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A8 =5 ATFEA7](Deep-Ocean Mass Spectrometer; DOMS)= dl4=o] g 8= 712 (dissolved
gases)5 @ (in si) BT 5 = AHlolth o] A8 F AFEA7]= 4 4,000 m7HA] AHEE 4= QL
=2 AR, o S2EAIA sstolSalo]E she(dissociation)o] THE Shre] § Fhs HEE
E4817] gt ARSETE @ A2 3ol AE oF AFERAVIE FYste] HEH)Q = AA
(polydimethylsiloxane-based membrane inlet system)o]] 3|55 FUA|7] Fof o]235lste] TRF AbeofA]
A3 o] ZERY AFA7]oA A= of HskH](mass-to-charge) & SAste WA o2 §& 7HAE BA%
ot & dAtollA = 7hAsto| =gjo| & JY 7t B E 2524 UBGHI-09 B (54 2,106 m)&] sj4=2] &2
7SS A% 24, 2AA A, i, of=2 3, 4ba, o|itSehAet wigto] H&E $itk UBGHI-09
A9 siold s E71Y 7hAsto| Edo|Eof| E3tE|= o, T2, Reke HESEHA] Yodth $e s A
& 75 A7) e A S ol §& 7FA vl gk 2ARRE 7EA WE A oA & B2 &E Tk

BUHS 9% @4 £40] A4 Holch.
FRO0: HohE 45 AFEA], AFER ol REW, B Tk, WY BH, SFEA
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Spectrometer (DOMS) for ir situ analysis of dissolved methane in seawater from the Ulleung Basin, East
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ABSTRACT: Deep-Ocean Mass Spectrometer (DOMS) is designed for in situ quantitative analysis of dissolved
gases in water column directly. DOMS is capable of being deployed up to 4,000 m water depth, and it is conducted
to analyze dissolved gases distribution in seawater associated with gas hydrate dissociation in the Ulleung Basin,
East Sea. In ocean, seawater samples flow into membrane inlet system of DOMS and the dissolved gases separated
from the seawater through the membrane are ionized based on their mass to charge ratio (m/z), which are detected
by an autoresonant ion trap mass spectrometer in high vacuum state. In this study, we performed in situ analysis
of dissolved gases in seawater above site UBGH1-09 (2,106 m water depth) related seismic chimney features in
the Ulleung Basin. The DOMS analytical signals were observed for nitrogen, hydrogen, argon, oxygen, carbon
dioxide, and methane in seawater. No analytical signals of ethane, propane, buthane related thermogenic gas hydrate
were detected in seawater above site UBGH1-09. DOMS will be used for the baseline survey of dissolved gases
around the Korea Peninsula in seawater and long-term dissolved gases monitoring in the gas seepages region.
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1. ME

£a) LEEAGIAE 2007 Fsfo|=glo]=
Ago] Ao WA o, ol 5L Boled 7h
2(hydrocarbon gas) % Hgto] jH-ES ZA|eh=
A E7| Y (biogenic)d A2 BIETHChun ef
al., 2011; Ryu et al., 2013). B30} DAl Y3
(seismic chimney) 7}A3lo| EF0]E HE 2o
A= SIAH B271A] 7kAsto| Ego| BV} £zt
+dj|(Bahk et al., 2009; Chun et al., 2011; Kang et
al., 2013), o] 3Lof| A 7tAsto| Ego] E o &
|E 7tA Bx B4 A vlnsit) F9ofAl= 8
T 5 &S vdo] st th7] 9] ek 2-g-of] oA
7] F W skl FFS v At 29IE &
A 5 Y= 8 AR AR, o|o} HAE B
2 A7} A &P=] 31 QIcHFaure ef al., 2010; Brunskill
etal., 2011; Yvon-Lewis et al., 2011).

shpe] S vk FES BASHE WS A
2o 2 7tA 3 2otE J# 1) (gas chromatography;
Middelburg et al., 2002; Chun et al., 2012)<} HE |1
AFZFEA7)(membrane inlet mass spectrometer;
Tortell, 2005; An et al., 2007; Schiilter and Gentz,
2008) & ARESH= Aotk 7k A =utE Teu) Wy
2 34 A BE A F st = 25o]A(headspace)
WO 2 sl A& Y gk 73] & 22 we
728 B o235} AE7|(flame ionization detector;
FID) &= EA=% AZE7|(thermal conductivity
detector; TCD)Z2 E43k= A o|tk(Middelburg et
al., 2002; Chun et al., 2012). WEH| Q] AZFEX7]
WS e AR E A AR Y AR
PAA IXFAH = EE2 e 7Ia AHz =5
517) wiZoll, 7kA S 2ntE T u] FA] Wi ETH
A A7 AT Al ' 2 F0) 7Hs Aol iRl e s
Yrh(Kana et al., 1994; An et al., 2007). 3}A|Tt o] &
| g E4 PHE dg AR AHF] Gl A
HE 5= Qs AR 2 Yo) ZhERT Hgt AlA=
&& W =t 155 feiA R E Sl
gt AlA = i EA 02 AFsh-324] 9EEA|(tin-oxide
semiconductor) 7} £2Hg Al2]Z @ 2| <] (silicon
membrane)2 ARESk=METS HEH AlA(5< Franatech
Ahe} H o)X 4= AHER B8 (infrared absorption
spectroscopy)= AR8-3= HydroC W&t Al A (5<L

ControsAh7} ltt(Boulart et al., 2010). o] #gk Al
HEL 22 slasto|Edo]E Ra 23t °4
& Aol A wek S-S wetsr] fJsiA] ARE L 91
t}(Newman et al., 2008; Krabbenhoeft ef al., 2010;
Chun, 2014). Hgt AA = A/dollA B A Sof &
gk o) Fx] ] mieto] kst Aol Y], T2 =
2 &E " T A 99 BSof AME-Hrh(Boulart
et al., 2010). F|Zo|l= AFEA71E 2H] gl &
dsto] @AH(in situ) £4]0] 7Fsdt 55 AREA7]
(underwater mass spectrometer)7} QX tijsla}
T 7]l A =] 11 It Camilli and Duryea, 2007;
Schiilter and Gentz, 2008; McMurtry et al., 2012).

= sFollA 9] & Het At of mm|gE
Arejo]™(An et al., 2007; Gamo et al., 2012), 2
53 552 ARIIA B2 2 (Chun et al., 2012) 2
STEA] 7kAsto|Ego]E & 2] ¥(Chun ef al.,
2014)0f| 4] && wgt A77F = A A& o
T AFEA7IE O E & v B4 o v|st
of A2 ZF et 74 ZgolA WEE 5= = A=
o] o o] WA R| grom, thefgt 8& 7k &
Z BAS Fote] At e E A 4 ok 2
AFolM= Sl S5EAY] 7tAsto| ol X
Y7 igE UBGHI-09 B oA A8 %5 A%
BA71E AMESlo] 8 7IAE @ EA5HAT
o] A9 EAL Fol SFTEANA g a5
AFEA7] B AP Y AFoA && 7k
£3Z EAS Wol= Aolth o]8dt A+ 7h2Ast
o|=do]|E sfjzje] wE Hgt WE AHE 9E]7]
e R EA o &-8-F Aot

2 M3l 3 FRMYI 7Y

Ao 42 27| Deep-Ocean Mass Spetrometer,
DOMS)= ul=; steto]tf g o] Gary McMurtry
w5l oA AR Aulo|n, A AR LA
TH} I35 2 53l 524 (A 4,000 m )l
A= AME 5 =S AFEHJAG(McMurtry et
al., 2015). o] A= 1.27 cm 579 elolelg A&
o gte Bh9 9o FAse] YeHIY Ta). e
3h9799] 9= 72 o 16.8 cmo] 3 Aol 2k 90
cmolH, FA= 37| oA 36.3 kgo] ATk Eof
A= 9F 209 kgolth. e sk Woll= WEH



Soff 25241 o

29 A, A3 A, AFRAS £AH O u)
Ao (2 1b)
21 BEael Fol &
Ao 5% AFEA7)E stetoldfsruelA A
e Mark 11 BEE)0] ) 217k 32slo] ik
(13 1b). Mark III= 1gFe] §417} BB 1L 5
s FA=7] B 316 LY 2Hleagos A
2 =10, 2t} 20,000 psie] h L AL S
91k, Mark IS ©F 200C ¢] LEAAE 2D 4=
9l Viton™9] 9 el 254 37) L 4A &
o WA EIT}. WuEl ¢ el o] ] 30 W

>

=t

S
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5|2}t o] SIEES AT 4= A= Al 7S Au|&
E] 2% Al A (thermistor temperature sensor)7} %+
250} glo], Wu S B fA9) LEA AS
ek, Mark 111 9] 331 BEa|1e] £, 4,
Sy 5ol thet §2 7140 4 UdE U B4
¥FE7} 37 Aol7} ek Wule) A7 o
£ A4E B Hhgo) el 1 $Ale) B8 SEE
wat Rt McMurtry et al., 2012). 82 7kA9 A&
UHES #017] feliAe FaHdo] i FY=E=
Hzjo] |.o mH g el-S A3tk Beckmann ef al.,
2009). 4131 5% AR ol ALSE WE9le]
FAE o 127 umo|H 1o TP US4

b Stinger™
Aperture Sample valve Vacuum Gauge
\
Nafion™ Dryer \
_____ | A~ 4
_____ NEG = —
High Diaphragm e
Vacuum| Pump RESETADONESSS
:l lon 7 —
-@— Kick-start box
Mark 111 valve By-pass valve Rough pump
Isolation valve
Battery

Fig. 1. Photograph and schematic design of in situ Deep-Ocean Mass Spectrometer (DOMS). (a) Preparation of
in situ analysis on R/V Tamhae-2, (b) Layout schematic of internal system of DOMS with kick-start box and external

battery pack.
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(polydimethylsiloxane, PDMS) A& o] ARE-E it

22 Z FA

Aehg 55 Aol AT 1E e T
?](foreline) 21, Eafo]o](Nafion™ Dryer), 1
s FEoZ 7450 Jlon, Mark [II 'HE, A=
(sample) WH, 2-3)(by-pass) WE, X Rough pump
isolation) "W H ol oJajA ZF A7} 2HEHTHL
2 1b).

Y ARE P22 HEY Y RN 11
F2 & AR BE7R| 8] F7helnh F AXE A
BJ= Stinger'™ Kg Ao|R|olA E2lE 4= glo,
2 E9R=1 % 10 o4 1,000 Torr (1.3 x 10 to 1,333
mbar)7HA] o]tH 19 1b). Mark III B = H B
QA SRR 7hA BES olFal, o] WETL EF
< e ¢35 YEE 38t Al HHER 717}
SUET. 93] WHsl 9RE welgk Ak W}
g 5o}, 2BE AT 4 Y= Nafion™ Eefo]
ol 7js0] felo] S G ETh AT Yo Hs}
A ) o] 59 ARE REO R St st
A& volert. 12F-& NEG-Ton H2zo] ofal
ZZg=g), o] B SAES Getters Capacitorr
model B-200 non-evaporable getter (NEG) HxZ

OH

Fhad Out

0000000
bb bEEl

I~ White BackGround

VoltsPeak: 2.813
Threshold: 0.092

| Pressue | Tenperotaes | Tenet| % Thieshokd
7 Fillinde Cive

=271

Means

MIMS Hester| 408 °C3X  Pressue | 743 3 Ton
v Block |30 4 Oc 1o Baney [24.30 v
2239 baey

Tor 767 9o [9.020-08 Tor
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¢} Gamma Vacuum 2-L/sec noble diode ion

=2 74E0] QrHH 1b).

bl

2.3 HEEMT|

Aeg =% AR A 7]ol= 835 Vacuum Quality
Monitor Systems (VQM; Brooks Automation Inc.)
249 9] 25FA o] 2E 3 (auto-resonant ion trap;
ART) 4717 ATk 587 ol 2E3)
AZFEA7]= 1 ~ 300 amu HY7FA] 120 msec?)
B4 A)7h0] 20t} o ARl HA 52
(electron multiplier) B4] o] A&7]7} A%, 2}
537 o] LEW Aakal]o) WepuE 4] A%
7 o]23}|(filament-based electron impact ionizer)
= A=A quadrupole) == A7 A€ (magnetic
sector) AFEA 7] o] v|5}te] 2F o]tk AFFFA o]
LEW AREATE A3 B A7) A A
B497]0] Hlato] B4 Aj7ro] 150 B2 A &
=7} 0 20% Hek o] WA she] §E Tk
(e, WB, WL, Ak, Ak, O}2T, 4B, o]
AHs, Ak, okl Fslaay, e ofet
2, 2t 50} #19hg §7] 33HE(chloroform,
toluene, benzene, chlorobenzene, dimethyl)S<
24 ek o] AFRAVIE U ol E 54T 3

Ml

[0

| <] asommans ]

Autcecmous

234

lonPump

1D Pesk SkDev  Wide
W [128 Borders

[12]

- 2 Stahus

o8 [va0 [= o T 3 W
£7stan 3 4 i Bemenydaiben. | (D O (@ € @ [Fnoonexe-oowa.| @ B [S veesoc

s0
i Furound

Fig. 2. Screen view of PACE controller program for Deep-Ocean Mass Spectrometer.
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£2 4% ot e B3, chEA 4E0] 755t 9 PACE AXEgolt Wl £ FA 9] £,
oh ARG Bofs- ppb B9le] SR AUl R ¢, 24 V DC AAFA Y S B
B % BE B9PM ofc ek 25 WFRAsY]  olkeh WFRM/Y) BY B Rt Pl
§ olEh 27 SHeh gh2 5 ppbolnl, $E WE E TR BAY 4 ek PACE £TEY0]o] 55

L ox BA(20C)H vgke] $3)=(Gevantman,  REo|AN APA B St AE HER A

1992)2 Atk = Sl gote] oA AT o Sle AHE AR
2.4 PACE AZE2|0f 3. Mg = AIEMT|9 2Y

PACE AZESol 4318 45 QEH79)
A% 9 45 BE 99 A% Zeadetay 31 AEa

N
02

2). Aol 3 AFEA7I= AY] 279 IP 4 Al e 45 AFEA7) 0 APH B A &
£z glon, za ol A | IP T4 Ao] £ E|T] o] Hof XSG on, o Lo A
£ Qlgaly Au|ot AZEol7t AAHE PACE & Weh 7k (target gas) 9] BALS ¢5te] A 7}
2ZEJoj=7|2- o2 Ao A, BA A X(diluent gas)E S5 7t FEot {3 M3t
AXZEBA, TRAFALE BA|, B4 o] Ame o w2 AFEA7] vE 2U4E S AEA
L2E 59 7]50] Utk 5 BEoAE AFE HAL Boulart ef al. (2008)0] AQFe B AX|E
2719 2FS FAsks HEE 22T = e, JArste] AASHITHE 3). AFA BA AME
AR WHE 59 AXF o] ok 10 Torr o3t wgh} A= AF {7F 24 7](mass flow con-

o 502 G4 Utk £33 HHo 5 22oR  troller)o] a4 AT K (flow rate) o= I+
FTYALE REY 7IA fFE AT Ut & HY, A5 (gang) WEE ARSShe] wgt 7hxeh A

MFC 1
’_4 MFC 2

’J_‘ L] D gang valve
© 2 .
= o Peristatic pump ouT]
5 £ O — IN
= ©
) =
. Battery
N2 CH4 7 Pressure
Relief
Temperature | |
Sensor I I
[ ]
0 -
S RESETADDRESSS
Magnetic c% fe®)
Stirrer o "?)
| . Kick-start box
Sparg’ing
tank

Fig. 3. Diagram of laboratory set up for dissolved gases analysis, following similar calibration system (e.g., Boulart
et al., 2008). MFC: Mass flow controller, DOMS: Deep-Ocean Mass Spectrometer, UV: Ultraviolet.
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2 7FAE S gt vt £ kA
© A¥E(sparging) B39 SRl AL &= 2
0C 2] A0 A thokat wet Bk (partial pressure)
of Z3H BE ARE AFE AX P04
= 7ho] &3 TA B2 (bubble)o] 2= 4
U=t oI5 AASH| $I5te] 27| AR | (magnetic
stirrer)7} AX|H AHH o R T3 7t A|RE 0]
FAA &3] wukste] 7hA MES A ASHRATH
3 3). Aol& 5 AFEA7|A A&7t F=U=7]) A
2hlof AX]E 2] A(UV light) B Ax]= A&

of e vdESe] HEH ol FFE F=Ae

3E-09
___2.5E-09
=
5
~  2E-09
~ y = 2E-10x + 2E-09
3 500 R*=0.99618
c U7
o
T 1E-09
@

E-1
» 5E-10
=

0

0 1 2 3 4 5 6
CH, Flow Rate (scc/m)

3E-09
— 2.5E-09
e
(o]
= 2E-09
y =2E-13x + 2E-09
2 R’=0.99618
2 1.5E-09
o
o
o 1E-09
[0
[h4
o 5E-10
=
0 . . - . .
0 1000 2000 3000 4000 5000 6000
Headspace CH, Concentration (ppm)

3E-09
T 2.5E-09
5
= /
—  2E-09
(0] y=8E-12x + 2E-09
2 R*=0.99623
S 1.5E-09
o
S 1E-09
[h'sd
9N 5E-10
=

0 0 2‘0 2‘0 2‘0 2‘0 1(‘)0 1‘20 1AI$0 160

Dissolved CH, Concentration (ppb)
Fig. 4. Plots of pre-cruise calibration run results for

methane, measured as net integrated peak response at
mass/charge (m/z)=15. SCC: standard cubic cm.

H2|517] 3t Zo|th( " 3). A5 X (peristatic
pump)i= EF AR fgS 2] flste] AX]
Hlon, AF4d BAA 9 §7-2 35 ml/mino|ch
w|gke] A7k o] 23] (mass-to-charge)= 16 (CHy)
oAk 160 A= o] 23H Akao] 7Hdo] Yojuba], A
F o Asia|7H 16T} 2 A E 28 15 (CHa)
oflx] H&H & AR8=ITH(Benstead and Lloyd, 1994).
Hete] AHA B A wE {H(2E 4a), 3
TAHo|A g FE(TH 4b), &E T FE=(T1H
40) o] gt wjgt Eto] o} -2 AJhA|(correlation
coefficient; Rz)i Z¥7} 0.99618, 0.99618, 0.99623 7}
< Welthag 4)

32 BF 24

A AR LAY ol 235 A HESH] o
Aol 55 ARA1S Bablod Fo 2R
UBGH1-09 (14R-K8 AH; 4~ 2,106 m) Aol A
$2 7bx A BAL ShAtH I 5). AU 7k
sto|=glo| =7} irgE UBGHI-09 3oflA 20144 5
16 124] 23358 174] 58&7H4] sf=9f 2]
2%l & 7k 5 ST Aol 5 AF
EX712 F9%R= 4= H3Z(Seabird impeller pump)
of a4 2 150 mlo] g0 2 AAHA A5}
FEHZE 5). WE I FAFA 2 F-H=7] Aol 8f
Fof ZFE FREEE AASH| st FU=E=
371 718 75 mm3}t 10 mm F7]2] ¥ (cartridge
particle filter)& X802 FISIEE STHTH
g 5). Alg o5 A4 AL AHE

Fig. 5. Photographs of Deep-Ocean Mass Spectrometer
mounted on seafloor observation system on R/V Tamhae-2.
DOMS: Deep-Ocean Mass Spectrometer, CPF: Cartridge
particle filters, SIP: Seabird impeller pump.



2apulo] kel e ST BFOR AR
24V DC 2}5{(Li-ion) veleke Ak&akc). UBGHI-09
B39 % R4 ollA= Hg(CHa=15), A&, of=
T, i, B 937 FRo] £AEHY A, ojiket ek,
A w2 A 0 2 ofspA) Urelgton] w2k
A2 vl grolth( ¢ 6a).

uj= 2Zoflx 7Rt TETHYS (TETHered Yearlong
Spectrometer; Camili and Duryea, 2007)+= 413}
& 55 WAlel fAlE B B AR
olc. TETHYSE Selhrol Raksto] ulxjzgh
9] &7]¥(thermogenic) 7}A3to| =EF|o|E ZnlH
(pockark) Ajein} g 7l jole] A7 |9 biogenic)
7kAstolEgo]E ME 3HiKmud volcano) X <jofl A
BE 7IAE BNt 6b; Camili and Duryea,
2007). 1% i Bel o] B/ Fh2tol
EfolE BE XHoA ZAH & 7t £2 2
= B8l 584 UBGH1-09 B39 && 7k&
B Zsel QA ol WAz D719l Fha

Q

-8

Normalized Counts (Torr x10 )

O 4N W A o o N
T S T Y R

10000+

1000

lon Counts

100
0 10 20 30 40 50 60
M/z

Fig. 6. Deep-Ocean Mass Spectrometer spectral data at
site UBGH1-09 (Dive No. 14R-KS8, 2,106 m water
depth) in the Ulleung Basin. (a) DOMS spectral data
from the surface seawater in the Ulleung Basin, (b)
TETHYS mass spectral data from the Gulf of Mexico.
Red line: Gulf of Mexico thermogenic gas hydrate, Blue
line: Southern California biogenic gas hydrate (Camilli
and Duryea, 2007).

TZ AUEMY| 869

sfolEdlolE RE x|ofo] 82 7lA BEL o,
zay, Sek v37t 54402 Yehdeh(1d 6b).
o[l AT HE 2552 UBGH1-09 5HolA o
20) §E 718 BES JTHOR B BASIYO
o, 0] g Ae|Eujel Helo] AE]Y ka5t
ol=dlo]= Mool A Yehts £ 7hA B2

A Ee 23E 2o

3.3 JHMA

ol ALY M8 F AR APAH B
A2 AP 2% 20C ] AN SFHTE AME
sto] TheFst vgt B (partial pressure)d] Z3-H
#E A BE ARt Pstgnth Sl 25514 &
E7tA T @ B4 AUEE FAFI7] 4
A TRt =9 7 AR BE ARE
Asof d Aol A AT % HA A AR
e HEEY §F Bsle] W v E goks 9
stod, 7 W3l e §E 7FE T HAY AjlE
Baskt 1e)n AT Bao] s olasheL,
Abz hAT vjE Fhaoh SR Bge] FUa A
4 B Aol Wagk Rolk

S84 UBGH1-09 7 o] &7 &4 olA= 3f
AHISAH] o AME= 24 V DC 2lF v E
Helg 5 479 Ade = o] AMESHR
=, 7 A &7 o]Fof AFEA7|9} e
£ sk o]l gl(short)o] WA}, 3
AHTS ] o= B2 24 ZH7F REE O e
o, AlolE AL ok Al osiA TAAE YAl
el o o3t Aoz BekEr) e 25
AFEA7]9] A A F= HolA= A
FE AT 5= Sl =913 AL FA7 2 /s
4.4 2

Holg 5 AFEA7|(DOMS)= 554l o]
2 E W (auto-resonant ion trap) AHFEXA 7|5 AL
Sho} ALgTA}el A7) AE] Aea7]of ujshe] =
717k 23, B4 Azbo] w2, He 27} Aol
ZALAOIA] WA situ) BA0) Hetsich 2 A7
oA ol £BEA AUR Fhastol=dolEsb
uhehel UBGHI-00 9ol sj5e] $2 7kA B
£ 451 53 AP S A golo] B Bl
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e, Ak, S, W, o2, Ak, obsie
7H AEE Ak AF7HA] F8l 52 A ollA = i
B woR 74T AE7]9) rjasto|Eeo st
Eﬂﬂ AT, Y &E 7HE A= o', =2
o, et @EE]X] AU HoZ A a5 2
FRAVIE R S BE A ola 2584
of Fhessfol=alo|= HE Xlefol o] 2121 7}
2 W& (gas seepage) AL, OJAISIERA S| A AR
3} h2sjolEdlo) = Aol olalA WAl 4 Sl
AAA QA 7FA =2 (gas leakage) RANS 9% E%F
20 247 B2 7|ger.

ZAe| 2

2 e A=AEALA T 23 3=
“7hsto| EY|o| E FAR Bl AN d(17-1143)" A
Ao] Aot 7RSO EF 0| E FE A9 &
gk @ Ao A7 S H "l 25 5

2olA A= of %—301 e
£ o)AZ ANk 41 £ Bo] AU 7

A,
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