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Dissolved Methane Measurements in Seawater and Sediment Porewater
Using Membrane Inlet Mass Spectrometer (MIMS) System
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Membrane inlet mass spectrometer (MIMS) has been used to accurately quantify dissolved gases in liquid

2007 49, <l 3T 7%

2 <8l kB AEAE 3 WE A0S Aasigct.
AT} BAZE AAR R0 @A, 4 Z1AE(CO, CH,, 20030l 1790 ppbo]rd, A3F S7HEE 1990

samples. In this study, the MIMS system was applied to measure dissolved methane in seawater and sediment
porewater. To evaluate the accuracy of the measurement, liquid samples saturated with different methane partial
pressure were prepared and the methane concentrations were quantified with the MIMS system. The measured
values correspond well with the expected values calculated from solubility constants. The standard error of the
measurements were 0.13~0.9% of the mean values. The distribution of dissolved methane concentration in sea-
water of the South Sea of Korea revealed that the physical parameters primarily control the methane con-
centration in sea water. The MIMS system was effective to resolve the small dissolved methane difference
among water masses. The probe type inlet in MIMS system was proven to be effective to measure porewater
methane concentration.
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A= tHWMO, 2005). AAT-H 02 CH,Q| ek

A glow, mebA A 24 avtke]
15% J55 @33ttty 4#)x St (Cicerone and Oremland,
CH.8] 59 A A4 Bt s
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N;O, CECs, 0s, 75712 84, olF, AlA & °l& 7|49 &
el 3t Atel] ¥do] okAaL Ith(Cicerone and Oremland,
1988; Middleburg et al., 2002; Bange, 2006). ©] FollX% wlgk
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TH(5~50 Tg; Cicerone and Oremland, 1988; Middleburg et al.,
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2002). 3FEH FollM = et Aol Hgk @/l Ta%h
Ao AHA L glont, Mgt WaT, WA 9l A7k W
Fof B3t A= ml§- =3 o t(Jones and Mullholland,
1998; Middleburg et al., 2002). A7 &3} -tellA] wgto]
Q& Bt o}, oflufA] AR 0 2] W]gk 428} (methane hydrate)
o] FEntomA SgE A, s, 2 allrs tivle] w5
olg] wiAZRE wee] sEE FgatA Sk Aol B3|
Ak wgk ol oA AFdomAe] Fo/d Rk o
AT 253t AAgelA] kel H W (positive feedback)©. 2 285}
of, A28k 7S Al Qe ARl SldEEE AF
7% SFAtHDamm et al., 2005). & A 72437 HdE o] &)
T 257t oA, slo] Bl E JEe] wgto] TEA AJHE
7] Zll frE= L, S7H wgel] o8 24 gt A, AT
Wbt 7H53}F drhk=s ol

A s} Ao wgk FukE A EAL Fofol= wg A
Foll #5k A7) solvkar Qlof, 8 Aol Hieks dekska
wEA 57 3 F o] FolA|al Qirt. YRk o w &< HEke]
S 7 AR o] o=, AA 85 ] HEgriAE V)
A EHE FESRE Wl 2 U5 o® FEE VIAE s &t
= WAL Utk &5 e 7tAE FESE e TR s
A ¥o] A (headspace)E ©]-&3FAU, purge-trappings ©1-8-3F W,
712]aL equilibrators ©]--5t WY Fo] ARE-E T (Middleburg et
al., 2002; Seifert ef al., 1999). ©|%A] %% Hek flame ionization
detector(FID)E “&2+3t 7}~ A 2 vlE 78}3] 4 photo-acoustic
infrared detector(Middleburg et al., 2002)°ll4 &3} €}, t)7]
9] Hg FEE ul9- v HololA, Al5e] 24 7FsAdo] A
a1, FEgol] AREEE AE7]1 S (detector)©] W FEE FP5R=
o] 7hseto], dWHA o R &4 eak= A& Hort, T2y 3
Exwo]2 purge-trapping®] 739 AlES] Aol Algto] AY
Wk o jel, §5 ks 25 el siee] Gebae] WolA)
HTHAn and Joye, 1997). 7ol 23 A 52] L= 50~600 ml
oo BlwA AX WHRARI AL ofHA k= QRlo] ¥k
(Middleburg et al., 2002).
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AeFE27] A 2~H9] shubEA] Membrane inlet mass spectrometer
(MIMS)7} F2e]] o] FofelA] o8- 11 Ith(Kana et al., 1994;
An et al., 2001; Vrana, 2005; Sheppard et al., 2005; Tortell, 2005;
Demeestere et al., 2007). MIMS system ©|A&= A2 2hS- A}
ole]] il F-& Aof, AR HoRlE §F 7k voC
(volatile organic carbon) &34, quadrapole 2 &-217](mass
spectrometer)E ©|-8-5l°] Y3} sFh(Kana er al., 1994; An et
al., 2001). AAA = FFHZE Tl Al v SRk
AT 7 ool 37t FAE] e e oA AR
EHE £ 7 FEEA A FE29 TRAE S717F AAE
T Ak Aol el Ee] AEkshe ] wite] &= 74l
F= WAl AT Sl AR 29 TFsol dxlF o
ApE] 31, I8} BlEo] off] TEAE APole] HlEE o] gftew
w27 0] JuA)S 1=0] 4= 9ltk(Kana ef al., 1994). MIMS system

& 2ol et ARL) ol A, Wb Ale] MET A
o] Fse A 5 85 7k gl o1e P M k. A

Zolli= MIMS systems 23 3}sto], F5olx A 5740] 7s
3k MIMS system(Underwater membrane introduction/quadrupole
mass filter system; Short et al., 2005°] 7' 2% 0, 3] membrane
inlet system = A& 3}slo], BAE zlo]H 3550 8 VIS
ASHE 7% /=L QAtK(Sheppard ef al., 2005; Hartnett
and Seitzinger, 2003) & A7-l4i= MIMS systems ©]-8-5101,
| ek A TS detre] sigitt oy 29} v
gho] Eokxol E3AR] B S-S vldselon, oo &
d= F3ll MIMS systems ©]8-8 8 wek S42] JddS &
ofr gttt AAl 749 o=A] Haf A FlgellA] zlolel whE
EF e FEE SAs], 79 Aol e 8 vge] =
T H3E ARSIt o]9) &7 B3 (probe) FENS] inlet system
& olgste] HEd M HAEY ol £ ve vEE 5
“dskoict.

Mz A UH

MIMS system

£ Atof|A] AREE MIMS systeme 574 A5 S5l uje}
VA B9 £ 714 =5 Al2~Hl(membrane inlet)e] ARE-E{TH
(Fig. 1. 94 A159] A5 215 elel S, W73 0.75 mmEF7l
0.15 mm) o] 20 mme] A FHE o]l g7t
FHUTHFig. 1A). A A5 A% HEE o]gsie] AFHRIY
AR 075 mm, U7 0.5 mm)C 2 ==, AH A
2 21Fo] Aeiols TAR AvE QlellA Al Frgl o]o]
A1 HAAET}Y Al FEE A o deE 2 8 &
< 714t FEE £ VAV 29 AAAEE AHdEA
S S wA U HE I TR AYE Qe 58 8
A= FREAAE H3E AR ERE AXA =, o] % A=
315 $J8l quadrapole A&7 2 0¥ tH(Kana et al., 1994;
An et al., 2001).
T A AAEE BAE o] 3552 zlold 8 wgk
5 5] 918 AREEHSIT o] AlAEleME AHIHAY
2ol AElF FrE s & AT FEE RoE o] Y
siolom, AnpAow A FHO IS AHRIEA FH
S A2 gl7 AAE A SI8ickFig. 1B). A 2152 2 mm
Breglom, o]F HAEe A4 sl 3= Wl 8714
7} AgE FHE Eslo] AFo] HAHE= MIMS system UH-Z
F=HA sto] W] sRE S

45 71 5% S0l Preiffer vacuum®] gas analyzer(Pfeiffer
QMA 200)7} ©]- 8= AT}, o] 23}¢ 7} 7kA 2] A Z3H0] (mass-
to-charge ratio; m/z) & 573+ 7R m/z=15, A m/z=32,
OFZ3T m/z=40)52] A& ATt e}~ (CH,)2
A8 (miz=16)ll= 01318 2k~ (0 miz=16)01] 218t 71 (interference)
o] EAlEte], CHy'(m/z=15)2] & S7gskol=dl, vleat CH'E=
F& AT AE BAvkar &4 9ltk(Benstead and Lloyd, 1994;
Sheppard et al., 2005). Mgk 2150 5= ofgellA] 71&8k 3L
= §(20 °C, 0 ppte} 20 °C, 30 ppt)d} HI S Eaf HEk FLE2
e =
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Fig. 1. Inlet diagram of MIMS system showing membrane inlet for liquid samples (A), and porewater sample (B).

CIRFSH ZHO| 23| B= A2 FY

oe] 23 Q7 oA Zakd RS AR FHlEitt
(Table 1). G4 0 ppt 3 I FHRFE 2714 2=(20°CS
30 °O)= FA == B2 2ol 484 ¢ Byketo], E3tof] o]
ZA SFATH(SeTa, SoTs0). TFE A5 AFwp) e} dFn)sd
2 UEE 30 ml FE £71004 mEeiRlth. SRGTE 9ol o,
S8 35 ppt & HEF g 5 O)7]F ollx] 484171 o] WA ste]
33} A7l o]F headspace §lo] €710 ALt o] 5 A F
A71E ©]83819 10 ml2] headspace® =01, 23 ppm %2 3%
= g3 ppm CH,, N, balanced)E FI8FAY(SeT2C, SoTs0C,
S35T20C, S3sT30C, S3sT20CH, S3sT3CH), %7](535T20A, SisT3A)YE
A9 et o] HA AlE5= 20°C9) 30 °CE A== T2
Zo| A 48217F ARSI, 53} headspace 7+ HE AFEIZ o]
FEF I 0|9} HEo] A Kol oju] EAEtAL e £
7k19) 5 =o)7] Aste], EF 7IAE <F 2097F % 7] (bubbling)

~

Table 1. Saturated water samples in various salinity and temperature
for dissolved methane analysis.

Sample Salinity Temperature Headspace Degassing
ID (ppt) (°C) (10 ml) with Helium

SoT20 0 20 none n
SoT30 0 30 none n
SoT2C 0 20 23ppm CH,4 n
SoT30C 0 30 23ppm CH,4 n
S35T20C 35 20 23ppm CH,4 n
S35T2CH 35 20 23ppm CH, y
S3sT2A 35 20 Air n
S35T30C 35 30 23ppm CH, n
S35T30CH 35 30 23ppm CH, y
S35T30A 35 30 Air n

A7 el 918l 2ol Aglsto], Bl oln] EAl £+ 7}
20] G A HITH(S;5TooCH, S3sT5CH). 8] A3 A, %
712 Q& 95% o|Ate] 8F 717t Bl A AAE IS of
7k EehAskE FEl & 5 A A 107 S 3
AE7F ) Elom, 7F F52) Alst /1Y wlAso] BkE &
74 =] ATH(Table 1).

o2 54

20051 99 BNAFAA Broks 2A} 2= FHIFE Wl (34~34.30°N,
128~129°F)9] 67} ZAF A7 (Station 1~6)ellA] 538 85 gk
7o) o]F R H(Fig. 2). ZAF FH2] 42 30~80 m FE=E
Niskin-rosette 57|15 o]83t0] 5~10 m {FE2 % 5= AFH
8 3 puplgl dFuEAR Wi 30 ml 48 2] ¥
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Fig. 2. Study sites for vertical profiles of dissolved methane.
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% ZnCly(vol/vol 50%, 0.1 ml)S Yol nyE2] %8 FAAA
R3St Algs AR 72 $ MIMS systems ©]-8-3F
o] SA433ct

EXE S35 U 8 e 58

2005 9¥ & (probe) FEIZE TH=01% membrane inlet system
& o]gste] HAE & vk S4o] o] Fo|RThFig. 1B).
57t st Q1 Aol A 27 10 em, 0] 25em?] HFE &
o & At $ AFAZ 719} A 2elA Bashe, F4o
o]Fol S tHFig. 1B). 2t E|4= dold Wgh 2% s &
£4(20°C, 0 ppt2} 20 °C, 30 ppt)d} Bl XS E3l Hgt FE=
Kazbeia s

o FN

ZAHEE

X3 8E NE Y

1071/ M2 o2 249 3} 82 A5 vesss 2-34
nMe] W95 HOTH(Table 2). t7] FollA] E3AF 4744] 23}
AEE 7] F veRsEE 1.9 ppm® 71 (Bange ef al., 1994)
St 7} 7 4 it 23l 83 =4 (Bunsen solubility
coefficient; Yamamoto et al., 1976)5 WA A 3k} tiAI=
AAsh= AeE BAtkFig. 3). 53] e A o o)) Sl
A 3E3} A1) ST, SeTar= AXEO R =% 7k} A X3k vHFig.
3). W AEeN 3718 FYrI71aL, 23 & S5 AlEE
(S3sT20A, SssTaA)l AT Skl ALt ghell vlal] & 3]
Epit=tl, o]i= W8 Al headspace®] $hE]o] t7|StHT} Foll7]
oz AZhE, 7F oA BE 23R 0.004~0.027 nME
A8 CH, B3t %59 0.13~0.9%Z - AHst Z4o] 715
1S3tk (Table 2).

2 23X 23 ppm X HIEE 7]AZ ESIAZ] SofA] o
716l EZIIAIZL SAef| tiu]st 8 Het FERisE dotrr] ¢
afol, ZF A5 vig A% FEE o}= A% el $ vel
Y2Ak(Fig. 4). olwl] 5= 20 °Cg} 30 °C, th71StollA Eshe §-)
(SeTa0, SeT3)E 70 % oF2 AlFof nlslo] AvpubEe] «o
o] gk 215 (excess methane signal)’E 7FA| 1L AE=AE 6191
C}(Fig. 4). HeadspaceE &7 % A& Al F.(S35TaA, S3sT30A)2] 7
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Fig. 3. Measured and calculated methane concentrations in saturated
water samples of various temperature and salinity conditions. See
Table 1. for the saturation conditions.
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e BT} 23 ppm E WlE 71AIE headspaceol] U AR
O] Ag- w2 of= FEE Kl ARESE BF VAol
ek} A 7iARE EAEIEE U] FQ 7IAES A AR
ZHE] headspace® FEE S Aotk T V|AE FRI AY
oA of=a} A4 Fles 27t 82%, 92%7F A4Skt
THES AL ATE AF MR FTIEe] £ TIAE AAS
WSS thaoll, 357 wlE kA 48 A (SssToCHPONA &
3k ka1 B HRIAE 1% A9 ALY At ol
2 FEE B, o 23 ppm EF WE A o2y}
A7} EAEA] o}, Frek= A A a9 E Hiles ¢
ASlTh of= i} AkAols B B B2 FEE Ko of
23mgk AN O ZHE 5 ¢Jo] Hgo] 24-33 nMe] ©]=
Hek. 2 AgelA= 23 ppm 3Pt FEE 7] B TRAE 0]
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Table 2. Methane and argon signal (mbar) and concentration (nM) in saturated water samples of various salinity and temperature. See Table 1.

for the saturation conditions.

Methane Signal (mbar)

Sample ID

Argon Signal

Methane Concentration (nM) Excess Methane

Average SE (mbar) mean 1SE Signal (mbar)
SoT2 1.93x10™ 1.73x10°" 1.74x107"° 3.067 0.027 -0.033
SoT30 1.58x10™ 1.97x10°" 1.44x107"° 2.511 0.031 -0.002
SoT2C 2.11x10™" 1.29x10™ 1.58x10™" 3.665 0.002 3.373
SoT30C 1.84x10™M 6.28x10" 1.39x10™M 2.931 0.010 2.976
S35T20C 1.85x10™ 6.86x10" 1.38x10™" 2.943 0.011 2.989
S35T2CH 1.82x10™M 6.90x10" 7.38x107"2 2.898 0.011 3.071
S3sT20A 1.46x10™" 1.06x10" 1.39x10™"° 2.328 0.017 -0.091
S35T30C 1.54x10™ 3.14x10" 1.52x10™" 2.452 0.005 2.471
S35T30CH 1.54x10™ 2.58x10" 6.89x107'2 2.445 0.004 2.627
S3sT30A 1.27x10™ 2.51x10™" 1.20x10™"° 2.021 0.004 -0.022
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Fig. 4. Argon versus methane signal of MIMS measurement in sat-
urated water samples. See Table 1. for the saturation conditions.
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ol A2 BE

20051 9¥ g3l QI 39 %i Hebs = 2~3 nM2] HE
& Btk & EAP-J EE WSl Ak e 8 vk W
2](4~150 nM; Middleburg ef al., 2002)°]] B3} e glolth. =
8] AskrLt ZdollA] wgke] w57t 32 Z 3] 91t (Jones and
Mullholland, 1998), ¥ ZAF 2|98 AQto|u} F==2] ko] AH
Ao 7 n|AE= AP oo g AukK o g yke 718 Hels 7l
S5 g7t SR oA 7k SN o AR
1;]./\ L-:Q_ 7361;0_ 1-1;_031:]—

FAE S vgke] FEE v, AFeA W2 g Ho)
3L 40~60 m 7FA] L3 FhS Holtpr) ok el BlgE
+ 60 m ©|3lollA] F43] EolRE= AeS Wit o]gf3 Ak
S AYPAor HAFE YA FAJA AA 59 FAle] wE
| ek w5 7, 9w 34 Fig. 5ol YERAIT o]
Zﬂ?ﬂoﬂ/q /\/\101] [q.__ _r‘_Q_J,], oﬂ\ﬂ',] _/r:xl Ei‘—:‘ _/r:/\] ok 50~60 m

o] $IA|3t 2ok TR Tl FEEtKFig. 5). 85

Hgke] = olgfsl 50 B4 BAS Z Wkdsie], 1
235 UellXe vwa] d3st ghs Holal, 720k ofalelA

Fig. 5. Depth profile of dissolved methane concentration in station
5. Water temperature and salinity were also shown together.
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Fig. 6. Relation between water temperature and dissolved methane
concentration measured by MIMS.
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Fig. 7. Dissolved methane concentration (nM) and oxygen signal
strength (mbar) during MIMS probe measurement of sediment pore-
water. Negative depth denotes water above the sediment surface.

Z7Hste] 1 em 2ol B71% Al 12 nME 1§ A ek
ok BA% 2ol 3.5 emeld] QAo AasEr) Frheeln
olsh o] & Were] FEE 9 M HEE Ay on]
5 cm7H4 o] FE7E §AHT. 3.5 em ZolelA Ak F7ks

2 Hgko] TR A0 AR 1T & glov, AME=E
o] F o] Aol 5-52) o] W FIE 7F550] UckAller
1980). MIMS probe = ©]-&3}F wgke] S48 A 7715 H])
] ofef] B4k Fo] ellx] 57 =] =1l(Sheppard et al., 2005),
2ol wt 1500~2500 nMEA] 1g- 22 ghs UERHSITE 2
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