k4
d ol o]Fojo] mep HFe KE Tt ARo
7h2F o ® o] Fd (17 34).

Liquid flows on the outside of the hollow fibers in
this design and exits the contactor through the
opposite side port.

Hollow Fiber
Membrane

Iily

i '|]'1J5| E!

Liqt;id Inletaa w (Qg,

e @

a9 34, " Fgrba FZ9 A2 HEE Liqui-Cel® ¢ Membrane
contactor

S o] we ool EAd: SA7AE mt Ggdom ®
sate, A ol A&HoE APH) e FEF ALE e P
HHAL B ook ABs Ay pyol goldkn, 2%

1

ola] AT W oop gt @Gl A 9 Abgo] 713
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- Membrane2] FH|, 2
Liqui-Cel®, PermSelect 59 A|ZA} oAl thekst
Zﬂ 2} o]'—l— /\A .

*Liqui-Cel®: httpi//WWW.liquicel.com/

*PermSelect: https://permselect.com/

A, 7, pore size ol whgh thgH

N A gl Thssiv,

el 2] mombrane contactorE

¥ 4. Membrane contactor?] & 5% % &

Merbranes: porous . (hydrophobic or hydrophilic), nonporous, or
composites

Thickness: 20 - 100 pm

Pore size: nonporous or 0,05 - 1,0 um

Driving force: concentration or vapour pressure difference

Separation principle: | distribution coefficient
hydrophobic (polytetrafluoroethylene, polypropylene,

Membrane material:

silicone rubber)

G-L contactors:

SO, CO, CO, NOx from flue gases

CO; and H>S from natural gas

O, transfer (blood oxygenation, aerobic fermentation)

- COy transfer (beverages)

- VOC from offgas

- NH; from air (intensive farmery)

- saturated/unsaturated (ethane/ethylene)

Application:
L-G contactors
- volatile bioproducts (alcohols, aroma compaunds)
= Oz removal from water
L-L contactors
- heavy metals
- fermentation products (citric acid, cetic acid, lactic
acid, penicillin)
- phenolics
- A FA 3 F<¢F dFA 4254 membraneo] FF @ 7] A-HA membrane
contactor+= $7 Eofell Al @ A& o], Hollow fiber membrane contactore
2 3 ug we Ry @ wg 2 4% 948 Xy 6 ge
ARt 7t FF 9 FEo] o Z&Folm vE dAe AAd Hle 2
a71E =49 T U=
- Membrane contactor= 4 W ¢4 4 A& RYEHo a3 g5 L A5
Al s e A #7]sE(VOCs) = 71E % g 1A SAE
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m o > [

gow s AT JBelA A%
3

Al del AREHa gleor,

7Vsd (19 35, Park et al., 2008).

N

< .
Sparging|
part

V8 \27 Discharge —(,‘/\fﬂ—

Temp.
controller

Regulator
%%@ }
UHP | Needle |
Ny valve

— ESSS‘-‘
Controller

Temp.
controller

Water bath

£
] FPD [GeSI
=s 30C I]:[D

Liqui-Cel

He Temp. sensor

Mass flow i
controller hj Sea water in
E%]owmeter <---e- Water sample * Valve off| <—— Valveon
Di 'c;iqrue Gas sample *-==* Valveon <~—— Valve off
0 min 1 min 3 min 7 min
| Trapping DMS | Eluding DMS | Sample analysis |
L |
V3.4,5 on V34,5 off V2 off End analysis
V2on Trap cooling
Trap heating
g 35. Liqui-Cel AF2] t}& Al membrane contactor® &3 34 DMS 4 &
ANEl BAw: g B4 7] 7] purge and trap @ membrane contactor 4]
ugF 714 F& 71E€S A9 &-83F9 membrane contactor?] @] 7px~ F
a8 Wste] gk A4 wla #A4e] Jhset=s AA 3 (Park et al, 2008).
Membrane® 574 7}~

% 882 membranes Alolo Fi ZE2E F A
T

'7;;
T Tol wet wgyr] wEe FEFstux ste Jh~

= Jm

(A, 1A 45, =
}_\jl

el AT vx 2 SHOE st AF, A =AM FF Z&ol o
A HIREZE el ded S & 58 AUE 9dA = purge and
T, 77, WE 9o 9FE A Fe ke FF

trap¥} #o] =4 =7 (
o

Wals Egk nlal #Ao] Jhesh AAl Park et al. (2008)9] Aol <fstH

membrane?] =% 2 FAo FHFHS AAHIA AT H$ membraneo] 7l
FE 380 et dAA 74 He= AL QT 5 S (Park et al,

2008).
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Wk S 71 7RISt A s B WEtE R AoRE F5E.

- E3] nM F=22 &A= DMS, N,O, Halogenated compounds ¢ A&3t 5
S YA E purge and trap WAel AR HAAE Jes o= ¥ 3
membrane contactor, equilibrium method$} 7] +
WA Y BES WA HEiAe T Age s

R L)

b
M
1%
o,
N
N,
of
rol
2
0Q
[@)
Q
2.
=
S

- B AP A= purge and trap FAE GC-ECDe A N.O 2 thefsh
Halogenated compound (Iodine, CHsl, CH.l,, CH:Br %)& ¥A3&tazt . thoksh

71$Rsrtaol AHekgk A4S 9] AL (AA A& -1500)AAFH A
(10°C)e] =74 Aol 73k trap device &8o] 753t purge and trap H21S
A A ] ofof 3t

SVs SV6
(NO) (NC)

2°C
condenser

std. loop

°ﬂu

Liq. N2 SUS needle

trap

Y2 moisture & CO2

sv7 (40 (N svs
O\ G/ oy

storage bottle

Moisture removal

Liq. N2
storage bottle

Micro-ECD

| |
| |
| |
| |
I I
| Lig.N2:Trapping |
LA ]
bl o meter | U | oo
| | oooo
| 2|
a9 37. 2 718A+E T8 AAS purge and trap WA && 7l Al AA
2] A BA =
(2) Membrane contractorg €83t v 7| $WHs7tA~ F5 7|E /E
- FAY99] g EH7] % N,O, DMS, Iodine 53 22 AL 7]FHsl7}~9
AR ZH, 7] F 7|$HErtay w5 W d1s FA4str] dEiAe sl
EA = AFEe 7 AR A4S 93 dAg 7]Eo] 23
- Purge and trap A& 7|RECZ 3 B4 Ve Ak AR A L 740
7Fsek Aol JARE, N AR Tk FE E AR AEe] AZto] oF 201 o]
o

3 7
2owy Ay Ao A 2 o] we snEo 8y eyl Qs
X ]

o] Ae S "Hojuk d% 7oA e] §834 Algo Sl
- &F 7I3HELAs FE AFE dS5sla, FE A&He] HAstE 98]
membrane contactorg &3t 8& 7t~ F&5 AAE YAl & (27 3R)



Data acquisition and

Controller Q

M

Continuous sample IN

Sample gas loop

________________________

Sample water
IN

Membrane

Sweep gas WL | contactor

IN
oooo
oooo
oooo

Sweep gas
ouT

Column

Sample water
ouT

or
QCL or CRDS
=i L1
=
NS I SS588
MEC e ]
Liquid to Gas Extraction Device Gas Analyzer
a9 38 E 713 AFE Tl A% membrane contactors 83 £F
b B A BAE

- Membrane contactorgs &-&3sto] Z-2 Algbol] MAgoA &&E VIR A|RE FESHAL

isolation valve, 6-port injection valve &) % #|=F 3] Ao} A (perestaltic pump
=+ piston pump)= Ao] g

- Gas chromatography (GC) ¥+ Optic method (Quantum cascade laser: QCL, Cavity
Ring Down Spectrometry: CRDS) wW2le] HE7|d <Asste] &8 7Ms3es

A

Q) TE 719 7|3t 525 ST A 7= i

- FTESS F 2279% km®9] Wol2 Eub 29 24%5 AA|EH, FEX A9
Ed 2% W= HAdA(snow depth) A= A3 7] &% F7F 2o wE
£e2 A8 s (IPCC 2013).

- AR EAlel $EA EG RE (EF obd L6m ) ASAE B4 @ A,
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Ak 1009 Fek o] XY FEA EY e ¢ 2°C Frtstden, 53
=] = Aoz ey (Park et al., 2014).

19709t o] % B 7t&3ty = AEFS Kol
- FE A 7L A FE R @ A Hok %4 Hol 2 §7]E
2as /%3 AL £ ogow, Oz Q3 2474 (CO, CHi N.O) Az

[e)

53], 71% wWsle] o3t FES FAnTd=E(cryoturbation)o] A|&EH o2 HHE=
A5, 2T EAste AFY FrIEe] g3 (melt water)et A EF oo
HabAaZos Ay o] Ao wAAEdd ot &dst e ZAiksta&d
o&] FHaFe] NoO7F ¥ & 4= 98 (Reop et al, 2009; Elberling et al., 2010).
SHAIRE FEA AL N,O WAL thdst 37 QA (FEA 2% Abher EY
W F71E dH, NP5, T AEHY AA )l os AAH7] w,
FEA " o N,O WY wIEs 444 odF e JEsislr] ofHE

(Jungkunst, 2010).
FA9e] F4 g g o3k 7SSyt T wisk 9 daAl QS A 9)s
o

o] AMAE HA BES Weldd Fa JFusils R wsel @
UG LAl BaF

FEAYY] NO WS EY 2= 2 uwiade 4w A4 #AE /A7)
wpo] Eok Aol A NO 7hs B4 Wk ohuel, B 2% W bk BE WSS

Syringe pump

C[10 m/min] 5552 Data acquisition and

Remote control

|
Chemical Drier = = |

O
Q
t
Q
—
o
Q
Q
[0)
=

A
P B _ Membrane e o T e T R !
Contactor, = N I:I
Soil Temp. sensor N N S22
\ D] cooooo

Laser Analyzer

Gas extraction
from the Soil

m {
ofo
rok
T
o2

a9 39. ¥ 718 AFE FI AAS membrane contactorE
L

N-O &4 %A
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F2EZ 3ld FHJIon Cyclotron Resonance) F347} o]
dot= SAS ol &ste] AU A= A= Al (29 40).
3], 15 Teslawe IA7|HS WA= A=A SE o]&3 FT-ICR MS+
A F4 A7t AA Ha o (F35>500,000@m/z400, &2 21:<0.03
ppm) o= WA FHe] FAAS AATte R AAT 7 e FHS HA I U5

o] £:9]
1%]:0]

lo [

=

Mo o=
= o9

A

induced current
detector plates
axcitation h WMW“ Fourier IALI_hl_ Mﬁ.ﬁ_l-(r. ’.I_4_|.IJ.
o Transform Caorrection
ime-damain requency-domain Mass Spectr
ectrum spectrum

oscillating R-F electric field I

1% 40. Fourier transform-Ion cyclotron resonance (FT-ICR) & &%
A7) A5 9

T = LHAELS BAEAE AIstA SHskA
LEEdY Wy 9 fAAE dFste BAWMES dste 200749 12€
Aeagel A wae Fue] AZAETA HFEE AaARd A9Hom
FEAAD FRAEE xafdls FAEFRA7]d 15T FT-ICRE  °] 83t
238 (Islam et al, 2013)
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IHC Ol | ledOil i
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. ‘ | L Spilled OF g III
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HE il e
(Photo-degraded) . — T
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Ice clouds \\\

Mixed phase
. ) clouds
Organic-enriched
film drops
b .
® » ® L
Ll
- » . ®
® ®
Jet drop ® Wave

breaking

BUbb_"E Scavenging of
. bu'rstmg . biogenic organics
L

€ ¢

(

Bubble
entrainment

19 46. Jet drop film dropell ¢]&f Aol 7|2 HEF =

6. Jet 2
foF &5 F71% EA% (Wilson et al., 2015)

(

- A 74 Ion chromatography (IC), Aerosol Mass Spectrometer (AMS), Gas
chromatography/Mass Spectrometer (GC/MS), Time-of-Flight Mass
Spectrometer (TOF-MS) 52 47|75 83l s AE 719 7] o=

=

Sol B3 AT ABHL AW, B 54 Aol FAL AL,

- B Aol olej2E SR BE Fa A 54 (FR & BE, WSOC,
WIOC™, BC ) 2 912al%e] A4 Was 4703k #2 @ 43 92 3
Fol AxpAr o] Fkake Al Bl F A/1SEE &l St S
om A6l dejzEe f%E F7h @ael wHE (ODowd et al, 2004). 347
W L tle §F FU1B A BA Fx U 54 AAAA wEA
A gkgkor], m@ F AB/Y F71E W] Ai2E FH 9 FHF A

o

T4 7l gt A %,
*WSOC: Water Soluble Organic Carbon
“WIOC: Water Insoluble Organic Carbon
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shelf-slope-basin A AFSZ N,O 285 &

29 Ao MW, B35

9] NO 5%+ 114 7 169 nmol/L (saturation values of 92 - 118%)5 Y EFW 1L,

Tr 9 ¥3we7F FUbste AEdS YERYH (Zhang et al. 2015).
0 sl el 93l FgAE A= Beolw HxstE 35 N.OT

N207} FTHE S A55(11.4 T 214 nmol/L, 19 45)¢] Ak o o=
FAFRS. B 55 N,09 F2 source= EHAE Ailslel @@ Aislo] o3t
N,O o] AAE. wpetA] Chukchi sea 552 NoOEX+= AESA QQlHTH
2eld a9lo] SAFA JFS viAE AR BOY
N20 (nmol L-1) Saturation (%) DO (umol L-1)
12 14 16 18 20 22 90 100 110 120 130 140 280 300 320 340 360
0 ' | N | i | . | " 0 ! | ' | 1 | ! | N 0 | | |
20— 20 20 -
g E E
= 5 5
B A =
[=] = (=]
40— —@— SR01 40 40 -
—0— SR03
| —a— SR0S
—&— SR07
—%— SR09
60 60 60
719 48. Chukchi sea &% N,O $=(1%), NoO L3 =(F7), §E44 TE(88%)

o] A EX (Zhang et al,, 2015)

- Zhan et al. (2015)+= Canada Basin (CB)%} Greenland Sea Basin (GSB)ol A *| <
Hol= 9k 12715.2nmol/L Y

o2 NO TEE HIS.

<. Chukchi sea°l4 Hi1d N,O &%

N,O BEE AAsE adow QB

FEl A ZEA=E AAY

ol A9 NO FE

Wt frAekS 2™ (Zhang et al.,
90l N,O Ajatrch dj7]-sfeF 7] A w3k}

2015),

o
- Fenwick et al. (2016)2 &= Bering Sea°lA] Baffin Bayol Zx (710,000 km

transect) T T N.O F%
715 ol g N,O *E3x

mol/m?%/d 495
- Bering and Chukchi HlS% &

=]

.

2 A g-uy) Y4

W= 757145% % 2.1,
Chukchi Sea?] WHE AdoA #H==, -7 =9

_53_

5X‘] o]—

] O

DA T

o
7M=&
PR

-

Aol Mo ditstet gA2sIF =3
sourceel®], o]gA APE E2 FF NOE 5%H°

B2 Bu A A9 (North American Arctic Ocean) 2. &

R S R



1% 49. Bering Seas®} Chukchi SeasolA¢] N,O 559 FARE 3|MAHME
7] 3 5% (Fenwick et al., 2016)

- 55319 North Atlantic Ocean and Beaufort Sea Ale]¢] North-West
Passage(6700 km transect)oll A N,O =4 Zlo] w=w N,O ¥31%=2] He+=
82 -181% °]%+ (Kitidis et al, 2010). AX3tE w%=9 A5 g3+ dFo=2
gaEglon, AxstE sre odA i AR s A+, Mackenzie River
plume®?] 3ol A YERE. Kitidis et al. (2010)= 38l & opitstd A Fro 2

5 Aot Mdrd A3E Fste, W $F5 Uk 55 2T

2o AFAIGE #AERAZ RN o 2AVIAES dF-dr] EYxTt SR

Zolgkal At

I\

i

a

=8 A T N0 s BX 2 2HQ9 A

- Y=312] Open water A9 (Drake Passage, McMurdo Sound, Prydz Bay; Rees et
al., 1997)°1 A o] Foxl el AFEolA EFF NOF=s th7]eh A 3
of 7MtAY AHxss o] vtar B uEi 9l3(Chen et al, 2012, Ligi et al.,
2014; Priscu et al., 1990)

it

- Rees et al. 1997= =319 Drake Passageol 4] N.O° %54 ¥ 3=+ 99.7£3%
2 7] #Hd F=9 A9 dAF HFES TIEAEE ZAMA AE =F/F
(75-100m)°e] N,O sE+& WatxFol| 77 AFE At oA Hxste
FEHE AEHAS (2" 50). FF3= A wet gir]-adlg FH52 P o] A
2 AR A gERon) ol gl WiEel Ul =84 adle] AA &= A
o2 g, ZAAYY F gi7-dd EY 25 -0.067-0.09 pmol/m*/dE e}

1l
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- Southern Ocean Iron Enrichment Experiment (SOIREE)] A
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713+ 247} transect 1, 2, 3 (Rees et al., 1997)

ﬁ;

=312 Bering Sea basin (BSB)9} wW=3le] Indian Sector of the Southern
Ocean (ISSO)el A N,0O¢ EXES HwdsdS(Ligi et al, 2014). 5 a9 w=
FoA NOsZe i thriet B3l 77tslon, d=3] Aol &
ARty o AxEstEo] A0S, Ligi et al. (2014)7F F43 ti7]-3dlY S8~
E5alet F=ael A Zbzt -0.347-0.64, -1.477-1.77 pymol/m?/d °I&. EF
2 NO T ¥ =8 A4 ko] o] AdE AR Holw, o]F

1 I~

o NO BE BEE §35 79 2 5 w3 TPk FoY 224~

2 %JHF}

o 18 1o ¢

o]

N F7)1Eo] A7) (remineralization) =W, N.OE 7] Ao H3)

3 -
Ao & =7} 3A ®(Capone, 1991). W&t Fuhrman and Capone (1991) 5
& g A vSE A9 olFl NO Bl F7b 2 oz 4. Jin and

Gruber (2003)2 =2d& Soto] d=s] 2 w53 Aol we sjf Wi
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Arctic Sea Ice Extent Standardized Anomalies
Jan 1953 - Dec 2011
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o EFdle @4 FEF A Aol wrEd, 200049 o] F H=8] A Hae

. Haine et al. 20152 A3 22 AyE 53slo] 5

5 FAS AAEg e, 1 A3 1980-2000 th ek vl wEke] 2000 T o] &

FZ&(unoff) S7F= 98] 53] A3 (Freshening)’} A&¥E 1 vk W g
T AA G5 TS AV W AT g dXste Aoz e

&
L
=

701-

o 2000t Regime shift A4 3| 74 B Idr-fEd 59 =874 89
gokow, =34 aclold = UEd. Frigstad et al. 20132 =2
716k 2 A 49 Regime shiftE Ha1d, =04 AAA F7]8 @ A
12 227F 1998/2000 o] % &t~ e]e F71Hd /S e, ol g gk Shifte] €<l
2 ojofolo] TR th: 428 =17} A7) 9.

o gHdlE 89 np kAR 1950 o] FHEH xF 7|20l s A oY
g 2dste w=eEl Weke] A9AQ A, HxA F A (greening) 59 HloE F
A, SHATE T AR Ao A 2000t regime shift dAto] #FH. = W=
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A AHAA F7F FAE JeEPIANE 1990d ] F9F o] FRE T e FAHR
oM S(2d 52). & 1990 $8F o] sty #FE X &S (Turner et al.,
2016).
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Stacked—-normalized T anomaly
o

I 1 1 1 1 1 1
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a9 52, 19793 FH 2014 7HA] = ¥HE9] stacked normalized surface air
temperatur(SAT) anomalies (thin black line), 3% v+ Zk(thick black line), 733k
(solid red line) (Turner et al., 2016)

=3ale] 2000t] A9 233 FEALS W F%(Sea ice concentration)ol A %
*1% 1979-1997d7bA] 74 FAGE W %= a2 1999-2014d F<tel 7}
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Z1o] ¥ a1 (Turner et al., 2016).
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ole} o] HF&EF A A A 7]Estel S 2000's Regime Shift7} @At ¢
ol ik Al AL obA WA A FUAAINE, o] A Ao wWAst= V]S
stEde oA 74 st e YA WEUL A oR SX99 g4 ol W
slo} Ado] o & FHo=E g, B AFoAE 7FREL 54 V&9 A
S So R st A9 & Wkt 7]?—%§}%7‘é} T wske] X 4
S BXEa ol vlE o & 2000's Regime ShiftE f@ats= 74 Q<o) thsle] =

_59_



M
X
N
Y
W,
re
-4
lo,
of\
to
oX,
ol
AC)

2017

m Dissolved N>,O

in Seawater

- Purge and Trap / GC
or QCL

- Membrane Extraction
/ GC or QCL

Acro] BA F
Waz Q9
IR IEE S P

g7l 5 N.O 5%

i1
NO WAle] Fo wex
2 daEs FAAd
Aol BE AdE T3
EES

m Atmospheric
DMS

- (Gas concentration
technique / QCL

MS ¥=

2018

= Atmospheric

Todine

- (Gas concentration
technique / CRDS

L] NZO, Oz in the

- Membrane Extraction

Permafrost / GC or QCL
- FEZFY WALEF O
of 23 N,OZHAl w3}l
et dF #wZo] "o
g},
m Molecular - FT-ICR — koA H7| = W=

structure of

Mass-spectrometry

_60_




organic aerosol

2019

m [sotopic ratio of
NQO n
Seawater,

Atmosphere and
Soil

- Membrane Extraction

/ QCL

~
2
H
2
w2
z
ox
s
o
Y

J H

¢ F

12 o

ea —11]14
oo N

ko oft N, i o
e 1 2 fu
U

N

2 9 fo X

71%9] IRMS (Isotope
Ratio Mass Spectormetry)
WAlo] Hla ®roh §abA
o= d% 4 A&
7}s &

m Molecular
structure of ultra
fine aerosol

particle

- FT-ICR

Mass-spectrometry

Z0 A YA (ultra  fine
aerosol) S T3 9

lot 1o Jm O, ot 2

4N

N

o 2
o o
4 Lo
B
=)
>

0

_>‘i

b

)
olf
roh
3 o
W
O
=

Ll o Hr o
% oz
3 dp
i W oft

N
o piy

0

Y

lo

>
i

_6']_




ol
<
090
ofl
ol
B
Ul

il

T

)

-4

K0

M 4

o

A}
=

o

—_

;AE
T

K
o
W
JJo

&+

B

&
)0

Hr

!

[

JELEREEE I I

Ho]F+= 2000's regime shifts

&} s}

) 4 §) A} o

RES R I EEEJ0OR

=™ (phase) &

[e)

U

1

2

Hsle] Af =

o 7%
Ty 7]

ol

ﬁo
B

it

o

i)
W
sl
o
)
.Eu

Bet4 doly AF

)

R

A

~

;.OE
_ZTI

e
=
ﬂ
o

=3
o

o

o

_62_



4-18. FF AN
WL
T HWE | AEdTEE AL
O §& 7|1THsEd E4& 93 dAE Ve A
- & NO, DMS & "#F 714 4% A% Purge and trap %
7| SHsl=4 membrane contactor 83+ P 7|A F= AA| A%}
4 71& 7B O Optic methodE 283+ 1 DMS &4 7l /i
- ZugkF t)7] DMS, iodine &= 7|& /i
- QCL ¥4& €43 DMS ¥4 AZ A 2 &4 F7] 3¢
O &5 (AF/IA &8) 19 N,O §5& W3} ofsf I
s | 07 713t | - A5 AZE £ NO #27|1718 88t A 55 A9 N,O
b R E
ia) -NO T& /4% £ 3 wgadl 24

O FI-ICR MSE #83% =74 doj=& 38t 54 &4 1
28 5T cdo2E YA A=

- Y8 AT EHIE
- FTIICR MSE €&
S A ool=E st 24

@ @ ooz E
W} sfop

A 7]

=

= gu

7]

fs i

_63_



NH ~
o e}
p —
~ N p—
=K ~O %0
= K — wa
:Low_ — - E._ ™ ~ j0°
2 X = 03 o W Bo
w W R i n T ) W_Lom N
TR ; =< B iy X
g N Jw_m — T X o mewm R ool B T =
- ff 2 Tow S @ § w oo
n_m_yﬁ = Ty o o M o Mu 4 < T w W N X0 o “_m.._u O _l_wl
Hh o R @) o ur % ~ N oo < x° MM ] z. = E 3
gE R 2 o € w2 L & " oz Cl
‘wlﬂ & o Nmowu_m ;Lonﬁmm afommﬂz. ﬁmﬂwhwf ﬂlmﬁ% )
LW. ol o o = %% ) NP i nr ’ M & oF NG o w 1o° o B 1
i o oo 2 T L B W oo W N BEE o T g 3
B & T Py S T o 4 B TR D S
2n pot rzzf HiBE ATt .
< n SN ~ o K o0 o o= < { _
m o aﬁwﬂ < o B g T MW%% TR EN w%% -
—_ T K0 )
we EE Y2TE Lwow | Bw,B BL 2R | 2EZ *
£ Tl SRS g~ g ™ il Mo 2T o e
= M 2 W e X Q U MR T to m 2 W O
g ! = A AR Z FA w0 = o o 2 M
o T = A2 wy i g =~ I o 22 N S T
U o N X o nd il o o~ < M B = o = B il
= m w = o nr Mo W el W S S wK = o Z Yo = > o
mwlR]E.*Emuo H_T._,__l,_._om ~X ° %CE%HO B O hin Mﬂ_.:lwﬂr_v o
) N EO EO kY H;.ﬂ O a m ,w_wo o~ J m Q*O = N ﬁ/:l H_._i Z._E .AL —_—
o In 2, 00 O 8 o 7K " Z o £ AR ~
O ai A — oo iy o o 7 An : of
= o - ° L= F 3 £ PR nr Ko Jm Mwnﬁo
o 2 . o 3 &= = RO o o) ey = F
sl TN U o v > B 4n = = Nr = ,mz_ . ~
o oy it = : ® ® BT Nr e e f 5o
I 17 W Bl B e
) ) la ) == | \
~ 3 _Wﬁ o W ) wm do My X" o ™ R RO _
i oK Moo M R o A 7 i =
~ G ) — Jo = X
S —_— _EI ‘u_.mu.._ I ,I.yu o T ;O.._
o K< ~ xr _EI HTu R il MT alo M T
= s ~ Sn ﬁ 3w M T
& X S
T
1 =
mm &
~
M
=
X
(9]

- 64 -



2 AwH B
o= TU=E E3Ee e
T SCI* SCI o) A
wizs | " | gaaes | H = = "
1A s 3 ] )
(2017) (1/2)
2T 4 ] )
(2018) 2/2)
3 E 4 ] )
(2019) 2/2)
- 11
A -
(5/6)
124, F2) FEAT 27 A
O 3 sle
133, AU Y R
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z9 Nz = dq d7AdE R &8 54
(2017-2017) AT Ng 2 44 3 24 24
n A FH] T - AZE B4 P
1. QCL trace gas analyzer: 2654 vk 243 trace gas *
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24717 9 2 Aw bl A A e
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APM ENGINEERING Co.. Ltd.

ASITISRES [ 220-81-28405 &l \
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120179 O1@ 109 202-808 (YIS, FHHS=]3) >
12017 023 00Q TEL : 032) 219-7700 (I E)
AL EFRE FAX : 032) 219-7707
: Home Page : www.apm.co.kr

E - Mail . apm@apm.co.kr

Q.NO(sk) : 170023

CAMOUNT: -

. Trace Gas Analyzer 250,000,000
* Manufacturer - Aerodyne Research, Inc. USA
* Model : TILDAS-C

- Single QC laser, 76 meter absorption csll
- Laser Frequency : &3 H4 @280 L2 A=A HAE = @3
- Target substance : Dimethyl Sulfide (DMS) or Nitrous Oxide(N20)

. Accessories 1 Set Included
1) Vacuum pump
2) Data acquisition and analysis software

250,000,000
# ATt 0H(FCA) =222 M3 X FOHIS X8 32X

xx AR -1, 20179 A7) JFofstaAt 5= Aerodyne Dual Trace gas analyzer, TILDAS-C
A A

_67_



-
4-43 F717t 2=
A 2017 2018 2019
WY 24 A =5 £ RMJIA =5
M2l Il g A2 IS He
7= B 2 M 012 W2 (DMS, lodine) JIA M2 J1E N 2 XSS
7‘5 JHHE {

SE D], HL2AN0 SHAL HIE B4 J1&
!

L.

=3 71X 712N, B2l T 5} O} A Y U=
i

MIZEJ1X] 218t I§7] lodine JA H&} U=
H23 SE BE
205-.4% I UEE SO
2 IO AL
g2-S3 X I8 HHES XL AT =
=S FAEMT|E ; :
=a2s5t 2 x| O 7| Fil2l=s 2 2M) |8 2200|123 HL-SE-20H 2H Hot olst
O{2E ARt A NS Dot 4 24 )= Y VEES-LEE R RIRE R
§ i
4-54. o=z & 2=
gl A% 19 |29 |3€ 49 59 6¢9 |7¢€ 8¢ |9¥€ 10¥€ |11¥€ | 12¢
U= 2017 30
Al & 73| 2018 | 20 30
71 A] 2019 |20 30
n= 2017 20 20 |20
o} Ak 18k | 2018 20 20 |20
714 2019 20 20 |20
A1 | 2017
Gl 2018
o} 2} 2019 30 [30 |30 |30
* g AT]o Y8 2 8T A
* Ok, AlE 1A EE 713 EER 24 77 @l NO 4, g7l DMS, iodine, ©
AZE YA g3 B4 £4) &8-S A% =g &8
*olgle: N,O 5994 4% #= A M g5 5 A= &8 4934

_68_




H 5 & A7 ZtdolM =3

©)

ro

I o 2| o}

2

7l &

adr

AFws d7e Bad FAAN FBF AT 57

n A1 F538E9) 13 (SCAR) Antarctic and Southern Ocean Science Horizon Scan
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- What controls regional patterns of atmospheric and oceanic warming and cooling
in the Antarctic and Southern Ocean? (Cross—cuts “Southern Ocean”)

- Will change in the Southern Ocean result in feedbacks that accelerate or slow
the pace of climate change?

- Will there be release of greenhouse gases stored in Antarctic and Southern
Ocean clathrates, sediments, soils and permafrost as climate changes? (Cross—cuts
‘Dynamic Earth’)

s NERC(Natural Environment Research Council)oll4] 3§83 & Arctic Research
Programme(ARP)9] 157}%] ZZAE F olg] ddEHEE50] & A9 71dst 3ol
A

- Methane and other Greenhouse Gases in the Arctic: Measurements, Process
Studies and Modelling (MMAM)

- The Environment of the Arctic: Climate, Ocean and Sea Ice (TEA-COSI)

m ICARP I(The third International Conference on Arctic Research Planning)®] 57}4]
T FA T ot FAIEC] 2 A AHE Ado] A&
— Theme 1: Climate System and Transformations

- Theme 2: Observing, Technology, Logistics, Services

m 2 A= AMAP (Arctic Monitoring and Assessment Programme)oll 4] 2010\ 5 €
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