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Present estimations: 865 TgCH, yr! are released into
the ocean and 0.4 48 TQCH, yr¢! reachthe atmosphere

whichis up to 9 %of the total methaneemissiontoviandet al.
1993; Judd an#lovland2007; Judd 2004; Judd et al. 2002; Kvenvolden and Roger}. 2005

FutureScenariosnducedby globalwarming

Thawing of permafrost.g.shakhovat al. 2010)

Destabilization of gas hyd rat@s. Jung and Vogt 20aMijenert et al. 2005;
Ruppel2011)
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Schematic view of the formation (modified after Froelich et al. 188 the subsequent pathways of methane in
the sediment (modified after Judd 2004). Crystallographic image of gas hydrateBaitenannand Torres (2006
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Hydrosphere Microbial oxidation

Dissolution of methane from gas bubbles
(Epstein andPlesset1950;Leiferand Patro 2002;
McGinniset al. 2006)
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Schematic view of the formation (modified after Froelich et al. 18i @ the subsequent
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HOW TOINVESTIGATEHEWATERCOLUMNABOVEGASSEEPAGE

Hydroacoustict A YI 3 S ¢ 2 T Ga3 rekease in the Nortbea via
bubble plumes in the water video observation
column bySimradeEKG60.
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Problems:
-time consuming

-coarse spatial and temporegsolution
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REQUIREMENTSORIN SITUSENSORS

A Robustness for the use in harsh environment

A The energy consumption needs to be low to allow long term
measurements

A Sampling rates should be high and respond times
correspondingly short for high temporal and spatial resolution

A Maintenance of the analyzer should be easy and short in time

A Alow detection limit for trace gases.
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INSPECT200-200FORIN SITY ONLINEREALTIMEAND SIMULTANEOUSEASUREMENTS

Roughing WY Embedded Mass ( pC MIS & Sample
Pump Cable PC p  Gear Pump infoutlet

@ Robustness for the L@ harehv@ent

The energy umptlo@ﬁ to be low to allow long term
measureme

Sampling rate |d be high and respond times correspondingly
short for hj poral and spatialesolution

%@&ce of the analyzer should be easy and shartme

(Short et al. 2001)

ow detection limit for tracgases.
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IN SITUMASSSPECTROMETERDEOFOPERATION

Sample Inlet lon Source Mass Analyser Detector Computer

AWater vapour is the main gas that permeates
through the membrane!

A Affects on the ionization effency
A Could cause condensation in the analytical line
A Leads to a high pressure in the analytical line

A Downgrades tha&letection limit and the life
time of the filament
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IMPLEMENTATIONFA CRYOTRAP

Cooling of the capillary between sample inlet
and sensor unit up ta90°C

Micro Stirling CoolerRicorK508

Sample Inlet  Cryo trap [om Source Mass Analyser Detector Computer
1 | | ‘\
= 11' e} -
H | | — .
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IMPLEMENTATIONFA CRYOTRAP

Cooling of the capillary between sample inlet
and sensor unit up ta90°C

AWater vapour is reduced up to 98 % of initial
A Reduce the internal pressure significantly
A A higher ionization effency is observed

A Results in an obtimized detection limit

A Expand the lifetime of the analyser
A Secure the analyser for inflowing water

Micro Stirling CoolerRicorK508

Sample Inlet  Cryo trap [om Source Mass Analyser Detector Computer

.::: B @: :D __
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A

CPM 200

Turbo pump B MIS

T Pressure sensor
Roughingpump EmbeddedPC

Solenoid valve | Stirling cooler
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Galibration of the optimizedinspectr206200

New detection limit of the
optimized Inspectr200200:

~16 nmollL?
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IN SITUMASSSPECTROMETERQRFIELDAPPLICATIONS

Gasseepin the North Sea

Methane [nmol L-1]
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> 100 48.1

(Gentzand Schliter 2012)
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IN SITUMASSSPECTROMETERQRFIELDAPPLICATIONS

Gasseepin the North Sea
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IN SITUMASSSPECTROMETERQRFIELDAPPLICATIONS

without

cryotrap:

48.1 %

Gasseepin the North Sea

Methane [nmol L-1]
0-16
17-50
51-100
101- 150
151- 250
251-400
401- 600
601- 800
801- 1000
1001- 1250
1251- 1500

EENENT | | | I

Concentratior]  Area
[nmol L] [%]
<16 3.6
16-100 48.3

> 100 48.1

with
cryotrap:
96.4 %

(Gentzand Schliter 2012)
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COMPARISOMFTHEINSPECT200-200VS CONVENTIONAIECHNIQUES

A CPM 200 Turbo pump B MIS

T Pressure sensor

Roughingpump EmbeddedPC Solenoid valve | Stirling cooler
A Bothmethodsare comparable 25
A Nosamplingpreparation 2.0 1
A Simultaneousneasuremenpf the @ 4

. =

dissolvedgases =
A Noartefactsduringsampling e 101
A Upto 750timeshighersamplingfrequency| £ o -

00 4 y = 0.9806x + 0.0269
A Higher temporaland spatialresolution R? = 0.9799
oo 05 10 15 20 26
CH, [umol/L] GC

Inspectr200200 vs. GC
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APPLICATIORFTHEIN SITUMASSSPECTROMETBRHARSHENVIRONMENTS
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(Gentz et al. 2013)



Results and Interpretation

STUDYAREASPITSBERGEN
7°30'E 10°30'E

79°N

78°30'N

78°30'N

R »’&ywvﬁm‘wmm“-jh
' R 1O " ” )
. ) by S, o' oy

!

PR
' ‘A,

Y N '
% ‘4‘ N "": o

(\Nestbrooket al. 2009)



Results and Interpretation

24
HYDROACOUSTIC

Tengasflareslined up in S¢ N directionand max.
rise heightof up to 200 mwere found.

T
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T
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: ﬂ 300 _—
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Om Om om
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i
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" el L P | i;‘y‘
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(Gentz et al. 2013)
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DISSOLVEMETHANEANDHYDROGRAPHY

Methane [nmol/I] Potential density ao[kg/m’]
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(Gentz et al. 2013) Graphic created by Ocean Data View
(R.SchlitzeiOcean Data View, 2011, http://odv.awi.de)
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DISSOLVEMETHANRANDHYDROGRAPHY
Potential density ao[kg/m?] Methane [nmol/I]
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MAIN RESULTSPITSBERGEN

The pycnoclings a stronglimitation for the verticaltransportof methanereleasedat the
Spitsbergercontinentalmargin

A ~80 %of the methanewill be dissolvedandtrappedbelowthe pycnoclineand

horizontaltransportin north directionto greaterdepth and subsequenbxidation
occur

A ~20 %couldreachthe water massabovethe pycnocline.

A Dueto dilution of dissolvedmethanein the upperwater massthe contribution of the
releasedmethaneto the globalatmosphericnethanebudgetcouldnot been
determined

W-E

A Bubbletransportcanbe excludedasdirect <z
pathwayfor methaneto the atmosphere

. : §
Co layerlllf;

94 942E 944 946°E

Methane [nmol/I]
10

S-N

Layer Il .

4 F ﬁ ﬁ?ﬁ ﬁﬁ % Layerllélsn

78.645°N T8.65°N 8.655°N T8.66°N B

A In winterthe stratificationbreaksdownwhich
couldleadto methanereleaseinto the atmosphere
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OBSERVATIONFA GASSEERAREAIN THENORTHSEA
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OBSERVATIONFA GASSEERAREAIN THENORTHSEA

Underwater gasanalysersamplerandobservingsystem

A Inspectr206200; 1190Gamples A Multibeam; 140000m2

A GCdiscrete154samples A CTD 14yerticalprofiles
AVideoobservation 12 h A Bubblesampler 5samples

A Hydroacoustic; 12 h A Multiple sedimentcorer; 5cores
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OBSERVATIONFA GASSEERAREAIN THENORTHSEA
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OBSERVATIONFA GASSEERAREAIN THENORTHSEA
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Residual methane conteim '
! the gas bubbles at the sea
! surface: 258%
10-: i‘
! e I
! R,
| Y 19 “;.
o | bell
O o
S04 #y
s | g Ep
Q| g.’,» $ i
; r f"fs'i
: ity b
' B 1 lt
- 9 $Y
0 e i B |

i . . . . !
4 % %4 N Seafloor
Potential Density Anomaly o, [kyim’]
CTDprofiles Hydroacoustic Videoobservation

(Gentz et alunpublisheddata)



Results and Interpretation

31
VIDEOOBSERVATIOBFTHESEAFLOOR

Legend

*Ve e ¢

Tracklines

|

Gasstreams

f

Gasbubbles
(Y Y
Mats

e )

Affectedarea

[
Corestation
Depth

43-435

(Gentz et alunpublisheddata)

3 Affectedarea ~3800m32
= Numberof streams: 113
Bubblediameter. 4.5 to 16 mm (averagemm)

Releasdrequency 0.3¢ 40 bubbless?! (average23 bubbless?)
Methaneflux: 28.27 Lmint

Methane release: 35.317.65 t Chlyr?
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DISSOLVERIETHANEAMPLINGN THEWATERCOLUMN
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(Gentz et alunpublisheddata)
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DISSOLVERIETHANEAMPLINGN THEWATERCOLUMN

A Discretesamplingmax1.5 pmol L2

Om
A In situ sampling: max 3.5mol L1
- A A methane saturation of 23200 %
= wasobservedin 8 m water depth.
A The air sea exchange flux is
| calculatedto ~210+ 63 pmol m2 d-.
N ~18m
Pycnoclme 29 Q‘_’
—=Bim
& Seabed41m
Legend 34,.1_) (f ‘7"172?.5"'5, — %_;l%)‘
Methane 600.1.-900 1D = A4S’ =
(nmol L] @ sa0.1- 120 Casts
Qo0 @ 12001-1600
@ 001200 @ 1600.1-2000 Gas
@ 01-400 @ 200.1-2650
060 @ 2650.1-3590 |

(Gentz et alunpublisheddata)
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DISSOLVERIETHANEAMPLINGN THEWATERCOLUMN

i A Discretesamplingmax1.5 pmol L2
A In situ sampling: max 3.5mol L1
b A A methane saturation of 23200 %
» wasobservedin 8 m water depth.
A The air sea exchange flux is
| calculatedto ~210+ 63 pmol m2 d-.
~(18m
| B e i W Entireinterpolated inventory of
| '}‘._ St methane (6.410.000 m3):
# ~0.6mol CH,
B Seabed41m
legend 7 7o EY A ~1.000.000m3 ( 15.6 %) contain
. N = concentrationshigher
U Qo [ than 200 nmolL?
el S |Gas T(F W A 40 % of initial methane is
110 . B N dissolvedabovethe pycnocline.

(Gentz et alunpublisheddata)
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MAIN RESULTEIORTHSEA 3

A Conservative estimation of methane release into the water coluBa3+17.65 t CHlyr?!
which is in the same order like the geogragraphically close Tommelitensati@aier von
Deimling et al. 2011)

A The total inventory of dissolved methane is calculatee@®6 mol.

A The pycnocline is a limitation for the vertical transport of methane like at the Spitsberge
continental margin but nly 35 % of the methane will be dissolved below the pycnocline.

A 40% of the dissolvethethane reaches the water mass above the pycnocline and could
indirectly contribute to the atmospheric methane budget.

A 25 % of the released methane reaches the atmosphere via gas bubbles.
A Intotal 65 %23+ 11.5t CH y 1) of the released methane potentially reach the

atmosphere, which is high compared to the Spitsbergen continental margin or the
Tommelitenarea.
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CONCLUSIONS 35

Thisis the first study of methane abovea gasseep
In highresolution |

A Theinventory calculationis more accuratethan before and| ———=_
shows that conventional methods tend toward|=-—
underestimation B

A Theinvestigatedstudy areain the North Seacontributesto
the globalatmospheriomethanebudget

A Pycnoclinesare limitations for vertical transport

of methane BREUErF -
A The fate of methane as well as the Spitsberge] North Se
) ) . Water depth [m] 245 40
Cont“bUt'On to the glObal atmOSphe“C \Water stratification [m above seafloor] 25 10
methanebudgetof eachsourcedependmn Observed bubble rise [m above seafloor] 150 40
. Estimated bubble diameter [mm] <5 7|
bubble size, the water depth, the water [subbles at seasurface Nd Ve
currentandthe water stratification Direct methane transport NG e
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Thisis the first study of methane abovea gasseep
In highresolution

A Theinventory calculationis more accuratethan before and|——— =" D
shows that conventional methods tend toward| == _ |
underestimation Eipi f |

A Theinvestigatedstudy areain the North Seacontributesto
the globalatmospheriomethanebudget

A Pycnoclinesare limitations for vertical transport

of methane BREUErF -
A The fate of methane as well as the Spitsberge] North Se
) ) . Water depth [m] 245 40
Cont“bUt'On to the glObal atmOSphe“C \Water stratification [m above seafloor] 25 10
methanebudgetof eachsourcedependmn Observed bubble rise [m above seafloor] 150 40
. Estimated bubble diameter [mm] <5 7|
bubble size, the water depth, the water [subbles at seasurface Nd Ve
currentandthe water stratification Direct methane transport NG e
Indirecttransport ?7? Ye
Methaneto atmosphere [% from origin] 27?7 ~ 6(

A Theuseof the improvedin situ massspectrometryis one step forward to [
understand the pathways and potential global relevance of these
methanesources
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Monthly distributions of temperature differences between the subsurface (~50m) and near-bottom (~270m) layers
at mooring F1 (78°50'N 8°40'E) in 1997-2010 based on daily averaged data
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Calculation

Bubblediameter. 7 mm bylmageJ i (OO° (1)
w -“10 (2)
Leiferand Patro2002

Releasdrequency 23bubbless?

Methaneflux: 28.27 Lmin't 0D Wb & Y'Y8)
Modified after Romer et al. 2012

Seafloor methaneelease: 35.3 17.65 t CHyr+
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Underwater cryotrap

Gentz and Schliuter 2012



