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RV Sonne cruise SO235: Port Louis-Malé, July 23 to August 07, 2014

Introduction

Within the frame work of the BMBF-project OASIS (“Organic very short lived substances and
their Air Sea Exchange from the Indian Ocean to the Stratosphere”) the research cruise
S0235 of the German research vessel SONNE was organized and conducted by the University
of Oslo, Norway (www.uio.no) together with the GEOMAR Helmholtz Centre for Ocean
Research Kiel, Germany (www.geomar.de) from July 23 to August 07, 2014 in the tropical
West Indian Ocean (Figure 1). The SO235 cruise was planned as a pilot study to the tropical
West Indian Ocean. 23 scientists from Germany, Austria, China, Italy, Malaysia, UK and USA
and one observer from Mauritius took part. The research covered oceanic sources, air-sea
gas exchange between the atmosphere and the ocean, and the transport of ocean trace
gases from the Indian Ocean to the stratosphere during the southwest Monsoon. This
research was funded from the BMBF with the project SO235-OASIS (Grant: 03G0235A).
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Figure 1: SO235 OASIS cruise track of RV Sonne: Port Louis-Malé (July 23 to August 07, 2014).



Scientific background

Trace gases, containing halogens like chlorine and bromine are broken down by solar
radiation in the stratosphere, where the halogens are highly efficient at destroying ozone.
Increasing emissions from human activities have led to depletion of global stratospheric
ozone over the last three decades. Whereas the chlorine supply is dominated by
anthropogenic compounds, a major part of the bromine is supplied by natural, short-lived
compounds with oceanic sources. The importance of sulphur compounds emitted from the
ocean for the middle atmosphere relates to their role as precursors for the stratospheric
aerosol layer. Recently, an increase of the stratospheric aerosol background level since 2000
has been observed. However, the origin of this elevated Junge layer, made either
anthropogenically or naturally, is still under investigation. The tropical oceans are a known
source of reactive halogen and sulphur compounds to the atmosphere in the form of short-
lived brominated and iodinated methanes, as e.g. bromoform (CHBr3), methyl iodide (CHsl),
dimethyl sulphide (DMS) and COS (carbonyl sulphide). Elevated atmospheric concentrations
above the oceans are related to oceanic super saturations of the compounds, and to natural
photochemical and biological production. Macro algae in coastal regions, as well as
regionally enhanced phytoplankton, coral reefs, photochemical reactions and local
anthropogenic sources all contribute to marine and atmospheric concentrations.

Trace gases enter the stratosphere principally in the tropics, where ascending warm air
carries them rapidly from the ocean surface to the tropical tropopause layer. The intense
vertical transport of the tropical atmosphere implies that the oceanic sources supply
significant amounts of halogens and sulphur to the upper troposphere/ lower stratosphere
where they contribute to the observed halogen content and ozone changes. The subtropical
and tropical Indian Ocean is a largely uncharacterized region for oceanic compounds and a
projected hot spot, especially in coastal regions for their emissions and transport pathways
into the stratosphere during southwest monsoon.

Spatial and temporal variability in production and sea-to-air flux of short-lived halogenated
and sulphuric trace gases creates strongly varying oceanic distributions and thus also varying
atmospheric contributions. The current impact of the natural ozone depleting substances is
still uncertain and future changes in the mechanisms, that regulate their emissions to the
atmosphere, their transport, and their chemical processing are largely unknown. Therefore
the oceanic emissions have the potential to cause surprises in the evolution of the
stratospheric ozone and aerosol layer in a changing climate, unless they are better
understood. The tropical Indian Ocean measurements are thus needed to improve the
understanding of future stratospheric halogen and sulphur loading and therewith on the
ozone depletion and the radiative forcing of the future climate. The results of the SO235
campaign will contribute to new scientific insights of the United Nations Montreal Protocol
on Substances that Deplete the Ozone Layer, to the United Nations Framework Convention
on Climate Change, and to global climate change research in general.



Objectives and measurements

The SO235 cruise was primary planed as a pilot study to characterize the oceanic sources
and emissions of natural halogenated and sulphuric gases in the tropical West Indian Ocean
and their delivery to the stratosphere during Southwest Monsoon. The western tropical
Indian Ocean experiences the Somali current, which reverses with the different monsoon
systems, the Agulhas current, open ocean denitrification and high rates of nitrogen fixation
in the Arabian Sea, and a large area in the western equatorial region of high carbon dioxide
drawdown. All these phenomena make the tropical Indian Ocean an excellent laboratory for
ocean biogeochemical and physical processes, atmosphere-ocean interactions and for global
climate change studies with a special focus on anthropogenic versus natural effects.

Of particular scientific relevance during S0235 were oceanic and atmospheric
measurements of a suite of short-lived trace gases containing bromine, iodine and sulphur in
various marine biogeochemical regimes like close to the coasts, in regions of high
chlorophyll, close to coral reefs (as the Cargados Carajos Shoals and Maldives) and sea banks
(i.e. Saya de Malha bank), and open ocean conditions. From these measurements the
climate-sensitive oceanic emission strengths and their contribution to stratospheric halogen
and sulphur aerosol abundances will be deduced by high resolution transport modelling.

The atmospheric structure was determined by frequent radio and ozone soundings during
the cruise. Other marine trace gases as e.g. nitrous oxide (N,0), dimethyl sulphide (DMS),
oxygen (0,) and carbon dioxide (CO,) were investigated as well. In situ and satellite
measurements of phytoplankton groups, obtained by special retrieval methods from the
SCIAMACHY and GOME-2 instruments gave further information about biogeochemical
conditions during the cruise. Atmospheric concentrations of a variety of long-lived
anthropogenic and natural trace gases were also determined. These measurements will help
to identify transport pathways of the tropospheric trace gases to and away from the ship.

Quasi-continuous measurements of a set of halocarbons, DMS, COS and CO, in both
seawater and air were carried out in order to determine actual sea to air fluxes. Additionally,
we conducted direct flux measurements of CO,, DMS, isoprene and acetone with the eddy
covariance technique. In order to understand seasonal and spatial fluctuations of the
oceanic trace gases emissions and to project their future development, microbial production
and removal processes in the surface ocean with emphasis on the turnover of organic matter
during production and decomposition processes, as well as phytoplankton pigments, species
and size distribution, radiation and absorption spectra of seawater and plankton content
were characterized.

The participants were grouped into 10 working themes, which are further outlined below
(see also Table 1). The detailed research questions and first preliminary results are given in
the Working groups reports (PP. 13-57).

Working groups

1.) HALOCARBONS: Atmospheric and oceanic concentrations of bromine, iodine and
chlorine containing halocarbons, in order to calculate their air-sea fluxes.



2.) OCEANIC TRACE GASES: Oceanic concentrations of DMS, COS, CO,, isoprene, CO, nitrous
oxide and methane, in order to understand their distribution in the different biogeochemical
regimes of the western Indian Ocean and to gain new insights into halocarbon sources.

3.) EDDY COVARIANCE: Direct measurements of DMS, CO,, isoprene, and acetone air-sea
exchange. When combined with bulk concentration measurements the in-situ gas transfer
coefficient is derived, which can be used for other gases measured on-board as well.

4.) OCEAN SENSORS: Identification of carbon dioxide and oxygen sources and sinks,
separation of physical and biological factors for observed sources and sinks by CTD data
temperature and salinity, joint evaluation with halocarbons, in order to understand more
about their sources and sinks.

5) BIOLOGICAL PARAMETERS Characterisation of the community structure and physiological
conditions of phytoplankton, phytoplankton pigments, species and size distribution,
radiation and absorption spectra of seawater and plankton content. Genetic analyses of
functional genes involved in halocarbon cycling. Photosynthetic production and
heterotrophic respiration. Turnover of organic matter during production and decomposition
processes.

6.) RADIOSOUNDING: Identification of meteorological vertical profiles, including relative
humidity and ozone, in order to evaluate the marine atmospheric boundary layer and
tropopause height, to calculate the air mass origins of sampled air masses by trajectory
calculations and to validate transport model simulations above the tropical Indian Ocean
atmosphere.

7.) AIR-SAMPLING: Determination of anthropogenic and natural trace gas concentrations by
flask sampling, to identify regional and diurnal gradients of some compounds and for
intercalibration of different instruments

8.) REACTIVE HALOGENS: Identification of reactive trace gases BrO and 10 with Multi-Axis
Differential Optical Absorption Spectroscopy in a three dimensional field and Cavity Ring
Down Spectroscopy as possible decomposition products of organic trace gases and for
validation of satellite-data.

9.) GHG: Continuous measurements of the atmospheric mixing ratios of a suite of pollution
indicators and greenhouse gases (e.g. CO, CH4, O3, CO;) in order to investigate their spatial
and temporal variability in the lower tropical marine boundary layer.

10.) AEROSOL: Major ions and halogens in aerosol samples, in order to identify their sources
and quantify the halogen budget. Total aerosol optical thickness for cloud-free conditions to
complement the radiation measurements.



Participants

Nr. | First / Sure Name Institute/ Country Position Working Group
1. Kirstin Kriger UiO, Oslo, Norway Chief Scientist | 6.), 7.)

2. Birgit Quack GEOMAR, Kiel, Germany Project PI 1.),7.), 10.)

3. Christa Marandino GEOMAR, Kiel, Germany Co-Chief 2.),3.),9)

4, Tobias Steinhoff GEOMAR, Kiel, Germany Scientist 2.),3.),4.),9)
5. Susann Tegtmeier GEOMAR, Kiel, Germany Scientist 6.),7.),8.),10.)
6. Matthias Kriger GEOMAR, Kiel, Germany Scientist 4))

7. Henning Finkenzeller | Uni Heidelberg, Germany PhD Student 8.),9.)

8. Helmke Hepach GEOMAR, Kiel, Germany Scientist 1.),5.)

9. Gert Petrick GEOMAR, Kiel, Germany Technician 1.)

10. | Matt Patey University of Las Palmas, Spain Scientist 5.

11. | Sonja Endres GEOMAR, Kiel, Germany Scientist 5.),1.)

12. | Luisa Galgani GEOMAR, Kiel, Germany Scientist 5.)

13. | Rudolf Link GEOMAR, Kiel, Germany Technician 4.)

14. | Sinikka Lennartz GEOMAR, Kiel, Germany PhD Student 1.),2.),3.)

15. | Martina Lohmann GEOMAR, Kiel, Germany Technician 5.)

16. | Xioa Ma GEOMAR, Kiel, Germany PhD Student 2.)

17. | Chea Wee Academia Sinica, Taiwan Scientist 5.)

18. | Sonja Wiegmann AWI, Bremerhaven, Germany Technician 5.)

19. | Danishta Dumur Mauritius Observer 5.)

20. | Gesa Eirund GEOMAR, Kiel, Germany Student 2.),9.)

21. | Alina Fiehn GEOMAR, Kiel, Germany PhD Student 6.),7.),8.)

22. | Alex Zavarsky GEOMAR, Kiel, Germany PhD Student 3.)

23. | Dennis Booge GEOMAR, Kiel, Germany PhD Student 2.)

24. | Steffen Fuhlbrigge GEOMAR, Kiel, Germany PhD Student 6.),7.),8.)

Table 1 Participants, institutions and working groups.




Work program SO235

During the SO235 cruise of ‘RV Sonne’ from July 23 to August 07, 2014 in the tropical West
Indian Ocean from Port Louis, Mauritius to Malé, Maldives a variety of chemical, biological
and physical parameters within the surface waters as well as between the atmospheric
boundary layer and the stratosphere have been examined with different frequencies. Data
and samples were obtained using various analytical instruments and sampling devices
(Tables 2 and 3). Regular surface water samples were collected from pumps submersed in
the hydrographic shaft of the ship (Appendix A). Depth profiles (Appendix B) were
undertaken at selected locations to investigate the vertical hydrographic structure of the
water column and to obtain trace gas profiles. Additionally, a Lagrangian drifter following
the water masses at the surface was employed. Several trace gases from sea water and
surface air as well as biological parameters were analysed directly on board the ship.

In total 48 instruments and sampling devices were employed to analyse the samples during
the cruise (Table 2). Routinely three hourly surface water and air samples were taken with
the submersed pumps respectively metal bellows pumps on the monkey deck (Working
Groups 1, 2, and 7).

Halogenated hydrocarbons, oxygenated trace gases and dimethyl sulphide from sea water
and surface air were analysed directly on board using six different gas chromatography and
mass spectrometry systems (Working Groups 1, 2, and 3). Carbon dioxide and oxygen were
measured immediately with sensors within the upper oceanic layer (Working group 4). More
trace gases in sea water (N,0, CH4) will be analysed by gas chromatography post-cruise in
the laboratory. Oxygen was measured on board directly by the Winkler method and nutrient
samples were analysed with micro-molar and nano-molar auto analysers. Biological sampling
included parameters of organic carbon and nitrogen as well as DNA, pigments, cell sizes, the
amount of small cells and the composition and activity of the phytoplankton and
zooplankton (Working Group 5).

Atmospheric profiles of temperature, humidity and different kinds of trace gases (e.g. ozone,
nitrous oxide, bromine oxide) were examined on the basis of optical measurements, and by
rises of research balloons to the stratosphere (up to 30 km height) (Working Groups 6, 7, 8,
9). Optical sensors and continuous instruments were installed in the beginning of the cruise
on the monkey deck, the bow and in a research container (Working Groups 3, 8, and 10).
Discrete air samples were taken for partners of the “Rosenstiel School of Marine and
Atmospheric Sciences” in Miami and of the University of East Anglia (Working Groups 7 and
10). In the respective home laboratories more than 70 anthropogenic and natural trace
gases and elements in aerosols within the marine boundary layer shall be analysed following
the cruise.

Frozen water and filter samples of chemical and biology parameters, taken during the cruise,
were sent by air freight and are currently analysed in the respective home laboratories,
while the containers with equipment reach Kiel by beginning of October 2014. The analysis
of the extensive dataset from the ocean and the atmosphere collected during SO235 will
bring first results in summer 2015. The new insights into the interaction of ocean and
atmosphere from the tropical West Indian Ocean will be published in peer reviewed
scientific journals.
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Instruments:

Nr. |Working group Instrument/ Method Parameter Duration (hr)
1 [Halocarbons GC/MS1 Halocarbons 354
2 GC/ED1 Halocarbons 354
3 GC/ED2 Halocarbons 354
4 |Oceanic Trace Gases |GC/MS2 DMS 354
5 Mini-CIMS DMS/ Isoprene / Acetone 354
6 MICA/CRDS CosS 354
7 GC/ED N20 354
8 |Ocean sensors Drifter with sensors 02/C0O2/fluorometer 74
9 ADCP Currents 354
10 CTD Salinity, Temperature, Depth 44
11 [Biological param. Auto-analyzer nmolar-nutrients (uw) 354
12 Auto-analyzer (Seal Quattro) |umolar-nutrients (from CTD) 354
13 Cell counter Flow-Cytometrie 354
14 HPLC Pigments 354
15 Sequencing RNS 354
16 TOC-Analyzer DOC/TDN 354
17 MS BN 354
18 X-ray fluorescence Halogen POC 354
19 Adsorbable Organic Halogens [Halogen DOC 354
20 lon chromatograph 1-/103- 354
21 Microscopy Phytoplankton community 30
22 Slides TEP/CSP 120
23 Photometrie PAB 120,
24 LWCC CDOM 120
25 Winkler Titration oxygen 120,
26 Light sensor radiation 11
27 FRRF plankton physiologie 11
28 |Eddy Covariance APCIMS DMS, acetone, isoprene 354
29 Licor CO2/ Water vapor 354
30 Campbell Sonic Anemometer|3D-wind speed and dir (2x)/ T-flux 354
31 IMU Motion sensor (pitch and roll) 354
32 GPS/ Kompass Lat /long/ speed over ground 354
33 |Radiosounding Radiosondes T,Td, w 198
34 Ozonesondes Ozone 16
35 Disdrometer Precipitation/ raindrop size 354
36 RAMSES Radiation 354
37 weather-station T, Td, rain, radiation 354
38 |Air-sampling Denuders lodide 45
39 Canister samples (MS) long- and short lived trace gases 24
40 |Reactive Halogens |MAX DOAS BrO/ Nox/ Aldehyde 354
41 CES-DOAS 10 354
42 |GHG Horiba ozone monitor Ozone 354
43 OA-ICOS N20/C02/CO 354
44 GC CH4 354
45 |Aerosols Aeronet/ microtop Aerosol 8
46 Cascade impactor Aerosol lons 354
47 |DSHIP Ship sensors uv,T,P,U 354
48 Thermo salinograph surface salinity, temperature 354

Table 2: Installed and operating instruments on SO235 (Port Louis-Malé, July 23-August 07, 2014).
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Measurement plan

Group Time of day in UTC
of 1| 2| 3| 4 5 6| 7| 8 9| 10| 11| 12| 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23

1 w w w w w w w w
2 w w w w w w w w
3 c [c Jc fc Jc Jc fc Jc [c Jc ¢ Jc |c c c c
4 as necessary
5 r (r) r (r) r/o (r) r (r)
6 a a a a a a a a
7 c c C C C C [ C c C
8 c fc Jc fc Jc Je fc Je [c Jc e Jc |c c c 9
9 c [c Jc fc Jc Jc fc Jc [c Jc e Jc |c c c 9

c: continuous

w: water sample
r: radiosonde

a: air sample

0: ozonesonde

Table 3: Underway measurement plan and sampling strategy on SO235.

12



Working groups reports

1.) HALOCARBONS

2.) OCEANIC TRACE GASES
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1) Halocarbons in surface and deep water

Helmke Hepach, Gert Petrick, Sinikka Lennartz, and Birgit Quack (PI) (GEOMAR, Kiel,
Germany)

Background

Halocarbons are hydrocarbons in which one or more hydrogen atoms are replaced by one or
more halogens. Some halocarbons are produced naturally in the oceans. Although it is
commonly acknowledged that many of these compounds have a biological origin with
distinct maxima in the subsurface chlorophyll a (Chl a) maximum, their cycling within the
water column is still poorly understood. Other production pathways such as photochemical
formation might play a significant role. Once the halocarbons are transported into the
troposphere from the sea surface by air-sea gas exchange, they have very short lifetimes of
less than 180 days. Bromoform (CHBr3) and dibromomethane (CH,Br;) are together the
biggest carriers of organic bromine into the atmosphere, while CHsl is the most abundant
organoiodine. The tropical ocean is a key region with respect to atmospheric transport
processes: tropical deep convection can carry these compounds despite their short lifetimes
into the stratosphere where they can deplete ozone much more effectively than chlorine.
Additionally, diiodomethane (CH,l,) and chloroiodomethane (CH,CIlI) have recently been
suggested to be similarly important for the organic iodine loading of the troposphere as
CHsl. These compounds are involved in numerous chemical cycles within the atmosphere
with iodinated compounds even participating in aerosol formation.

So far, large data gaps with respect to halocarbons exist in the tropical Indian Ocean. Very
few studies have focused on this region, although it might be of large importance for
convective transport processes in to the stratosphere. The measurements of halocarbons
during the OASIS SONNE cruise are the first measurements of these compounds in the
tropical Indian Ocean. They will help to characterize this area with respect to the global
oceanic distribution of these compounds, and the contribution of the Indian Ocean to the
stratospheric organic halogen loading.

Material and methods

Halocarbons on-board the RV Sonne were measured directly after sampling. Discrete
samples were collected both from the continuously working pump located in the ship’s
moon pool (underway) every three hours, and from the Niskin bottles attached to the CTD.
Each CTD was sampled for five to eight different depths. The water was analyzed for ten
brominated, chlorinated and iodinated compounds including CHsl, dichloromethane (CH,Cl,),
chloroform (CHCl3), tetrachloromethane (CCls), CH,Br,, CH,Cll, bromoiodomethane (CH,Brl),
dibromochloromethane (CHBr,Cl), CHBr3, and CH,l,. 50 mL of the sampled water was
introduced into a purge chamber. The water was purged with a stream of helium of 30 mL
min™" while it was concurrently heated up to 70 °C. The purged gas was trapped in stainless
steel tubing hanging in liquid nitrogen for 50 min. The trap was desorbed at 100 °C and the
sample was injected into a gas chromatograph. CTD samples were measured using combined
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gas chromatography and mass spectrometry (GC-MS), while underway samples were
analysed using a gas chromatograph equipped with an electron capture detector (ECD).
Calibration was conducted using volumetrically prepared standards in methanol. In total, 15
CTD casts were measured, rounding up to a total of 105 samples that were measured from
the CTD, while 190 samples were taken from the underway pump system, making a total of
295 halocarbon water samples during OASIS-Sonne. Additionally, air samples were
measured. For these measurements, 500 mL of air was sucked from a sampling line located
at the ship’s main deck into a cooled trap, and then injected into a third GC-ECD for
guantification.

In cooperation with the Working Group 5B (Sonja Endres and Luisa Galgani), additional
incubation experiments were carried out. Water samples were taken from above, within and
below the subsurface chlorophyll maximum, and from the sea surface micro layer during one
experiment. Half of the samples were filtered through 0.2 um filters, while the other half
was left unfiltered. Half of the filtered and half of the unfiltered samples were spiked with
13C-Bromoform to investigate possible transformation of CHBr3 into CH,Br,. Three
experiments were carried out incubating only dark samples, in order to investigate
heterotrophic processes while in two incubation experiments, samples were also incubated
in light, in order to observe autotrophic production processes.

Preliminary results

Halocarbon data of our target compounds CHBr3; and CH,Br, were very variable during the
cruise in the surface waters of the Indian Ocean. While CHBr3; was often elevated during the
previous cruise SO234-2 and especially in waters near Madagascar, the concentrations in the
blue waters of the tropical Indian Ocean of SO235 appear a magnitude lower. While the high
wind speed during SO235 obviously met low oceanic concentrations, the variations of the
two brominated compounds and also the variation of CH,Cll and CH,l, will give new insights
into the sources of these compounds. Incubation experiments were conducted (Working
group 5B), to see whether a fast production may lead to increased emissions, while there
also appear to be diurnal variations between the compounds.

Halocarbon concentrations within the CTD profiles were larger during the SO235-cruise than
during the SO234-2 cruise (Figure 1). Similarly to the first cruise leg, CH,Br, concentrations
were elevated in comparison to CHBr3, which could be an indication for bromocarbon cycling
(Quack et al., 2007, Hughes et al.,, 2013) investigated during the incubation experiments.
Overall, both CHBr; and CH,Br;, had similar average preliminary concentrations of 5.4 (0 —
32.1) and 5.3 (0 — 60.9) pmol L™ with the largest overall concentrations of the SO235 cruise
at the first 24-h-station (Figure 1c — d). The first 24-h-station during the SO235-cruise was
also characterized by higher fluorescence values than the 48-h-station during S0234-2,
which could be an indicator for the (biological) origin of these larger bromocarbon
concentrations.

16
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Figure 1 (a) Cruise map with bathymetry [m], and b-d) examples for CTD profiles during SO235 (first
24-h-station, and e-g) SO234-2 (first day of the 48-h-station, showing fluorescence (raw Chl a), CHBr;
and CH,Br,.

Outlook

Further analysis of the data will be performed in Kiel. Once the data are fully analysed, they
will be compared to biological and physical parameters. Emissions will be calculated using
discrete atmospheric samples that were taken at the same time as the water samples, and
using several parameters from the DSHIP data and the continuously measuring
thermosalinograph (e.g. wind speed, air pressure, water temperature, density).
Furthermore, the data will be compared to pigment data, nutrients, CDOM, and iodide and
iodate, which were all sampled in parallel to elucidate sources of halocarbons in the Indian
Ocean and learn more about their biogeochemical cycling. The final evaluation of the 48h-
station will reveal possible diurnal variability of these compounds within the water column.
Sea-to-air fluxes from the Indian Ocean will be used to calculate the entrainment of
halocarbons into the stratosphere.

Furthermore, the incubation experiments will be evaluated with respect to bromocarbon
cycling. The results will be compared to the biological measurements during the
experiments, which include measurements of heterotrophic activity.
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2) OCEANIC TRACE GASES

2A) Underway measurements of CO,, CO, and N,0O

Gesa Eirund, Xiao Ma, Tobias Steinhoff and Damian Arevalo-Martinez (GEOMAR, Kiel,
Germany)

Method and measurements

Oceanic and atmospheric measurements of CO,, CO and N,O were carried out by means of a
continuous system based upon the off-axis integrated cavity output spectroscopy technique
(RMT-200 N,O/CO Analyser, Los Gatos research Inc.) coupled to a CO, detector based upon
non-dispersive infrared detection (LICOR, USA; LI-6252). Water was drawn on board by using
a submersible pump installed in the ship’s moonpool at 6 m depth and was subsequently
conducted at a rate of about 5 L min™ through the equilibrator. Sample air from the
headspace of the equilibrator was continuously pumped through the instruments and then
back to the equilibration chamber forming a closed loop. The air stream was dried before
being injected into the analysers in order to diminish interferences due to the water vapour
content of the sample. In order to correct for potential warming of the seawater between
intake and equilibrator the water temperature at the equilibrator was constantly monitored
by means of a digital thermometer and at the intake by a Seabird SBE37 thermosalinograph.
Ambient air measurements were accomplished by drawing air into the system from a suction
point located at the ships mast at about 30 m high. Control measurements and calibration
procedures were performed every ~8 and 24 h respectively, by means of 3 standard gas
mixtures.

Discrete comparison samples for N,O, CH, and CO, were carried out in 6-12 h intervals by
sampling from the same water stream that fed the underway setup. N,O samples were
measured on board (together with the N,O CTD samples on a gas chromatograph (GC HP
5890 series 2)) while CH, and DIC/TA samples were collected and stored to be measured at
the Chemical Oceanography Department of the GEOMAR in Kiel.

Preliminary results

Figure 1 shows the surface temperature during the SO235 cruise. In figure 2 the underway
measurements of N,O and CO are shown. Presented results are not calibrated and show one
lack of measurements due to a failure of the pump.

SST are coldest off the coast of Mauritius and increase northward. Peak SST are found close
to the equator. In the N,O distribution two areas with higher concentrations can be seen at
approximately 10° S. In this region the ocean is slightly oversaturated while everywhere else
atmosphere and ocean are in equilibrium. CO values vary along the cruise track with higher
concentrations in the ocean than in the atmosphere. The CO, data were not processed by
the end of the cruise. This will be done directly after the cruise.
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2B) CH,4, N,O and hydroxylamine in the Indian Ocean
Xiao Ma (GEOMAR, Kiel, Germany)

Background

Methane (CH4) and nitrous oxide (N,O) are important greenhouse gases which, directly or
indirectly, influence global climate. N,O has great global warming potential with a life time of
131 years. Due to the decreasing of chlorofluorocarbons (CFCs) and the continuous increase
of N,O in the atmosphere, the contributions of N,O to both the greenhouse effect and ozone
depletion are expected to be even more pronounced in the 21% century. CH, is a strong
greenhouse gas as well. In the stratosphere, photo-oxidation of CH, is a major source of
stratospheric H,0, which influences stratospheric cooling.

Open oceans are considered as important sources of atmospheric N,O, but oceans
contribute only a relatively small amount to global CH4 budget. Many projects were carried
out in different scales and areas, and a lot of studies about CH, and N,O distributions and
emissions were reported, but their formation and cycling are still poorly understood. CH, is
produced by microbial methanogenesis in anoxic environments. Since the majority of the
ocean water column contains oxygen, methane maximum at surface mixed layer presents
“the ocean methane paradox”. Oceanic N,O is produced as a by-product during microbial
nitrification and as an intermediate during denitrification, but the exact formation path
remains unclear. In the open ocean, where oxygen widely exists, nitrification is considered as
the main process for N,O production. Hydroxylamine is mainly produced in the first step of
nitrification, when ammonium is oxidized to nitrite by ammonium-oxidizing bacteria (AOB).
Hydroxylamine is also found during dissimilatory nitrate reduction to ammonium (DNRA)
and anammox, which take place in anoxic conditions. Researchers have made great break
through by proving the extensive existence of ammonium-oxidizing archaea (AOA) and their
significant contributions on nitrification. However, genes encoding the NH,0OH
oxidoreductase have not been identified in AOA yet. Thus, the measurement of
hydroxylamine can give us a clue to distinguish the respective contributions by AOA and
AOB.

Our measurement can help fill out the blank of our database on CH4 and N,O in the Indian
Ocean, and it is the first time to measure hydroxylamine in this area. This cruise will help to
identify the global CH; and N,O distribution and estimate their emissions from tropical
Indian Ocean.

Methods and measurements

Dissolved CH; samples were just collected and sealed. They will be measured in GEOMAR
with a gas chromatograph (GC) equipped with FID as soon as possible. Dissolved N,O was
measured directly after sampling with a GC using head-space equilibrium method. ECD
response toward N,O concentration was calibrated with different standard gases.
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Hydroxylamine was measured with a ferric ammonium sulphate (FAS) conversion method (A.
Kock and H. Bange, 2013). Hydroxylamine was oxidized into N,O followed by removing
nitrite. Samples were measured within 48 hours after sampling. Conversion factor was also
measured with different hydroxylamine standard solution.

We took triplicate samples for CHs, N,O and hydroxylamine. 441 CTD N,O samples were
collected and measured from every station (except for the last station, samples were just
sealed and will be measured in GEOMAR). 213 CTD CH,4 samples were collected from 5
selected stations and will be measured in GEOMAR. 120 hydroxylamine samples were
collected and measured from 4 selected stations. Zodiak samples were also collected (CH4x9,
N,0x9) from boat to look into the surface gradient.

Besides, samples were also collected from underway (UW) system in order to make
comparison. N,O samples were collected once a day (39 samples) and CH4; samples were
collected every 6 hours (~¥120 samples).

Work plan

CH4; measurement will be conducted in GEOMAR. N,O and hydroxylamine samples were just
measured and will be calculated and analysed as soon as possible. According to our GC
peaks, it seems that there is no surface gradient for N,O from Zodiak samples. As soon as we
get the data, we will compare them with oxygen, salinity, temperature and other related
parameters. GC results will be used to calibrate UW data. Air-sea fluxes can be calculated
with different models and will be compared with published results.

22



3) EDDY COVARIANCE - trace gases

Christa Marandino (Pl), Alex Zavarsky, Dennis Booge, Sinikka Lennartz (GEOMAR, Kiel,
Germany)

Motivation

Despite their low abundances, short-lived trace gases produced in the oceans play an
important role in biogeochemical cycling and atmospheric processes. Some examples of such
climate active gases that are measured on board the SO235 cruise are dimethyl sulphide
(DMS), isoprene, acetone, and carbonyl sulphide (OCS). These gases react rapidly when
emitted to the atmosphere, with lifetimes between 1 hour and 1 month. They participate in
ozone and hydroxyl radical cycles and in the formation of aerosols and cloud condensation
nuclei. The biogeochemical and physical factors influencing the production and destruction
of these compounds in the surface ocean are only marginally constrained for gases such as
DMS, OCS, and acetone, while very little information about isoprene cycling is known. In
addition, quantifying the air-sea exchange of these compounds is further hindered by the
lack of direct flux measurements and poor constraints on the factors controlling their fluxes
(e.g. the gas transfer coefficients, presence of vertical gradients, etc.). The goal of this cruise
is to understand what controls the biogeochemical cycling of these gases in the surface
ocean, in depth profiles, and their exchange with the atmosphere.

In order to investigate the ocean’s role in the atmospheric budget of these trace gases, bulk
atmospheric and oceanic concentration measurements and ancillary data (such as coloured
dissolved organic matter, cell counts, and DNA), as well as direct air-sea exchange, have
been measured. We deployed three different instruments to measure underway and CTD
seawater samples for trace gas concentrations and three instruments to measure air
concentrations. An eddy covariance (EC) direct flux measurement system has also been
deployed, which can be used to perform biogeochemical cycling measurements without
typical pitfalls associated with bulk flux calculations, as well as to constrain the main forcings
on air-sea gas exchange. Measurements of the precursors and sinks of these trace gases
were measured in order to better understand and quantify surface ocean cycling. The main
factor thought to influence these gases is biological activity. Therefore, samples for DNA and
cell counts (i.e. flow cytometry) were taken for later analysis. Because the degradation of
CDOM by UV light results in the formation of trace gases, such as OCS, acetone, and
isoprene, CDOM quantities were also measured.

Methods
The Marandino working group is responsible for the following measurements:

1. Continuous eddy covariance fluxes of DMS, isoprene, acetone using atmospheric
pressure chemical ionization mass spectrometry (AP-CIMS).

2. Continuous eddy covariance fluxes of CO, using infrared absorption (LICOR 7200).

3. Three hourly underway and CTD water concentrations of DMS (and related compounds
such as DMSP, DMSO), and isoprene with purge and trap gas chromatography-mass
spectrometry (GC-MS).
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4. Continuous underway water concentrations of DMS, isoprene, and acetone using an
equilibrator coupled to AP-CIMS.

5. Continuous underway water levels of OCS using an equilibrator coupled to a cavity ring
down spectrophotometer (MICA), with hourly valve switches to measure air mixing
ratios for 15 minutes.

6. Quantification of CDOM (both underway and at depth with the CTD) using UV-visible
absorption (qualification may be attempted with a fluorescence spectrophotometer, but
this has not yet been accomplished).

7. Sampling and preparation of flow cytometry samples for identifying types and amount of
biological activity.

Eddy covariance
The eddy covariance direct flux () is computing with the following equation,
F=p<w'c’>

where p is the density, w’ are the vertical wind fluctuations, and ¢’ are the concentration
fluctuations (brackets denote time average). Using this technique, we can attempt to
improve the gas transfer parameterization (k) used in the commonly employed bulk formula,

F=k(HCw—Ca),

where Cw and C, are water and air concentrations, respectively, and H is the Henry’s law
solubility constant. The goal was to measure dimethylsulphide (DMS), isoprene and acetone
flux with the AP-CIMS and CO, flux with the LICOR 7200. Measurements started at Port Louis
and continued until two days outside of Male.

Air was sampled through a %" tube from a mast welded to the bow (approximately 10 m
above the sea surface) at a flow rate of 70 | min™ to the AP-CIMS and approximately 25 | min®
! to the LICOR. To obtain turbulent wind speed measurements and sensible heat flux, a sonic
anemometer was placed at the bow mast, which measured three dimensional wind speed
and the speed of sound. A GPS and inertial navigation system (INS) was used for motion
correction (Figure 1). The AP-CIMS can discriminate gases using a single quadrupole mass
spectrometer. The gases are ionized at atmospheric pressure using H30" as the reagent gas
and electrostatically steered to the quadrupole. The ions are detected using a counting
electron multiplier. The LICOR measures CO, and H,0 using infrared absorption.
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Figure 1 Eddy covariance setup on the R/V Sonne.

Purge and trap GC-MS

We improved a purge and trap technique coupled with a GC-MS (Figure 2) to measure
different non-methane hydrocarbons (NMHCs) in seawater. In addition, we developed a
method to quantify different NMHCs (e.g. isoprene, dimethylsulphide (DMS)) in one
measurement using isotopically labelled internal standards. A 40 ml discrete water sample
was taken, bubble free, and purged with approximately 30 ml min™* of helium for 15 minutes
and trapped with liquid nitrogen on an empty u-shaped trap. The frozen gas was then
injected with boiling water into the GC. Each analysis took approximately 13 minutes.
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Figure 2 Purge and trap GC-MS aboard R/V Sonne.
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AP-CIMS coupled to an equilibrator

A miniature AP-CIMS was coupled to a membrane equilibrator to measure DMS and
isoprene. The equilibrator had approximately 5 | min™ water flow and a counterflow of
purified air of ~300 ml min’. The air stream was dried with a Nafion dryer and diluted with
dry purified air with a flow of 1100 ml min™. All gas flows were controlled with mass flow
controllers and all liquid flows were measured and recorded.

OCS measurements

OCS in the gas phase is determined with an OCS Analyser (Los Gatos Research, California,
Model 907-0028), which was sent by Mr. von Hobe (Forschungszentrum Jiilich, Germany).
The analyzer technique is off-axis integrated-cavity output spectroscopy (ICOS), using laser
absorption according to the Lambert-Beer-Law to determine the volume mixing ratio of the
gas in the measurement cell. The effective path length of the laser is about 2.5 km, as the
gas is led into a cell between two 99.99% reflectivity mirrors. Besides OCS, the ICOS also
measures CO, CO, and water vapour with a temporal resolution of 1 Hz. It has to be noted
however that during transport, the mirrors of the ICOS became dirty, resulting in an offset to
the accurate concentration. This offset will be corrected by a calibration after the cruise in
Julich.

In order to measure also the water concentrations of OCS in the surface ocean, the ICOS is
connected to a Weiss-type equilibrator with a water flow of ~2 L/min. The seawater is
pumped from 5 m depth. The set-up is shown in Figure 3. The Weiss-type equilibrator
enables effective equilibration, as the gas is circulated through the ICOS back to the
equilibrator, ensuring that the gas concentration is always close to equilibrium to enable fast
equilibration. Two electric valves were programmed to switch between outside air (10 min)
and water (50 min) sampling every hour. Outside air was drawn with a chemically inert
pump (KNF Neuberger) from the top of the monkey deck.

Air inlet on
monkey deck

overflow
air out
Water in

Cooling trap : Weiss-
ICOS \ Equilibrator

Control unit
valves

1
1
I
L

A

» ——— Water out

Waste air out

Figure 3 Set-up of the continuous underway measurement system for OCS.
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Ancillary measurements

Samples for cell counts and CDOM were also taken from both the underway system and the
CTD and preserved for later analysis. 4.5 ml of water were taken for phytoplankton and
bacteria cell counts, each, and were preserved with GDA (20 and 200 microliters,
respectively) before final storage in the -80C freezer. The samples will be shipped to Kiel for
flow cytometry analysis. 50 ml of water was filtered through 0.2 micron filters for CDOM
guantification. The samples were stored in the refrigerator until shipboard analysis, between
1 and 48 hours. Measurements were made using a UV-visible spectrophotometer. Millig
water was used as a reference. The CDOM value was computed by subtracting the
absorbance at approximately 700 nm from that at 350 nm. All values are reported in
absorbance units and reflect relative amounts.

Results
Bulk air values — Eddy covariance system

Figure 4 shows the bulk air mixing ratios of isoprene, DMS, and acetone measured with the
AP-CIMS during the first 24 hour station. DMS and isoprene show slightly elevated values,
while acetone levels are low in accordance with typical marine air. A daily cycle in the DMS
levels can be seen, which is due to photolysis (sunlight creates OH which destroys DMS).
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Figure 4 DMS, isoprene, and acetone atmospheric mixing ratios during the first 24 hour station.
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Eddy covariance wind measurements

Vertical wind speed power spectra are in good agreement with the empirically determined
Kaimal turbulent wind spectrum (Kaimal et al., 1972; Figure 5), which is used as the standard
for all turbulence measurements. The peak at around 0.1 Hz in the green line is due to the
motion of the ship. This must be removed from the wind data in post processing, using the
data from the IMU situated on the mast. The black and the blue lines show the correction
using the data from IMU and an additional multi regression analysis, respectively.

motion correction w

uncorrected w
——mot. corrected w
—— mot. + reg corrected w

fpower(f)
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Figure 5 Sample power spectrum of vertical wind speed showing two different types of motion
correction.

Eddy covariance trace gas measurements

It is clear that trace gas spectra show the same features as the wind spectrum, in accordance
with the Kaimal curve (Figure 6). Therefore, the trace gas measurements can be correlated
with the vertical wind speed measurements to obtain the eddy covariance flux. However,
this data must be post processed to correct for high and low frequency interferences and the
possibility of flow distortion.
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Figure 6 Sample power spectrum of DMS turbulent fluctuations.
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GC-MS measurements

We took underway samples every 3 hours from a submersible pump which was located in
the ship’s moonpool at 6m depth. In total about 100 underway samples were taken during
13days on the ship. Isoprene concentrations were very low (<20 pmoIL'l) south of 8°S.
Between 0°S and 8°C the concentrations increased slightly due to different water masses,
but stayed at generally low levels (Figure 7 left).
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Figure 7 Underway surface water concentrations of isoprene (pmol L) and DMS (nmol L™).

DMS exhibited different trends than isoprene. In a band of about 8°S to 10°S the
concentrations were the highest on the cruise, about 2.5-3.0 nmol L then decreasing
sharply when going north to 0.5-1 nmol L™ (Figure 7 right). During three 24+ hour stations
(red crosses in Figure 7) with 3 hourly underway sampling and 6 hourly CTD-casts, it could be
shown, that concentrations of isoprene were highest in the same depth as the chla-
maximum, while DMS concentrations always peaked slightly above the chlg-maximum. No
diurnal cycle in either isoprene or DMS could be detected.

OCS measurements

With a mixing ratio of 400-500 ppt, carbonyl sulphide (OCS) is the most abundant organic
sulphur compound in the atmosphere. OCS is involved in formation of aerosols and cloud
condensation nuclei as it can be oxidized to SO,. Therefore, it has the ability to alter the
radiative budget of the earth and influences the climate.

OCS has anthropogenic sources, such as biomass or fuel burning, but is also emitted
naturally by volcanoes or the ocean. Oceanic emissions originate from either direct OCS
emissions or emission of the gases DMS and CS, that then quickly react to OCS in the
atmosphere. Global OCS sinks besides atmospheric OH-radical reactions are mainly uptake
by vegetation during photosynthesis and uptake by soils (Watts et al., 2000). Recent studies
that used global models to calculate a global OCS budget discovered a missing source of OCS
and located it in the tropical ocean (Berry et al. 2013). However, the spatial coverage of OCS
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measurements in the surface ocean and marine boundary layer is sparse, especially in the
tropical regions.

The OCS measurements on RV SONNE SO235 are the first measurements in this part of the
Indian Ocean (l0). So far, OCS measurements in the southeastern 10 have only taken place
during the 3g™ Japanese Antarctic Research Expedition Cruise in 1996 (Inomata et al., 2006).
Besides temporal and spatial variations of surface concentration and oceanic OCS emissions,
we aim to adapt existing OCS 1D models from the Atlantic Oceans to this cruise’s data, to
compare source and sink processes and rates.

OCS volume mixing ratios (vmr) were measured in both outside air and with seawater
equilibrated air during 28 July to 5 August 2014. OCS values in the air were relatively
constant throughout the whole cruise in an average range of 350-400 ppt. After offset-
calibration, the values are expected to be 30-40 % higher, which would fit to previously
reported ranges over the Pacific/Atlantic Ocean.

The equilibrium vmr in the equilibrator is a first approximation to the water concentration,
the latter has to be calculated using the Henry constant

H=C3/Cg

corrected for the temperature of the seawater. Vmr of OCS in equilibrated air had a regular
diurnal cycle with highest concentrations in the afternoon (local time) and lowest during
night, very similar to the diurnal cycle of global radiation (shown in Figure 8). In general,
surface waters were supersaturated during noon and afternoon and undersaturated during
nighttime. Averaged over the day, the surface was undersaturated in OCS during SO235.
Figure 9 illustrates the equilibrated seawater OCS values over the cruise track.
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Figure 8 Volume mixing ratio (vmr) of air (straight blue line at ~350 ppt) and vmr of seawater
equilibrated air (blue, diurnal cycles). The global radiation in W/m? is indicated in yellow. Note that
absolute values might shift after calibration (expected ~40%).
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Figure 9 Daily averages of OCS in with seawater equilibrated air (ppt) on the cruise track of SO 235
(black line). Note that absolute values might shift after calibration (expected ~40%).

CDOM measurements

The abundance of CDOM in terms of absorption has been determined for most underway
samples from SO235 (Figure 10). The values measured here were much lower than values
found on the previous cruise S0234-2 (Kriger et al., 2014). Future data workup will
determine if these values correlated with any of the trace gases measured underway. In
addition, the CDOM values in all CTD casts were also measured and will be used to
investigate trace gas profiles in the ocean.

Figure 10 CDOM absorbance values over the SO235 cruise track.
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4) OCEAN SENSORS

4A) Conductivity Temperature Density (CTD)

Matthias Kriiger and Rudolf Link (GEOMAR, Kiel, Germany)

During S0235, 22 profiles of pressure (P), temperature (T) and conductivity (C) were
recorded. These CTD profiles usually ranged to 750 m, on some stations the profiles ranged
to the bottom. We used a Seabird Electronics (SBE) 9plus system, attached to the water
sampler rosette, and the latest Seabird Seasave software. The system had the following
sensors: p #64860, T #2135, C #1854, Oxygen (O) #1902 and a Dr. Haardt Fluorometer.
Conductivity will be calibrated using a linear relation in p, T and c. This relation will be
obtained by fitting the according CTD salinity to 41 water samples, which will be analysed
with a salinometer later on. Oxygen will be calibrated using a linear relation in p, T and O.
Winkler titration of 87 triplets bottle samples gives the accurate value of absolute oxygen in
the water.

During the cruise we did 24 hour stations, the potential temperature — salinity diagrams
(Figure 1 and 2) show the occurrence of different water masses especially in the upper layers
of the oceans. The water at the second 24 hour station is saltier than at the first station,
which can be clearly seen in Figures 1 and 2.
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Figure 1 Potential temperature - salinity diagram of the first 24 hour station, different colours show
different profiles.
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Figure 2 Potential temperature - salinity diagram of the second 24 hour station, different colors show
different profiles.

4B) ADCP underway measurements
Matthias Kriiger (GEOMAR, Kiel, Germany)

A vessel mounted Acoustic Doppler Current Profiler (ADCP) continuously recorded current
velocities. We used a 38kHz RDI Ocean Surveyor (0S38) mounted in the ship’s hull. It is
possible to run the instrument in two configurations: one in broadband mode (BB) and one
configuration in narrowband mode (NB). Usually NB is for the deeper regions of the ocean.
The main reason to choose the less robust BB mode was the higher possible resolution in
space and time. So the BB mode was used with 40 bins of 24m and a range of 800m.
Acoustic interference from other shipboard acoustic devices was avoided by switching these
off whenever possible. One exception was the echosounder EM120 which continuously
delivered high quality bathymetry without considerable interference.
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4C) Surface drifter

Tobias Steinhoff (GEOMAR, Kiel, Germany)

During Sonne cruise SO235 two (Lagrangian) drift experiments (each approximately 24 h)
were conducted. In order to follow a water parcel in a quasi-Lagrangian approach a surface
drifter was used to mark a water patch and follow it with the ship. The drifter was further
equipped with autonomous instrumentation at approx. 15 m water depth for in situ
measurements of Salinity and Temperature (Seabird MicroCat), pCO, (Contros HydroC), O,
(Aanderaa Oxygen Optode, Model 4330), Chlorophyll (Trios Micro flu) and Nitrate (Trios
Props). The continuously recorded data need to be processed and will be available after the
cruise. During the drift experiment the ship approached the drifter every 6 hours in order to
conduct a CTD hydrocast (750 m max. depth) next to it. Samples were taken and analysed
for various parameters. Most of sampling and measurement procedures are described in the
cruise report of other groups.

Preliminary results

Figure 1 shows the track of the drifter for the first drift experiment during SO235. Figure 2
show the data for the drifting period. All data show a clear seasonal cycle even if it’s not very
pronounced. Using the data of CO, and oxygen a rough estimation of primary production
yieldsin1.2gC m?2d? during the 24 h period.

Drifter

last position: 29. July 12:34 [UTC]
total distance: 12.706 [nm]
total drift time: 00d 23:18 [hours]
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Figure 1 Track of the surface drifter during the first deployment on July 29, 2014.
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Figure 2 Preliminary data of the first drift experiment for temperature, dissolved oxygen, pCO, and
chlorophyll-a in approximately 15 m depth.
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5) BIOLOGICAL PARAMETERS

5A) Phytoplankton composition and optical properties in the Indian Ocean

Wee Cheah?, Sonja Wiegmann?, Astrid Bracher®? (P1)
(Collaborators: Isaac Shun-Yan Cheung®, Hongbin Liu?)

Research Center for Environmental Changes, Academia Sinica, Taiwan
’Alfred Wegener Institute for Polar and Marine Research

3Insitute of Environmental Physics, University of Bremen

“Division of Life Science, Hong Kong University of Science and Technology

Objectives

Field measurements of phytoplankton pigment, community structure, and optical
characteristics are scarce in the Indian Ocean. The primary objective of this study is to
characterise the community structure and physiological conditions of phytoplankton in the
Indian Ocean. The information of phytoplankton composition and physiological
characteristics will be utilised to investigate the link between phytoplankton and biogenic
traces gases in the Indian Ocean.

It is widely believed that phytoplankton and other marine primary producers contribute to
the production of biogenic trace gases in both coastal waters and the open ocean. However,
the mechanisms in the production and release of these halogens into the atmosphere are
largely unknown. Further field studies are required if we are to better estimate the
contribution of these halogens in the atmosphere, especially ozone depletion. This study
was carried out along a transect from Port Louis, Mauritius to Male, Maldives on-board R.V.
Sonne from 23 July to 7 August 2014 as part of the SO235-0ASIS campaign.

Work at sea
Water samples

Discrete surface seawaters were collected every 3 hours from ship’s moonpool during the
cruise transect from Port Louis, Mauritius to Male, Maldives. At CTD stations, water samples
from six different depths were collected from the CTD/Rosette Niskin Bottle. Collected water
samples were (1) filtered onto GF/F filters for high performance liquid chromatography
(HPLC) and particulate absorption (PABS) for later analyses in the laboratory at Alfred-
Wegener-Institute for Polar and Marine Research at Bremerhaven, Germany; (2) filtered
onto 0.2 um membrane filter later analyses of DNA and RNA at Hong Kong University of
Science and Technology.

In-situ optical and fluorescence measurements

(1) A Fast Repetition Rate Fluorometer (FRRF) (Chelsea Technology Group) was used in a
flow-through system to provide continuous surface (~5 m) measurement of phytoplankton
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photosynthetic performance (e.g. Fv/Fm) during the entire cruise; (2) A second FRRF was
deployed in the water down to ~150 m during CTD stations to obtain the vertical profiles of
phytoplankton photosynthetic performance; (3) Total incoming irradiance was measured
with another TriOS’s RAMSES sensor mounted on the helideck during the entire cruise.

Below is the list of parameters that were measured during the cruise and data that will be
obtained after the cruise:
1. Phytoplankton pigment concentration (mg/m?)
Particulate absorption (m?)
Phytoplankton photosynthetic parameters (e.g. Fv/Fm)
Downwelling irradiance at the surface, Eo [mW/(m? nm)]
Photosynthetic active radiation in water, PAR (umol quanta/mz/s)

vk wnN

Preliminary results

Underway FRRF measurements overall show low values of maximum fluorescence and
maximum photochemical efficiency of photosystem Il (Fv/Fm) along the cruise transect.
Fv/Fm represents the potential photochemical efficiency of photosystem Il and is
interpreted as a diagnostic of the overall health or competency of phytoplankton. Fv/Fm has
been shown to response to varying physical and chemical regimes, especially nutrient and
light intensity (Kolber et al., 1994). Low Fv/Fm values measured in this study indicate
phytoplankton were in poor physiological state, probably due to low nutrient concentrations
(Figure 1).
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Figure 1 Surface measurements of (A) maximum fluorescence, (B) maximum photochemical
efficiency of photosystem Il (Fv/Fm), (C) temperature, and (D) salinity measured during SO235-OASIS.

Data management

All data obtained from this cruise will be uploaded to Pangea.
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5B) Biological cycling of organic matter and atmospheric trace gases in the surface ocean
Sonja Endres and Luisa Galgani (GEOMAR, Kiel, Germany)
Introduction

High sea-air fluxes of bromocarbons and other trace gases in the tropical ocean have been
related to biological cycling in the surface ocean, mainly due to phytoplankton and bacteria,
but the underlying processes and magnitude of the biogenic sources in the diverse marine
environments are poorly known. In order to understand seasonal and spatial fluctuations of
oceanic trace gases emissions and to project their future development, we study microbial
production and removal processes in the surface ocean and combine them with
observational data of trace gases concentrations in the water and atmosphere.

Based on the awareness that marine ecosystems are being increasingly influenced by global
changes, we also intend to examine the ‘present day’ situation of pelagic micro-
biogeochemistry in the Indian Ocean, with emphasis on the turnover of organic matter
during production and decomposition processes.

Work on sea during SO235
Measurements of underway samples from shipboard surface pump (approx. 6m depth)

55 samplings were conducted along the cruise track, during which seawater was sampled
from the shipboard underway pump every six hours:

a) determination of biogeochemical parameters
- dissolved organic carbon (DOC)
- dissolved organic nitrogen (DON)
b) determination of biological parameters
- phytoplankton and bacterial cell numbers by flow cytometer

- genetic analyses of functional genes involved in halocarbon cycling (cooperation with
Christian Stolle, IOW), every 12 hours.

Measurements of CTD samples

Seawater was collected by CTD/rosette sampler at 22 stations along the cruise track to
determine the impact of microbial processes on organic matter cycling and, more
specifically, on trace gases cycling in the surface ocean. Water was sampled from about 7-9
depths.

a) determination of biogeochemical parameters
- dissolved organic carbon (DOC)

- dissolved organic nitrogen (DON)
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- transparent exopolymer particles (TEP), only at stations with deep CTD cast
(>800m depth)

- Coomassie stainable particles (CSP), only at stations with deep CTD cast (>800m
depth)

b) determination of biological parameters
- phytoplankton and bacterial cell numbers by flow cytometer
- composition of key phytoplankton species by microscopic analysis, only at three depths

- genetic analyses of functional genes involved in halocarbon cycling (cooperation with
Christian Stolle, IOW) (samples from three depths only)

- photosynthetic production and heterotrophic respiration via dissolved oxygen
measurements (using optode technique) during incubation experiments in samples from
three depths

Measurements of surface water samples by boat

A boat was used to access one station (2° 40’ S, 72° 5’ E), where the upper surface ocean was
sampled to determine the concentrations of trace gases, organic matter, microbial
abundances and phytoplankton composition at the ocean-atmosphere interface (0-5 cm
depth), the underlying water (~*50 cm depth), and below (2 and 5 m depth). Water samples
of the upper two depths were also used for incubation experiments.

Incubation experiments

Water samples from selected depths (usually, surface (~30 m), chlorophyll @ maximum (50-
70 m) and oxygen minimum zone (80-150 m) were taken at all stations and incubated in gas-
tight bottles under in-situ light and temperature conditions for 22 hours (Figure 1). After
successive periods (11 hours) of light and dark phases, oxygen, bromocarbon production and
consumption rates were determined. The rates estimated from the incubation experiments
will then be compared to measured depth profiles of bromocarbon concentrations. Control
experiments comprising of 0.2 um-filtered seawater, that excludes bacterial activity, were
also conducted in parallel, in order to differentiate between biological and chemical
processes. Additional water samples from four different sampling stations along the cruise
track were incubated to determine uptake rates of added B3C-labelled bromoform substrate.
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Figure 1 Incubation experiments onboard of SO235.

Sample storage and analyses

All samples where preserved or frozen at -20°C and partly at — 80° C and were transported
from Colombo for further analyses in the home laboratory at GEOMAR.
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5C) Micro nutrients and oxygen measurements

Martina Lohmann (GEOMAR, Kiel, Germany)

Nutrients

Nutrients were measured on-board of SO235 with a QuAAtro auto-analyser from SEAL
Analytical (Figure 1). The following methods from SEAL analytics were used:

- Nitrite (Q-068-05 Rev 7) and Nitrate (Q-070-05 Rev 4): The nitrate is determined as nitrite
after reduction on a cadmium coil. The nitrite is determined with a colorimetric metric
method where sulphanilamide is forming a diazo compound.

- Phosphate (Q-064-05 Rev 4): this is the colorimetric method based on reaction with
molybdate and antimony ions.

- Silicate (Q-066-05 Rev 3): this is the colorimetric method where a silico-molybdate complex
is reduced to molybdenum blue.

434 samples were measured from 22 CTD casts during the SO235 cruise.

The precision of the nutrient measurements were determined from triplicate samples taken
at three varying depths at every station. The precisions of the measurements are
determined to be: 0.09 umol/L for nitrate, 0.003 pmol/L for nitrite, 0.01 pmol/L for
phosphate and 0.18 umol/L for silicate.

In addition to the CTD casts, nutrient concentrations were analysed from 208 underway
samples taken every three hours.

Oxygen

Samples for oxygen determination were taken from every CTD for calibration of the oxygen
sensor of the CTD. The oxygen was determined with Winkler titration. The precision of the
measurements (1o) of the oxygen concentration determined from the titration is 0.47
umol/l, based on 87 triplicate measurements from CTD samples of varying depths.
Additionally, oxygen concentrations were measured for 44 underway samplings. The
standard solution for the titration was found to be accurate to better than 0.01% based on
comparison to an independent reference material from WAKO inc. (USA).

Figure 1 QuAAtro auto-analyser set up on-board of SO235.
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5D) Dissolved inorganic nutrients — nanomolar nitrate and phosphate
Matthew Patey (GEOMAR and University of Las Palmas, Spain) and Eric Achterberg (GEOMAR, Kiel)

Method and measurements

Analysis for dissolved nitrate + nitrite (NO,.3') (hereinafter nitrate) and dissolved phosphate
(PO,>), or soluble reactive phosphate (SRP - the phosphorus fraction measured by the
Molybdenum Blue technique), at nanomolar concentration were undertaken on a purpose-
built, sesgmented-flow autoanalyser following a method described in Patey et al. (2008) with
some changes to reagent flow rates (Figure 1). Two liquid waveguide capillary flow cells
(LWCCs) were used to provide a two-metre path-length, enabling the detection of
nanomolar concentrations. A single tungsten-halogen lamp (HL2000-HP, Ocean Optics)
provided illumination for both LWCCs, with a bifurcated fibre-optic cable being used to
divide the light between the two channels. Two Ocean Optics USB spectrometers monitored
the absorbance in each cell (USB2000 for phosphate and a USB4000 for nitrate / nitrite).

Samples were introduced manually by switching a sample line between a reference solution
(low nutrient surface seawater) and sample or standard solution and the resulting change in
absorbance was monitored. Absorbance versus time was continuously recorded for each
channel and stored electronically in a plain text format. Calibration curves and results were
generated manually from the peak heights using spreadsheet software.

Note: throughout this report (and for all the results generated) molar concentrations are
reported in concentrations per unit volume (i.e. nM, uM and mM refer to nmol.I™}, pmol.I?,
mmol.I"}, respectively).

Figure 1 Nanomolar nutrient analysis set-up on-board of SO235.
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Sampling approach

All apparatus coming into contact with the samples or reagents was cleaned by soaking in
1M HCl and rinsing thoroughly with ultrapure water from a MilliQ system (hereafter referred
to as MQ). Samples were taken from the CTD rosette using 60 ml acid-washed LDPE bottles,
rinsing three times before filling, and were stored in the fridge until analysis. Analysis was
typically undertaken within 12 hours, although some samples collected during the night
were not measured until the following afternoon (typically 18 — 20 hours later).

For each CTD profile, typically 4 to 5 samples were taken from the uppermost depths.
Additionally, a sample was taken from the pumped underway system (from approximately 5
metres depth) every three hours.

Wash solution

In order to avoid refractive index changes and other effects resulting from mixing solutions
of different salinity, low nutrient seawater was used as a wash solution (to form the baseline
from which all sample and standard peaks are measured) and standard matrix. For the wash
solution, filtered surface seawater was collected from the CTD during the previous cruise
(S0234-2). Knowledge of the nutrient concentration in this seawater is critical for accurate
sample determination (particularly for nitrate and nitrite measurements) and its
concentration was measured (relative to MQ water) at the beginning of each day's analysis.

Standard matrix and salt-effect correction

Calibration of the instrument was performed by the preparation of standard additions. The
same surface seawater is used for the standards as is used for the wash solution in order to
match the sample matrix as closely as possible. As part of the calibration, it is necessary to
calculate the nutrient concentration in the seawater used to prepare the standards. This is
done by making a comparison with purified water (MQ) with the assumption that the
purified water is completely free from nutrients. As a result of the different refractive index
of seawater and pure water, and also due to solution turbidity it is necessary to apply a salt-
effect offset to the calibration of a seawater solution relative to pure water. This offset is
measured in accordance with a method described by Zhang and Chi (2002), whereby one of
the colour-producing reagents is replaced with a blank, so that the refractive index effects
can be measured in the absence of any generation of the coloured reaction products. In
place of the ascorbic acid reagent for phosphate analysis, a blank solution containing SDS,
acetone and MQ water was used, while purified (MQ) water was used in place of the NED
reagent for nitrate analysis.

Calibration

Due to a problem with the packed nutrient standards, the same stock standards as used for
micromolar nutrient analysis were used. Intermediate stock standards of 50 uM were
prepared by diluting the 10 mM stock solutions for each of the three nutrients in MQ water.
These three solutions were kept refrigerated and used for the duration of the cruise.

Working standard solutions were prepared freshly every day. Mixed nitrate and phosphate
standards were prepared using phosphate stripped seawater as the standard matrix. For
phosphate, 5 working standards were prepared in the range 25 — 200 nM, giving a 6-point
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calibration with the inclusion of the zero standard. For nitrate, 4 working standards were
prepared in the range 50 — 300 nM, with the 5™ standard being used for a 100 nM nitrite
standard to check the performance of the Cd reduction column. Calibration was performed
each day prior to measuring any samples. All standards were re-measured as samples at the
end of the day in order to verify the precision of the technique and to check for baseline
drift.

Preliminary results

The nutrient content of the tropical Indian Ocean surface water was generally below 0.1
umol for nitrate and generally below 0.2 pmol for phosphate. Some regions with higher
nitrate (>1 pmol) accompanied by a smaller increase in phosphate (>0.2 umol) were
observed between 10° and 5° S, likely due to the wind driven entrainment of upper
thermocline water, which will be analysed in detail after the cruise.
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Figure 2 Surface water nitrate and phosphate measurements along the S0O235 cruise track,
preliminary data.
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6) RADIOSOUNDING - meteorology measurements

Susann Tegtmeier, Steffen Fuhlbriigge, Alina Fiehn (GEOMAR, Kiel, Germany) and Kirstin
Kriiger (Pl, University of Oslo, Oslo, Norway)

Introduction

In order to determine the air-sea gas exchange it is important to know about the
meteorological condition of the atmosphere. During the cruise the atmospheric structure
was determined by frequent radio and ozone soundings on weather balloon launches. After
the launches, the radiosonde measurements were directly send to the Global
Telecommunication System (GTS) of the World Meteorological Organization (WMO) to
improve global meteorological assimilations over the tropical Indian Ocean, which will be
used as input data for high resolution transport modelling. Additionally, a disdrometer
collected information on precipitation occurrence and intensity and two radiometer
measured atmospheric longwave (LW) and solar shortwave (SW) radiation. Furthermore,
ship measurements of wind speed, wind direction, temperature, humidity and air pressure
were recorded.

Results

66 radiosondes were launched in total during the cruise, switching between 6- and 3-hour
intervals. Relative humidity and zonal wind speed measured by the radiosondes are shown
in Figure 1.

OASIS: rel. humidity OASIS: zonal wind
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Figure 1 Relative humidity (left) and zonal wind speed (right) as a function of launch date and altitude
derived from the radiosonde launches. In addition, the lapse rate tropopause (LRT, solid line) and the
cold point tropopause (CPT, dashed line) are shown.

A sharp gradient in the relative humidity profiles is found between 2-5 km height. Here, the
relative humidity decreases from > 80% to 15 - 30%. However, this gradient does not mark
the upper limit of the atmospheric boundary layer per se. The moist layers up to 5 km are air
masses that have been advected and do not interact with the surface by turbulent mixing
processes. The mean atmospheric boundary layer height determined from the radiosonde

47



profiles of temperature, humidity and wind is ~ 0.8 km during the cruise, nevertheless on
July 24" we identified a preliminary boundary layer height of about 5 km coinciding with
high relative humidity. During the cruise with increasing latitude the relative humidity in the
mid to upper troposphere increased, too.

The tropical cold-point tropopause has been identified at around 17 km (temperature
profiles not shown here). Maximum zonal wind speeds are found a few km below the
tropopause, and show a strong gradient with respect to the latitude of launch. Close to
Mauritius we find northward zonal winds of ~20-30m/s at the edge of the subtropical jet
stream. Northward of this threshold, we find weaker southward zonal wind speeds with a
maximum of 50 m/s which might be caused by the anti-trades.

Four ozonesonde launches have been performed. Ozone mixing ratio profiles are shown
Figure 2. Due to transmission and GPS problems only one ozonesonde retrieved data in the
stratosphere. However, all sondes were able to observe the full tropospheric profiles. With

SPACES / OASIS: Ozone soundings SPACES / OASIS: Ozone soundings
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Figure 2 Preliminary ozone profiles from ozonesonde launches on 26.07.2014, 28.07.2014,
04.08.2014 and 05.08.2014. Ozone values shown in (left) linear and (right) log scales to highlight
stratospheric and tropospheric values, respectively.

increasing latitude, a level of very low ozone established at around 13 km height with mixing
ratios below detection limit for the launches on July, 28 and August, 5, 2014. Low ozone
values imply low OH concentrations which will impact the lifetimes of the very-short lived
halocarbons.

Surface meteorological fields measured by the ship’s instruments are being collected and
archived. Surface pressure, temperature, wind speed and wind direction averaged over 10
min for a portion of the cruise are shown in Figure 3. Strongest surface winds were observed
during the beginning of the cruise with maximum wind speed of up to 20 m/sec.
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Figure 3 Surface meteorological fields as measured and archived by the Sonne systems.

The pyrgeometer and pyranometer were measuring atmospheric longwave (LW) and solar
shortwave (SW) radiation, respectively, and the disdrometer was measuring precipitation
continuously over the whole cruise. Figure 4 shows preliminary data.
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Figure 4 Radiative and precipitation quantities measured by the radiometers and disdrometer.
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7) AIR-SAMPLING - for atmospheric trace gases

Elliot Atlas (RSMAS, Miami, USA), and Birgit Quack (GEOMAR, Kiel, Germany)

Introduction

Long lived anthropogenic gases producing halogen radicals can account for about 3400 ppt
of chlorine and about 15-16 ppt of bromine in the stratosphere, leading to man-made ozone
depletion. Other halogen compounds with shorter lifetimes, the so-called very short-lived
substances (VSLS, chemical lifetimes shorter than 6 months) like bromoform (CHBrs3) or
dibromomethane (CH,Br;) as well as iodinated methanes, originating from the ocean, have
an additional impact on the stratospheric halogen loading and on the ozone budget. Deep
tropical convection provides a fast pathway for these substances to be transported in
significant amounts into the stratosphere. The quantification VSLS contribution of the Indian
Ocean to the stratospheric halogen budget during southwest monsoon is the major objective
of this cruise. It will give information about natural background halogen loading of the
stratosphere and improve the projections of future stratospheric ozone concentrations.

Method and measurements

96 canister samples of air were collected in 2 L stainless steel tanks, being pressurized to 2
bar for RSMAS with a metal bellows pump and will be analysed for a variety of trace gases as
natural and anthropogenic hydrocarbons and halocarbons, DMS, N,0, alkyl nitrates, CO and
other long-lived anthropogenic and natural trace gases on different instruments at the
Rosenstiel School of Marine and Atmospheric Sciences in Miami.

Outlook

After the analyses of the atmospheric trace gases, in particular of the VSLS, the oceanic
emissions can be calculated together with the Working Group 1 (Birgit Quack et al.). These
observation based emissions will then be used as input data for the high resolution transport
modelling of Working Group 6 (Kirstin Kriiger et al.). With the help of the anthropogenic and
terrestrial trace gases distributions terrestrial, anthropogenic and open ocean sources and
possibly source strengths can be determined using backward trajectory calculations.
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8) REACTIVE HALOGENS
8A) MAX-DOAS

Folkard Wittrock (IUP, University of Bremen, Germany)

During the SO235 cruise in the Indic from July 23 to August 07, 2014, measurements of
different reactive trace gases were carried out using the Multi-Axis Differential Optical
Absorption Spectroscopy (MAX-DOAS) technique (Figure 1). The Bremian MAX-DOAS setup
was running continuously for the whole cruise without having any serious problems (starting
early in the morning on July 23 in the port of Port Louis). Since the MAX-DOAS technique is
based on solar stray light, measurements were only possible during daytime short before
sunrise until sunset (96° SZA). In addition some complementary parameters were obtained:
surface ozone with an in situ ozone monitor (Horiba), meteorological parameters (wind
speed and direction, total solar radiation, UV radiation, precipitation, humidity, pressure and
temperature).

The MAX-DOAS setup used on the ship was covering a wavelength range of approximately
300 to 470 nm with a medium resolution (FWHM 0.8 nm). This enables us to retrieve the
following trace gases: 10, BrO, CHOCHO, HCHO, H,0, 03, NO,, and SO,. From 04
measurements the aerosol extinction profile and the AOD can be derived. The telescope was
installed on the starboard side of the ship and was collecting spectra toward three different
azimuth angles possibly identifying horizontal gradients of trace gases. In addition the water-
leaving radiance was measured once per measurement cycle.

A detailed analysis of the whole data set taking into account detailed radiative transfer
calculations will be done at the IUP Bremen as soon as possible.

Figure 1 MAX-DOAS telescope on RV Sonne heading to starboard. During SO235 the telescope was
scanning different azimuth angles to identify spatial inhomogeneities in trace gas distributions.
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8B) lodine Monoxide: Open Path CEDOAS
Henning Finkenzeller (IUP, University Heidelberg, Heidelberg, Germany)

The DOAS (Differential Optical Absorption Spectroscopy) method is well established to
determine column densities of airborne halogens along a given light path. While passive
DOAS methods use naturally present light sources (most often sun light), CEDOAS (Cavity
Enhanced DOAS) uses a built in lamp. The effective path length of about 5 km is established
in an optical resonator. The usable wave length range with the optics used was about 420
nm to 460 nm. This design allows detection limits for iodine of about 0.5 ppt.

lodine monoxide is highly
reactive and therefore cannot be
sucked into a closed path cavity.
Thus, an open path cavity was
used. Due to the open design
the instrument is fairly sensible
to aerosols that settle on the
highly reflective mirrors and
make measurement impossible.
The instrument was set up on
the upwind side of the pilot deck
to get as unbiased air as

, possible. During the first days
with very heavy swells and winds a continuous operation was not possible; the quality of the
acquired data may vary here. However, care was taken to perform quasi continuous
measurements starting July 23nd 2014.

In total about 100 GB of data and more than 1 million spectra were recorded. As the iodine
monoxide concentrations are of the same magnitude as the detection limit a detailed and
careful data evaluation has to be done in Heidelberg, Germany.
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8C) Molecular lodine: Denuder tubes
Henning Finkenzeller (IUP, University Heidelberg, Heidelberg, Germany)

Denuder tubes were used for determination of airborne molecular |
iodine (I;) mixing ratios. A known amount of air is sucked trough the
denuder tubes. These are coated with a special powder to which
molecular iodine is absorbed. By the ratio of adsorbed iodine and air
mass the mixing ratio of airborne iodine is calculated. Mass
spectrometric analysis of the powder will take place in Maingz,
Germany, as soon as possible. Hence, no preliminary data are
available yet.

Sampling started July, 25" 2014 and was conducted every morning on
the pilot deck before sunrise, in order to access the spatial
distribution. Additionally, two nocturnal cycles were carried out to
capture the chemical dynamics during night. In total 45 denuder tubes
were sampled.
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9) GHG (see working group reports 2 and 3)
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10) AEROSOL

10A) Alex Baker (UEA, Norwich, UK)

Aerosols play a key role in halogen cycling in the marine atmosphere, with Cl being
transferred to the gas phase by acid displacement reactions, Br release being induced by
reaction of ozone on sea salt particles and iodine chemistry promoting transfer of Cl, Br and |
to the gas phase via halogen activation reactions. Ultimately aerosols appear to be net
sources for Cl and supermicron Br and net sinks for | and submicron Br.

During the SO235 cruise two day aerosol samples were collected for determination of Cl-, Br-
and iodine speciation, as well as a number of other aerosol ionic components which will
provide us with useful information on aerosol background chemistry. Five two stage forty-
eight hour aerosol samples of about 600 L of air and 1 six stage seventy two hour aerosol
sample were collected with a multistage aerosol impactor.

The data obtained will allow us to examine the potential strength of the aerosol Br source
along the transect and investigate the role of iodine chemistry in halogen activation, as well
as providing a unique opportunity to compare atmospheric iodine source (trace gas) and sink
(aerosol) strengths in the Indian Ocean for the first time.

10B) Susann Tegtmeier (GEOMAR, Kiel, Germany)

The microtops sunphotometer (Figure 1) was used to measure aerosol optical thickness
(AQT) for cloud-free conditions. Based on satellite AOT retrievals, we expect weak aerosol
levels during the first part of the cruise, with values below 0.2 and often below 0.1. Larger
AOT values are expected in the later portion of the cruise as the ship gets in closer proximity
to India.

Figure 1 Microtops sun photometer.
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inspiring and fruitful exchange we were also able to gain a great and unique data set of the
tropical West Indian Ocean. The analysis and evaluation of the data are still ongoing for the
next months and | am very much looking forward to see and exchange the scientific results
with all of you.

During our SO235 cruise we managed to operate our instruments 24/7, supported also by
the expertise of the professional ship’s crew, who was there, when we faced technical
problems. The ships’ crew was always helpful and we had the best cooking team on board.
Special thanks go to the WTD and the electrician, who rapidly repaired our breakdowns with
insight and care. Thanks also to the decks crew for all helping hands and friendly support of
our activities and the machinery for the smooth maintenance of all technical details of this
fine ship. SO235 succeeded not last due to the good cooperation between the captain, the
crew and the scientists, so we were able to carry out all of our work together during SO235
to the best results. | would like to especially thank the captain of RV Sonne for his careful
and considerate navigation through the sometimes rough tropical West Indian Ocean.

Finally, 1 would like to thank my colleagues Birgit Quack and Christa Marandino for their
collaboration and support with the OASIS SONNE project and ship cruise. | am in particular
grateful for Birgit Quack’s readiness to be co-chief scientist of SO235, for her valuable input
and advice before during and after the cruise, and for her help to compile this cruise report
next to many more things. Our successful and exciting collaboration has always been
challenging and a great pleasure for me. | am looking forward for further inspiring
collaborations with you in the future.

All together you were a wonderful, hard-working and successful team; thanks for sharing
this experience with me!

At the final end, | would like to thank the BMBF for funding the OASIS SONNE project (BMBF
grant 03G0235A) and the OASIS SONNE SO235 cruise, Dr. Barbara Tanner and the PTJ for
taking care of the project and the ship cruise administration and the Geoscience Department
at University of Oslo and GEOMAR Kiel for supporting our SO235 activities.

Yours Kirstin Kriiger (50235 Chief Scientist, UiO)
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OASIS-Sonne (S0235) Samples from Underway system (approx. 5m)

Label Time UTC H_,.MM qcﬁ_m Thermo Thermo Thermo | Weather- | Weather- | Weather- | Weather- | Weather- | Weather- DMS + DOC/ | Flow
Campaign Event label Optional System |System| System | System System System | System System | Salinograph | Salinograph | Salinograph | station | station | station | station | station | station 02 | N20 | CH4 |isoprene| Hal co2 CDOM__|I1108-Br| TDN__|Cytometry| Nanonuts | p-nuts | PABS | DNA |Pigments| air
Position lat | Position lon True wind Air Air :ﬂm:%v Wind [Wieg- [Wieg-
Course_| Depth | Heading | (degrees) | (degrees) | Speed speed | Conductivity pressure jrection | Wind gust| _speed _|[Winklerl| [Xiao] | [Xiao] | (Booge] | [Hepach] |[Seinhoff) |(Marandino] | [Quack] | [Endres ] | (Endres ] | [Quack] | [Quack] | mann) | [Cheah] | mann]
$0235 S0235/UW_173 252179| 252179 02.08.2014 05:00:00 12.80 |2053.7 21.3 -8.25540 70.49780 12.23 133.90 8.58 53.611 34.642 25.985 1013.5 25.70 79.00 72.70 10.90 8.20 X X X X X X XXX X X X X
50235 |SO235/UW_174 252180| 252180 | 02.08.2014 08:00:00 19.47 |2550.6| 242 | 770040 | 7063890 | 10.14 | 109.04 882 53.851 34.906 25868 | 10115 | 2470 | 8500 | 5520 | 1240 | 1070 X X X x x x x 000 x x x X
$0235 S0235/UW_175_252181 252181 02.08.2014 11:00:00 354.58 | 1930.8 44 -7.16090 70.78940 10.26 96.63 9.03 54.443 34.887 26.459 1010.7 25.30 88.00 64.30 12.40 10.00 X X XX X X X X XXX X X X X
50235 252182 | 02.08.2014 14:00:00 2206 [19717] 178 | 660620 | 70.92360 | 1168 | 15062 7.49 54.720 34.942 26669 | 1011.1 | 2480 | 8400 | 7930 | 750 | s70 X X X x x x x 000 x x x X
$0235 252183 02.08.2014 18:00:00 160.44 |2477.8| 131.2 -6.06930 71.06360 0.45 145.01 7.47 54.563 34.973 26.459 1012.5 25.80 82.00 13.00 9.00 8.10 X X X X X X XXX X X X X
50235 252184 | 02.08.2014 20:00:00 1598 |3551.5| 17.6 | 580040 | 71.14210 | 1149 | 14817 7.45 55.258 35.174 26853 | 10113 | 2570 | 8300 | 7550 | 710 | s70 o X x X x x x x x x
$0235 252185 02.08.2014 23:00:00 19.59 |3455.8 179 -5.24050 71.31290 11.84 136.44 8.42 55.860 35.387 27.139 1010.0 25.90 82.00 72.70 9.30 7.70 X X X X XXX X X X
50235 252186 _| 03.08.2014 02:00:00 1574 |3889.1| 16.8 | 467330 | 7148430 | 1102 | 155.00 672 56.008 35.195 27617 | 10107 | 2600 | 8400 | 7720 | 620 | 460 o X X x x x x 000 x x x
$0235 252187 03.08.2014 05:00:00 22.89 |4062.5 16.5 -4.16100 71.63810 12.85 148.79 8.01 56.484 35.204 27.967 1011.9 26.70 82.00 84.60 9.00 5.80 X X X XXX X X X
50235 252188 _| 03.08.2014 08:00:00 15.46 |38266| 149 | 857620 | 7181300 | 1240 | 16179 6.83 57.354 35.100 28923 | 10098 | 27.40 | 80.00 | 8140 | 530 | 370 o X X X x x x 00 x x x
$0235 252189 03.08.2014 11:00:00 15.15 |4317.5 149 -2.98150 71.99200 12.46 172.56 6.97 57.457 35.033 29.111 1008.0 27.80 77.00 83.90 5.90 270 X X X X X XXX X X X
50235 252190 | 03.08.2014 14:00:00 113.40 |40638| 1785 | 268070 | 7207870 | 088 | 18476 8.06 57.651 35.068 20246 | 10000 | 2750 | 79.00 | 530 930 | 830 o X X ; X x x x x 000
$0235 252191 03.08.2014 17:00:00 76.23 |4088.0| 192.9 -2.67040 72.07290 0.77. 130.51 5.59 57.633 35.078 29.215 10111 27.50 79.00 297.50 7.10 5.90 X X X X X X X XXX X X X
50235 252192 | 03.08.2014 20:00:00 268.65 |4075.2| 1958 | 265050 | 72.04570 | 091 157.68 6.07 57.611 35.076 20197 | 10100 | 2740 | 80.00 | 32470 | 750 | 640 o X X x X x x x x 000
$0235 252193 03.08.2014 23:00:00 222.78 |4018.4| 151.7 -2.66660 72.03520 111 172.64 6.66 57.598 35.078 29.182 1008.2 27.30 78.00 19.30 8.70 7.20 X X X X X X XXX X X X
50235 252194 | 04.08.2014 02:00:00 200.35 |40985| 1524 | 267580 | 7208910 | 099 | 174.44 7.02 57.502 35.084 20168 | 10092 | 2740 | 7800 | 2140 [ 810 | 710 X X x X x x x x 000
$0235 252195 04.08.2014 05:00:00 202.04 |4052.4| 223.3 -2.68000 72.01490 0.41 149.26 6.92 57.618 35.079 29.199 1009.8 27.70 77.00 286.60 8.40 7.00 X X X X X X X XXX
50235 252196 | 04.08.2014 08:00:00 133.98 [4121.4] 1547 | 267190 | 7202020 | 133 | 21187 9.20 57.722 35.084 20201 | 10084 | 2750 | 77.00 | 5840 | 1060 | 940 X X x X x x x x 000
$0235 252197 04.08.2014 11:00:00 21.20 |41252| 177.0 -2.68210 72.02490 0.36 187.62 7.42 57.734 35.082 29.304 1006.8 27.80 77.00 9.90 9.00 7.80 X X X X X X X XXX X X X
50235 252198 | 04.08.2014 14:00:00 206.11 |3909.5| 1945 | 271260 | 7201450 | 053 | 189.11 7.17 57.69 35.073 20281 | 10000 | 2740 | 77.00 | 35710 | 870 | 7.40 x X x X x x x x 000
$0235 252199 04.08.2014 17:00:00 70.80 |4073.8 75.8 -2.52470 72.16820 10.93 187.17 8.69 57.597 35.032 29.244 1009.8 27.40 77.00 71.30 10.90 8.60 X X X X X X XXX X X X
50235 252200 | 04.08.2014 20:00:00 527 43020 89 | 197160 | 7217020 | 1115 | 17813 6.80 57.704 34.980 20404 | 10090 | 2750 | 7800 | 10620 | 280 1.60 o X x X x x x x 000 x x x
$0235 252201 04.08.2014 23:00:00 6.17 |4234.4 127 -1.38920 72.24100 11.40 168.27 3.63 57.656 34.936 29.431 1007.6 27.50 78.00 31.50 3.40 2.80 X X X X X X XXX X X X
50235 252202 | 05.08.2014 02:00:00 943 |4337.0| 159 | 080560 | 7230460 | 11.99 | 10484 4.99 57.621 34.920 20420 | 100902 | 27.80 | 77.00 | 33650 | 310 1.90 o X X X x x x x 000 x x x
$0235 252203 05.08.2014 05:00:00 8.57 |4091.6 147 -0.20370 72.38590 11.94 222.14 12.07 57.715 34.895 29.543 1010.7 26.00 86.00 235.00 8.10 6.70 X X X X X X XXX X X X
50235 252204 | 05.08.2014 08:00:00 508 |3047.2| 105 | o.42e20 | 724619 | 1285 | 24377 5.17 57.900 34.930 2065 | 10088 | 2880 | 7500 | 31040 | 650 | 540 o X X X x x x x 000 x x x
$0235 252205 05.08.2014 11:00:00 9.30 |3121.5 10.0 1.01940 72.53430 11.36 237.94 7.26 0.000 0.000 0.000 1007.4 29.00 74.00 279.00 6.80 5.40 X X X X X X XXX X X X
50235 252206 | 05.08.2014 14:00:00 195.89 |2879.7| 161.4 | 148070 | 7258690 | 066 | 25149 5.04 0.000 0.000 0000 | 10002 | 2870 | 7300 | 8070 | s60 | 510 X X X x x x x 000
$0235 252207 05.08.2014 17:00:00 90.01 |2350.8 89.6 1.50550 72.90570 1112 243.91 4.78 57517 34.833 29.443 1010.2 28.50 74.00 52.50 3.40 2.60 X X X X X X XXX X X X
50235 252208 | 05.08.2014 20:00:00 7492 |20506 762 | 156240 | 73.48190 | 11.90 | 24024 3.80 57.466 34.856 20362 | 10090 | 2830 | 7500 | 2280 | 340 | 270 X X X x x x x 00 x x x
$0235 252209 05.08.2014 23:00:00 452 |2291.2 44 1.87740 73.96710 11.81 273.23 3.49 57.430 34.845 29.344 1007.8 28.20 75.00 329.60 8.40 6.90 X X X X X X XXX X X X
50235 204 252210 | 06.08.2014 02:00:00 573 |22556| 53 | 245070 | 7402000 | 1253 | 30232 421 57.614 34.922 20411 | 10088 | 2700 | 7800 | 33480 | ee0 | &0 x X X x x x 000 x x x
$0235 S0235/UW_205_252211 252211 06.08.2014 05:00:00 3.37 |2394.6 1.7 3.06630 74.10540 12.51 291.91 4.82 57.686 34.948 29.443 1010.0 28.50 75.00 331.70 10.60 9.40 X X X X X XXX X X X
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Appendix B: Sample lists for CTD samples
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OASIS-Sonne

$0235) Samples taken from CTD casts

Y)
Fluores. | 0 |MNO+| DS+ co, [00CT| Fiow |repcl TR | B | a | coom |toditoda| Mo [ Hero | oy | pag | owa Pio | san | pros |Hatooc
Date and time_ Density Lat Lon Pressure Depth. Temp |Pot.temp | Oxygen |Oxygen Sat| cence CH,_|tsoprene DN _|cytometry) SP tion ments. nuts nuts ments
[dbar] [m] rel & [umolrkg] ) o | Dieol | [Booge _”.u. :..u.ﬁ. _M_un_. [Endres] _M.h. [Endres] | [Endres] _ﬂ_nhﬂ.. [Quack] | [Quack] | [Quack] | [Quack] ﬁnn_ [Cheah] ﬁnn_ __“‘u..h. [Petrick] | [Quack]
Latitude | Longitude | PrDM DepSM_| T090C Po |temp090C | xOMm/Kg | SbeoxOPS | HaardtC 7
SO235/CTD 2 6 22 25265 | 2 2 25265 W) 1022.0040 | 10,5050 | 6249964 | 29022 | 2061 | 2ososz | 2e4ora | 162381 | ooseoon | ozeen I [« x
S0235/CTD_2 8 23 252657 | 2 252657 0 014 20:50:18 1022.8043 | 1050330 | 62.49953 | 12950 | 12877 | 264988 | 264958 | 183477 | 9090402 | 02408 x x x x x x| x x
S0235/CTD 2.8 24 252658 | 2 252658 ot 205921 1022.0060 | 10.50320 | 6249954 | 13747 | 13660 | 2o.aoas | 2e.or2 | tea1s6 | ooramso | ozase I [« x
S0235/CTD_2_10_1 252659 | 2 252659 0102331 1027.0668 | -10.50172 | 6250132 | 752480 | 74699 | esose | esoss | saora | oresass | oowrs | o o I I x x
S0235/CTD 2 10 2 252660 | 2 252600 y 1027 1050171 | 650158 | 600273 | 596,006 | 76206 | 75692 | sesoe | avesote | oooes | o
S02350TD_2_10.5 252061 | 2 252601 014 02:39:4 1026.9068 | 10.50170 | 6250152 | sos7e | ase.os | sosss | soods | tea1te | 4asesas | oosas | x
S0235/CTD 2 10 4 252662 | 2 252602 : 1026.0281 | 1050157 | 6250136 | a99.364 | 096717 | 10.0147 | o670 | 135604 | anaare0 | oouso | o | x
S0235/CTD_2_10_5 252063 | _2 252608 014 024256 1026.7316 | t0.50152 | 6250126 | 923230 | o21.147 | to.4e2 | 10.0083 | 135804 | 046700 | 0.0046 x ] x
SORICTD_2_10_6 252064 | 2 252664 014 02.443 1026628 | 1050144 200162 | 11.0082 | 110020 | 137176 | sposose | ooons | o
Somssor 2 1o s | 2 s o cpses oeseor| tosoree suross | tosser | rosoms | oeom | saroroe | oosso , x =
S0235/CTD 2 10.6 252666 | 2 252666 : 1026.2420 | 105012 201609 | 142205 | 181908 3020406 | 00384 | o x O I x x| x
S0235/CTD_2_10_9 252067 | _2 252667 01 02:48:48 1026.228 | 1050132 202,164 | 140050 | 180954 | o774 | anodses | oooss I
S0235/CTD 2 10_10 252666 | 2 252668 : 1025.0672 | 1050126 100 | 150527 | 150270 | eso07 | aseea06 | oosoo x x x| x
S0235/CTD_2_10_11 262669 | 2 252609 01 02:45.04 1025.9540 | -10.50126 162322 | 154169 | 15911 | 85009 | asstesn | ooeer I [ x x
SO235/CTD 2 10 12 252670 | 2 252670 : 1025.0024 | 1050126 161192 | 156488 | 150205 | 4506 | oasers | ooazs O I |
S0235/CTD_2_10_13 252671 | 2 252671 90(Grad) 014 02:51:42 1024.1548 | 1050114 92047 | 224035 | 223849 | 133.085 | 6160178 | 0.1373 x x x x x x x| x x
SOZIBCTD_2_10_14 252672 | 2 252672 90(Grad)W) y 10261018 | 1050114 91039 | o576 | 22541 | 192560 | ovae0s | 1360 | x| x x
SO23CTD_2_10_15 26267 | 2 252673 nla Miax 014 0253 1020.0177 | 1050116 o611 | 259668 | 250519 | 171586 | 8s30403 | 1607 x x x x [ x [
S0235/CTD 2.10_16 252674 | 2 252674 Chl.a MaxW) : 1022.000 | 1050118 64698 | 200490 | 260044 | 171575 | saaraor | o706 I [« x
S0235/CTD_2_10_17 252675 | 2 252675 Cnl.a Max; 014 02:5336 1023.0532 | 10.50118 66951 | 258611 | 258461 | 173208 | 8496423 | 0.1738 x x x |
S0235/CTD 2 10 18 252676 | 2 252676 50 014 02:54:41 1022.0650 | 050122 s1204 | 2odsez | 264426 | 162052 | oot6ess | 01700 x x x  [x [«
S0235CTD_2_10_t19 262677 |2 252677 00 014 025448 1022.8666 | 1050124 264500 | 26.4395 | 181605 | eosa0zr | 0azas | x [ x x
SO235/CTD 2 10.20 252676 | 2 252678 505) : 1022.0690 | 1050126 264470 | 204362 | 191084 | 90.055% | 0.1754 [« [« I
S0235/CTD_2_10.21 252679 | 2 252679 30 014 02:56:01 10228617 | 1050124 264515 | 264448 | 182447 | 9035569 | 04711 | x x x x| x x
S0235/CTD 2 10 22 252660 | 2 252680 y 1022.8642 | 1050125 24404 | 2oaazt | 1easer | ovessas | 0a7is | x [ x x
SO23CTD_2 1023 z62081 |2 252681 01402 1022.850 | -10.50126 254472 | 204046 | 182205 | s020737 | o167t x x I I x N I x
SO235/CTD 2 10 24 252662 | 2 252602 o 1022.0607 | 1050126 204426 | 204400 | 180187 | 9070715 | 01672 | x| x x
S0235/0TD_2_13_1 25208 |2 252608 07,2014 07:38.: 1026.7975 | -10.50183 103515 | 100096 | tet.678 | 51934 | ooots | I x x
S0235/CTD 2 13 2 252664 | 2 252604 27072014 07383 1026.7076 | 1050182 109507 | 100027 | 141085 | se0ose | 0ooe0 | x
S0235/CTD_2_13.0 252085 | _2 252605 072014 07:38:41 1026.7975 | -10.50182 103511 | 100002 | 141754 | 5196091 | 0002 I
S0235/CTD 2 13 4 252686 | 2 252606 27072014 074223 1026.0960 | 105016 130087 | 132736 | oeams | areesez | ooosr | x
S0235/CTD_2_13.5 252087 | _2 252607 072014 07:4225 1026.3890 | -10.50185 139200 | 130862 | 06703 | ar.75049 | ooos7 I
SO206/CTD 2 13 6 252688 | 2 252688 27.07.2014 07:42:33 1026.3937 | 1050104 133226 | 132674 | o559 | 9732744 | 0,001 |
S0235/CTD_2_13.7 252089 | 2 252609 072018 07428 1026.3953 | -10.50186 130104 | 13084 | 05727 | ararese | ocese I
S0235/CTD 2 13 6 252690 | 2 252650 27072014 074351 1026.2208 | 1050102 102077 | 142657 | oazeo | arssseo | oosse | x
S0235/CTD_2_13.0 252001 | 2 252691 072014 07:4401 1026.1886 | 10,5016 145041 | 1e4720 | 05583 | as23sen | ooseo I
SO235/CTD 2 1 10 252662 | 2 252602 27072014 07:45:46 1025.7748 | 1050180 164044 | 164100 | ooes | 3820204 | 0osse | o x
S0235CTD_2_13_11 26209 |2 25269 072014 07:45:48 1025.7770 | 1050180 164272 | 164000 | o257 | asaessro | ooss I x
SO235/CTD 2 1 12 252664 | 2 252604 27.07.2014 07:45:50 1025.7768 | 1050176 164270 | 164040 | vzem | asaoser | oosst | x x x |
S0235CTD_2_13_13_ 262695 | 2 252695 072014 07:47:11 1026 6449 | 1050156 205215 | 205005 | 9se00 | 4asetor | ocer | o I x
SO235/CTD 2 1 14 252686 | 2 2526% 27072014 074713 10260658 | 1050156 204607 | 20,0446 | 10493 | 4692693 | 00071 |
S0235/0TD_2_13_15 252697 | 2 252697 Chla Max 072014 0748 1020.6098 | -10.50136 230606 | 200052 | 147580 | 70.00775 | 01880 | x
SO235/CTD 2 13 16 252666 | 2 25269 Gnia Max 75| roreoisorasze 10205691 | 1050137 240657 | 240095 | 14325 | esereso | 0189 |
S0235/CTD_2_13_17 252699 | 2 252699 Chl.a Max(s) 75 07.2014 07:48:3 10235587 | 1050136 241112 | 240054 | 145879 | 6947134 | o879 x x x x x |
S0235/CTD 2 13 18 252700 | 2 252700 E) 5 |2r.07.2014 07948 1022.8720 | 1050122 254047 | 200002 | 181166 | s064947 | 01900 [ =
50235/ TD_2_13_19_252701 | 2 252701 50 50 072014 07:49:50 1022.8743 | 050122 264043 | 263008 | 181028 | soseor2 | o.to0s | x
50285/CTD 2 13 20 252702 | 2 252702 30 30 27072014 07:50:45 1022.6356 | 1050108 | 62.49477 264615 | 264547 | 182701 | 0052013 | 01731 | x
$0235/CTD_2_13_21_252703 2 252703 30 30 07.2014 07:50:46 1022.8375 | -10.50108 26.4593 | 26.4523 182.545 90.39883 0.1726 0 7 x X
50285/CTD 2 13 22 252704 | 2 252704 30 27.07.2014 07:50:48 1022.8386 | 1050100 264560 | 26.4508 | 182586 | o0.41781 | 0.1766 x x x x x |
SO23CTD_2 13 20 262105 |2 252705 10 02014 07:52.06 1022.8241 | -10.50002 | 62.4963¢ 254760 | 264705 | 18338 | sosiceo | o.1205 I
SO235/CTD 2 13 24 252706 | 2 252706 0 27072014 075208 1022.8262 | 1050002 | 6. 204757 | 204700 | 12978 | oveaenr | o208 |
4 252707 750 20.07.2014 134352 1027.0687 | 591520 | 456122 7037 | 70600 | 71281 | 2ec0se7 | nosso | wx | WA | x x x| x
EREY 4 252708 600 26072014 13:49:56 1027.0088 | 591510 | 6456146 | 599276 | 95089 | momee | s2ess | 7eass | orasrrr | ooses I x
S02350TD_4_1 3 252700 _| 4 252709 500 20.07.2014 135130 1026.0720 | 591522 | 6456162 | s01.967 | ao577 | oomse | sosor | oosts | ssacsos | ooses HA | x
SO236/CTD 4 1.4 252710 | 4 252710 400 26.07.2014 13:53:00 10268672 | 5.01526 | 6456212 | 400500 | 307892 | 08067 | 07604 | 116456 | aziezer | oosse | o
S02350TD_4_1 5 252711 | 4 252711 0 20.07.2014 135535 1026.7190 | 591524 | 64.56258 | 20285 | o96.416 | 11.1009 arc205¢ | oars | w0 |FA+ S | x
SO236/CTD 4 16250712 | 4 250712 250 26.07.2014 13:56:26 10266204 | 5.01525 | 64.56276 | 249.396 | 247.863 | 11.9745 4224867 | 0.0384 | x
S02350TD_4 1 7252713 _| 4 252713 20 28.07.2014 1357:17 1026.5139 | 591523 | 6456202 | 200508 | 199298 | 127158 061391 | 00395 x | x x x| x
SO236/CTD 4 18250714 | 4 250714 150 26.07.2014 13:58:30 10262541 501516 | 6456310 | 150522 | 14632 | 141360 304703 | 0.0a04 | o x x x x x x| o
S0235CTD_4_1 9252715 |4 252715 150W) 26.07.2014 13:58:32 10262520 | 691516 | 6456310 | 149640 | 148765 | 141432 30.15894 | 00400 | x x x
SO235/CTD_4_1_10_252716 4 252716 150(S) B 149 28,07.2014 13:58:33 10262524 | 591515 | 64.56310 | 148.568 | 147.690 | 14.1429 33.04243 | 0.0397 | x
S0235/0TD_4_1_11 252717 | 4 252717 26.07.2014 140000 1025.8994 | 591508 | 6456336 | 102077 | 101784 | 158763 2465 | 00608 WA« x L I x x [ x [
S0235/CTD 4 1 12 252716 | 4 252718 00 () 20.07.2014 140005 | 35.1465 | 1025.8671 | 591508 | o4.56338 | 101595 | 100046 | 159064 267023 | 00620 | x| x x
S0Z35/CTD_4_1_13. 252719 |4 252719 100 6) 26,07.2014 140007 | 35.1522 | 10256758 | 691506 | 6456338 | 10t.896 | 101.305 | 159678 3220677 | 00630 | x
S0235/CTD 4 1 14 252720 | 4 252720 20.07.2014 140122 | 951321 | 1025.4797 | 91512 | oaseawe | seass | srere | 75701 ra97s | avexoer | ooore x x x x  [x [«
S0350TD_4_1_i5 252721 | 4 E=] 20.07.2014 1401:24 | 95.1320 | 1025.4718 | 591512 | 456366 | szose | steto | 176110 74026 | aveor2 | ooors | x [ x x
SO206/CTD 4 116 252722 | 4 250720 26.07.2014 14:02:43 | 35.1843 | 10265081 | 591520 | 6456304 | 61418 | 61088 | 213630 110578 | 5030030 | o21ae | xx | WA [ x x x x x x x| x x
S0R35/0TD_4_1_17 252720 | 4 252723 OniaMax(W) | 60 | 2g.07.2014 1402:e5 | 051905 | 10245030 | 591520 | 456306 | cosee | coets | 212087 100773 | 4s96807 | 0253 | x [ x x
SO206/CTD 4 118 252724 | 4 250724 Chla Maxt 60 |26.07.2014 14:02:46 | 35.1893 | 10265362 | 591520 | 6456394 | 60474 | 60.130 | 213836 111865 | s0e0661 | 02177 | x
SO035/0TD_4_1_10 252725 | 4 52725 3 30| 20.07.2014 140424 | 052892 | 1022.0052 | 591526 | 6456428 | o0oew | o765 | 271028 183471 | spoose0 | 014z x N I T x N I
SO206/CTD 4 120 252726 | 4 252726 W) 30 |26.07.2014 140426 | 352803 | 10229052 | 591526 | 6asoazs | 30821 | a0eds | 271028 182063 | o.3t007 | 01774 | x x x
S0Z35CTD_4_1_21 z5erer | 4 252727 0 ) 30| 20.07.2014 14:0628 | 362896 | 1022.0060 | 591526 | 650620 | G088 | 30416 | 271005 183139 | 0185733 | 0.1785 | x
S0235/CTD 4 1 22 252726 | 4 252728 EI50 30| 26.07.2014 140420 | 052808 | 1022.0056 | 591526 | sasesar | coses | aoate | erroze 182200 | 010014 | 0.1956 | x
SO0R35/0TD_4_1 23 252729 | 4 252729 20.07.2014 1405:09 | 952914 | 1022.0001 | 591530 | 6456458 | 10466 | 10408 | 27.1090 180715 | sp.1s032 | 01767 WA« x L I x x [ x [
SO206/CTD 4 124 252730 | 4 252730 0W) 26.07.2014 14.05:41 | 352015 | 1022905 | 591529 | 6456460 | 10221 | 10164 | 271082 184205 | op.aa02 | 0172 | x x x
S02350TD_4 9 1 2ozra1 | 4 252731 bofom+5_| 4270 25.07.2014 19:02:16 | 04.7a97 | 1027.8200 | 591017 | 459544 | 4336719 | 426,106 | 15840 152870 | 4596308 | 00367 x x x| x x
SO206/CTD 4 3 2 250732 | 4 250750 4000 4000 [ 26,07.2014 1:07:36 | 34.7400 | 1027.8104 | 591040 | 6450532 | a0s6.926 | 300170 | 15606 153221 | as77502 | 0.0370 x x x x | x
S02350TD_4 9 9 262733 | 4 252733 000 3000 26.07.0014 10:25:30 | a.7469 | 1027.0052 | 591070 | 6459516 | soss.828 | oemro | 17517 147806 | 4435750 | 00mss | ox | x | x x
SO236/CTD 4.3 4 250784 | 4 250784 2500 2500 | 26,07.2014 19:33:51 | 347566 | 1027.7821 | 5.91046 | 6450480 | 2526606 | 2490522 | 21168 189.021 | 42,0009 | o0.0388 x x x x | o
S0235/0TD_4 9 5 252735 | 4 252735 2000 2000 56.07.0014 19:42:43 | 047763 | 1027.7402 | 591050 | 6459510 1997.001 | 27754 121766 | 37.47980 | 00390 x | x
S0235/CTD 4.9 6 2527% | 4 25273 1500 1500 347908 | 10276188 6450652 197.745 |_a1321 95220 | 3020645 | 00a21 x O I | x
S0235/CTD_4_3_7_252737 4 252737 1000 1000 8.07.2014 20:00:24 | 34.8302 | 1027.4076 6459616 996.195 6.1783 65.249 21.79253 0.0438 X 7 X x
S02CTD 43 8 252738 | 4 252738 750 750|280 48 | 040401 | 1027.2701 6450560 a3 | 7202 68454 | 2042555 | ooato | x| x I I | x
S02350TD_4.3.9. 252739 |4 252739 500 500 | 28.07.2014 20:20:31 | 348016 | 1027.0205 6459658 489192 | 86003 93756 | aaasee | 0.0400 x x x E x
S0235/CTD 4.3 10 252740 | 4 252740 20 20 |00 .28 | 049918 | 1026.6065 6450608 251040 | 114620 110020 | 134200 | 0000 | w0 | | x
S0235CTD_4_3_11 262741 |4 252741 150 10| on.07.2014 20:39:00 ] 351200 | 1026.1980 ees62e 150450 | 144185 sier0 | aeeiior | ooas |« x I x x| o
SORSCTD_4 3 2 252rez | & 2274z 150 W) 135 | 28072014 209951 | 35,1759 | 1026.1180 6459645 134219 | 140730 6301 | 3486401 | 0052 | x| x x
S0235/CTD_4.3_10 252743 |4 =20 100 | omo7 2014 20:41:03 ] 35,1073 | 10257162 65673 1383 | 16.5098 62106 | oate218 | ooeee |« x x| x x|« x E x
SORSCTD_4 3 4 25274 | & 252744 100 W) 100|280 04 | 35.1046 | 1025 6048 6450674 o8 | 165021 o109 | 3000060 | 00788 | x| x x
SomsoTo s s s | 1 s 506 |90 amtrsorssospre anteis | 10 se0 e siss | inseos s10:2 | sssous | 01617 O N N FI S
SORSCTD_4 3 16 252746 | 4 252746 BGaIW) | 80 |20 20 | 35,1644 | 1025.1363 6450700 o122 | 100005 0660 | 352003 | 01648 | x| x x
S0235CTD_4_3_17 262747 | 4 252747 Chla Max 0 | 20.07.0014 2014333 | as.2014 | 1006.4749 ees0722 o085 | 216080 11486 | sasotas | 02125 |« E I T R A x N I
S0235CTD 4.3 16 262748 | 4 252748 ChlaMaxW) | 60 290 .35 | 362018 | 10265204 eus0722 61680 | 214750 | 2ras0 | 117.002 | sazers | ozire [ x| x x
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$0235) Samples taken from CTD casts

Y)
Fluores. | 0 |MNO+| DS+ co, [00CT| Fiow |repcl TR | B | a | coom |toditoda| Mo [ Hero | oy | pag | owa Pio | san | pros |Hatooc
Date and time_ Density Lat Lon Pressure Depth. Temp |Pot.temp | Oxygen |Oxygen Sat| cence CH,_|tsoprene DN _|cytometry) SP tion ments. nuts nuts ment
[dbar] [m] rel & [umolrkg] ) o | Dieol | [Booge _”.u. :..u.ﬂ. _M_un_. [Endres] _M.h. [Endres] | [Endres] _ﬂ_nh“.. [Quack] | [Quack] | [Quack] | [Quack] ﬁnn_ [Cheah] ﬁnn_ __“‘u..h. [Petrick] | [Quack]
Latitude | Longitude | PrDM DepSM_| T090C Po |temp090C | xOMm/Kg | SbeoxOPS | HaardtC 7
cventabel Sedtordr, planned Depth | True Depth |
S023/CTD_7_1_16 252642 252842 Chla Max e 10268000 | 55218 | 6600070 | 75594 | 75161 | 2ozsoe | 202091 | ostes | azaasos | oeas |« x |« x E3 I
S0235/0TD_7_1_17_252643 252843 CiabaW) | 7 300 1026.7945 | s.85219 | 66.00370 | 76750 | 76310 | 20.4000 96,07 | spouz2n | oete | x [ x x
S0235/CTD 7 1 18 252644 252844 Chla Grad a0 1022.0732 | 85226 | s6.00370 | coaee | eo.137 | eesrar 17813 | e0.02067 | 01278 |« x x x|
S0235/CTD_7_1_19_252845 252845 30 30 30.07 1022.8672 | -5.85238 | 66.00382 29633 29.466 27.2298 181.420 91.18781 0.1249 0 X X X X X X X 7 X X
S0236/CTD_7_1.20 252846 252846 W) 30 300 10228677 | 585240 | e0.00082 | 20774 | 20607 | 27.2086 181200 | or.12102 | 0.1250 | x x x
SOZ35CTD_7_1_21_252847 252647 ) 0 [a0 10220678 | s.85240 | e6.00384 | 20713 | 2oses | 2r.oeee 11556 | 0125970 | 0.1256 | x
SORIICTD_7_1_22 252848 252848 0E8 0300 1022.0675 | 585208 | es.0034 | 28704 | 2sea | 2rz0e6 181489 | 0121760 | 01258 |
S0235/CTD_7_1_20_252849 25265 00 1022.86% | 585248 | 66.00408 | 10913 | 10852 | 272066 181790 | or3se0s | otee | wx | x | x x | x x o [
S0236/CTD_7_1_24 252850 252850 10W) 30,07 1022.8660 | 5.85246 | 66.00408 | 10233 | 10176 | 27.2281 181265 | 01.10675 | 0.1180 | x x x
SO0235/0TD_6_1_1 252851 252851 75| at.07.2014 108155 272307 | 70e000 | esoveo | 760775 | 75514 | 7177 2300203 | 00380 x | x | x
S0236/CTD_8 1.2 250852 25085 59 |51.07.2014 103657 270570 | 732602 | 6599810 | 601204 | 506983 | 8183 3018171 | 0.0385 x | x x
S0235/0TD_6_1 3 252850 252853 % | 31072014 10838 260400 | 702508 | s.00804 | sot.007 | aor.o0s | oasss asse037 | ooase | x| x | ox
S0236/CTD 8 1.4 250854 250854 378 |51.07.2014 10:00:17 266088 | 732576 | 65.99800 | a78.860 | a76att | 10.4414 067228 | 0.0380 x | x
SO235/0TD_6_1 5 252855 252855 30| 31.07.2014 104338 267205 | 7256 | 65.0080¢ | 01513 | oonetz aa0s630 | om0 | ox | x | x
S0236/CTD_8 1.6 252856 252856 250 | 51.07.2014 10:0445 266500 | 732564 | 65.99806 | 240824 | 248281 3450573 | 00411 x | x x
SO235/0TD_6_1_7_252857 252857 200 31.07.0014 101533 264921 | 72563 | 65.00808 | 20005 | 198040 | 125043 2090653 | 00419 |« | x x x| o
S0236/CTD 8 1.8 250858 252858 150 | 31.07.2014 10:46:51 262091 | 732562 | 65.99814 | 150705 | 149.809 | 137448 2046452 | 0.0405 x x x x x x x| x
S0Z35/CTD_8_1_9_252859 252859 1500W) 150 | a1.07.2014 10:46:55 263129 65.00814 | 151,505 | 150,604 | 10,6003 031088 | 00417 | x x x
$0235/CTD_8_1_10_252860 252860 150(S) 8 150 31.07.2014 10:46:59 26.3039 65.99815 | 150167 | 149.275 | 137186 30.04841 | 0.0408 | x
SO235/0TD_6_1_11_252661 252861 10| o1.07.2014 10:49:10 25.990¢ 6599822 | t01.120 | 100540 | 152043 2078771 | o081 |« x x x| x
S0235/CTD_8 112 252862 252862 100 (W) 100 31.07.2014 10:49:15 25.9825 6599822 | 101.956 | 101.361 15.2843 29.86508 0.0533 7 x x x
S0Z35/CTD_8_1_13_252863 252663 75 Grad (5) 75| ot.07.2014 105042 256163 65.00828 | 7646 | 75006 | 160705 3032313 | 00895 x x |
S0236/CTD_8 1_14 252864 250864 75 Grag. 75 | 51072014 1055048 25 6248 6590830 | 77305 | 76890 | 169210 2010806 | 0.0021 x x x x x x x x| x x
S0Z35/CTD_8_1_15.252865 252665 75GradW) | 75 | 1.07.2014 105053 25,5617 65.00830 | 76,073 | 75605 | 17.1525 2615041 | 00893 | x x x
S0236/CTD_8 1_16 252866 252866 Ghla Max 5031072014 105 248701 6590830 | 40882 | a0507 | 200844 4197046 | 02085 x x x x x x x x| x o
SOR35/CTD_b_1_17_252067 252867 Oniabax) | 50 | 31072014 105149 246748 eso0s20 | 072 | o568 | coomis 38963 | 02079 | x [ x x
S0235/GTD_6 1 16 252068 252668 50 |a1.07.2014 105054 246008 es00620 | av.073 | aosee | 200450 10260 | 4504906 | 02080 x x |
SO235/CTD_6_1_10_252069 252869 30| st.07.2014 105048 220071 500825 | 20805 | 0608 | o6ss0 178789 | seaizze | ozee | ox | x | x x | x x x x [ x [ x
S0236/CTD_8 120 252870 252870 30 31072014 105054 230187 6590824 | 20082 | 20813 | 267012 178521 | so10244 | 02157 | x x x
SO235/0TD_6_1_21 252671 252671 31072014 105400 230850 eso0sze | 0445 | a0o7a | sesear 179204 | se.10767 | 02161 x x |
S0236/CTD_8 1 22 252872 250872 31.07.2014 1054:04 230165 6590823 | 20827 | 20650 | 268396 179668 | so75570 | 02158 | x
SOR35/0TD_b_1_23 252073 252673 31.07.2014 105509 229600 eso0ste | 10197 | 10140 | or.oeses 182867 | ovearao | orsos | 0x | x | x x | x x x [ x [
S0236/CTD_8 1 24 252874 250874 31.07.2014 1085512 22,9630 6590818 | 10052 | 0905 | 20202 182818 | 0161737 | 0.18% | x x x
S0235/0TD_0_1_1 252675 252675 31.07.2014 108155 1027.0072 6600520 | 752,125 | 7ae507 | sates roea1 | zeerse2 | oot x x | x | ox
S0236/CTD_9 1.2 250876 250876 31.07.2014 103657 1027.1317 6600568 | 600731 | 590.435 | 76039 68386 | 30.47094 | 0.062 x | x x
S0235/0TD_0_1 3 252677 252677 31072014 100838 102,964 600625 | sot.se0 | 4seat2 | asoe 114555 | 4030785 | o0ma7 x | x
S0236/CTD_9_1_4 250678 252878 31.07.2014 10:40:17 1026.8398 6600662 | 308.475 | 395895 | 07849 138.049 | a0.06576 | 0.0328 x | x
S0235/0TD_9_1 5 252679 252679 31.07.2014 10:4338 10266598 es.0076¢ | a0p.048 | 301010 | t1.0256 112011 | 4190680 | ooase | ox | x | x
S0236/CTD_9 1.6 252880 252880 31.07.2014 10:44:45 | 35.0270 | 1026.4610 6600774 | 249560 | 248005 | 128010 89732 | a4659% | 0.0376 x | x
SO235/0TD_0_1 7252861 252881 31.07.2014 104503 85,0817 | 1026.1049 es.00770 | 189,707 | 1o8a70 | 142170 77400 | 3077085 | o030 |« x | x x x| x
S0236/CTD_9 1.8 250682 250880 31.07.2014 104651 | 35.0840 | 1026.6375 6600700 | 150371 | 149.465 | 167764 93546 | 30.00574 | 004tz x x x x x| o x
S0Z35/CTD_9_1_9_252883 252883 1500W) 31.07.2014 1046:55 | 35.0817 | 10256108 66.00700 | 151,603 | 150,668 | t6.8464 93776 | aeoase | ootz | x x x
SO235/CTD_9_1_10_252884 252884 150(S) 8 31.07.2014 10:46:59 | 35.0841 | 1025.6257 66.00790 | 150863 | 149.953 | 16.8272 93235 | 39.00283 | 0.0410 |
SO235/0TD_0_1_11_252085 252885 31.07.2014 1049:10 | 35,0306 | 10249088 6600502 | to1.134 | 100506 | 191968 sses2 | a7.96088 | 00602 |« x | x x x| x
S0236/CTD_9_1_12 252886 252886 100 (W) 31.07.2014 10:49:15 | 35.0266 | 10249718 66.00802 | 100.720 | 100.125 | 192000 67227 | as1eozs | 00707 x | x x x
S0Z35/CTD_9_1_13_252887 252887 50Grad (5) 80| 51.07.2014 10:50:48 | 348477 | 10261761 es.00812 | s0853 | soare | 2rrsrs 108288 | s0otes | 0.1127 x x |
S0236/CTD_9_1_14 252888 252888 80 Grad 80 |31.07.2014 10:50:48 | 346184 | 10240520 6600812 | 81525 | sroa7 | 221120 5100350 | 0546 | oo | x x x x x x x| x x
S0Z35/CTD_9_1_15.252889 252669 80Grad W) | 8 |s1.07.2014 10:50:53 | 348142 | 10240505 65,0081 | s0.025 | e0ast | 22008 112256 | 5tsoe7s | 01621 | x x x
S0235/GTD 5 1_16 252690 252850 Gnia Max 70| 51072014 105146 | 047224 | 1020749 66.00818 | 70410 | 0000 | z2oear 128405 | soeeens | 02285 |« x | x  [x [«
SO235/0TD_0_1_17_252691 252801 OnlaMaxW) | 70 | 31072014 105140 047220 | 10207266 es.00sts | 70.077 | eoses | 230017 126410 | sese0s0 | 02173 | x [ x x
50235CTD__1_18 252892 252890 ChlaMax(S) | 70 | a1.07.2014 105154 | 347300 | 10206700 es008t8 | 70578 | 70166 | 22100 120806 | eos2eta | 02115 x x x I
SO0R35/CTD_o_1_10 252090 25269 3 2 | a1.07.0014 1055048 | 00407 | 10228075 6600538 | 20420 | 0060 | o62set 15086 | 9130076 | o1t | ox | x | x x | x x N I
S0236/CTD_9_1.20 252894 250894 30 W) 29 31.07.2014 10:50:54 | 348441 | 10228385 66.00840 | 20200 | 20042 | 262535 184425 | o0.07312 | 0.1708 | x x x
S0Z35/CTD_9_1_21 252895 252095 0 ) 2 | 51.07.2014 10:54:00 | 348408 | 10228375 6s.00842 | 20424 | 20255 | 262561 184475 | 0100163 | 0.1800 x x x |
50235/CTD_8_1 22 252896 252896 EIEE 1072014 10504 | 34,8447 | 10228095 e0.00842 | 20504 | 20414 | 22520 184706 | ot.10062 | 0.1786 I
SO235/0TD_0_1_23 252097 252897 31.07.2014 105509 | 04,8406 | 1022.8287 600862 | 10204 | 10205 | se2ran 184817 | ovoor2 | otest | ox | x | x x | x x x [ x [ x
S0236/CTD_9_1 24 252898 252898 31.07.2014 1055:12 | 34,8407 | 10228281 6600862 | 10639 | 10570 | 262742 185607 | 0159989 | 0.1620 | x x x
SOR35/0TD_10_2_1_252099 252699 01082014 14:12:40 | 04,7351 | 10278186 000518 | a605.021 | assacor | 1.4817 150575 | 4754000 | oomse | ox | x | x x I x x| ox
S0236/CTD_10_2 2 252900 252900 01.08.2014 14:28:53 | 34.7402 | 1027.8047 69.99510 | 3036.108 | 2007307 | 1.6840 155,131 | 4645534 | 00359 x | x x x x
S0235/0TD_10_2_0 252001 252901 01082014 1432:52 | 04,7492 | 1027.7878 6099500 | 2528.520 | 2499.148 | 1.0647 1sa961 | 4a72013 | ooser | ox | x x x | x x x
S0236/CTD_10 2 4 252902 250900 01.08.2014 14:42:26 | 347612 | 10277495 69.90488 1096.600 | 25227 120644 | 3065151 | 0.0386 x | x x a
SO235/0TD_10_2_5 252000 252903 01.08.2014 14:51:54 | 04,7625 | 1027.6486 e000¢78 1297.778 | 002 107305 | sa7oen1 | oo x | o | x
S0236/CTD_10_2 6 252904 250904 01.08.2014 15:00:42 | 4. 1027.4201 69.99490 997.039 | 54304 76022 | 2499767 | 00414 x x x x | x x x
SO235/CTD_10_2_7_252905 252905 01082014 15201 | 04,8167 | 1026.8193 e00ets 400139 | 09813 16600 | 4s.6024 | 00350 x o I | x x x
S0236/CTD_10_2 8 252906 252906 01.08.2014 15:32:55 | 34.9023 | 10262079 69.90404 199222 | 135655 69038 | 27.05002 | 0.0a70 | wx | x x x x x x x x| x x
SO235/CTD_10_2_0_252007 252907 01.08.2014 15:33.05 | 04,8988 | 1026.2008 6099406 200837 | 135898 eo012_| 2706145 | 006 | x [ x x
50285/CTD_10_2 10 252908 250908 01.08.2014 15:33:11 | 34.8097 | 10262019 69.99406 199.460 | 135852 69171 | 27.12140 | 00375 o x |
SOZ3CTD_10_2_11_252009 252900 01.08.2014 15:37:24 | 04,0889 | 10246373 6099098 s008s | 204555 123006 | ss.00086 | 0076t |« x I I T x x| x
50285/CTD_10 2 12 252910 252910 100 (W) 01.08.2014 15:37:27 | 349913 | 10246475 69.99308 100632 | 20,4246 123482 | 5517033 | 00813 | x x x
SO23CTD_10_2 13 252911 252911 90(Grad) 90| or.08.2014 15:38:24 | 049955 | 10065078 6099091 o045 | 209508 131052 | 510068 | 00963 |« x x x| x x
S0235/CTD_10_2_14_ 252912 252912 90(Grad)W) | 90 | 01.08.2014 15:38:36 | a4.0762 | 10244217 | 1050418 | 6099090 o064 | 212213 131962 | sererse | 008 I x
SO23CTD_10_2_15 262913 252913 nla Max 8 | 01.08.2014 150920 | 049540 | 1026.0503 | -10.50414 | 60,0938 0472 | 224804 156980 | 7271770 | 01880 |« x [ [ x N N I
S0236/CTD_10_2_16 252014 252014 GriaMax(W) | 80 | 01082014 15092 | 049507 | 10240412 | 1050414 | e0.00382 | 1076 | soeor | zesize 150140 | 7arseer | o1z I |« x
SO23CTD_10_2_17 252915 %2915 Gnla Miax( 8 | 01.08.2014 1509 | 049530 | 1026.0473 | -10.50416 | 60.00381 | st.064 | soses | zoaves 160621 | 7as1277 | o6t oo o x |
SO235/CTD_10_2_18_252916 252916 70(Grad) 70 01.08.2014 15:40:34 | 34.6979 | 1023.1145 | -10.50412 | 69.99376 | 70.456 | 70.045 | 250101 175749 | 84.84597 | 0.1778 x x x x x| x x x
S0235/CTD_10_2_19_252917 252917 70GradW) | 70 | 01.08.2014 15:4036 | 547201 | 1020.2078 | 1050410 | 6099376 | 70374 | eoses | 2arre 181728 | 6741149 | 01676 | x x x
50285/CTD_10_2 20 252918 252918 30 30 01082014 15:42:43 | 346624 | 10228075 | -10.50420 | 69.90386 | 30420 | 30255 | 259138 187115 | ore7ess | oots | wx | x x x x x x x x x| x x x
SOZ3CTD_10_2 21 252019 252919 W) 30| 01.08.2014 15:42:45 | 04.6625 | 1022.8074 | -t0.50421 | 60.99387 | o003 | ooaes | zsotas 187504 | or87011 | 01016 | x [ x x
SO235/CTD_10_2 22 252020 252920 0 () 01.08.2014 15:42:48 | 04 6627 | 1022.8075 | 1050422 | 090088 | 31.008 259150 187200 | or72220 | 01020 o x I x
SO23CTD_10_2 23 252021 252921 01.08.2014 15:44:04 | 04.6626 | 1022.8103 | 1050420 | 60.00092 | o608 | 053 | 259008 187484 | 9183985 | o.1028 |« x o I x x [ x [ x
50235/CTD_10 2 24 252922 250920 0W) 01.08.2014 15:44:10 | 34,6624 | 10228002 | -10.50428 | 6990092 | o664 | 0609 | 259041 186960 | orse7e2 | 0.1015 | x x x
252923 02082014 17:27:57 | 348441 | 1027.0004 | -6.06888 | 71.06004 | 751251 | 745728 | 7.7265 66907 | 2316117 | 0.0404 x x x x x | x
250904 02.08.2014 17:30:56 | 34,8426 | 1027.0045 | -6.06898 | 71.06346 | 602883 | 598604 | s.4308 75902 | 2667870 | 0.0408 x | x
252925 02082014 17:06:47 | 04,058 | 1026.9013 | 606000 | 71.06048 | 500,001 | 4sme0n | o.156s 04757 | 3027008 | ooato | ox | x | x
250926 02082014 17:38:52 | 34,6011 | 10266783 | -6.06896 | 71.06342 | 402328 | 390705 | o.0806 1986 | asasezr | ooats | wx | x | o
252927 02082014 17:41:02 | 04,9357 | 1026.7121 | -.08004 | 71.0644 | 09211 | oore a8998 | 3a.16000 | 00417 x | x
250928 02.08.2014 17:42:04 | 349771 | 10266220 | 606914 | 71.06348 | 251205 | 249748 79350 | 2006715 | 00416 x | x
252929 02.06.2014 17:43:59 | 35.0318 | 1026.4490 | -6.06024 | 71.06058 | 201696 | 200478 | 128704 76438 | 2056655 | 00412 x x x x x x | x
252930 02.08.2014 17:44:03 | 35,0025 | 1026.4456 | -6.06924 | 71.06358 | 201508 | 200322 | 128890 76277 | 2051573 | 00416 | x
252951 02.06.2014 17:45:49 | 35,1030 | 10262765 | -6.06027 | 71.06360 | 150547 | 140656 | 130786 s1se1 | aeosers | ootz x x x x x x | x
25093 02.08.2014 17:45:56 | 351115 | 10262011 | -6.06926 | 71.06962 | 150.720 | 149,808 | 142216 61587 | ae.44788 | 0.0405 | x x x
252933 02.08.2014 17:47:33 | 352044 | 1025.7046 | -6.06020 | 71.06956 | 101.120 | 100504 | 64081 83017 | a45067 | 0.0684 x x x x x « x | x
250934 100 (W) 02.08.2014 17:47:38 | 35.2062 | 1025.7956 | -6.06918 | 71.0635 | 100681 | 100,007 | 164945 83545 | aa75671 | 0.0677 [ x x x
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OASIS-Sonne

$0235) Samples taken from CTD casts

Y)
Fuores 0, |10+ | O co, [P00T| Fion [TEP G G | mesore | ona | coo [toaioas| " | B | 1o | oas | owa | 25 | sar | eros |wasooc
Date and time_ Density Lat Lon Pressure Depth. Temp |Pot.temp | Oxygen |Oxygen Sat| cence . tion ments.
[dbar] [m] rel & [umolrkg] ) o | Dieol | [Booge _”.u. :..u.ﬁ _M_un_. [Endres] _M_h. [Endres] | [Endres] _ﬂ_nh“_ [Quack] | [Quack] | [Quack] | [Quack] ﬁnn_ [Cheah] ﬁnn_ __“‘u_.h. [Petrick] | [Quack]
Latitude | Longitude | PrDM DepSM_| T090C Po |temp090C | xOMm/Kg | SbeoxOPS | HaardtC 7
Event label Station Bedford-Nr. planned Depth | True Depth 7
S023CTD 13 10 1 250028 | 13 253028 150(8)8 750 | 04082014 074020 | 052610 | 10256067 | 26rate | 7201004 | 151106 172178 | 171921 | 70116 | 29547 | oosee o x I
50235/CTD_13_10_1 253029 | 13 253029 150 | 04.082014 07.432 | 352612 | 10256764 | 267416 | 7201934 | 151468 17.1857 | 171605 | 70515 | 2073543 | 0.0465 x x x x x « x | x x
S0235/CTD_13 10_1_253030 13 253030 100 (W) 100 04.08.2014 07:45:34 | 35.3622 | 1025.0215 | -2.67376 | 72.01930 | 100.124 20.0813 | 20.0628 97.499 43.40065 0.0937 7
S0235/CTD_13 10 1 253031 | 13 255031 10 100 | 04.08.2014 07:45:40 | 35,3630 | 10250082 | 267375 | 7201030 | 101818 | 101227 | 200774 | 200585 | o784 | asassee | o.sse x x x x x | x
S0235/CTD_13 10 1 25002 | 13 253052 [ 8 | 04.08.2014 07a6:46 | a5.4281 | 10260007 | 267358 | 7201926 | 79025 | 78575 | 2osa7e | 22s2te | te0se | seseras | o177m [« 3 I x = x
S0235/CTD_13 10 1 253033 | 13 253033 Ghl.a Max 5 | 0408.20140747:30 | 352626 | 1022.4200 | 267340 | 7201028 | 54681 | 54373 | onsors | omstas | 176147 | oossaze | o1a0e x x x x x x « x | x x x
S0235/CTD_13 101 25004 | 13 2530 Oriabax(W) | 55 | 04082014 074746 | 352501 | 10zadore | 267008 | 7201920 | 5406 | 55120 | 2ms7a0 | 2ese06 | 175301 | svorier | otost |
S0235/CTD 13 10 1 250035 |13 253035 Ghla Max 55 | 04082014 07:47:53 | 352657 | t022.4085 | -2.67306 | 7201028 | 55683 | 5068 | cnsvet | easess | 176063 | e0.4150 | 00925 xx x |
S0235CTD 13 101 250006 | 13 2530% 50 Grad 50| 04.08.2014 07833 | 95.1757 | 1022.1783 | 267924 | 7201926 | 5608 | sioss | 200654 | 200520 | 176524 | orovave | o.osze [« x x E3 I
S0235/CTD_13_10_1 253037 |10 253087 50Gad W) | 50 | 04082014 07:48:40| 351750 | 10221753 | 267323 | 720t028 | 1452 | st162 | caorzs | 200603 | 17671 | etaseeo | ooeer |
S0235/CTD 13 101 250008 | 13 2530% 3 3| os082014 0795 1022.1010 | 267302 | 7201900 | ovest | ovazs | 2ozers | 2oziar | 177361 | orossoo | oooss | wx | x | x 3 P x E I x
S0235/CTD_13 10_1 253009 | 13 253009 W) 30| 04082014 07:50:00 | a5.1447 | 1022.1010 | 267300 | 7201930 | ot.0s¢ | aveer | 202217 | s01e1 | 177.563 | sposors | o.0ss0 |
S0235/CTD_13 10_1_253040 13 253040 30(8) 04.08.2014 07:50:05 | 35.1446 | 1022.1010 | -2.67300 | 72.01930 31635 31.459 29.2217 | 29.2140 178.056 92.30613 0.0381 7
S0235/CTD 13 10 1 253041 | 13 255041 04082014 07:51:33 | 36,1492 | 1022.0777 | 267275 | 7201086 | o258 | 0207 | 202056 | 202033 | 177.410 | sposose | ooste x x x x x x x |« x
S0235/CTD_13 10_1_253042 13 253042 10(w) 04.08.2014 07:51:35 | 35.1494 | 1022.0755 | -2.67274 | 72.01936 9.169 9.119 29.3026 | 29.3004 177.378 92.07456 0.0318 7
S0205CTD_ 1411 253043 | 14 253003 04082014 13000 | 049378 | 1027.0080 | 2711204 | 7201461 | 758017 | 752468 | sosss | sooes | ss7e | 199906 | ooats x | x
S0285/CTD_14 1 2 250044 | 18 253044 04.08.2014 13429 | 04,9441 | 1027.0570 | 271360 | 72.01468 | 600181 | 506013 | 9.1700 | o106 | er.05 | 2n07aas | ooaes | o | x
S0205CTD_14. 1.0 253045 | 12 253005 02082014 133630 | 04,9509 | 1026.9802 | 271370 | 72.01464 | sot.e57 | asezor | o716 | oesa | esoos | 2ats77a | oous | o x
S0205/CTD_ 14 1 4 250046 | 18 253046 04.08.2014 133807 | 04,9578 | 1026.8781 | 271400 | 72.01468 | 400706 | s9B.114 | 102849 | 10.20m | 76606 | 2noeene | ooaro | x
S0205CTD_14. 1.5 253047 | 12 25007 04082014 134022 | 950182 | 1026.6704 | 271424 | 72.01471 | 298043 | 206983 | 116610 | 11.6026 | o4517 | ssesor0 | ooa0r | x
S0236/CTD_14 1 6 250048 | 14 253048 04.08.2014 13:41:14 | 35.0678 | 10265163 | 271422 | 7201472 | 249578 | 248054 | 126790 | 126451 | eeess | satests | o.ose | e | x
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